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1.1 Puryose 

PART A - SECTION 1 .0 

PURPOSE AND PROCEDURE FOR UPDATINJ 

ISS A, 802-000-901 SW 

PART A, SECTION 1 .0 

This power plant engineering practice is intended to complement existing power plant engineer-

ing documents and aid the Telephone Company engineer in adequat£-:cy- administering and engineering all 

phases of telephone power plant equipment. It also provides information which will assist Plant person-

nel in day-to-day monitoring of power plant equipment. In addition, the basis and procedures for trans-

mitting engineering information to Western Electric engineering are outlined. 

Each section is arranged to give the engineer a working knowledge of a portion of the power 

plant equipment and to outline his engineering responsibilities. In outlining these responsibilities, 

it is assumed that most central office power plant engineering work will be handled on an E,F&I basis. 

Although knowledge of the procedures outlined in this practice should assist in preparing the Telephone 

Company engineer for TCE work, no attempt has been made to outline the detailed responsibilities required 

in handling the engineering on a TCE basis • 

This practice also brings together information from other documents in an attempt to reduce 

time spent in researching power matters. In addition, the formats to be used in presenting the power 

plant data in an estimate and specification are outlined. 

There will be occasions when the policies and methods outlined in this practice are found to 

differ from those in the AT&T ~ Engineering ~· This practice is to prevail in those instances, 

since it reflects the present policies of Southwestern Bell Telephone Company. 

1 .2 Procedures for Updating Practice 

It is intended that this practice be updated as needed by individual sheet reissue. Each page 

will carry an issue date. A page-issue date index will be provided as part of this practice and )Till 

normally be reissued whenever an individual page is revised. 

SUggestions concerning additions, changes or corrections in this practice should be submitted 

in accordance with procedures outlined in the Southwestern Bell addendum to BSP 000-010-01 S. 
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1 .1 General Responsibilities 

PART B - SECTION 1 .0 

INTRODUCTION 

ISS A, 802-000-901SW 
PARr B, SECTION 1 .0 

Perhaps no other single segment of telephone equipment is as important as power, for without it 

the entire system ceases to function. The Telephone Company engineer has the responsibility to see that 

adequate powE>r, in the proper voltages, is available when needed. To provide too little power is disas-

terous; to provide too much is expensive and uneconomical. Adequate planning is the key to successful 

power plant engineering. 

While the Telephone Company equipment engineer is responsible for providing adequate power 

equipment, this cannot be accomplished without proper support from the Plant Department maintenance 

forces. Plant personnel have the key responsibility of' furnishing drain and load readings which not only 

indicate the adequacy of existing equipment but are essential in projecting requirements for future equip-

ment. They also have the responsibility of alerting thE> Telephone Company equipment engineer to any un-

usual conditions or hazards that exist or appear imminent. Plant personnel are also responsible for 

proper maintenance of the power equipment once installed. 

1 .2 Basis for Engineering 

Engineering adequate power plant equipment involves a two-step process: (1) the power require­

ments for the presently installed equipment, if any, must be determined (drain and load readings are 

essential) and (2) accurate projections of future reauirements (including calculations for new equipment) 

must be made to insure proper sizing and timing of' power equipment additions and removals. If the drain 

associated with the presently installed equipment forms the base upon which future requirements are pro-

jected, it is important that load and drain studies be made during periods which accurately reflect the 

power requirements of the telephone equipment. To assume loads similar to those experienced during peak 

operating periods (as Mother's Day, Christmas or disasters) would result in a more than adequate margin 

of' safety and require considerable additional expenditures. On the other hand, engineering based on 

something other than the nomal busy period of the equipment served results in an inadequate margin of 

safety. 

In an equipment entity experiencing variable loads, thf' load (and resultant power requirement) 

experienced during the busiest hour of the busiest period of the year (ignoring the peak periods discussed 

previously) , becomes the basis for engineering both equipment and power requirements. This normal busy 

period is usually referrf>d to as the busy hour of the busy season or, many times, simply the busy hour 

(BH). The month(s) of the year in which the busy season occurs depends on many factors. Characteristi-

cally, this busy season will occur during the same month(s) year after yE>ar unless there is a significant 

change in the calling habits of the served customers. 
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PART B - SECTION' 2. 0 
PLANT CHARACTERISTICS, SELECTION AND EWINEERING CONSIDERATIONS 

2.1 Information Sources 

ISS A, 802-000-901 SW 

PART B, SECTION 2 .• 0 

Various sources are available for obtaining engineering information about power equipment. 

The Bell System Practices (BSP's) provide information concerning the engineering and mainte­

nance of power equipment. M:>st engineering information will be contained in the 802 series (Equipment 

Design and General Equipment Requirements and Engineering Information - Power Systems) • However, addi-

tional information may be obtained from the following se>ctions or series: 

026-)XX:-XXX Circuit Breakers, Compensators, Contactors, Control Panels,. Fuses and M:>untings, Mag-

netic Switches and Starters 

065-XXX-XXX Miscellaneous Equipment 

1 55-XXX-XXX Alternators, Engine-Alternators, Gas TUrbine Alternators, Tone Alternators, Tone Ma-

chines, Ringing and Coin Control Generators,- Charging Generators and Motor Generators 

157-XXX-XXX Batteries 

159-XXX-XXX Engines and Engine Sets, Motors and Dynamotors and Drives 

163-:XXX:-:XXX: Interrupters, Ringing Machines and Pole Changers 

167-XXX:-:XXX: Power Plants, Power Units and Power SUpply 

171-XXX-XXX Miscellaneous Power Circuits and Equipment 

770-280-XXX Maintenance of Building SWitchgear 

800-610-165 Circuit Voltage Limits 

The AT&T Power Engineering Manual (green book) is an excellmt reference manual for many areas 

of power engineering and many of thE> procedurE's outlined in this practice make use of its information or 

tables. Since this manual was published in April, 1967, care must be exercised in using some of the 

material. Power equipment made available since its publication will not be shown and, of course, the 

cost data is now obsolete. Equipment tables included in this practice have been updated to include those 

plants not included in the AT&T Power Engineering ~· 

The equipment ( J and ED) and circuit (SD and T) drawings also provide engineering information 

for the various power systems. The CD's (circuit description) will also provide detailed information 

concerning circuit operation. 

The new power plant eng~eering questionnaires (E-1896 for dial, manual and toll offices; 

E-1896P for No. 1 and No. 2 ESS offices) are, in addition to being a guide for specification preparation, 

an excellent reference source. The new questionnaires have been updated to include notes referencing the 

BSP sections coveriiJ.g a particular piece of power equipment. 

The above information sources will normally provide, along with the procedures outlined in this 
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practice, the information necessary for selection of a new power plant. Other reference sources are 

listed in Part E of this practice. 

2.2 Plant Selection 

In selecting a plant for a particular application, the following procedures should be followed: 

1. Determine the nominal operating voltages of the equipment to be powered and the correspond-

ing operating voltage requirements of the plant or plants. 

2. Determine the initial and projected (usually for a 20 year period) loads on the plant or 

plants. 

( 

( 

3. Considering the availability of building floor space, establish the reasonable alternatives ( 

for satisfying the requirements determined under steps 1 and 2. 

4. Complete an economic comparison study, considering both initial and recurring costs • This, 

of course, assumes that more than one reasonable alternative is available to satisfy the 

requirements of steps 1 and 2. 
1\ 

The four steps outlined above are> proposed as a method o:f choosing a power plant for a specific 

application. Although each o:f the sections covering other equipmE>nt (emergency engines, batteries, ring-

ing machines, etc.) cover criteria for selection, step 1 above can be modified to cover any type of power 

equipment. Steps 2 thru 4 can then be used in selecting the appropriate plan o:f action. 

To see how these steps can actually be applied in selecting a plant, let's consider the :follow-

ing example: 

An existing SXS toll center and its tributaries are scheduled for conversion to DDD in December, 

1974. At the same time, another toll center will be downgraded and recentered on the SXS toll center. 

The office presently has a 110A, -48-volt power plant, with a 520-amp capacity. The +130-volt plant is a 

410A with 40-amp capacity. For simplicity, the other plants in the office will be ignored. Upon comple­

tion of the DDD job, the following types of equipment will be installed in the office: No. 1 SXS (local), 

SXS CAMA and intertoll, ANI, 3CL switchboards, 23 information desks, No. 12 service observing boards, a 6A 

announcement system, No. 14 local test desks, N1 carrier, N3 carrier, 0 carrier and E-type signalling 

equipment. 

In accordance with the recommended procedures (step 1), the nominal and normal voltage ranges o:f 

the equipment listed previously should be determined. Consulting BSP 800-610-165 (Circuit Voltage Limits) 

the following requirements are determined: 
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Normal 
Nominal Voltage 1f.quipment Voltage Ran~e 

No. 1 SXS -48 48-So, 50-52 
SXS Intertoll -48 48-So, 50-52 

+130 125-135 
3CL switchboards -48 48-50 
23 information desks -48 48-50 
No. 12 service observing boards -48 48-50 

+130 125-135 
6A announcement system -48 48-50 
No. 14 local test desks -48 48-52 

+130 125-135 
N1 Carrier -48 46-52 

+130 125-136 
N3 Carrier -48 46-52 

+130 125-136 
0 Carrier -48 46 ... 52 

+130 125-136 
E SF equipment -48 45-50 

In reviewing the normal voltage ranges, it can be seen that a -48-volt plant with a normal 
operating voltage range of 48-50 volts and a +130V plant which will operate in the range of 125-135 volts 
are needed. Remember, for simplicity only -48-volt and +130-v<;>lt requirements are being considered. It 
can be seen from BSP 800-610-165 that power of other nominal voltages is also required for this equipment. 

Using the techniques outlined in section B, parts 4.3 and 4.5, an estimate must be made of 
drain requirements (step 2 in our procedures) over a 20-year period in order to make a valid economic 
cornparis on • 

Assume that the estimating techniques have been applied and the following total drain require-
ments determined: 

1974 

1976 

1978 

1980 

1982 

1984 

Drain, 
-48 Volts 

610 

720 

860 

1000 

1200 

1470 

Drain, 
+130 Volts 

55 

70 

90 

110 

140 

160 
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Drain, Drain, 
~ -48 Volts +130 Volts 

1986 1690 18.5 

1988 2020 210 

1990 2400 230 

1992 2700 2.50 

1994 3000 27.5 

Step 3 suggests that the reasonable plans available for caring for these drain requirements now 

be established. It will be assumed that a building addition is being completed in 1974 and will provide 

sufficient floor space in thf> basement for all power equipment required through 1994. 

Considering first the -48-volt requirements, there appears to be two reasonable plans for caring 

for the power requirements. (~gure 2 • .5 in part B, section 2.3 may be used in selecting the plants to be 

considered for application. Knowing that .50-volt operation is rf>Quired, items 2 and 3 should be checked 

for standard plants capable of .50-volt operation. In this case, four can bf> found: 10.5E, 111A, 302B and 

303A. In reviewing the discharge load capacities of' these plants under item 6, it is apparmt that only 

the 302B and 303A plants are large enough .for use in this case.) They are shown below with the estimated 

cost by years associated with each plan. 

Year 

1974 

1976 

1978 

1980 

1982 

1984 

1986 

1988 

~ 

610 

720 

860 

1000 

1200 

1470 

1690 

2020 

Plan I - Provide a 303A plant 
initially; replace with a 302B 
when required * 
$.58, 800 - C: install new 303A 
(2000-amp) E/W 3 - 400-amp 
rectifiers * 

$9,900 - C : Add 1 - 400-amp 
rectifier ( #4) 

$9,900 - C: Add 1 - 400-amp 
rectifier (#.5) 

$9,900 - C: Add 1 - 400-amp 
rectifier ( 116) 

$96,300 - C, $.5,000 - X, 
$37,000- salvage: Add new 
302B (6000-amp) E/w 4 - BOO­
amp rectifiers; remove 303A 

Plan II - Install a 302B 
plant initially * 

$64,3 00 - C: install 
new 302B (6000-amp) E/W 
2 - 800-amp rectifiers * 

$16,000 - C: Add 1 
800-amp rectifier (#3) 

$16,000 - C: Add 1 
800-amp rectifier (#4) 

* The cost of batteries, emergency engines and removal of' existing plants arP assumed to be 

common to both plans and are therefore neglected. Actually, the difference in FVPC used 

in batte~ calculations would result in di.f.ferent batte~ requirements for the two plans. 

Since the two plans arf> identical .from this point on, cost determinations for the years 1990-

1994 need not be made. As suggested in step 4, the costs and timing for additions required for providing 
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our -48-volt power have now been determined. 

Now, turning to the +130-volt power requii'€'ments, figui'E' 2.5, section 2.3 can again be used to 
determine that two plans of action are available for caring f'or the +1 30-volt requirements: 

~ 

1974 

1976 

1978 

1980 

1982 

Drain 

55 

70 

90 

110 

140 

Plan I- Install a 411 or 412 
type {120-amp) plant initially; 
replace with a 708A (1000-amp) 
when reguired * 
$6,700- C: install new 411 or 
412 plant E/w 3 - 30-amp 
rectifiers * 
$2,000 - C: add1 - 30-amp 
rectifier (#4) 

$2,000 - C: add 1 - 30-amp 
rectifier ( 1/5) 

$44,800 - c' $4,000 - x, $7,000 
- salvage: remove 411 or 412 
type plant; add new 708A E/W 3 
- 100-amp 

Plan II - Install a 708A 
(1000-amp) plant 
initially *· 

$38,000 - C: install 
new 708A plant E/W 2 -
100-amp rectifiers * 

$6' 800 - c : add 1 - 1 00 
-amp rectifier ( #3) 

* The cost of batteries and removal of existing plants are assumed to be common to both 

plans and therefore are neglected. Actually, the different FVPC used in battery cal-

culatians would not result in the same battery requirements under each of the two plans. 

To properly evaluate the costs of providing -48 and +130-volt power, the costs of' both plans 
over the total study pE-riod must be weighed against initial capital requiremPnts for each of the plans. 
A study technique has been developed for making this type of economic comparison and is commonly referred 
to as a present worth of annual charges or PWAC study. Details of this study technique are ;9utlined in 
the AT&T publication, Engineering Economy, pp. 140-146. Fortunately, a time shared COI!IpUter program has 
been developed for handling the mathematics of the study. The costs of our proposed -48 and +130-volt 
plans have been summarized in figure 2.1 for input into the time shared program. Individuals not ac-
quainted with either the program or time shared coi!Iputer input may coo tact the Area time shared computer 
coordinator for assistance in running and evaluating· the results of t-he program. 

The outputs of' the PWAC study for the -48 and +130-volt plants are shown in figures 2.2 and 2.3 
respectively. In both cases, the PWAC study indicates that plan I is the more economical alternative. In 
the case of the 48-volt plans, there is very little difference in the plans and the decision may be made 
to spend the additional $13,500 and install the 302B plant initially. However, as pointed out in 
AT&T's Engineering Economy, it may be desirable to ii!Iplement plan I in order to take advantage of any new 
technologies available when the 303A plant has to be replaced in 1988. A sensitivity analysis may also 
be made to see how susceptible the two plans are to unexpected changes in the demand for 48-volt power. 

In the 130-volt study, it's apparent that initial installation of the 411 or 412 plant is the 
most economical alternative. A selection must now be made from the 411 A, 411 B, 41 2A or 412B plants. The 
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PtiAC Comparison 

-48 volt studx 

Plan I • Install new 303A plant 

Year lttl 
initiallyJ replace with 3028 
when reS!:!ired 

1974 (0) $50,800 • 637C 

1978 (4) $9,900 • 637C 

1984 (10) $9,900 • 637C 

1986 {12) $9,900 • 637C 

1988 (14) $96,300 - 637C 

$5,000 • 637X 

$37,000- Salvage 

+)30 volt stuctt 

Plan I- Install a new 411 or 
412 type plant initially; re-

Year 'ftl elace with a Z08A when reS!:!ired 

1974 {0) $6,700 • 757TC 

1976 (2) $2, 000 • 7 57TC 

1980 (6) $2,000 - 757TC 

1982 (8) $44.,800 • 757TC 

$4,000 • 757TX 

$7,000 • Salvage 

Figure 2.1 - Study Results Summarized for Input to PWAC Program 
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Plan II • Install new 
3028 plant initially 

$64, 300 • 637C ( 

$16,000- 637C 

$16,000.- 637C 

Plan II - Install a 
new 708A plant ini-
tiallx 

$38,000 • 757TC 

$6,800 - 757TC 
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48V COMPARISON 

ACCUMULATION OF PWAC 

PLANS 
YEAR 1 2 

1 11 14 
2 21 25 
3 30 3S 
4 39 49 
5 48 52 

5 57 73 
1 55 83 
8 72 93 
9 79 102 

10 85 110 

11 91 117 
12 97 124 
13 103 132 
14 109 139 
15 120 145 

16 128 151 
17 135 156 
18 142 161 
19 149 165 
20 155 169 

Figure 2.2 - PWAC Study, -48-Volt Plans 

COOOl BY YEARS 

, ISS A, 802-000-901 SW 

PART B, SECTION 2.2 
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130V COi1PARISON 

ACCUPIULATION OF PWAC 

PLANS 
Y~AR 2 

1 I 1 
2 2 14 
3 4 21 
4 5 27 
5 6 32 

6 1 37 
7 9 42 
8 10 47 
9 17 52 

10 22 56 

11 26 60 
12 30 63 
13 33 67 
14 37 70 
15 40 72 

16 42 75 
17 45 77 
18 47 79 
19 49 81 
20 51 33 

Figure 2.3 - PWAC Study, +130-Volt Plans 
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A arrangements provide for mounting the equipment in duct - type beys. The B arrangements mount the 

equipment in cabinets • Where adequate floor space is available, the cabinet bays (or B arrangements) 

should be provided since (1) they are capable of mounting more equipment in each bay and (2) they pro-

~ -~ vide greater protection for the equipment. 

( 

( 

OUr choice, therefore, lies between the 411B, 63-cell plant, and the 412B, 66-cell plant. Fig­

ure 2.4 provides the criteria for making the selection between a 63-cell and 66-cell, 130-volt plant. 

This plot of lower emergency voltage limits at the batteries versus final volts per cell (FVPC) indicates 

that battery calculations should be made using FVPC between 1 • 75 and 1 .90 (see part B, section 7 .4). In 

looking at figure 2.4, it 1s apparent that a 63-cell plant should be used where the highest low emergency 

voltage limit at the batteries lies between 110 and 115.5 volts. Use of a 66-cell plant, although physi­

cally possible, would either (1) require discharge to less than 1 • 75 volts/cell at an unpredictable rate 

or (2) require use of 1.75 as the FVPC, thereby resulting in more battery plant being provided than act­

ually required. In the region between 115.5 and 120 volts, either a 63- or 66-cell plant may be provided. 

The cost of the 3 additional batteries and CEMF equipmPnt in the 66-cell plant must be weighed against 

the possible cost of a larger battery string in the 63-cell plant (as a result of a higher FVPC). An 

economic study may be required to make this selection, but in general, a 63-cell plant should be used in 

slow- growing (130-volt power requirements) offices and a 66-cell plant in moderate or fast - growing 

offices. Above 120 volts, a 66-cell plant must be used since use of a 63-cell plant would require a FVPC 

above 1 .90. 

In reviewing BSP 800-61 0-165, the following lower emergency voltage limits at the equipment 

fuse panels apply for +130-volt power: 

SXS intertoll - 120 volts 

No. 12 S.O. Board - 125 volts 

No. 14 L.T.D. - 125 volts 

N1 carrier - 117 volts 

N3 carrier - 117 volts 

0 carrier - 117 volts 

Assume a 1 .0-volt drop between the batteries and fuse panels, 126 volts at the batteries would 

be the point at which the No. 12 service observing and No. 14 local test desk equipment would begin fail­

ing. Even if operation without these two systems were assumed, the SXS intertoll would begin failing as 

the voltage of the batteries dropped to 121 volts. 

Therefore, from figure 2 .4, a 66-cell, 412B, plant should be installed to meet our +130-volt 

power requirements. It 1 s also apparent in reviewing BSP 800-610-165 that use of the 63-cell plant will 

primarily be limited to carrier repeater locations having no other major equipment entity installed (be­

cause of the relatively high low-failure voltage for non-repeater equipment). 
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FINAL VOLTS /CELL (FVPC) 

Figure 2.4 - 63 vs 66 Cell, 130 Volt Plant Selection Criteria 
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Using the four steps previously outlined, the appropriate new plants have been selected for ap-

plication in the example. Modified, the principles encompassed in tb.ese four steps ma:y be used in making 

any power decision requiring a selection among alternatives. 

( 2 .3 Table of Power Plant Engiz).eering Considerations 

Once a plant has been selected for a particular power application, certain decisions must be 

made by the Telephone Company engineer in selecting the proper equipment configurations. Many of ~ 

~decisions must·~ made each time!!:!!. addition£! change is~~~ plant. Major plant character­

istics, along with those areas requiring decisions on the part of the TPlephone Company engineer, are 

summarized for most plants in figure 2 .5. Items 1 thru 6 provide general :information about each of the 

plants. Items 7 thru 24 list engineering decisions which, if an X appears in the appropriate column, ma:y 

be required in properly engineering the plant. The reference section column indicates the section in 

this practice which ma:y be referred to for more detailed information concerning the selection to be made. 

The following is an explanation of' each of' the items appearing in the "Table of Power Plant Engineering 

Considera-eions 11 (see figure 2 .5) and the ''Plant Reference Sheet'' provided for each plant: 

Item 1 -Plant (nominal) voltage(s): Shown are the nominal voltages at which the plant is designed to 

operate. 

Item 2- Operating voltage(s): The associated opPrating voltages are shown for each of the nominal vol-

tages listed. in item 1. 

Items 3 thru 5- standard, A&M Only, Mi'd: An X in the appropriate block indicates whether the plant is 

presently classified as s.tandard, A&M only or manufacture discontinued. Standard plants are the 

only ones which can be ordered new for application :in an office, 

Item 6 - Plant Capacity: The largest available plant of a particular type is shown. This plant capacity 

in most cases reflects the capacity of the discharge equipment. However, in some cases, other 

equipment ma:y be controlling. See the specific plant reference ~for data on the available 

sizes and limiting equipment for each plant. 

Item 7 - Select Plant Size or Capacity: When more than one size of a particular plant is available, the 

Western Electric engineer must be advised of the size required. Item 6 under the specific plant 

reference sheets :indicates the choices available. 

Item 8 - Select Plant and/or Operating Voltage: When more than one nominal and/or operating voltage is 

available in a plant, the western Electric engineer must be advised of the proposed nominal and/ 

or operating voltages. 

Item 9 - Select Plant Operating Method: See th~ specific plant reference sheet for the 425B power plant. 

Item 10 - Select Floor Plan Layout: !he Telephone Company engineer is responsible for specifying the gen­

eral l~out and location of' power plant equipment. See part B, section 2.4 for a complete dis-

cussion of those responsibilities. 
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ISS A, 802-000-901 SW 

PART B, SECTION 2.3 

Item 11 - Specify AC Operating Voltages and Phases: M:>st charge units will operate on more than one type 

of AC input (either voltagP and/or phases). The Telephone Company engineer must determine, the 

nature of the AC source and advise the Western Electric engineer accordingly. Available op-

tiona are covered in the 802 series BSP for the plant. 

Item 12 - Select Size and Number of Batteries: The TelE>phone Company engineer is rE>sponsible for select-

ing the size and number of battery strings required. The number of emergency cells provided is 

a function of the plant installed; the size of the emergency cells provided will be identical 

to those of the batteries it is designed to supplement in the case of power failure. Proce­

dures for battery sizing are provided in part B, section 7.4. 

Item 13 - Select Size of CEMF Cells: The Telephone Company engineer is rE>sponsible for selecting the 

size CE.MF cell(s) provided in any plant requiring countE>rcell operation. Procedures f'or sizing 

countercells are outlined in part B, section 7 .5. 

Item 14 - Select Size and Number of Charge Units: The Telephone Company engineer is responsible f'or 

selecting and advising the Western Electric engineer of the size and number of' charge units 

required. Part B, section 6.3 outlines criteria to be used in selecting charge units. See 

the specific plant reference ~for the charge unit arrangements available for use with a 

particular plant. 

Item 1 5 - Select Size and Number of Discharge Loads: Where applicable, the Telephone Company engineer 

is responsible f'or selecting the size and number of' discharge loads. See the specific plant 

reference ~ for the appropriate plant. 

Item 16 - Select Size of Discharge Meter and Shunt: The Telephone Company engineer is responsible for 

specifying the size of the discharge meter and shunt when a choice is available. See the 

specific plant reference sheet for the appropriate plant. 

Item 1 7 - Select the Type of' Main Control Board: See> the specific plant reference sheet for the 326A 

power plant. 

Item 1 8 - Select Size of Emergency Cell Switch: The TelPphone Company engineer is responsible for speci-

fying the size emergency cell switch to be installed. See the plant reference sl'leet for the 

appropriate plant. See part B, section 6.9 for procedures to be used in sizing emergency cell 

switches. 

Item 19 -Select Size of Battery Charge Fuse: When installed in a plant, the size of the battery charge 

fuse is specified by the Telephone Company engineer. SeE' the plant reference ~ for the 

appropriate plant. 

Items 20 thru 24 - Selecting the Size of Busbar: The Telephone Company engineer is responsible f'or 

specifying the capacity of the various bus bars. The Western Electric engineer is responsible 

Page 13 



ISS A, 802-000-901 SW 

PART B, SF.CTION 2 • 3 

Page 14 

for design of the busbar distribut~on system. Procedures for sizing busbar arP outlined in part 

B, section 6.8, See the plant reference~ for the appropriate plant. 
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PLANT REFERENCE SHEET - 1 05P .POWER PLANT 

Item 6 - Plant Capacity 

ISS A, 802-000-901 SW 

PART B, SECTION 2.3 

The 1 05D 's maximum charge capacity is 40 amps (initial 1 0-amp, plus two supplemental 15-amp 

rectifiers) • Since one o:f the 15-amp rectifiers would be designated a maintenance spare, the maximum 

discharge load would be limited to 25 amps. A maximum o:f three rectifiers can be used in this plant, 

therefore, there would be a corresponding decrease in capacities i:f 15-amp rectifiers were not utilized. 

Item 14 - Charge Units 

The charge circuitry is capable o:f terminating only three rectifiers and is designed to handle 

8-, 10-, 11- and 15-amp rectifiers, (the 15-amp rectifier is presently not available :for order). 
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Item 6 - Plant Capacity 

PLANT REFERENCE SHEET - 1 05E rowER PLANT 

There is no functional reason to limit the capacity of the 1 05E plant; i.e., it is physically 

possible to terminate an unlimited num'Per of rectifiers. However, for economic reasons, use of a 111 A 

plant is recommended When the load exceeds 30 amps. 

Item 14 - Charge Units 

Designed for use with 11 - or 1 5-amp rectifiers. (The 1 5-amp rectifier is presently not avail-

able for order). 
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PLANT REFERENCE SHEET - 11 OA POWER PLANT 

Item 6 - Plant Capacity 

ISS A, 802-000-901SW 

PART B, SECTION 2 ·3 

The capacity of the plant may be either 120, 240, 520 or 640 amps depPnding on the discharge 

loads equipped. This stated capacity is the maximum theorf'tical discharge load which can be handled, 

by the plant. The maximum loads which would actually be placed on the plants would be 90, 210, 420 and 

540 amps respectively (theoretical capacity less maintf'nance spare). 

Item 1 4 - Charge Units 

Discharge loads A & B (see item 15) can be equipped with 30-amp rectifiers when the load capa­

city is 120 or 240 amps. Load B may bf' equipped with 30- or 1 00- amp rf'ctifiers if the plant capacity is 

520 amps. Discharge load c, if provided, can be equipped with either 30- or 100-amp rectifiers. 

Item 15 - Discharge Loads 

The 11 OA plant discharge loads are segregated into one to thrPe separate loads, designated A, 

B and C (see figure on next page). Load A is normally equipped with four 30-amp rectifiers. Load B 

(which can no longer be ordered new) is also normally e-quipped with four 30-amp rectifiers. Load C can 

be equipped with a maximum of four 30- or 1 00-amp rectifiers. As can be seen in the figure, the outputs 

of the rectifiers, regardlPss of load, are shared by all loads. Each load is equipped with its own CEMF 

cell and discharge meter. The Telephone Company engineer is responsible for determining what loads will 

be equipped and what size rectifiers will be provided. 

Item 16 - Discharge Meter and Shunt 

Loads A and B (1 20-amp capacity) may be equipped with either a 75- or 150-amp discharge- meter 

and shunt. The 150-amp arrangement should always be provided. Load B (in a 520-amp plant) or load C is 

always equipped with a 500-amp meter. 
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A 120AMPS 

B 120AMPS 

B OR C 400 AMPS 

RECTIFIER OUTPUTS 

'!YPical llOA Plant - A, B, and C Loads 
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PLANT REFERENCE SHEET - 111 A POWER PLANT 

Item 6 - Plant Capacity 

ISS A, 802-000-901SW' 
PART B, SECTION 2.3 

Various plant arrangements are available for both 24- and 48-volt operation and are outlined 

in BSP 802-6.59-160. Countercell operation limits plant capacity to 400 amps (for instance, when SO-volt 

operation is required in a 48-volt plant); otherwise, the capacity is 800 amps. A second plant may be 

provided as a separate, parallel load. 

Item 1 4 - Charge Units 

The 24-volt plants are available with 11 -' 1 s-' 30- or 1 00-a.mp rectifiers. The 48-volt plants 

are available with 30- or 1 00-amp rectifiers. See BSP 802-6.59-160 for the rectifiers available with each 

plant arrangement (the 1 .5-a.mp rectifier is presently not available for order) • 
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PART B, SFCTION 2.3 

Item 6 - Plant Capacity 

PLANT RIDFERENCE SHEET - 301 C POWER PLANT 

The 301 C plant has been rated manufacture- discontinued since 1962. The capacity of the 301 C (-\ 
plant was 4,000 3lllpS; however, many of the original 301 C plants have been modified for 6,000- and 10,000-
amp operation using 302-type equipment. 

must be made using 302-type equipment. 

lined in AA'367 .302. 
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PLANT REFERENCE SHEET - 302A POWER PLANT 

Ite~ 6 - Plant Capacity 

ISS A, 802-000'-901 SW 
PART ~. SECTION 2.3 

The original 302A plant had a capacity of 1 0,000 amps and was designed to function with both 

motor-generator sets and rectifiers. Pre>sently only those plants (1) having less than a 4,000-amp emer-

gency cell switch (600-, 1200- or 2000-amp) or (2) having a 4,000-, 6,000- or 1 0,000-amp switch but· 

arranged for sequential operation (see part B, sPction 6.3) are designatPd 302A. Existing 302A plants 

can be expanded to increased capacity using 302B equipme>nt. 

Item 1 4 - Charge Units 

The 302A power plant may be equipped with various sizes of motor-generator sets and 100- or 

400-amp rectifiers. 

Item 16 - Discharge Meter and Shunt 

Various discharge meters and shunts are available with each size of emergency cell switch. The 

discharge m~ter and shunt should normally be sized to match the emergency cell switch. However, if the 

load is small compared to the full scale reading of the meter, a smaller meter may be warranted. 

Item 18 - Emergency Cell Switch 

Emergency cell switches are available in 600-(A&M), 1200-(A&M), 2000-(std.), 4000-(Std.), 6oOO­

(std.) and 10,000-amp (Std.) sizes. 

Item 19 - Battery Charge Fuse 

Older plants may have battery charge ruses which are designed. to protect the charge leads. The 

charge fuses are available in various sizes {depending on the sizP emE-rgency cell switch installed) and 

should be capable of handling the total output of the installed charge units. The charge fusPs are no 

longer provided on new plants and, if possible, are being removed from existing plants when they are modi-

fied for increased capacity. The battery charge fuse must be lPft in place if motor-generator sets are 

being utilized in the plant since the motor-generator sets are not equipped with internal charge lead 

protection. 

Item 20 - Bus Bars 

The following bus bars must be sized: 

Generator Charge 

Ground or Charge Ground 

Battery Charge 

Battery -

EmPrgency Cell G-1 

Emergency Cell G-1 & 2 

Emergency Cell Charge 

Discharge Ground 
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Item 6 - Plant Capacity 

PLANT REFERENCE SHEET - 302B POWER PLANT 

To be designated a 302B, a plant must have a 4,000-amp or larger emergency cell switch and be ( 

arranged for non-sequential operation (see part B, section 6.3). The 302B plant is available in -24, -48 

or combined 24 and 48-volt arrangements and has a maximum capacity of 10,000 amps. 

Item 14 - Charge Units 

Charge units are available in 400-, 800- and 1600-amp capacities. 

Item 16 - Discharge M9ter and Shunt 

Various discharge meters and shunts are available with each size of emergency cell switch. The 

discharge meter and shunt should nonnally be siz~d to match the emergency cell switch. However, if the 

load is small compared to the fUll scale reading of the meter, a smaller or dual-rang~ meter may be 

warranted. 

Item 1 8 - Emergency Cell Switch 

Emergency cell switches for the 302B plant are available in 4,000-, 6,000- and 1 0,000-amp 

capacities. 

Item 1 9 - Battery Charge Fuse 

Older plants may have battery charge fuses which are designed to protect the charge leads. The 

charge fuses are available in various sizes (depending on the size emergency cell switch installed) and 

should be capable of handling the total output of the installed charge units • The charge fuses are no 

longer provided on new plants and, if possible, are being removed from existing plants when they are modi-

fied for increased capacity. The battery charge fUse must be left in place if motor-generator sets are 

being utilized in the plant since the motor-generator sets are not equipped with internal charge lead 

protection. 

Items 20 thru 24 - Ins Bars 

The following bus bars must be sized: 

Generator Charge 

Ground 

Battery or battery -

Emergency Cell G-1 

Emergency Cell G-1 & 2 

Emergency Cell Charge 
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PLANT REFERENCE SHEET - 303A POWER PLANT 

Item 6 - Plant Capacity 

ISS A, 802-000-901 SW 
PART B, SECTION 2.3 

The capacity of thP 303A plant is discharge limited and is a function of the size of emergency 

cell switch installed. Two sizes of the 303A plant are available: 1,000 and 2,000 amps. Because of the 

relatively minor cost difference between the two plants, new 303A plants should be provided with a 2,000-

amp capacity. 

Item 14 - Charge Units 

The 24-volt plant is designed to use either 1 00- or 400-amp rectifiers while the 48 volt plant 

will handle 100-, 400- and 800-amp re-ctifiers. A maximum of six re>ctifier bays can be handled by the con­

trol circuitry (6 400- or 800-amp rectifiers or 24 1 00-amp rectifiers if provided in a four-pack arrange­

ment). 

Item 16 - Discharge Meter and Shunt 

;.. 1 , 250-amp discharge meter is provided with the 1 , 000-amp plant; a 2, 500-amp m~ter is provided 

with the 2,000-amp plant. 

Item 18 - Emergency C.ell SWitch 

A 1 ,000-amp emergency cell switch is provided with the 1 ,000-amp plant, a 2,000-amp switch with 

the 2,000-amp plant. As mPntioned above, the 2,000-amp switch should be provided initially with all new 

plants. Upon failure of the commercial power supply, both groups of emergency cells are- connected to the 

discharge circuit in parallel. If the power failure continues, the two emergency cells are later connect-

ed in series. This arrangement conserves the capacity of the cells and equalizes the deterioration of the 

cells. 
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PART B, SECTION 2.3 

Item 6 - Plant Capacity 

PLANT REFERENCE SHEET - 326A POWER PLA.NT 

The· 326A plant may be obtained in 8,000- and 1 0,000-amp capacities f'or combined +24 and -48-volt (-", 
operation. It is also available as a plant in combinations of' 2000-, 4000- and 6000-amp capacities to 
satisfy individual +24 and -48 volt requirements. The stated capacity is the maximum discharge load the 
plant is capable of' handling. The 326A plant does not employ an emergency cell switch or emergency cells. 
Item 1 4 - Charge Units 

The 326A plant is designed to function with 100-, 400- or 800-amp rectif'iers. Note 111 of' 
SD-81861-~ and BSP 802-727-150 place an additional restriction on the sPlection of' rectif'ier sizes; how-
ever, this restriction need not be adhered to if' a maintenance spare rectif'ier is provided. 
Item 16 - Discharge Meter and Shunt 

See discussion under item 17. 

Item 1 7 - Type Main Control Board 

The main control board f'or the 326A plant is available in the f'ollowing sizes: 2000-, 4000-, 
6000-, 8000- and 1 0,000-amp capacities. Since the plant is designed f'or use in No. 1 ESS of'f'ices, the 
main control board may be arranged f'or both +24 and -48 volts. The 8000- and 1 0,000-amp plants are de­
signed f'or combined +24 and -48 volt operation. The 2000-, 4000- and 6000-amp plants may be arranged f'or 
either combined or individual operation. Economics indicate that if' an 8000-amp main control board is re­
quired (using same criteria as that f'or sizing emergency cell switoh), then a 1 0,000-amp bay should be pro-
vided with an 8000-amp bus bar. If' a 2000- or 4000-amp bay is required, then a 6000-amp bay and smaller 
bus bar should be provided. All main control bays are equipped with dual range (f'ull and half' scale) me-
ters. The responsibility f'or specif'ying thE> size main control board and size bus bar is the Telephone 
Company's engineer. 

Items 20 thru 24 - Bus Bars 

The f'ollowing bus bars will be sized by the western Electric engineer to match the capacity of 
the main control board unless otherwise advised by the Telephone Company engineer: 

Charge Ground 

Discharge Ground 

-48V charge 

+24V charge 

-48V discharge 

+24V discharge 

( 

( 

;rn addition, the 2-, 4- and 6000-amp plants may be equipped with either copper or aluminum bus ( 
{see part B, section 6.7). The Telephone Company engineer is rPsponsible for specif'ying the type bus bar 
to be installed. 
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PLANT REFERENCE SHEET - 405A POWER PLANT 

Item 6 - Plant Capacity 

ISS A, 802-000-9rnSW 
PART B, SECTION 2.3 

The 405A plant (either positive or negative 130 volts) employs one 2-amp rectifier which is 

capable of handling fixed or variable loads from 0.1 to 1 .5 amps. 
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Item 6 - Plant Capacity 

PLANT REFERENCE SHEET - 41 OA POWER PLANT 

'lhe capacity of the original 41 OA plant was 25 amps but the plant can be modified for 40 amps. ('' 
A second 40-amp discharge load may be added (using 411 or 412 type equipment) increasing the plant capa-
city to 80 amps. The size of the discharge meter shunt limits the discharge capacity of the plant. 

Item 14 - Charge Units 

'lhe 41 OA plant ma:y employ 8-, 10-, 24- or 30-amp rectifiers, although regulation is limited when 
the larger rectifiers are used (see BSP 802-754-150, Table A). Load on 8-amp rectifiers should be limited ( 
to 5 amps to pennit recharge of batteries after power failure. 

Item 16 - Discharge M9ter and Shunt 

'lhe 25-amp plant is equipped with a 30-amp meter and shunt. The 40-amp plant is equipped with a 
50-amp meter and shunt. 
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PLANT REFERENCE SHEET - 41 OB POWER PLANT 

Item 6 - Pl.ant Capacity 

ISS A, 802-000-901 SW 

PART B, SECTION 2.3 

The capacity of the 63-cel.l. pl.ant is 80 amps. The 66-cel.l. pl.ant may be arranged for an 80-amp 

capacity by using two 40-amp l.oads. The 70-cel.l. plant, 'ltlich is designed for L carrier and TH radio ap­

pl.ications, can handl.e up to a 20-amp l.oad. These capacities can actual.l.y be increased (within the l.imits 

of the discharge control. circuits) with a corresponding increase in time for recharge. 

Item 14 - Charge Units 

The 63- and 66-cel.l pl.ants are designed to function with 8-, 10-, 24- or 30-amp rectifiers. 

The 70 cel.l. pl.ant util.izes onl.y 8- or 1 0-amp rectifiers. 

Item 1 5 - Discharge Loads 

The 66-cel.l. pl.ant can b~ arranged for two discharge l.oads, each having a capacity of 40 amps. 

Item 16 - Discharge Meter and Shunt 

63-cel.l. pl.ant: May be equipped with either a 50- or 100-amp met~r and shunt. 

66-cell. pl.ant: Each CEMF control. unit is equipped with a l.oad m~ter (50 amps is standard). 

70-cell pl.ant: Equipped with 30-amp meter and shunt. 
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Item 6 - Plant Capacity 

PLANT REFERENCE SHEET - 411 A POWER PLANT 

The 411A is a 63-cell, duct-type plant designed to provide a maximum of 1 80 amps of charge and (- , 

120 amps of discharge capacity, thereby provid:ing 60 amps of recharge capacity. See part B, section 2.2 

for a discussion of 411A and 411B plants. 

Item 14 - Charge Units 

'The plant is designed to handle a maximum of six 1 0- or 30-amp !'E'Cti:fiers. 

( 

( 
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PLANT REFERENCE SHEET - 411 B POWER PLANT 

Item 6 - Plant Capacity 

ISS A, 802-000-90'1 SW 

PART B, SECTION 2.3 

The 411 B is a 63-cell, cabinet-type plant designed to provide a maximum of 180 amps of charge 

and 120 amps of discharge capacity, thereby providing 60 amps of recharge capacity. See part B, section 

2.2 for a discussion of the selection of 411A and 411B plants. 

Item 1 4 - Charge Units 

The 411 B plant is designed to handle a maximum of six 1 0- or 30-amp rectifiers. 
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Item 6 - Plant Capacity 

PLANT REFERENCE SHEET - 41 2A rowER PLANT 

ThEl 412A, 66-cell, duct-type plant is designed for a maximum discharge capacity of 1 20 amps and (\ 

a charge capacity of 1 80 amps, thereby providing 60 amps for recharge. The discharge capacity is available 

in one to three 40-amp discharge loads. See part B, section 2. 2 for a discussion of the selection between 

412A and 412B plants. 

Item 14 - Charge Units 

The 412A plant is designed to handle a maximum of six 1 0- or 30-amp rectifiers. ( 
Item 1 5 - Discharge Loads 

The 412A plant may be equipped with from one to three 40-amp discharge loads, each having a 50-

amp meter and shunt. 

( 

( 
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PLA.NT REFERENCE SHEET - 41 2B POWER PLA.NT 

Item 6 -Plant Capacity 
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The 412B is a 66-cell, cabinet-type plant designed for a maximum discharge capacity of 120 amps 

and a charge capacity of 180 amps, thereby providing 60 amps for recharge-. The dischargE> capacity is 

available in one to three 40-amp discharge loads. See part B, section 2.2 for a discussion of the selec-

tion between 412A and 41 2B plants. 

Item 1 4 - Charge Units 

The 41 2B plant is designed to handle a maximum of six 1 0- or 30-amp rectifiers. 

Item 15 - Discharge Loads 

The 412B plant may be equipped with from one to three 40-amp discharge loads, each having a 50-

amp meter and shunt. 
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Item 6 - Plant Capacity 

PLANT REFERENCE SHEET - 41 3A POWER PLANT 

The 413A is a positive or negative 1.52-volt plant 'Which may be equipped for a maximum of five ( ', 

1 00-amp rectifiers. A diagram of typical plant arrangements is shown in the AT&T Power Engineering Manual, 

section 4, supplement C. 

When used with the 505D (13 carrier) and 508A (TH radio) plants, the 413A plant is used to 

float the batteries (70 cells) which are used to driv~ DC motors in thP event of a commercial power fail­

ure. The 413A plant's charge capacity must also be sufficient to recharge the plant's batteries after a 

commercial power failure. 

When used with the 520A (TH radio) and 521A (13 carrier) plants, the 413A must be capable of 

handling the input to the DC-AC inverters in addition to being able to float and recharge the batteries. 

Item 14 - Charge Units 

The 41 3A plant is designed to handle a maximum of five 1 00-amp rectifiers. 

Item 1 5 - Discharge Loads 

A second .500-amp load or plant may be parallelled with the first plant. The two plants are tied 

common at the charge fuse through a 600-amp fuse. 
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Item 6 - Plant Capacity 
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The 425A plant provides the various voltages required for operation of TD-2 equipment (see BSP 

802-759-153, figure 2, for a system block diagram). Requirements for -24 volts are included although not 

provided as part of the coded plant. The capacities of the plant are as follows (standard unless noted 

otherwise): -12-volt, 1600 amps; -24-volt, 4.5 amps; +130-volts (A~, 20 amps (an additional 20-amp load 

supplies the 250-volt plant); +2.50 volts, 20 amps. 

Item 14 - Charge Units 

The following charge unit arrangements are available in the various voltages: 

-1 2V (Std.) 1 600 amps, S - 400-amp rr>ctifiers 

(A&M) 800 amps, S - 200-amp or 3 - 400-amp rectifiers 

-24V (Std.) 45 amps, 3 - 1 5-amp N>ctifiers or separate -24-volt plant (the 1 S-amp rectifiers 

are presently not available for order) 

+130V (A&M) 20 amps, 4 - 8-amp rectifiers or separate +130-volt plant 

+2SOV (A&M) 20 amps, 4 - 8-amp rectifiers 

(Std.) 20 amps, 5 - 5-amp converters 

Item 16 - Discharge Meter and Shunt 

The following discharge meter arrangements arr> available: 

-12V : 800 amps (A&M), 400-, 800-, 1000-amp meter; 1600 amps 

(Std.), 1000- and 2000-amp meter. 

+130V 20 amps (A&M), 15- or 30-amp meter 
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Item 6 - Plant Capacity 

PLANT REFERENCE SHEET - 425B POWER PLANT 

The 425B plant is designed to provide power for secondary route TD-2 stations. Two arrangements (~, 

are available: with or without battery resezve. Since the arrangement with battery resezve should always 

be utilized, the following capacities are for that arrangement: 

-12V 22 amps per unit, 1 unit required for each TD-2 channel 

-24V 1 amp 

+130V 

+250V 

30 amps 

0.35 amp per unit, 1 unit required for each TD-2 channel 

A block diagram of the battery arrangement is shown in figure 2, BSP 802-759-160. 

Item 9 - Plant Operating Method 

The 425B pJant may be arranged as a power supply with or without battery reserve. The arrange­

ment with battery reserve should always be utilized. 

Item 14 - Charge Units 
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-24V 1 - 1 -amp rectifier 

+130V 
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4 - 8-amp rectifiers 
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PLANT REFERENCE SHEET - 426A POWER PLANT 

Item 6 - Plant Capacity 
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.The 426A plant can be equipped with a maxi~m of eight 8- or 1 0-amp rectifiers. The discharge 
capacity is limited to 40 amps (5 amps per rectifier) to permit recharge of the batteries after commer-

cial power failure. 

Item 14 - Charge Units 

The 426A plant is designed to handle a maximum of eight 8- or 1 0-amp rectifiers. 

Item 16 - Discharge Meter and Shunt 

The 426A plant may be equipped with either a 15- or 50-amp discharge .meter and shunt. 
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Item 6 - Plant Capacity. 

PLANT REFERENCE SHEET - 702C POWER PLANT 

The capacity of the 702C plant is limited by the size of the emergency cell switch installed. (-

The plant can be equipped for up to 1 ,000 amps of discharge (see item 18). 

Item 14 - Charge Units 

The 702C plant was designed for use with various sizes of motor-generator sets and 1 00-amp rec-

tifiers. 

Item 16 - Discharge Meter and Shunt 

Discharge meters are available in the following sizes: 250, SOO, 1000 and 1500 amps. 
( 

Item 1 8 - Emergency Cell Switch 

:Elnergency cell switch sizes: 200, Soo, 6oo and 1000 amps. 

Item 19 - Battery Charge Fuse 

Battery charge fuses, when provided, are available in the following sizes: 300, 400, 650, 800, 

1 000 and 1500 amps. 

( 
\ 
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PLANT REFERENCE SHEET - 708A POWER PLANT 

Item 6 - Plant Capacity 
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The capacity of the 708A plant is limited by the size of emergency cell switch installed. Only 

one size, a 1 000-amp switch, is available. A 1500-amp discharge meter is provided with this plant. 

Item 14 - Charge Units 

The 708A plant may be equipped with up to twelve 1 00-amp rectifiers • 
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2.4 Floor Plan La;yout Considerations 

In the process of planning a new building or building addition, the Telephone CompanyArchitec-

tural planning engineer selects the general location of the power plant equipment. The general location 

of the power equipment must be determined at that time (rather than when the p6wer plant equipment is act­

ually engineered) because (1) certain power equipment (as AC distribution equipment) and associated peri­

pheral equipment {as exhaust louvers and piping for emergency engines) are provided as part of the build­

ing work associated with the new building or addition, and. (2) the location and floor loading of the pow-

er equipment must be considered in the structural design of the new building or addition. 

In most cases, the Architectural planning engineer will draft the preliminary building floor 

plans and submit them to the equipment engineering groups {and others) for their suggestions and comments. 

If the layout of the power equipment is satisfactory to the equipment engineer, the proposed layout will 

later be incorporated into the floor plan drawings submitted to Western Electric engineering for detailed 

engineering. During preliminary analysis of the Telephone Company specification and proposed floor plan 

layout, the Western Electric engineer will prepare a preliminary, detail~d floor plan which will be for-

warded to the Telephone Company engineer for his approval. Any changes or suggestions by the Telephone 

Company engineer will be included in the final Western Electric floor plan layout. 

In specifying the location of the power plant equipment, the Architectural planning engineer will 

consider various factors. In buildings having no basements, the plants should be located away from the 

growing end of the building and the distributing frames. This usually limits the number of desirable lo-

cations available for installing the power plants. 

In smaller multi-story buildings (up to three floors) having basements, the power equipment will 

almost al.ways be located in the basement. In this case, the power room should be located to permit growth 

of the power equipment into the basement of any future building additions. 

In large multi-story buildings, the amount of mechanical equipment located in thP basement will 

usually limit the amount of power equipment that can al.so be located there. In addition, considerable sav-

ings will result when a power plant is located near the center of the ultimate number of floors it will 

serve. Since power equipment is generally much heavier than other tPlephone equipment, location of those 

upper-floor power plants must be considered in the original structural design of the building or steps 

must be taken to reinforce the structure when, at a later date, it is decided to locate power equipment in 

a location not designed for it. 

The main AC switchboard (when required) will usually be located in the basemPnt. It will normal-

ly be installed in close proximity to the transformer banks SPrving the building and will be located to 

avoid running AC leads through the cable vault (to minimize induction problems) • 

There are two occasions when it is tmperative that the Telephone Company equipment engineer veri-

fy with the Architectural engineer that the building structure is adequate for the power equipment being 
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(1) When an emergency engine is being located on the roof of an existing structure. 

(2) When it is proposed to locate power equipment in a building bay not originally designed 

~ for it, especially if the proposed location is not in the basement of the building. 

( 

( 

\ 

Nonnally a power equipment room is not air conditioned. However, in some cases ventilating 

equipment is not adequate to maintain a reasonable power room temperature and air conditioning may be 

provided. Ambient operating temperatures for a particular piece of equipment can normally be found in 

the appropriate OOP, SD or power data sheet. 

TYPical floor plan layouts of various power equipment items are included in section 8 of the 

Floor Plan Data book and in section 7 of the AT&T Power Engineering Manual. Additional infonnation which 

may be used in laying out floor plans can be fotmd in the BSP's, J drawings and ED drawings covering a 

particular plant. other floor plan considerations pertaining to specific portions of the power plant are 

covered in the appropriate section of·Part B of this practice. 
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3.1 Purpose 

PART B - SECTION 3.0 

SWX-XXXX-550-G DRA~G 
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The purpose of the SWX-XXXX-550-G drawing is to: 

1) Provide thP Telephone Company equipment engineering groups with a guide to be used 

in the engineering and administration of central office power plants; 

2) provide the TelPphone Company Plant Department with information which can be used 

to quickly check the adequacy of the capacities of the presently installed major 

components of power eouipmPnt; 

3) provide Western Electric Pngineering with sufficient information to insure proper 

detailed engineering of the power plant equipment. 

3.2 General Layout 

Two different predrafted formats of the SWX-XXXX-550-G drawing arE' available: "Sheet 1" and 

"Sheet 2". 

As can be seen in figurP 3 .1 , the "Sheet 1 " drawing provides room for recording data on two 

power plants (parts I thru III) and general infonnation pPrtaining to an office (parts IV thru VII) • At 

some point in time, a "Sheet 1" drawing will be issued for each central office location or base number 

having installed power equipment. 

The "Sheet 2 11 drawing (see figure 3.2) provides sufficient space for recording infonnation about 

three power plants. The "Sheet 2 11 drawing(s) should be used to record information about the the third and 

any subsequent plants installed under a particular base number. 

3.3 Reference SPctions 

Details for completing the SWX-XXXX-550-G drawing are outlined in the appropriate sections of 

this practice as follows: 

Drawing Part Reference Section 

I Part B, Section 3.5 

II A-D Part B, Section 4. 7 

III A-C Part B, Section 7. 7 

III D,E Part B, Section 6.11 

IV Part B, Section 8.1 8 

v Part B, Section 5.5 

VI Part B, Section 9.4 
VII Part B, Section 1 0.1 0 
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Figure 3.1 - SWX-XXXX-550-G Drawing, Sheet 1 
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~~------------------------------------------~i~ ~ 
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Figure 3.2 - sw:X:-xx:xx-550-G Drawing, Sheet 2 
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3 .4 Requirements for Co!Dpletion, Update and Distribution 

Generally, the SWX-XXXX-550-G drawing will be issued initially in conjunction with the next maj-

or growth job enl¢neered at a location. Areas may establish local policies regarding targets for comple-

tion and items to be included in the initial issue of the drawing. 

The SWX-XXXX-550-G should be updated and reissued any time a change is detected in any of the 

information recorded on it. Generally, the drawing will be reissued and distributed in conjunction with 

issuance of a Telephone Company specification covering the addition or removal of equipment in an office. 

In some cases, however, update and/or distribution may be recuired when no specification is ~ing writtE-n. 

Distribution in conjunction with issuance of a Telephone Company specification should be made 

using established office form No. 6 procedures. Distribution should at lPast be made (but not limited to 

the following: 

- Wire chief or chief switchman having responsibility for the office 

-Appropriate Division Plant SUperintendent's organization 

- Appropriate Service Manager of the Western Electric Company 

3.5 Critical Plant Parameters 

Part I of the SWX-XXXX-550-G drawing is designed to pE>rmit a quick check of thE> service - affec~ 

( ' 

ing capacities of the plant. The critical parameter section may also be used to facilitate checking by ( 

the Engineering Department of plant capacities upon receipt of Annual DC Power Drain Studies (Form sw6623) 

and/or Emergency Engine Load Test Results (Form S-6956). In addition, this part may be used by local 

plant personnel to monitor the status of the plants between scheduled power studies. 

The various entries required in Part I of the drawing should be made in accordance with the fol-

lowing (numbers shown refer to corresponding entries as shown in figure 3.3): 

CD From IIA.. 

® Installed plant (1 05E, 303A, etc.) on date of latest drawing issue. 

G) Same as peak busy- hour drain shown in CD • 
@ - (j) Where drain readings are available by loads, record under appropriate loads. Total under (j) 

should be the same as busy-hour peak drain shown in CD plus power failure drain shown in II D. 

If plant is equipped with only one load, the entry should be made in 0 . 
@ Usually 3 or 24 hours unless another agreement has been reached betwE-en Plant and Engineering. Record 

3 hours if an emergency engine is installed in the office. Record 24 hours if no emergency engine is 

installed in the office. 

® From IVB. 

@ From IIm. Should not include rectifiers scheduled to bE> installed aftf>r the latest drawing issue 

date. 

@ - @ Enter the present (as of latest drawing issue date) capacities of the discharge loads. If the> 
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plant is equipped with only one load, reflect this capacity in @ . 
@ From IIIA. 
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@ From IVA. Record the total capacities of all engines installed as of the latest drawing issue date. 

QP From IIC. 

@ Record the type plant to be installed at the end of the power engineering period. 

@ Same as shown in @ . 
@ - @ In multiple load plants, item @ should be the same as that shown in @ plus power 

failure drain shown in II D. An estimate of required drain distribution should be 

made in @ - @ In single load plants an entry is only required in @ 
@ See explanation under@. 

@ Total KW from IIIC. 

@ Total figure from IIIE. 

@ - @ Enter the capacities of the discharge loads for the end of power engineering period. If the 

plant is equipped with only one load, reflect this capacity in @ . 
QY From IIIA. 

@ From IVA. Record the total capacities of all engines installed at the end of the power engineering 

period. 

As mentioned previously, the "Critical Plant Parameters" SE'ction may be used by the Engineering 

Department to check the adequacy of installed plant capacities. Flow charts for a typical verification of 

capacities upon receipt of an Annual DC Power Drain Study (Form sw6623) and/or an Emergency Engine Load 

Test Result (Form s6956) are shown in figures 3.4 and 3.5 respectively. Circled numbers refer to itema 

shown in figure 3.3. The process outlined in figure 3.5 can also be used to check capacities of gas tur-

bine installations as reported on fonn E-5697. ThE' process of comparing present loads and drains against 

engineered load assumptions or capacities can be modified to permit referral to an engineer at any prede-

termined load. For example, in figurP 3.5, it may be decided that an PmergPncy M!gine load test should bP 

referred to an engineer each time the peak load exceeds 80% of the installed engine capacity. 

3.6 Office Busy Seasons 

BSP section 157-601-902 SW, which covers requirPments for completing the Annual Power Drain 

Study (Sll6623) for an office, states that this annual study should be made during the busy season. How-

ever, in offices having both toll and local switching machines operating from the same power plant, two 

separate busy season may be e:xperiPnced. In that case, two drain studies would be required, one during 

the local busy season and one during the toll busy season. Of course, more frequent studies ma:y be made 

if (1) pen recording equipment has been installed, (2) the plant is in an attended office or (3) spe-

cial circumstances warrant them. 

The toll and/or local switching busy seasons should be determined (with the assistance of 

Page 5 



~sA., 802..i.000-901 sw 
PART B, SECTION 3.6 

- 48 VOLT POWER PLANT 

I CRITICAL PLANT PARAMETERS 

ITE" PRESENT1 
BUSY HOUR PEAK DRAINS AM?S (.I) 160 
TYPE PLANT (?) I lOA 
///////////////////////// REQUIRED INSTALLED 
CHARGE CAPACITY EXCLUDING MAINT SPARE AMPS 3 160 Go 180 

DISCHARGE CAPACITY- AMPS LOAD A 4 70 II 120 

DISCH DISCHARGE CAPACITY-AMPS LOAD e 5 90 l~ 120 
DISCHARGE CAPAE:ITY-AMPS LOAD c 6 13 

DISCHARGE CAPACITY-AMPS TOTAL 7 160 4 240 
BATTERY RESERVE HOURS a 3~0 15 2.7 
EMERGENCY ENGINE (ALL PLANTS) KW 9 . 44~2 16 60 

POWER ENGR PER!OD z 
(U) 220 
(!!) I lOA 

REQUIRED INSTALLED 
9 220 340 

70 120 
I 90 120 

! 60 400 
220 640 
3.0 3 7.0 

51.45 60 
NOTES: 1 PRESENT B.H. DRAIN AND EMERG. ENGINE REQUIRED FIGURES OBTAINED FROM 1IA AND nZ" B. 

2 END OF POWER ENGiNEERING PER10D B.H. DRAIN AND EMERG. ENGINE REQUIRED FIGURES OBTAINED FROM 
II C AND .Ill: C. 

Figure 3.3 - Critical Plant Parameters, SWX-XXXX-550-G Drawing 
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Figure 3.4 - Flow Chart - Verification of Plant Capacities Upon Receipt of an Annual D.C. Power Drain 
Study, Form SW 6623 
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ROUTE TO 
FILE 

REFER TO 
ENGINEER FOR 

HANDLING 

Figure 3.5 - Flow Chart - Verification of Plant Capacities Upon Receipt of an Emergency Engine Load Test 
Result, Form S-6956 
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Traffic) at the time of initial issue of the SWX-XXXX-550-G drawing. In those locations having no switch-

ing equipment installed, the power drain study may bE' completed during any month of the year. The Tele-

phone Company equipment engineer is responsible for establishing, with the Plant Department, the specific 

month in which drain studies will be accomplished. This information should be recorded in note 2B of the 

"General Notes" section of the SWX-XXXX-550-G drawing and will serve as a guide for the local plant rep-

resentative in completing his studies. 

Emergency engine load tests for diesels (recorded on form s6956) should also be made during the 

office busy season(s). For gas turbines, one of the three-month, full-load runs should be made during 

the busy hour of the office busy season (recorded on form E-5697) • 

Page 9 



f 

( 

4 .1 Introduction 

PART B - SECTION 4.0 

DRAIN DATA 
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Power plant engineering is only as good as the quality of the drain data that is used as the 
basis for sizing the emergency engine,1 I'f'Ctifiers, batteries, charging circuit, and discharge circuit. 

Therefore, it is vitally important to have a basic understanding of how to: 

1 • 

2. 

Obtain, interpret and apply drain readings in monitoring an existing power plant. 

EstimatE> and apply the drain for idle eauipment and equipment being engineered (additions 

or new). 

3. Project drain requi!'f'ments for use in long range planning. 

This section covers the procedures that are generally used to accomplish these results. 

4.2 Existing Power Plant 

The present discharge drain readings are the first item that must be obtained when investiga-

ting the adequacy of an existing plant. These drain readings can be obtained verbally or in writing from 
the Plant Department. Except in rare or emergency conditions, the data should bE> written and supplied b.y 

the Plant Department under normal routines as outlined in this practicE>. 

In those cases where the information is obtained verbally, the date obtained, date and time of 
readings, and name of person providing the readings should be recorded on the drain sheet that is inclu-
ded in the estimate, specification, file, etc., with a notation that the information was obtained verbal-
ly. The engineer obtaining the data should also record his namf'. 

The discharge current drain !'f'adings for the various power plants in an office or repeater sta-
tion should be recorded periodically on Form sw66?3 (previously Form s-6864), figure 4.1, by the Plant 
Department (see BSP 1S7-601 -902SW) and forwarded to the Engineering Department, where they will ~e routed 
to the appropriate Equipment Engineers for review (see part B, section 3.S). After this review they shall 
be forwarded to the Engineering library and filed in "Power Drain Record" books. 

Twenty-four hour discharge drain readings for variable load plants may be obtained using a re-

cording meter similar to the General Electric CF-2 outlined in BSP 171 -122-301. The portable General 

Electric unit is designed for use with a SO millivolt shunt. A bay mounted unit, the Rustrak Mbdel 288, 
is available for mounting in the power board. This unit is also designPd to function with a SO millivolt 
shunt. When recording mE>ters are employed, the results of a study should be recorded on Form sw-6623 and 
forwarded to the Engineering Department as covered in the previous paragraph. 

The drain data developed in this section is only partially used to engineer emergency en­gines. Section 8.0 covers the drain requirements used to size emergency engines. 
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The furnished discharge drain readings reflect only that equipment being used to process calls 

at the particular time the drain study is taken. If' the drain readings are taken for a 24-hour period dui'-

ing the busy season, it can usually be assumed that the drain for a maximum amount of equipment required 

to serve the number of working customers is being measured. There is in most offices an amount of instal-

led equipment that is spare and consequently will not be reflected in a particular drain study. This gen-

erally includes lines and te:nninals, carrier channels, switchboard positions, trunks, common control equip-

ment, etc., that can be assigned when the demand warrants. Also it can include equipment that has been 

removed from service for repair, routine maintenance, or reassignment. It is important to know the types 

and quantity of equipment that fall into this category at the time thE> drain readings were made. In other 

words the potential drain represented by this idle equipmE-nt must be added to the recorded drain readings 

to get a true picture of the total drain that this office can be expceted to rE>quire without any addition-

al equipment being added. The Plant Department is responsible for listing the idle equipment on fonn 

sw6623 (see figure 4.1). 

The drain readings provided on fonn sw6623 for a particular load ( -4Bv' +130V' -130V, etc.) 

should cover a 24-hour period. For some plants this load is constant over the 24 hours and for others it 

fluctuates. The maximum reading is known as the busy hour (BH) peak drain and the lowest reading as the 

constant drain. The difference bE>tween the BH pPak and the constant drain is called the BH variable drain. 

( 

( 

For plants having only a constant drain, the BH peak and constant drain are the same and there is no BH { 

variable drain. 

4.3 Ehd of Power l!hgineering Period Drain 

Generally, sufficient power equipment is added to handle all requirements (both circuit and 

switching) in an office through the engineering period (or earliest exhaust date) of the equipment being 

added. This two- or three-year period is known as the power engineering period and the exhaust date of 

the power equipment is called the end of the power engineering period. 

There are basically two ways of detennining the drain associated with equipment being added or 

spare equipment already installed in an office. The first of these methods uses broad gauge calculations; 

the second requires detailed calculations. The best method to use depends upon the type of equipment, 

availability of data and the period under study. 

The broad guage method is rather straight forward and has proven quite accurate if properly ap-

plied. Its best application is usually :for variable load drains. In simple tE>rms it mE>ans finding thE> 

average drain per major entity of equipment being added (lines, terminals, frames, carrier systems, etc.) 

and multiplying this average times the total number of entities being added. If' an addition is being made 

to an existing office, the average drain per entity could be obtained by dividing the existing peak drain 

by the total number of existing entities. For a new office it might be obtained by comparing an existing 

installation of similar equipment, size and calling characteristics to the proposed one. 
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157-801~ FORM 5WI823 
JULY 1972 

ANNUAL D.C POWER DRAIN STUDY 
r------· 

DIVISION ... 
~ --·----·-·-· DISTRICT 

CITY/TOWN OFFICE 

PLANT CODE VOLTAGE 

BATTERY PLANT. STRINGS KS 
LIST ___ 

CHARGE CAPACITY (INCL. RESERVE! AMPERES 

OATE: FROM TO 

X D.C DISCHARGE CURRENT [>( D.C DISCHARGE CURRENT 
IN AMPERES IN AMPERES 

TIME LOAD I LOAD LOAD TOTAL TIME LOAD LOAD LOAD TOTAL 
A 8 c A 8 c 

8:00AM 8:00PM 

9:00AM 8:00PM 

!O:OOAM IO:OOPM 

11:00AM 11:00PM 

12:00 12:00 

1:00PM 1:00AM 

2:00PM 2:00AM 

3:00PM 3:00AM 

4:00PM 4:00AM 

5:00PM 5:00AM 

8:00PM 8:00AM 

7:00PM 7:00AM 

SPARE EQUIPMENT: 
NOTE: RETAIN 1 COPY FOR DISTRICT FILE 

I COPY TO DIVISION PLANT 

1 COPY TO AREA PLANT 

AREA PLANT FURNISH CHIEF ENGINEER I COPY 

Figure 4.1 - Form SW 6623, Annual D.C. Fbwer Drain Study 
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For example, assume a new 50-f'rame #5 crossbar of'f'ice is being engineered to serve as a first 

tier of'f'ice and it is necessary to determine the drain associated with the additional equipment. B.r loca­

ting another f'irst tier #5 of'f'ice of' similar size, the average BH drain pt>r frame could bt> determined by 

dividing the BH peak drain by the number of' working frames. Multiplying this average drain per frame 

t:imes the 50 frames would result in the estimated drain f'or the new crossbar of'f'ice. The two main dangers 

associated with broad gauging are: (1) not using the proper entity and (2) not comparing of'f'ices with 

s:imilar calling characteristics. In our example, had a 1!5 office located in a remote rural community been 

used in determining the average drain per frame, the dif'f'erent calling characteristics of' the two offices 

might result in more or less power being actually furnished than required. 

Choosing the wrong entity as the basis f'or establishing the average drain can also result in 

erroneous drain projections. For example, an addition of' 70 intermediate selectors is planned in a step-

by step of'f'ice equipped with 400 existing intermediate selectors and having a present total of'f'ice drain 

of' 40 amperes. This would indicate 0.10 amperes of' additional drain would be required f'or each new selec-

tor (40 + 400) which is not true. The actual drain for each additional selector would be approx:imately 

0.02 amperes (from List 1 Current Drain book) • 

As an example of the proper use of the averaging lllE'thod, assume 600 lines are being added to a 

step-by-step office equipped with 2000 lines and having a BH peak drain of' 80 amperes. The average drain 

per line of 0.04 amperes (80 + 2000) is realistic and indicates that the 600 lines will require an addi­

tional 24 amperes (0.04 X 600). In using the averag~g method, care must be taken to consider any changes 

in the characteristics of the office resulting from the addition under consideration. For instance, if' in 

addition to 600 lines, initial ANI or "T" carrier equiplllE'nt were being added, the 24 amperes would be in-

adequate and might result in a delay in the service date for the ANI or "T" carrier equipment. The in-

creased use of "T" carrier is resulting in substantial constant loads in local switching offices; in many 

offices, it now comprises the major portion of the BH peak drain. Before the averaging method can be used 

in an office having substantial amounts of carrier equipment, the constant load f'or the carrier must be 

subtracted from the BH peak drain and the two drains (variable and constant) projected separately. 

Averaging is not the best method for projecting constant drain loads. M:>st constant loads re-

sult from the steady drain requirements of carrier equipment and can easily be projected using the detail-

ed calculation method. 

Estimating drain by detailed calculations can be more involved and time consuming than averaging, 

but, at t:imes, may be the only method for accurately projecting requirements. As the name implies, the 

drain for each individual item of equipment being added must be determined. 

Drain values furnished by the Bell Telephone Laboratorit>s are classified as List 1 or List 2 

drains. List 1 drains, in general, are used in sizing the major components of the power plant. List 2 

drains are normally used in sizing discharge conductors and fuses (see part B, section 6.12, for a complete 

Page 4 

( 

( 



( 

( 

( 

ISS A, 802-000-901 SW 

PART B, SECTION 4•3 

discussion of List 2 drains and their uses). 

Two methods may be used by the Bell LaboratoriPs in determining the List 1 drain for a given 

circuit: analytical or measured. 

A typical application of the analytical method involves trunks. The action of the circuit may 

be divided into three parts: 

a) Apparatus involved in building up call. 

b) Apparatus held throughout conversation. 

c) Apparatus involved in restoring to normal. 

For all practical purposes (a) and (c) are short compared to (b). Thereforf', the current drain is fig­

ured mainly on the basis of (b) with a small percentage (5-8%) added to round out the figures represented 

by (a) and (c). This procedure then results in a figure rPpresentative of the average current used by 

the circuit during the period of the call. The amount of current multiplied by the percentage of time 

the circuits are occupied in the average busy hour represents the average amount of current that must be 

supplied in that hour by the power plant: 

Average Ampere BH drain = Avg. Amperes X % of time circuit is uspd in the BH. 

On complex circuits such as markers and senders it is virtually impossible or at least very im-

practical to analyze the circuit on a time sequence basis to record every bit of circuit activity and 

arrive at an'average, usable figure. The measured method is used to record on film or paper a continuous 

curve representing current required throughout thf' progress of the call. The area under the curve is 

then integrated by means of a planimeter and averaged over the length of the call to arrive at an average 

figure. 

The current drain figures obtained by either analysis or measurement are presented in the List 

1 drain tables by one of two methods: equipment or traffic. 

In the equipmPnt method, the drain figures are tabulated for each circuit and the engineer must 

simply multiply the List 1 drain by the installed quantity of circuits to determine the total busy-hour 

load on the plant. This method incorporates an estimated traffic activity factor which must cover all 

office applications and, therefore, is usually liberal. 

In the traffic method, the List 1 drain figures for each circuit are expressed in amperes per 

ccs. This figure is obtained by multiplying the averagP drain a circuit requires while in use by a fac-

tor of 100/3600. To obtain power plant loads, the engineer must multiply this figure by the total traffic 

(in ccs) that all circuits of this kind in the office will experience. 

There are several source documf'nts that provide List 1 circuit drain information: 

1. List 1 Current Drain Book 

2. crrcuit Schematics (SD's) and Descriptions (CD's) 

J. BSP's 
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4. Key Sheets 

5. Application Schema tics 

6. Power Data Book 

The List 1 Drain Book lists the drains for most circuits and KS specifications and should be 

used if possible. The other sources listed above can be consulted if the equipment is not listed :in the 

List 1 Current Drain Book. The reference :information :in front of the Drain Book should be reviewed before 

attempting to apply the information it ccntains. 

For those circuits having drain expressed as a function of ccs, the Traffic Ord~r adding th~ 

equipment will have to be consulted :in order to determine the projected usage. 

To illustrate use of the List 1 Drain Book, assume 30 first selector switches per SD-30200-01 

are being added in a 350A. SXS office. The List 1 book indicates the drain is 0. 02 amperes per switch. 

The calculated additional drain would be 0.6 amperes (30 X 0.02). 

In more complex situations (as when projecting power requirements for a new office), a form 

similar to the "DC Calculation Guide" shown :in Section 1 of the A.'l&.T Power Engineering Manual may be used 

to facilitate the recording and calculation of List 1 drain requir~ments. Each circuit presenting a load 

on the appropriate power plant must be identif:i:ed and the List 1 current drain determination made. If the 

List 1 drain information is expressed :in terms of ccs, Traffic Order data will be required. 

4.4 Selecting the Power Engineering Period 

There are times when the end of power engineering period date for the power plant equipment may 

be different (either earlier or later) than the exhaust date of the equipment it is designed to serve. 

When investigating the power requirements for an office, the engineer should look beyond the current job 

under consideration. This :insures that provision of the power equipment is consistent with .future require-

ments of the office and that the most economical method is being used to provide .for the needed power. A. 

chart similar to the one shown :in figure 4.2 will .facilitate not only selection of the power engineering 

period but also aid :in long-range power planning {see section 4.,5). 

0 
w 
....1 
:::>(f) 
O!Xl 
wo 
:I:-, 
u 
(/) 

CENTREX 

I 10 SYS. T- CARRIER 

600L, 600 T 

6-73 l-74 1-75 6-75 1-76 

TIME 

Figure 4.2 - Scheduling of Jobs to Determine End of Power Engineering Period Date 
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Selection of the power engineering period depends primarily on the ability of the power plant to handle 

the job currently being engineered. For example, assume the power investigation reveals there is ade-

quate existing power to care .for the 6oOL, 600T growth job. In this case, the engineer would not provide 

.for any of the other planned jobs and the exhaust date of the power equipment would then be 1 -74, the 

service date .for the T-carrier job. If, however, it is assumed there is insu.f:ficient existing power re-

serve to care .for the 600L and 600T growth job, the engineer should provide power .for the T-carrier job 

as well, because o:f the close proximity o:f their s~rvice dates. The ~nd o:f power engineering period date 

of the plant woo.ld then become 1-75, the service date of the centrex job. The power .for the centrex job 

may or may not be provided with the switching job (due to the long delay betw~en service dates). However, 

the effect the centrex job has on the ultimate power requirements .for the o:ffice should b~ considered. 

To spend a great deal of money revamping the power plant and still not have it capable of handling the 

requirements o:f the centrex job would be a short-sighted approach to power planning. 

4.5 Estimating Drain .for Long Range Planning 

Another Phase of current drain calculations is that of long range .forecasting. The techniques 

outlined in 4.3 can be used in projecting requirements :for a two- to three-year period. While this is 

sufficient to engineer adequate power for that period, it does not insure that plans :for that period are 

consistent with long-range requirements. Therefore, a power study should include the :forecasted drain 

data for some :future period a:fter the end of the power engineering period. .An eight-year period is usu-

ally considered to be of sufficient length to use as a long-range .forecast p~riod. The total power study 

views the present demand, the end of the power engineering p~riod demand and the demand at some :future 

date, usually eight years after the end of power engineering period date. 

The end of power engineering period drains are easier to .forecast than thos~ .for the :future 

(eight-year) period b~caus~ available traf:fic orders, specifications, MOP's etc., provide a :fairly 

accurate count of th~ types and quantities of ~quipmPnt which will be installed. However, the estimates 

of the .future (eight-year) drains must be made from less concrete data. In some cases, the only data 

available might be past history. In others, new wire c~nter area .forecasts, toll fundamental plans, 

Plant Extension studies (actual and proposed), etc., may be used in making this projection. The :future 

drain projection must incorporate both power drain trends based on past requirements and additional 

drain associated with new equipment vehicles. 

4.6 Power Failure Drain 

During a commercial AC power failure in an office, ther~ is certain critical equipment that 

is normally AC operated that reverts to DC battery operation until either an emergency engine-alternator 

is started or the commercial AC power is restored. Ringing machines (only if normally AC operated), 

inverters, and emergency lights are examples of this type of equipment. These additional DC drain re-

quirements are referred to as th~ "power failure drain". The power failure drain is used only in sizing 
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batteries and DC distribution systems (but not in sizing the charging equipment). The application of 

power failure drain in sizing batteries is covered in more detail in part B, section 7 .4. 

4.7 Drain Data Entries - swx-xxxx-SSO-G Drawing 

Drain data entries for the SWX-XXXX-SSO-G drawing are shown in figure 4.3. 

Part IIA - Shows the current status of the power plant drain. This is derived directly from 

the latest form sw6623 furnished by the Plant Department. In those cases where the power plant has more 

than one discharge load, the drain per load must be recorded. This can be done by showing thf> load 

designation next to the drain - 120A, 120B, 200C and recorded in IIA as follows: 

1. BH Peak Drain 

2. Constant Drain 

3 • BH Variable Drain 

120A, 120B, 200C Amps 

20A, 30B, 30C Amps 

lOOA, 90B, 170C Amps 

Part IIB - The projected additional power plant drain is recorded in Part IIB and is calculated 

as shown in section 4.3. This drain includes both spare or idle equipment in the office and that equip-

ment engineered, but not yet installed. Once the actual service date for a job has passed, the job can 

be removed from IIB provided the date o.f thf' latest drain readings shown in IIA is later than the service 

date. The actual service date .for a job may be di.f.ferent than that recorded in IIB as the .forecasted 

date. Be.fore removing a job from IIB, the engineer should veri.fy the actual service date. 

In some cases an engineer may be providing a power plant to care for more than the job current-

ly being engineered, especially 'When a plant is shared by more than one type of equipment or the equipment 

is engineered by different persons or groups. The engineer providing the power should record in part IIB 

all jobs that were included in the drain calculations, and show the estimated drain attributable to each 

job. For example, in figure 4.3 the 9311.72 specification is also providing enough power to care for the 

job shown on JRS 3130. When job 3130 is engineered, the engineer responsible for the job should replace 

the job number with the specification number and show his initials below those of the other engineer. 

At this time he should also veri.fy that the estimated drain data used by the first engineer is correct. 

If it is found to have changed, the SSO drawing should be updated to determine if the power plant is 

adequate. 

Part IIC - The information in Part IIA of the SSO drawing is repeated on line 1 of Part IIC. 

Line 2 is the total of all drains listed in IIB. Before obtaining this total, make sure all jobs have 

been removed from Part IIB that are also reflected in Part IIA. Line 3 is the total projected dra:in 

that is used to verify the adequacy of the existing plant and to engineer power equipment. 

Part IID - This section is used to record the DC drain of equipment that is normally AC 

powered but reverts to DC operation during a power failure. 
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IT LOAD DATA 

A. LATEST DC DRAIN READING INFORMATION, FROM SW 6623,( DATE: 9-10-72 ) 
l B.H. PEAK DRAIN 160 AMPS 70A,908 
2. CONSTANT DRAIN 8i AMPS 30A,228 
3., B.H. VARIABLE DRAIN I AMPS 40A,688 

B. PROJECTED ADDITIONAL . B. H. DRAIN FOR EQUIPMENT INSTALlED OR PLACED INTO SERVICE AFTER 
DATE OF LATEST DRAIN READING AND INCLUDED IN POWER ENGINEERING .PERIOD. 

SPEC OR SERVICE DRAIN ADDED 
ENGR NOTE JOB# DATE BH PK CONST VAR 

SPEC OR S~VICE DRAIN ADDED 
ENGR NOTE; JOB# DATE BH PK CONST VAR 

SPARE >< 1!5 10 5 ABC 1 
4431.102 ·a-75 20 20 - RDC 
4431.104 9-75 25 5 "20 RDC 

TOTAL 60 35 25 >< 
NOTES: 
I. DRAIN ATTRIBUTABLE TO SPARE EQUIPMENT IN OFFICE AT DATE OF LATEST DRAIN READING. 
2. NEW POWER PLANT PROVIDED ON THiS SPEC. 

C. PROJECTED B. H. DRAIN, END OF POWER ENGINEERING PERIOD 

I. PRESENT B. H. DRAIN { FROM liA ) 
2. PROJECTED ADDITIONAL DRAIN ( FROM I!B) 
3. TOTAL PRO,JECTED B. H. DRAIN (LINES I+ 2 ),PWR. ENGR PER 

D. POWER FAILURE D. C. DRAIN 

I. EMERGENCY LIGHTING 

PRESENT 

10 
PWR. ENGR. PER 

10 

BH PEAK 

160 
- 60 

220 

CONST 

52 
35 
87 

2. RINGING MACHINE (' IF NORMALLY AC OPERATED) 

VAR 

IQ8 
25 

133 

-' 

! 

3. A C POWER PLANTS 66 66 ( ONLY INCLUDE IF TRANS!: I 0 DC IF AC FAILS ) 
4. OTHER ( INCL'.JDES ) 
5. TOTAL 76 76 

Figure 4.3 - Drain Data Entries, SWX-XXXX-550-G Drawing 
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Connnercial AC power is used in a telephone central office building for two functions: ( 1) to 

operate the various building equipments and (2) to power the telephone equipment. The power company 

supplies the necessary mPters and protective equipment to terminate the connnercial AC leads in a main 

building AC power panel or distribution point (usually called a house service cabinet). From this cen-

tral power panel, the AC power is distributed to the various building equipments and the telephone power 

plants. 

Figure 5.1 shows a typical method used to derive 208 and 120 volts using a 3-phase, four-wire 

output from a step-down line transformer. Most offices are supplied with 120/208, 3-phase, 4-wire AC 

power. Those smaller offices working on 11 0/220 volt, single-phase AC should be converted to 120/208, 

3-phase, 4-wire service (normally in conjunction with a building addition) if 3-phase service is avail-

able from the power company (this conversion is desirable for two reasons: (1) in those locations re-

quiring access to portable standby emergency engines, the necessity of having both single and three-phase 

sets readily available is eliminated as all or most offices are converted to three-phase service, and 

(2) the economies of three-phase operation and limited availability of single-phase AC equipment, as air 

conditioners, required for larger buildings dictate use of three-phase service as buildings are expanded). 

In many of our larger central offices, AC power is supplied at a higher voltage than 208 volts (as 440 

volts). In that case, the Telephone Company may have to supply its own step-down transformers if lower 

AC voltages are required. 

AC 
INPUT 

ila..TPGE 

4160 

3 PHASE 4WIRE YOR STAR 

Figure 5.1 -Method for Deriving 120/208-Volt, 3-Phase, 4-Wire AC Power 

SECONDARY 
VOLTAGES 

Page 1 



ISS A, 802-000-901 SW 

PART B, SECTION ,5.1 

Power factor is a term used to describe the relationship between an AC current wave and a volt-

age wave. I£ these waves are in phase with each other, the power factor is 1 .0. A "lagging" power factor 

exists when the current wave lags beh:l.nd the voltage wave. A "lE-ading" power factor results when the cur-

rent wave lPads the voltage wave. The technical explanation of power factors is quite complicated. How-

ever, it should be pointed out that a low power factor results in current which does no useful work, but 

is merely dissipated as heat. This condition can be measured using a power .factor meter. Although co!l'Dll-

ercial AC having a power .factor of 0.8 to 0.9 is generally available, in some cases, steps must be taken 

by either the power company or the Telephone Company to correct a low power factor. 

Various methods are used to distribute power service to power equipment located on various 

floors of a telephone building. The arrangement shown in .figure .5.2 is typical o.f a medium-sizE> central 

office. 

The functions o.f the primary AC distribution equipment elements are as follows: 

- House service cabinet (may also be referred to as the main power service panel, main AC switch­

board or the house service board) - includes the necessar,y switches, meters and protective 

equipment for terminating the co!l'Dllercial AC power source in a central officE> building. The 

house service cabinet may also contain an alarm panel and a set o.f status indicating lamps. 

If an emergency AC source is installed in the office, its output is terminated in the house 

service cabinet for emergency AC power distribution to telephone and building equipment, sE-e 

part B, section 8.3 for a list of those items served from the emergency bus. The housE> service 

cabinet distributes, through circuit breakers, AC power to building power panels and, in many 

MOtORS OR 
LtJ HOJSE POWER RECTIFIERS g SERVICE 
~ SERVICE 
LtJ CABINET CABINET (f) -~ 

,.....-

MISC. 
LOADS 

ALTERNATOR 

BUILDING 
LOAD 

Figure ,5.2 - AC Distribution, Medium-Sized Central Office 
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o.ffices, to telephone equipment via a power service cabinet (see BSP's in 770-280-:XXX series). 

- Power service cabinet - AC leads from the house service cabinet may be terminated in a power 

service cabinet for further distribution to telephone equipment. Some offices have only one 

power service cabinet, usually located on the same .floor as the charging equipment. The 

power sPrvice cabinet may be either bay or wall mounted. In larger offices, although one 

power service cabinet may be located on each o.f the equipment floors, power plant charging 

equipment will be fed directly from an AC bus distribution system rather than through a power 

service cabinet. This arrangement is shown in Figure 5.3. The power service cabinet may be 

fed either from the bus system or directly from the house service cabinet. 

fj .. -----
> I 

~~ 
y I HOUSE 
- I SEJM:E 

I 
I CABJNEr 
I 
I 
1 
I 

1 
I 

i 
I 
I 

I 
I 
I 
I 
I 
I 

I 
J 

AIJERNMOR 

----elisoocr-----7 
L-- ------------

~===--=-~~~==-=--~ 
BUS oucr J 

I 
POWER 
SERVICE 
CABINET ,..._ 

Figure 5.3 - AC Distribution System, L~rge Central Office 

MOIURS~ 
RECTIFERS 

MISC. 
LOADS 

BUILDING 
LOAD 

General requirements for AC bus systems are included in BSP 802-004-151 • If there are three or 

.fewer .floor-mounted charging units in an ultimate plant, leads from the house service cabinet will usu-

ally terminate in a power service cabinet which will then feed the charging equipment. I.f there are .four 

or more ultimate .floor-mounted charging units, the leads .from the house service cabinet will usually ter-

minate in bus ducts located over the charging units. A separate duct is usually porvided .for each row o.f 

charging units. Leads between the switch and fuse units on thP bus duct or power service cabinet and the 

charging units or miscellaneous loads shall be sized to meet the requirements of the appropriate circuits. 

In smaller of.fices, the connnercial AC leads will be terminated in a wall mounted AC terminal 
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box as shown in figure 5.4. In this case, both the telephone and equipment loads are supplied directly {' 

from the AC tenninal box. 

WALL MOUNTED -
AC TERMINAL EOX 

TELEFHONE 
EQUIPMENT 

BUILDING 
LOAD 

figure 5.4 - AC Distribution System, Small Office 

5.2 House Service Cabinet 

As covered in section 5.1, the house service cabinet (also referred to as the house service 

board, AC switchboard or main power service panel) provides the necessary switches, meters and protective 

equipment f'or tenninating the commercial AC power source in a central office building. A typical house 

service cabinet arrangement is shown in the single-line diagram of' figure 5.5 (each line represents 3 

phases). 

INPUT FROM 
POWER CO. 

HOUSE SERVICE CABINET 

l 

I 

I 
-.l.._-J 

EMERGEH:Y TRANSFER 
SWITCH 

EMERGENCY AC 
SUPPLY 

Figure 5.5 - T,r.pical House Service Cabinet 
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Under normal operation, the commercial AC supplies power for all build :ing and telephone equip-

Upon failure of the commercial AC, the emergency transfer switch is operated and the telephone 

equipment and essential building load is transferrPd to the emergency AC supply ( usua11y an emergency 

diesel engine or turbine-driven alternator). Included in the essential building load are those items 

which must remain operable to insure the safety of either the building or its occupants: ventilating 

fans, sump pumps, portions of building lighting, an elevator (in multi-story buildings), etc. Some house 

service cabinets are equipped with two transfer switches. One switch is used to transfer regular tele-

phone equipment during both emergency and load test conditions. The second switch transfers those items 

which should not be transferred during regular engine test because of the potential for service interrup-

tion. The primary rPsponsibility for design of the house service cabinet lies with an electrical engin-

eering consulting firm. The Telephone Company Architectural group provides the consulting firm with the 

telephone equipment requirements .for either a new building or building addition. The consulting .firm is 

also advised of those items which must be transferred to the emergency AC source upon commercial power 

failure. The consulting firm then designs the house service cabinet, incorporating both the telephone 

equipment requirements supplied by the Architectural group and the building requirements which are deter-

mined by the consulting firm. Detailed information about a house service cabinet may be obtained from 

the Architectural group's electrical details drawing for a specific central office building. 

Western Electric has no engineering responsibilities as far as the house service cabinet is 

concerned. All electrical worl<: (including terminations) in the house service cabinet is handled by an 

electrical contractor who is directly re-sponsible to the Telephone Company's Architectural engineering 

group. The Architectural group is responsible for all additions and rearrangements in the house service 

cabinet. In many cases, tap boxes will be provided for terminating Western Ele>ctric run power cable. 

Western Electric Engineering is responsible .for designing the remaining portions of the AC distribution 

system. Decisions to employ power service cabinets, bus ducts, etc., are dependent upon the size of the 

office and its present and ultimate AC require>ments. 

5.3 Power Service Cabinet and Distribution System 

As covered in section 5.1, AC leads from the house servicE> cabinet may be terminated in a power 

service cabinet for further distribution to tele>phone equipment. Western Electric has comple>te engineer-

ing responsibility for design of the AC distribution system, including any power service cabinets in the 

central office. Engineering details for power service cabinets are included on Western Electric T draw-

ings for the office. A separate AC distribution drawing may be initiated for larger offices. For smaller 

offices, the AC distribution information may be included on the wiring list and block schematic for the> 

largest plant in the office. 

A typical T drawing layout for a power service cabinet is shown in figure 5.6. '!he physical 

layout of the .fuses in the cabinet is included in sketch A. Sketch B reflects the> capacity and assignment 
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Figure 5.6 - Typical Western Electric T-Drawing Detailing Power Service Cabinet Assignments 
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for each of the fUses in the cabinet. Detailed cabling and circuit lB3T0Ut infonnation is provided in 

sketch c. In some cases, these three related sketches may not be shown on the same drawing. 

The method employed in distributing AC power to telephone equipment will depend upon the size 

of the office. All AC cabling is run in conduit for protective reasons. Where bus bar or duct is uti­

lized in distribuitng AC power to charging equipment (see section .5.1 and ESP 802-004-1.51), cable is used 

to connect the bus with the- appropriate breaker on the house servi.ce cabinet. A typical AC distribution 

system employing the bus arrangel!lent is shown in figure- .5. 7. The capacity of AC bus is specified assum­

ing adequate ventialtion. Although bus manufacturers have not been able to define "adequate" ventilation, 

care should be taken to insure that reasonable clearance is maintained between the bus and air ducts, 

piping, stored items, etc. 

Engineering Responsibilities 

As covered earlier, the Telephone Company architectural engineer is responsible for providing 

the electrical consulting engineering firm with the necessary information for provision of house service 

cabinet equipment and for specifying the method of connection on both the primary and secondary side of 

the line transformer. Responsibility for providing the necessary AC distribution equipment to handle the 

additional equipment requested by the Telephone Company equipment engineer lies with Western Electric 

engineering. If, at any time during engineering of a job, We-stern Electric engineering detemines that 

additional house service cabinet equipment is required to serve AC distribution equipment being added or 

rearranged, the Telephone Company equipment engineer is notified. The Telephone Company equipment en-

gineer is re-sponsible for advising the Architectural group of the additional requirements and insuring 

that installation of the house service cabinet equipment is completed by the time the- telephone equipment 

job is installed. 

After initial installation of AC equipment, the Telephone Company equipment engineer is respon­

sible for notifying the Architectural Engineer of any changes in AC requirements resulting from a change 

in the telephone equipment load (as the addition of a rectifier). Each time a change is made in the total 

installed charge capacity, a copy of the "Power Plant Data Sheet," form SW-5073, for the job affecting 

the change should be forwarded to the Architectural group (see part C, section 1 .2). The Architectural 

group will review the new requirements to insure that the AC entrance and power company transformer equip­

ment is properly sized to meet the needs of that job. 

The Telephone Company equipment engineer is also responsible for completing the AC data section 

of the SWX-XXXX-.5.50-G drawing as outlined in section .5 • .5. 

5 • .5 AC Data Entries, SWX,-XXXX-5.50-G Drawing 

The only AC data which will be recorded on thP SWX-XXXX-.550-G drawing is shown in figure .5.8. 

This section will 2!!!z be completed ~ offices having .!!. stationary emergency AC ~ (diesel or turbine 
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driven). This information will be used in analyzing emergency engine run data as covered in section 8.0. 

The standard .format shown iri .figure 5.8 can probably be> use-d for most offices. However, more complicated 

house service cabinet arrangements are> used in large offices and the .fo:nnat must be reodesigned in order 

to reflect all house service cabinets having emergency ~ supplied Ez emergency AC supplies. 

The information required to complete this section can be obtained .from the architectural elec­

trical details drawing .for the office or .from a .field verification made by the local plant representative. 

1l AC DATA- HOUSE SERVICE CABINET 

SN. NO. CA~CITY USE 

Figure 5.8 - AC Data Entries, SWX-XXXX-550-G Drawing 

5.6 Commercial Power Considerations 

There are certain important power and protection-relate-d considerations that Telephone Company 

equipment engineers and architects must consider when preparing detailed plans .for:buildings that house 

telephone equipment. Power company engineers will base the design o.f power services entering the new or 

rearranged buildings on these considerations. In the past it has been customary to only .furnish details 

.for power service on secondary systems, without specifying the method o.f connecticn on the primary side 

o.f the line transformer. 

Figure 5.9 details the proper method to be- used to derive 120/208 volts using a three-phase, 

.four-wire, wye-connected secondary output .from a three-phase line transformer arrangement with a delta 

connection on the primary side. It is important that the delta-primary, wye-secondary connection be in-

dicated in lieu of a wye-wye arrangement in order to prevent third harmonic currents from entering the 

equipment premises through the secondary wiring system. 

Figures 5.1 0 and 5.11 detail the proper method to be used to derive 11 0/220 volts .from a single-

phase line transformer using a three-wire secondary system. 

With the exception o.f certain mid-city underground power distribution areas, most power compan­

ies are using the wye-type primary system. A multi-grounded neutral conductor is generally carrie>d along 

with the phase wires throughout these syste-ms. Even though a delta connecticn is specified on the primary 

side of the transformer, the system neutral should be made available at the transformer so that a perman-

ent and common connection can be made to the neutral conductor of the secondary system. This interconnec-

tion of neutral conductors (see figure 5.9) will afford the secondary neutral to be "effectively ground" 
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PRIMARY UGHTNING 
AkRESI<Hi 

T 
I 

13.8KV 

MULTI-GROtKlED NEUTRAL CONDUCTOR 

SPECIAL .M2m 

SECONDARY 

PHASE 

SECONDARY 
VOLTAGES 

208V 

I. NOTE PERMANENT INTERCONNECTION OF PRIMARY LIGHTNING ARRESTOR GROlftD WITH SECONDARY 
NEUTRAL AND THE MULTI-GROUNDED SYSTEM NEUTRAL. THIS INTERCONNECTION BETWEEN THE LIGHTNING 
ARRESroR GROUND AI'() THE SECONDARY NEUTRAL SHOULD NOT 8E MADE UNLESS THE MULTI-GROUraD 
NBJTRAL IS A\AILABl.E R:lR A COMMON CONNECTION. (SEE NESC HANDBOOK NQ 81 ~GE 25 PAR. C, 
SEC. 97). COSTLY MMAGE TO CENTRAL OFFICE RECTIFIER EQUIPMENT HAS OCCURREil WHEN L..iGHTNING 
HITS ON THE PRIMARY POtiER SYSTEM WERE DRAWN INTO TELEPHONE EQUIPMENT PREMISES WHERE 

SECONIYIRY NBJTRALS WERE OONNECTEO COMMON WITH PRIMARY LIGHTNING ARRESTOR GROONOS WITHOUT 
THE BENEFIT OF A MULT~ NEUTRAL CONNECTION. IN THE CASE OF MAIN REPEATER 511JIONS 
ON lOLL CA81..E ROUTES, COM~TIVE WIRING ERRORS H4VE RESULTED IN SIMILAR LIGHTNING HI'IS 
BEING DRAWN INTO STATION PREMISES AND CAUSING EXTENSIVE SHEATH MMAGE ON BURIED CABLE 
EXTENDING IN BOTH lliRECTIONIS FROM THE STATION. INTERCONNECTION OF THE SECONDARY NEUTRAL 
WITH THE STATION GROUN> PHD THE IN-AND-OUT CABLE SHEATHS IS STANDARD PROCEDURE. ~. 
IT MUST 8E CERTIFIED THm' SUCH INTERCONNECTION INVOLVES A COMMON CONNECTION TO A t.U..TI­
GROUNDED NE~AL AT THE TRANSFORMER. 

2. USE OF DELTA-W Y E IN .LIEU OF THE W Y E-W Y E METHCD OF CONNECTING TRANSFORMERS WILL 

PREVENT ENTRY OF THIRD HARt.IONC CURRENT INTO THE SECONDARY SYSTEM, CAUSING VOICE 
FREQUEI'«:Y NOISE INTERFERENCE. 

Figure 5.9 - Method for Deriving 120/208 Secondary Voltages from a Delta-Wy'e Tra:nsfonner Connection 
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PRIMARY 

P.OLE -GROUND 
UlJTT FI..ATE OR ROO) 

SPECIAl..~ 

SECONDARY 

CENTRAL OFFICE OR EQUIPMENT BUtLOING r------
1 
I 
I 

HOUSE SERVICE 
CABINET .-, 

I TO c. 0. GND. 

I TO COLD WATER 
I PIPE AND/OR 

- I OTI£R METAL 
L... - _ - _ - ~ BU!_ _ STRUCTURES 

t. NOTE PERMANENT 'INTERCONNECTION OF PRIMARY LIGHTNING ARRESTOR GROUND WITH 
SECONDARY NEUTRAL AND THE MlLTI-GROl.NlED SYSTEM NEUTRAL. THIS INTERCONNECTION 
BETWEEN THE ARRESTOR GROUND AND THE SEc:oNWrf NEUTRAL SHOULD NOT IE 
MADE UNLESS THE MULTI-GROUNDED SYSTEM NEUTRAL II _,LAIU JrOR A CCMION 
CONNECTION. 

I. SINGLE PHASE MIMA!n' IEIMCE IS GENERALLY PROVIDED AT MAIN REPEATER SllmONS, 
MOBILE TOWER SITES, AND OTI£R INSTAI..L.G"jONS WHERE 110-220 VOLT SERVICE IS 
REQUESTED. 

ngure 5.10 - Method for Deriving 110/220 Secondary Voltages from a Single-Phase Line Transformer Using 
a Three-Wire Secondary System and Phase-To-Neutral Primary Connection 
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CENTRAL OFFICE OR EQUIPMENT BUILDING ----------

- = 

1 
I 
I 
I 

ARRESTOR GND. SECONDARY METER 
NE1Jt GND. GNO. 

CAUTION 

HOUSE SERVICE 

~I!:J[t 
I 110 VAC 

TO C.O. GND. 

DO NOT ALLOW INTERCONNECTION OF THE ARRESTOR GROUND WITH 
THE .SECONDARY NEUTRAL IN CASES WHERE THE MULTI-GROJNDED 
SYSTEM NEUTRAL IS NOT AVAILABLE. 

SFECIAL CtwSIDERATIONS FOR INTERCONNECTING PRIMARY LIGHTNING 
ARRESTOR GROUNDS AT TRANSFORMERS wt£RE THE fotJI...TI-GROlHlED 
NEUTRALS ARE NOT AVAILABLE ARE OUTLINED NE SC HANOBOOK 
NO. 81, FME 2!1, !Wt. C, SEC 97. 

Figure S.ll - Method for Deriving ll0/220 Secondary Voltages from a Single-Phase Line Transformer Using 
a Three-Wire Secondary System and Phase-To-Phase Primary Operation 
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and will allow it to be bonded common with the central office ground. Thel'€' is substantial reasoning 

that the bond between the secondary neutral and the central office ground should not be made if it cannot 

be ascertained that the neutral conductor is permanently and electrically connected to a multi-grounded 

system neutral. A system neutral is considered multi-grounded if it affords a minimum of four pole ground 

wires per mile of construction. Customer-owned grounds at meter locations are not to be considered. 

Connections between secondary neutrals and single ground electrodes serving primary lightning 

arrestors on the field side of transformers should not be tolerat~d unl~ss a multi-grounded neutral is 

available and a common and permanent connection can be made between the three (see figure S.9). This 

consideration is being violated by many major power companies in spite of clear-cut rules outlined in 

both the NEC and NESC. 

Where effective or low impedance grounding sources are concerned, any consideration of cold 

water pipes as dependable grounding mediums should be de-emphasized. D~e to increased use of plastic 

pipe and insulated joints for electrolysis control, the metallic continuity of water pipes is no longer 

dependable. However, it is important to continue adherence to the practice of making a common bond be-

tweEn the on-premise metallic water pipes and other metallic structures and ground systems in order to 

prevent hazardous and damaging potential differences during certain high voltage faults or lightning hits. 
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I BATTERIES l 
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I 
I 
I CHARGE I FUSE 
I 
I 
I 
L_ ------

SECTION 6.5 

CHARGE 
EQUIPMENT 

SECTION 6.3 6.4 

PARr B - SECTION 6.0 

CHARGE AND DISCHARGE EQUIPMENT 

POWER ROOM J 

---~~~~~~~----------------, 
I 
I 

~~~~ I 
I 

EMERGENCY * DISCHARGE I 
END CELL FUSE I 

I 
~------------------------~ 

SECTION 6.6 

EFP BDFB 

LOAD 8: & 
LOAD B: ~ 
LOAD ~ 

I 
CENTRAL OFFICE EQUIPMENT AREA --1 

SECTION 6.7 

* PLANT MAY AlSO BE EQUIPPED FOR COUNTERCELL OPERATION 
OR MAY BE OPERATED WITHOUT EITHER COUNTERCELL OR END CELLS. 

Figure 6 .1 - Typical Layout of Charge and Discharge Equipment 
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Figure 6.1 is a typical layout of the charge and discharge equipment nomally associated with a 

power plant. The various equipment entities are discussed in detail in the sections as indicated in fig-

ure 6.1. In addition, busbar sizing is covered in section 6.8, emergency cell switch sizing in section 

6.9 and battery equipment is covered in part B, section 7 .0. 

6.2 MOtor - Generators (~) 

Motor - generator (M-G) sets were used in early telephone power plants to derive DC current. 

These sets consist of a DC generator driven by an AC motor. RE-ctifiers are now provided instead of M-G 

sets in new power plants and are also used when additional charge capacity is required in older plants. 

The various power plant BSP 1 s and SD 1 s list the associated rectifier eauipment that can be used to replace 

or add charge units in a power plant eauipped with M-G sets. 

M-G sets were manufactured in various voltages and rangPd in sizP from 1 00- to 1200-ampere capa-

city. When compared to rectifiers, M-G sets have several disadvantages: high maintenance, low efficiency, 
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high heat dissipation, slow voltage response, noisy operation and large floor space requirements. 

The very early M-G power plants were entirely manually regulated. As the load in an office 

fluctuated, these sets would have to be manually started and placed on the line to furnish additional cur-

rent. When the load dropped they were manually stopped. Later versions of these plants provided for se- (---, 

quential operation: automatic starting and regulation as the load incrPased and automatic stopping as the 

load decreased. However, due to their mPchanical characteristics, M-G sets are slow to respond to fast 

changes in load drains which at times results in voltage fluctuation problems. 

There is no planned program to replace M-G sets with rectifiers in existing power plants. The 

replacement will usually be dictated by either high maintenance cost and/or need for the floor space occu-

pied by the M-G sets. Replacement parts for some of the older vintage sets are not available except from 

other sets that have been removed and are dismantled for parts. Since the floor space required for a rec-

ti.fier is considerably less than that required for a M-G set, in certain cases the only way to gain the 

floor space necessary to increase the charging capacity of a plant is by replacing a M-G set with recti-

fier(s). Most power plants are limited in the number of charging units which can be controlled; in some 

cases, it may be necessary to replace a small capacity M-G with a larger capacity rectifier in order to 

gain additional charging capacity. 

MOst power plants equipped with M-G sets have been arranged for GO operation when a M-G set has 

been replaced or a rectifier added to increase the charge capability. The GO feature should be used when 

available because the load-sharing feature it provides is superior to the raise-lower operation of M-G 

sets. GO operation is discussed in further detail in 6.3. The power plant charge-discharge circuit and 

plant BSP will reveal how the GO feature is to be applied for a particular plant. The AT&T Power Engineer-

ing ~also discusses GO operation under section 2. 

6.3 Rectifiers and Trickle Chargers 

Rectifiers are used in all new power plants and as replacements for M-G sets in older plants to 

derive the rc voltages necessary to power telephone eauipment. The two basic types of rectifiers used in 

telephone power plants are electron tube and semiconductor. Capacities of these rectifiers range from a 

fraction of an ampere to 1600 amperes. Those rated at 1 00 amperes and below are generally bay or relay 

rack mounted, while those rated above 1 00 amperes are floor-mounted single-rectifier units. The various 

power plant BSP's and charge circuit SD's list the rectifiers that can be used with each power plant. BSP 

802-001-152 and the AT&T~ Engineering Manual also list most available rectifiers and their character­

istics. However, these references are not updated at frequent intervais and cannot be relied upon to fur­

nish information about some of the -newer types of rectifiers. BSP 8o2-000-000 also indexes most rectifiers 

that are now rated A & M or standard. 

The electron tube rectifiers were the first type developed and were used in the early power 

plants arranged for rectll'ier operation. This type of rectifier ,has several disadvantages: _low maximum 
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capacity (around 12 amperes), high heat dissipation, requirf's warm-up time for the tubes and periodic 

replacement of electron tubes. In addition, the maximum output of some of the electron tube rectifiers 

could not be sustained for a continuous period and, therefore, required two capacity ratings: intermit-

( 

( 

tent and continuous. The continuous value should be used in determining charge requirements for powering 

telephone equipment since the intermittent value can only be maintained for short periods. Some of the 

older plants that used electron tube rf'Ctifiers have bf'en modified to provide for the addition of semi­

conductor-type rectifiers if the first rectifier is an electron tube type. The plant BSP's and charge 

circuits cover the availability and procedures for modifying a plant for semiconductor-type rectifiers. 

Another improvement available in some power plants is the replacement of electron tubes in an 

electron tube type rectifier with semiconductor devices (rather than completely replacing the rectifier). 

This has two advantages: it eliminates the need for periodic replacement of' the tubes, and it usually 

increases the output capacity of the rectifier. The appropriate rectifier BSP indicates if the conversion 

can be made and lists the equipment requirf'd to make the conversion. This modification, if' available, 

should be made on a next-job basis. 

In addition to being classified as electron tube or semiconductor, rectifiers are also categor-

ized as unregulated, manually regulated or automatically regulated. Unregulated charging units are either 

on or of'f' with no regulation adjustments available. This type of' charging unit has limited application 

and, except f'or portable battery cell chargers, is usually rated at no more than one ampere of' charge 

capacity. 

The automatic and manually rf'gulated charging units both have means for increasing or decreas-

ing their output depending upon the requirements of' the load. The manually regulated rectifier, as the 

name implies, must be adjusted manually by Plant personnel and must be monitored to determine when .the 

adjustments are necessary. The automatically regulated plants utilize electronic regulation and control 

circuitry in performing these two functions and, therefore, lend themselves to unattended operation (un-

less trouble develops) • This automatic regulation is usually accomplished using a voltage relay bridged 

across the main battery. As long as the battery voltage remains at its proper value, this relay remains 

unoperated. If' the battery voltage becomes too high or too low (based on changes in the load), one of two 

relay contacts is closed, causing operation of' either the L (lower) or R (raise) relay. Operation of' 

either of' these relays causes a motor driven field rheostat to move in the proper direction and restore 

the generator voltage to the required output or, in the case of' a rectifier, cause the electronic control 

circuit to raise or lower the rectifier output as reauired. 

To avoid overloading the charging unit, an ammeter relay is inserted in series with the output 

leads. When the unit is fully loaded, a contact on this relay closes causing a relay to operate and open 

the regulating voltage relay circuit. This prevPnts any further attempt by the relay to increase the 

charging unit output. 
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Many automatically regulated power plants will n>quire more than one rectifier or M-G set to r· 
carry the maximum load. These charging units can either be arranged to opprate in parallel operation (us-

ing voltage regulation) or sequence operation (using both voltage and current regulation). In parallel 

operation all charging units are on at all times and share the load. As the load increases or decreases, (\, 

their outputs are all increase-d or decreased equally. Figure 6.2 shows how the output ammeters for three 

rectifiers operating in parallel might look. 

GRP I GRP 2 GRP 3 

Figure 6.2 - Output Meters for Parallel Rectifier Operation 

These ammeters indicate that all units are operating and sharing the load in a manner known as GO opera-

tion. Different arrangements of GO operation are available: 

- Most new, standard plants are equipped for GO operation. 

- Some older plants, as the 11 DA, may be modified for GO operation but actually use a combina­

tion of parallel (GO) and sequential operation. In the 11DA, the load C (or B rectifiers in a 

520-amp plant) are designated as GO rectifiers and, electrically, are the first to operate. 

As they reach maximum output, rectifiers in the other load(s) are turned on sequentially at 

maximum output and the GO rectifiers are regulated back to handle load fluctuations. 

- In older plants having M-G sets or non-GO rectifiers and M-G sets, GO rectifiers must be added 

and arranged electrically as the first charge units. The GO rectifiers will share the load 

equally until the-y reach maximum output. At that time, the M-G sets or non-GO rectifiers will 

be turned on sequentially at maximum output and the GO rectifiers regulated back to handle load 

fluctuations. In older plants, substantial modification of the- control circuitry may be re-

quired to permit GO operation, especially in 301C plants. 

In the sequential arrangement, only the unit or units needed to carry the load at a particular 

time are operating. In sequential operation, the first charging unit is operating under voltage regulation 

until it reaches its maximum output. At that t:il!le it becomes current regulated and calls in the next 

charging unit. This same sequence continues as long as the load incn>ases or the last unit has been turned 

on. Figure 6.3 shows how the output ammeters might look for four charging units arranged for sequential 

operation. The output ammeters shown in figure 6.3 indicate that only the units needed to supply the load 

are in operation. The last unit (#3) will be voltage regulated and all other operating units will be 
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~urrent regulated (at a fixed current output referred to as constant current). 

GRP I GRP 2 GRP 3 GRP 4 

Figure 6.3 - Output Meters for Sequential Rectifier Operation 
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In many older plants employing a mixture of M-G sets and rectifiers, the control circuitry must 
be job-engineered (per Bell Labs recommendations) each time a rectifier is added to increase the charge 
capacity. Although the Western Electric Company engineer is responsible for detailing the changes in the 
control circuitry, the Telephone Company engineer should rf>view the operating features of the control ci!'-
cuitry after engineering is complPted to insure that the various charging units are brought on-line in 
the proper manner. (A note may be included in the power section of the Telephone Company specification 
asking the western Electric engineer to review the operating features of the control circuitry with the 
Telephone Company engineer after detailed engineering is completed). 

All but the smallest capacity power plants usually provide a choice in the size of rectifiers 
available for use in the plant. Each of the power plant BSP 1 s and SD1 s list the associated rectifiers. 
The choice of the size rectifier to use depends upon the load to be powered, economics, and the proper 
limiting factors. 

As an example, the 303A power plant offers the choice among the 4 pack bay (1 to 4 100-amp rec­
tifiers), a 400-amp floor-mounted rectifier, and an 800-amp floor-mounted rectifier. The number of charge 
bays 1s limited to six and the plant capacity to 2000 amps. The first factor to consider is the load. In 
this example assume that the 303A plant has hf>en selected as outlined in part B, section 2 and that the 

initial load is 610 amps. In this case, any of the following arrangE>ments can be used: 2 800-amp recti­
fiers (1 as maintPnance spare), 3 400-amp rectifiers (1 as maintf>nancp spare), or 2 400-amp rectifiers 

and 3 1 00-amp rectifiers on a 4 pack bay (1 400-amp rectifier as maintf'nance spare). The PWAC economic 
selection technique outlined in part B, section 2 should be used in selecting the optimum size rectifier 
to be used in a plant. 

The sample study developed in part B, section 2 assumes for the sake of simplicity the use of 
400-amp rectifiers. This study should be expanded to include plans in which the plant is equipped with 
other rectifier arrangements which meet the load requirPments of the plant. In the 303A plant, the limit 
of six rectifier bays is not a factor in the selection of rectifiers, but in other plants it might influ­
ence the choice. (For example, if the limit was four rectifier bays rathf'r than six, then the plant capa-
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city of 2000 amps could not be reached using 4 400-amp capacity rf'Ctifiers). Most plants permit mixing of 

rectifier sizes, but, in order to provide maximum flexibility in the event of a rectifier f'ailure and min-

imize investment in maintenance spare rectifiers, every ef'f'ort should be made in adding charge capacity to 

a plant to maintain the same size rectifiers as those which were originally installed (assuming adequate 

f'loor space is available). This, of course, assumes the optimum size rectifier was selected for initial 

installation. In existing plants, an economic study will indicate the optimum size rectifier(s) which 

should be used in growing the plant to its capacity. The selection of other than the optimum size recti-

fiers may result f'rom (1) limited availability of floor space, or (2) avoiding provision of unrequired 

charge capacity as the plant capacity is reached (as 6 1600-amp and 1 400-amp rectifier for a 10,000-amp 

plant). 

When a power plant is equipped with end cells, special rectifiers are furnished to float and aid 

in recharging these cells. The various power plant BSP 1s list the associated end cell chargers and detail 

their mounting arrangements. Presently the 702C, 708A, 302A, 302B and 303A plants are arranged for end 

cell operation. The )OJA, 702C and ?OBA plants are engineered initially for the maximum end cell charge 

requirements. The 302 plants (with up to 10,000 amperes of capacity) have flexible arrangements to furn:ish 

an optional number of' rectifiers, depending upon the size and quantity of end cell strings in the plant. 

Two regulated trickle charge rectifiers are provided as standard equipment with the 302A and B main con-

(' 

( 

trol boards. These two rectifiers are sufficient to handle up to eight strings of L-.508 end cells. If ( 

the 302 control board is arranged for both 48- and 24-volt operation, two rectifiers are furnished for each 

voltage. 

When more than eight strings of L-.508 end cells are needed or when tank-type end cells are used, 

additional rectifiers are required and are mounted in a separate end cell rectifier bay located next to 

the main control board if possible. These supplemental rectifiers are usually unregulated with rated out-

put of 12 amperes. One of' these rectifiers is sufficient to handle all L-.508 end cell strings in excess 

of' eight. When tank-type cells are used, one 12-ampere rectifier is required, in addition to the two reg­

ulated rectifiers, for each string of end cells. When it is known initially that additional rectifiers are ( 

or will be needed, the supplementary bay is provided and the two regulated rectifiers are mounted on it 

rather than on the main control board. The power plant BSP lists the equipment codes for these supplemen-

tal rectifiers. 

6.4 Maintenance Spare Charging Units 

From time to time it is necessary to remove a charging unit (M-G or rectifier) from service for ~ 
either repair or maintenance. When this happens it is imperative that the remaining units be adequate to 

handle the busy hour load. Therefore, it is necessary to provide spare charging equipment in each power 

plant equal in capacity to the largest single charging unit. For instance, if a 400-ampere rectifier is 

the largest single charging unit then 400 amperes of sp~ charging equipment must be provided. This can 
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either be accomplished by having another single 400-ampere unit or a combination of units having 400 

amperes of output. 

This policy of providing a maintenance spare rectifier applies to all battery type power plants, 

regardless of capacity, which permit installation of more than one rectifier. 

Certain rectifier power plants, such as the Lorain J1271A-1, do not have battery back-up but 

utilize converters which opPra~ from the batteries of a diff~rent power plant during an AC power failure. 

If a maintenance spare r~ctifier (and converter) is provided for in this type of plant, the battery re-

serve required during a power failure will be increased (the DC input ~quirement for two converters shal'-

ing a load is greater than that of one converter assuming the entire load) • In a large office the addi-

tional DC input required for the spare converter may not be significant, but in a small office or indepen-

dent company location it may be. Therefore, unless job conditions warrant, or the reliability of the 

rectifiers is questionable, a maintenance spare rectifier will usually not be provided in these types of 

plants. 

6.5 Charge Meters, Fuses and Distribution Busses 

The standard power plants in use tod~ do not utilize a single charge meter which would reflect 

the total charge output for the entire plant. Each rectifier is equipped with an individual charge meter 

and, in order to determine the total charge output of the charging units, it is necessary to add the meter 

readings of the individual rectifiers. This me>tPr is furnishe-d as a standard part of the rectifier and is 

sized to handle its maximum output. The individual rectifier BSP's and SD's referenc~ the typP and range 

of the meter. 

The output charge leads of a charging unit are fused to protect the control board equipment from 

being damaged when a charging unit malfunctions. In some of the early plants these fuses were located at 

the control board, but in the modern rectifier plants the fuse is furnished as part of the rectifier and 

is sized for the maximum output of the rectifier. This is further discussed in section 6.6 (battery 

charge fuse>) • 

The leads from the charging units to thP main control board may be either cable or bus bar de-

pending upon the size plant. Usuallyplants with a maximum capacity of 2000 amperes or less will utilize 

cable. For plants having a maximum capacity above 2000 amperes, cable will be used for. capacities of 1200 

amperes or less and bus bar above 1200 amperes. When cable is use-d, separate charge leads are run between 

the power board and each charging unit. When bus bar is provided, the charging units are tied to a coiTB!lon 

bus at each charging unit. Bus bar and cabling arrangements for the 111 A, 302A, 303A, 702C and 708A power 

plants are further discussed in BSP 802-005-150. Additional information m~ be found in the charge and 

discharge circuits of the various plants. 

Copper or aluminum bus bar may be emplo~d in plants with capacities up to 6,000 amps, while 

copper bus bar will always be used in plants having a capacity of more than 6,000 amps. Aluminum bus 
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should always be used {more economical) if the ultimate plant capacity is 6,000 amps or less. If a 'small-

er plant will eventually be expanded to 8,000 or 10,000 amps, copper bus may bE' provided initially to 

avoid the expense of changing out the aluminum bus when the capacity of the plant is expanded to 8,000 

amps {space requirements for aluminum bus prohibit its use in 8,000- and 10,000-amp plants). Howen·r, the 

Telephone Company engineer should not specify copper in place of aluminum bus bar unless an 8, 000- or 

10,000-amp plant will be required in a relatively short period of time and an economic study indicates it 

is feasible. The three charge busses normally associated with the plants having capacities greater than 

1200 amperes are the generator charge (GEN CHG), emergency cell charge (EM CELL CHG), and ground (or 

charge ground) (GRD). However, a 326A plant has no emergency cell charge busses. 

When the charge leads are cable, the Western Electric Company engineer is responsible for sizing 

them. When the charge leads are bus bar, the Telephone Company engineer is responsible for specifying the 

minimum bus capacities, although the Western Electric engineer is responsible for detailing the bus bar 

layout. The Western Electric engineer will size the charge leads according to standard practices unless 

directed to do otherwise (see part B, section 6.8). The Telephone Company engineer's responsibilities are 

discussed in detail in part B, section 6.8. 

6.6 Power Boards 

The power boards are used to mount the various controls and distribution equipment required to 

operate a power plant. Standard layouts of these floor-mounted bays locate them in close proximity to the 

charge equipment and batteries. Fuse, switch and control equipment panels are mounted on the framework 

and unused positions are normally covered with blank panels. The power board framework also supports the 

associated cable racks and bus bars. 

In smaller power plants (see figure 6.4) the charge controls, meters and distribution fuses may 

all be located in one control bay. SUbsequent additions of charge equipment may or may not require the 

addition of a supplementary control bay. In larger offices {see figure 6.5), more than one bay is usually 

required to mount this same equipment. 

The following types of bays are provided in most plants: 

Main control bay - In most small plants, all control and distribution equipment is mounted in a main con-

trol bay {see figure 6.4). In some larger plants not having emergency or counter cells, all control 

equipment is mounted in one main control bay, but separate distribution bays are provided. In other 

large plants (see figure 6.5), a separate main control bay is provided to mount the various voltage 

control and ala~ relays together with the fuses, lamps and keys associated with these circuits. 

Emergency cell trickle chargers may also be located on this bay. 

Battery control bay- This bay, when provided in larger plants (see figure 6.5), mounts the emergency cell 

( 

( 

switch, emergency cell charge switch, main battery charge fuse {if provided) and the discharge ammeter ( __ _ 

and voltmeters. 
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Figure 6.5 -Typical Power Board Arrangement -Large Plant 
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Battery distribution fuse bays - In larger offices, separate battery distribution .fuse bays are provided 
for mounting the discharge fuses through which the various o:f:fice loads are fed. 

Regardless of the size of' office, the power boards serve as a centralized distribution point 
for tying together charge unit outputs, battery leads and load distribution feeders. 

The following major components may, depending upon the type of plant, be located in the power 
boards: 

Emergency cell switch - A typical emergency (or end) cell layout is shown 1n figure 6 .6. The emergency 
cell switch may be manual or motor-dirven and is used to switch emergency or end cells in and out of' 
the circuit depending upon discharge voltage requirements. 

EMERGENCY 
CELL SWITCH 

T 
CONTROL LEADS 

Figure 6 .6 - Emergency Cell Operation Employing Charge by Load Method 

EM 
CELL 
VOLTAGE 
RELAY 

Emergency cell voltage relay - This relay, which has adjustable high and low voltage operating limits, 
controls operation of the motor which drives the emergency cell switch (see :figure 6.6). 

Emergency cell charge switch - Since emergency cell trickle charge rectifiers have very limited capacity 
they are unable to bring emergency cells back to full charge after a substantial discharge. High 
charge rates can be applied to emergency cells by a method known as "charge by load" (see :figure 6 .6). 
This is accomplished by placing one charge unit on manual operation, throwing the switch on that unit 
to the EM CELL position (G2 in :figure 6.6) and then operating the end cell charge switch to either 
position 1 or 2. The output of this rectifier is then available for both recharging the emergency 
cells and distribution to the load. 

Discharge ammeter and voltmeter - These mebrrs record the voltage and ampere drain of the discharge load. 
In some plants a total office discharge ammeter reading may be obtained. In others, separate dis-
charge ammeters are provided for each discharge load (there may be more than one) • In yet other 
plants, no discharge ammeters are provided and the outputs of the individual charge units must be 
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added together in order to estimate the discharge load. RE>cording ammetPrs should bP provided in 

variable-load plants to permit minimum-cost, 24-hour drain studies. 

Countercell contactors and controls - Contactors (see figure 6. 7) are used to switch countercells in and 

out of the distribution circuit (see section 7.5 for a discussion of countercell operation). The 

term contactor is used to designate a type of relay that can safely conduct high currents through its 

contacts. Voltage monitoring relays are used to control the operation of the contactor. 

RECT. 
Gl 

DISCHARGE 
AMMETER 

DISCHARGE BUS 

EQPT. 

LOAD 

DISCHARGE 
VOLTMETER 

Figure 6.7 - Countercell Operation 

Battery charge fuse - This fuse, sometimes referred to as the charge fuse, was provided in some of the 

older, large plants to protect the charge leads (see figure 6.8). This fuse is no longer provided on 

new plants and, if possible, is being removed on existing plants when they are modified for increased 

capacity. The battery charge fuse must -be left in place if motor - generator sets are being utilized 

in the plant since the motor - generator sets are not equipped with internal charge lead protection. 

FROM 
CHARGE 
UNITS 

MAIN OR BATTERY 
CONTROL BOARD 

BATTERY CHARGE (OR CHARGE) 
FUSE 

TO BATTERIES 

TO LOAD 

Figure 6.8 - Battery Charge Fuse 
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Main discharge fuses - The main discharge fuses, located on the main control or battery distribution fuse 

bays, feed the primary equipment power distribution bays (BDFB in SXS, PR'ID in No. S, PDF in No. 1 

ESS, etc.), equalization centers or equipment bays (in smaller offices). Most plants employ either 

a knife switch fuse holder or a saftofuse mounting. The knife switch mounting permits selection be-

tween one of two fuses assigned to a distribution circuit. This arrangement, shown in figure 6.9, 

provides the necessary sPrvice prott=>ction if a fust=> is blown or in need of replacemPnt. "When fuse 

is blown, the switch may be thrown to position 2, thert=>qy placing fust=> 2 in the circuit and permit-

ting replacement of fuse 1. Knife switch mountings are provided for all fuses having a capacity of 

more than 200 amps. For most plants, single saftofuse units are provided for fusing requirements up 

to 200 amps. In certain new plants (as the 326A), a new type of switch unit employing saftofuse 

units is being used to provide the same type of protection shown in the arrangement of figure 6.9. 

In some small plants, distribution may be fed through 70-type fuses (see section 6. 7) rather than 

small saftofuse units. Details of a saftofuse mounting can be st=>en in figures 1 and 2 of BSP 026-

370-?01 • 

FRQ.1 

DISCHARGE 
QRCUIT ~--~--- c~---~~~~·~;._ 

t_ ___________ _j 

Figure 6.9 - Main Dischargt=> Fuse, Large Plant 

Specific arrangements of the power boards for each power plant are covered in tht=> BSP 1 s ·and 

eq1,1ipment drawings for the plant. Those items in each plant requiring an engineering decision are out-

lined in part B, section 2.3. 

6.7 Discharge Distribution System 

The discharge distribution system is comprised of batteries, battery leads, countercells or 

emergency cells (see figures 6.4 and 6.5), fusPs, bays and leads feeding t=>ouipment fuse panels from the 

main discharge fuses (see figure 6.10). 

The leads from the power boards to the batteries and/or emergency cells may be either cable or 

bus bar depending upon the size plant. Usually plants with a capacity of up to 1200-2000 amps utilize 

cable f'or these leads while larger plants will employ bus bar. Copper or aluminum bus bar may be employed 

in plants with capacities up to 6000 amps, while copper bus bar will always be used in plants having a 

capacity or more than 6000 amps. Aluminum bus should always be used (morP economical) if the ultimate 

plant capacity is 6000 amps or less. If' a smaller plant will eventually be expanded to 8,000 or 10,000 
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amps, copper bus may be provided initially to avoid the expenses o:f changing out the aluminum bus when the 
capacity o:f the plant is expanded to 8,000 amps (space requirements o:f aluminum bus prohibit its use> in 

8,000- and 1 0,000-amp plants). However, the Telephone Company engineer should not specify copper in place 

o:f aluminum bus bar unless an 8,000- or 1 0,000-amp plant will be required in a relatively short period o:f 

time and an economic study indicates it is :feasible. Since counter cell use is limited to small plants or 

small, individual discharge loads, leads to them will always be cable. Those items in the distribution 

system requiring engineering decisicm are outlined in part B, section 2 .) and are usually limited to bus 

bar sizing. Bus bars must be capable o:f handling the ampere load while not exceeding voltage drop limita-

tions established :for the circuit. These limitations are outlined on the SO drawing :for the discharge 

circuit. Most bus bar in the discharge distribution will be sized by the Western Electric engineer to 
match the discharge capacity o:f the plant unless the Telephone Company eng:i:neer specifies otherwise. All 

cable leads are sized by the Western Electric engineer to meet current carrying and voltage drop require-

ments. See section 6. 8 :for details concerning bus bar sizing. 

Provision o:f all equipment necessary :for :feeding power to telephone equipment :from the main dis-

charge :fuses is the responsibility o:f the Western Electric engineer except as noted in the :following para-

graphs of this section. 

In certain power plants, the discharge system is divided into separate and distinct loads with 

each load having a specific discharge drain capacity. The Telephone Company engineer is responsible :for 

specifying both the size and number o:f discharge loads when more than one arrangement is available in a 

particular plant. Those plants having separate discharge loads and requiring this engineering decision are 

listed in item 15 o:f figure 2.5, part B, section 2.0. 

As shown in :figure 6.10 a main discharge :fuse may serve (via cabled leads) a main distribution 

:fuse bay (the name used for this bay will depend upon the system: battery distributing :fuse> bay or BDFB 

in SXS; power and ringing tone distribution or PRTD bay in No. 5 Crossbar; power distributing :frame in No. 

1 ESS, etc.). This bay will usually employ smaller 35- or 70-type :fuses :for distributing power to various 

equipment :fuse panels located in either separate :fuse bays or in the equipment bays themselves. When 

blown, these 35- or 70-type :fuses will activate a :fuse alarm. 

.----------, 
I DISCHARGE 1 
I BUS BAR FUSE I 

OISTRIBUTtiG FUSE BAY 

I I 
L------------J 

MAIN POWER BOARD 
--~--

MAIN OISTRIBUllNG FUSE OOARD 

TO EfP 

Figure 6.10- Typical Discharge Distribution Arrangement 
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Precautions are necessary in power plant wiring to minimize the noise induced in telephone cir­

cuits. To minimize noise, conductors are paired to neutralize their inductive effect. Talking (quiet) 

battery leads and signaling battery leads are run separately at specified distances apart. Conductors 

carrying ringing, tone and other high and low frequency AC currents having high voltage peaks including 

service circuits, are run in armored cable or conduit. In addition, leads which feed amplifiers are 

shielded since any induced noise would be amplified along with the voice current. 

The direct current required in a central office falls into two general classes: signaling bat-

tery, which is used to operate all the various types of electromechanical apparatus such as relays, etc., 

and talking battery which supplies the medium for voice transmission. (The various types of talk and 

signal drains are outlined and defined in BSP 802-005-180). Since practically all equipment for generat-

ing direct current introduces ripples or noise in their output, it is necessary that battery filters be 

used to keep such disturbances to a minimum. Figure 6.11 indicates graphically the effect of a filter on 

an irregular wave form having high frequency ripples or noise. Battery filters (which are required for 

all talk battery circuits) consist essentially of inductors and capacitors. Large common filters, form-

erly located in the power room, are being replaced by the decentralized type which are mounted on relay 

rack bays, fuse bays, cable racks, on top of frames, and in switchboard turning sections, as required, 

The use of decentralized filters makes unnecessary separate power cable runs for signal and talking bat-

tery between the power plant and the various frames. This not only results in a saving in power cables 

but also improves the troublesome noise and crosstalk exposure encountered with former common filter ar-

rangements. Decentralized filtering is presently being provided in all offices on a next-job basis. In 

larger offices, the change to decentralized filters may be spread over two or three jobs to minimize cap-

ital requirements. 

BEFORE FILTERNG 

AFTER FlLTERf.lG 

Figure 6.11 - Fffect of a Filter on an Irregular Wave Fo:nn 

Certain equipment systems utilize eaualization centers to minimize requirements for distribution 

fuse bays located in equipment rooms. Figure 6 .12 shows a typical equalization center arrangement in a 

No. S crossbar office. 
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Main feed~rs from main discharge fuses (shown in sketch C of figure 6.12) are run to centralized 

distribution points, called equalization centers. Parallel cable conne~tors, referred to as equalizers, 

are used to connect these main feeders to individual equipment aisle feeders. Each aisle feeder is fused 

in a cabinet mounted on the end guard of the fll'st bay in the aisle. Leads run to the individual equip-

ment bays are half-tapped from these aisle feeders. The capacities and engineered drain for each equali­

zation center are reflected on the Western Electric T drawing for the power distributing circuit (see fig-

ure6.13). 

RUNONCARK 
10 PERF CABS 

TO AIS 107 a 108 
I ' 

FROM 48V CI-G. 6 DISCH. W.L. 
6 BLOCK SCt£MATIC 

j BA't GRD.\ 

500,000 CM 

t----j6--a oopoo CM -oOof----t 

Figure 6.12 - T,ypical Equalization Center Arrangement 

EQUALIZING CENTER AISLES 
106R TO 108 

SKETCH C 

In certain equipment systems, as No. 5 and No. 4 crossbar, equalization centers are provided as 

part of the standard office layout. All layout and sizing decisions are made by the Western Electric en-

gineer subject to Telephone Company engineering approval. 

Use of equalization centers will prove to be morP economical wherevPr a large, concentrated 

power requirement exists, as in carrier equipment lineups. The decision to use equalization centers in 

these instances lies with the Telephone Company engineer. The Western Electric pnwer engineer should_be 

consulted to determine if the arrangement is feasible and, in many cases, the Western Electric engineer 

may actually suggest use of equalization centers. 

6.8 Sizing Bus Bars 

Installation and assembly of bus bars is discussed in BSP 802-005-180. The following charge bus-

ses are usually found in bus bar plants: generator charge, emergency cell charge and ground (charge 

ground) • The following discharge busses are usually found in bus bar plants: battery charge, battery-, 

emergency cell group 1 , emergency cell group 1 & 2, and discharge ground. 
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/CIRCUIT. FUSE LEAD SIZ£ 
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Page 17 



ISS A, 802-000-901 SW 
PART B, SECTION 6.8 

Unless otherwise specified by the Telephone Company engineer, the charge busses will be sized by r 
the Western Electric Company engineer to handle the greater of either (1) the total installed charging 

capacity of the power plant or (2) the capacity of the emergency cell switch. The discharge busses will 

normally be engineered by the Westf>rn Electric Company engineer to handle the capacity of the emergency ( 

cell switch • 

Because of the difficulties and expense involved in both initial installation and rearrangement 

of bus bars, it may be advisable to engineer the charge busses for some other capacity than would result 

from application of (1) or (2) above. For example, assume a new plant is to be installed and equipped 

with four 800-ampere rectifiers (3200 amperes total charging capacity) and a 6,000-ampere emergency cell ( 

switch. Using the criteria established in {1) and (2), the charge bussf's would be engineered to handle a 

minimum of 6,000 amperes. Let's also assume that the power data indicates only two additional 800-ampere 

rectifiers will be required during the next 6 years. In this case, the Telephone Company engineer might 

specify that the charge busses be engineered to handle a maximum of 4,800 rather than 6,000 amperes. This 

decision should, of course, be based on economics. Generally, if the size of the installed emergency cell 

switch is large in comparison to the installed charge capacity, it is usually more economical to specify 

that a smaller charge bus be installed initially (than would normally be provided by Western Electric en-

gineering) and provide for reinforcement at some later date. Consideration must also be given to the 

point at which an emergency cell switch will be changed to a capacity greater than 6000 amperes, thereby 

requiring the bus bars to be changed from aluminum to copper. 

As stated earlier, the discharge busses are usually engineered to match the capacity of the eme~ 

gency cell switch. There may, however, be an occasion where the emergency cell switch capacity will not 

be reached for a long period of time and it would be more economical to initially engineer the discharge 

busses for some smaller capacity. For example, assuem a 4000-ampere capacity switch is being installed, 

but a review of the forecasted drain rPquirements indicates the drain will not exceed 2,SOO amperes for 

ten years. In this case, the Telephone Company engineer should specify that the discharge busses be engi­

neered initially for 2,500 amperes with provision to expand them to 4,000 amperes at a later date. 

When increasing the capacity of an existing power plant, the Telephone Company engineer is re-

sponsible for verifying the adequacy of the exi~ting charge and discharge busses and to provide for in-

creasing the capacity of the busses if found to be inadequate. The cost of bus bar is a major estimate 

item and omission from estimated expenditures may result in a deficit of supplemental proportions. It is 

especially critical to know when aluminum bus bar must be replaced with copper. Not only is the copper 

bus bar expensive, but the associated estimate must provide for the removal and retirement of the aluminum 

bus bar since it is a unit of property. 

The Western Electric office drawings will include a layout of the bus bar arrangements if a 

power plant is equipped with bus bar. These drawings detail the makeup of the bars and provide cross-sec-
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tional views which outline the size, the quantity and the type of material (aluminum or copper) for the 

bus bars. Section 16 :22 of the ~ Data book lists the current carrying capacities of the various bus 

bar cross sections. Figure 6.14 shows a portion of this section. To illustrate the steps required in 

determining bus bar capacities, assume a cross-section shows an aluminum bus bar horizontal run (figure 

6.15) to consist of 8 bars, each~ inch by 6 inches. Figure 6.14 shows the currPnt carrying capacity to 

be 8804 amperes. If the bars were copper rather than aluminum, the capacity would be 11 ,645 amperes. 

When bus bars are run vertically, the current carrying capacity is reduced because heat cannot be dissi­

pated as readily as on a horizontal run. As can be seen in figure 6.14 the Power Data book lists the cur-

rent carrying capacities for both horizontal and vertical runs. In order to reduce the number of bars 

required in a vertical run, it is permissable to use copper bars in conjunction with horizontal aluminum 

bars. 

If an investigation revPals that a bus run is not adequate for a planned addition, the Tele-

phone Company engineer must decide What stPps should bP taken to increase the capacity. In some instan-

ces, all that may be required is addition of laminations to an existing bar; in other cases, it may be 

necessary to replace the entire run with bars of different sizes or material. In reviewing alternatives, 

it may be appropriate to consult with the Western Electric Company engineer and, if necessary, arrange 

for an on-site meeting. 

6.9 Sizing Emergency Cell Switches 

The capacity of an existing emergency cell switch should be sufficient to handle the projected 

discharge drain for the end of the power engineering period. 

If a new power plant is being installed or an existing switch is being replaced, the new switch 

should normally be sized to handle discharge drain requirements for .a minimum of eight years. Considera-

-tion must be given, however, to the growth characteristics of the office and the possible future reloca-

tion of the power plant. Where morE> than one reasonable alternative for sizing is apparent, an economic 

study (similar to that outlined in part B, section 2.2) may bE> warranted. 

In some plants (as the J03A), the minor cost difference between various sizes of emergency cell 

switches justify initial installation of the maximum size switch regardless of projected discharge drain 

requirements. If a switch other than the maximum size available with a plant is specified for installa­

tion (either as part of a new plant or as a replacement for an existing switch), sufficient floor space 

should be reserved for future installation of the largest switch available with the plant. Western Elec-

tric engineering should also be instructed to lay out bus bar runs, distribution bays, etc., keeping in 

mind that ultimate replacement of the smaller bay is contemplated. Of course, this need not be done if 

replacement or relocation of the entire plant is contemplated before this maximum capacity would ever be 

reached. 
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Horizontal Runs 

Vf>rtical Runs 

ALUM IN (SEE NOTE 5) COPPER ND. THICK-
WIDTH ~c~~~ AMPACITY AMPAC ITY OF NESS 

NoW\· 

LBS MICROHMS LBS MICROHMS .BARS (THDS.) SEE PER PER FT. SEE SEE ·pER PER FT. 
(INCHES) NOTE 2 FT. 170 c NOTE 2 Nt'TE 3 FT. t70 c 

7 1/4 " 13,370.0 7753 1>041 12.32 1.62 10270 8076 40.60 0.95 
8 17,822.0 992b b878 16.38 1.21 13150 9259 54.11 0. 71 

8 1/4 " 15,280.0 ~ 6808 14.08 1.42 
I 'Hi 9081> 46.40 o:83 

8 20,372.0 7711 18.72 1.0b 5 1031>0 1>1.84 0.1>2 
9 1/4 I> 17,190.0 9854 7575 15.84 1.26 13020 10095 52.20 o. 74 

8 22,914.0 121>05 8541 21 .Db 0.94 1bb60 11455 &9.57 0.55 
10 1/4 & 19,100.0 10905 8338 17.&0 1.13 14400 11100 58.00 0.1>7 

8 25,41>0.0 13945 9369 23.40 0.85 18415 12545 77.30 0.49 
11 1/4 " ;!1,010.0 11955 9102 19.31> 1.03 15775 12105 63.80 0.1>0 

8 28,001>.0 15285 10195 25.74 0.77 20170 1 3&40 85.03 0.45 
12 1/4 " 22,920.0 13005 981>& 21.12 0.94 17150 13110 b9.1>0 0.55 

8 30,5bO.O 1&b25 11025 28.08 0. 71 21925 14725 92.86 0.41 
2 2,54&.0 1458 1411 2.34 8.49 191>1 1902 7.72 4.98 

' 3,820.0 2015 19ob 3.52 5./,6 2715 2577 11.1>0 3.22 2 112 4 5,093.0 2555 2346 4.68 4.24 3445 3182 15.41> 2.49 j, 7,639.0 3597 3131 7.04 2.83 481>1 4275 23.20 1.1>6 
8 10,181>.0 4i.08 H70 9.}8 2.12 i.2l6 5189 31.92 1.25 
4 7,i.40.0 3i.70 3291 7.02 2.83 4918 4437 2l.19 1.&1> 3 1/2 I> 11,460.0 5146 4311 10.51. 1.88 6902 5848 34.77 1.11 
8 15,280.0 1>572 5083 14.07 1.42 8824 6950 41>. 38 0.831 
4 10,181>.0 4782 4228 9.31> 2.12 i.384 5&79 30.92 1.35 4 112 6 15,2BO.O i.i.88 5473 14.08 1.42 8933 7392 

41>. '" 0.831 
8 20,372.0 8527 b31>2 18. 7i. 1.0i. 11395 81>59 !.1.84 0.&23 0 

~ 4 12,730.0 5892 511>1 11.70 1.&9 7847 &915 38.1>5 0.997 "' w 5 1/2 6 19,100.0 8227 6621> 17.1>0 1.13 109&0 8921 57.95 0.1>1>5 
... ... 
"' 8 25,460.0 10475 7624 2~.45 0.849 1391>0 10340 77.30 0.498 ... 
I 

4 15,28D 7002 i.092 14.04 1.42 9309 8148 4b. 38 0.8l1 !i :z: " t/2 " 22,920.0 971>5 7775 21.12 0.943 12980 10445 &9.54 0. 554 
8 30, 51>0.0 12425 887!. 28.14 o. 707 16520 12005 92 7& 0.415 

7 1/2 " 26,740.0 11JOD 8921 24.&4 0.808 15000 11960 81.13 0.475 
8 35,&44.0 14345 10120 32. 83 0.&0& 19080 13&&0 108.22 0.35& 

8 1/2 I> 30,51>0.0 1284D 1001>5 28.1& o. 707 17020 13475 92. 72 0.415 
8 40,744.0 11>>20 1131>5 }7. 52 0.530 211>35 15310 123. 1>8 0.313 

9 1/2 6 34,380.0 14375 11205 31.1>8 0.&29 19040 14985 104. l1 0.3&9 
8 45,828.0 18265 12i.05 42. 21 0.472 24190 t6955 139. 14 0.277 

10 112 " 38,200.0 15910 12350 J5.20 0. 5&1> 2101:.0 1&495 11.5.90 o.;n 
8 50,920.0 20210 11840 41>.90 0.424 26745 18&00 154.&0 0.248 

NOTES: 

I. VOLTAGE DROP • RES./FT. t 70 C X AMPERES X FT. (LOOP). 
2. AMPACIH RATINGS BASED ON 30 CRISE ABOVE 40 C AMBIENT, BARS WITH LONG AkiS VERTICAL, SPACING BETWEEN BARS E!lUAL TO OR MORE THAN Tl\[ JHICKNESS OF THE BARS; AND BARS RUN IN A HORIZONTAL PLANE. 
3. AMPACITY RATINGS TO BE USED WHEN THE AMBIENT TEMPERATURE EXCEEDS 40 C, OR WHEN THE LONG AXIS OF THE BARS IS IN THE HORIZONTAL PLANE, OR WH£N THE SPACING BETWEEN BARS IS LESS THAN THE THICKNESS OF THE BARS, OR IIHEN THE BARS ARE RUN IN A VERTICAL DIRECTION. 
4. MINIMIJII! BENDING RADII IS .lQuAL TO 1\.IICE THE THICKNESS OF THE BAR FOR AliiUNI.I4 AND EQUAL TO THE THICK­NESS OF THE BAR FOR 'OPPER. TO .PREVENT SURFACE ROUGHENING, IT IS RECOMMENDED THAT THE BENDING RAO"II FOR 1/B INCH AND 1/4 INCH BARS BE 2 TIMES THE MINIMUM BENDING RADII AND FOR 3/8 INCH AND 1/2 INCH 2-112 TllllS THE BENDING RADII. 
5, ALUMINUM BUS BAR IS i.1iJ1-Ti. TYPE C ALLOY PER ASTM 8-317. 

Fi.gure 6.14 - Ibs Bar Capacitie>s, PoWPr Data Book 
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6.10 Engineering Responsibilities 

The decisions which must be made by the Telephone Company engineer in engineering the charge and 

discharge equipment are summarized in part B, section 2.3. 

In addition, the following decisions may also be required and are the responsibility of the Tel- ( ' 

ephone Company engineer: 

- Are decentralized filters required? Will they be> installed on one job or spread over two or 

three jobs to reduce capital requirements? See part B, section 6.7. 

-Will equalization centers be utilized? See part B, section 6.7. 

6.11 Charge and Discharge Equipment Entries 2 SWX-XXXX-550-G Drawing 

ure 6.16. 

The charge and discharge sections of the SWX-XXXX-550-G drawing (section III) are shown in fig-

- Part III A-C: entries for the present and power engineering period dates should be made using 

procedures and references outlined in part B, section 7.7. 

-Part III D: capacities of those applicable items should be shown in this section. N/A should 

be shown under the appropriate columns if the item is not required in the installed plant (see 

-figure 6.16). Procedures outlined in part B, section 6.8 should be> used in dete>rmining bus 

( 

bar capacities. ( 

- Part III E: the capacities of the rectifiers installed at the end of the power engineering 

period should be shown in this section (se>e figure 6.16). 

D. BUS BAR, SWITCH AND FUSE CAPACITIES 

ITEM CAPACITY AMPS I ITEM CAPACITY- AMP~ 
PRES PWR E.P PRES PWR E.P 

EMERGENCY CELL SWITCH N/A N/A GENERATOR CHARGE N/A N/A 
DISCHARGE METER LOAD A 150 150 ~ EMERGENCY CELL CHARGE 
DISCHARGE METER LOAD B 150 150 rr: -'DISCHARGE GROUND 
DISCHARGE METER LOAD C 500 500 (f) BATTERY 
BATTERY CHARGE FUSE N/A_1. N/A 1. iii EM CELL GROUP I 
BUS BAR CHARGE GROUND .1 .1 EM CELL GROUP I + 2 

E. RECTIFIERS AND MOTOR GENERATORS, END OF POWER ENGINEERING PERIOD 

TYPE INSTSPEC DC CAP2. C,~=-=--:-----T_Y_P.::.E ______ +I;..:.NS.:...T;.;_.S.:...FE-==C+D=--C_C.,...AP_--;2 
.J87233A LDAD A 4431.22 30 ~33~A~ _ _,L;:o:O="'Ac=D'-'B=-----+-'44""""'31~.10=)4."fo-'~3~0'A--i 

~J~8~723~~37A ______ ~--+---~----~-30~~rJ~87~2=33~C~--~L=O~A-=D~C=--,+-+---~~~·~I~O~O-r1 
~J~8=7~2=33~A~--------~--r-----#-~30~--; J8~~C~-----------~.1~ ____ J~_I~00~1 
J87233A 30 
J 87233A LOAD 8 , 4431.45-1 30 I 
~-~187~2=33~A~-------4-~--~--~~~30~~~~~=-~~~~~~~~~---~ lJ 87233A .1. J 30 TOTAL CHARGE CAF. LESS MI\INT_S_PA...:..:R...:..:E::.......Ll ___ __j___, 

NOTE INDICATES MAINTENANCE SPARE WHICH {IS ){+6--N-9+) ARRANGED 
FOR AUTOMATIC OPERATION. 

2 IF CAPACITY STATED AS CONTINUOUS AND INTERMITTENT, RECORD 
CONTINUOUS CAPACITY. 

Figure 6.16 - Charge and Discharge Equipment Entries, SWX-XXXX-550-G Drawing 
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Calculation of Lead and Fuse Sizes 

As discussed 1n part B, section 4.3, List 1 drains are used in sizing the major components of a 
power plant. However, List 2 drains are used to calculate the size power conductor necessary to carry 

the circuit current while guarding against any excessive voltage drop which might a:f:fect circuit opera-

ation. List 2 drains arP also used to sizP circuit :fuses to provide adequate> protection. So-called 
"sa:fety" :factors are used in making these lead and :fuse size dete>rminations. 

What are List 2 drains and how do they differ :from List 1 drains? studies conducted by the 

Bell Labs in 1 941 reached the :following conclusions : 

1 • Voltage drops and, in turn, lead sizes as related to voltage drops should be 

calculated on current values representing about 75% of the :full load current 

taken tr,r the equipment. 

2. Fuse sizes and, in turn, lead sizes as related to current carrying capacity 

should be calculated on current values representing about 11 O% of the full 

load current. 

These :figures were substantiated tr,r extensive field experience and result in adequate leads and 
:fuses at a reasonable cost. The direct approach, therefore, would be to publish :full load :figures :for 
List 2 and apply the factors previously mentioned. However, there are other sa:fety :factors in use by Wes-
tern Electric which also must be considered. ThesP :factors are covered ey standard power plant calcula-
tion drawings (as SD-80965-01 :for 300 type plants) and call for List 2 drains to be modified as :follows: 

A. The so-called "circuit peak" is equal to 133% of the List 2 value. This 

:figure is used :for calculating lead size from a voltage drop basis. 

B. For calculating lead sizes and :fuses :from a current carrying standpoint 

a value equal to 1 50% of the "circuit peak" value is used, or 200% of the 

List 2 value. 

Obviously, the application of the standard :factors A and B to :full load List 2 :figures would not 
result in the engine>ering objectives cited under 1 and 2. Therefore, in order to gain objectives 1 and 2 
and still use the standard Western :factors A and B, a compromise value :for List 2 is use>d. This is equal 
to 2000 X :full load value and is always used in calculating List 2 tables. It is easily seen that· )bOO 

2000 X F .L. X 133% = 75% F .L. (approx) satisfying objective 
3600 (1) for voltage drop. 

2000 X F .L. X 200% = 11 0% F .L. ( approx) satisfying objective 
3600 (2) for current carrying capacity for 

leads and :fuse>s. 

From a practical standpoint all these figure>s are translated into handy tables by Western Elec­
tric (see T-80909~2 for crossbar tandem). 

In those cases where continuous current is required even though the circuit is not handling a 
call (filament current, motors, etc.), the List 2 figures will reflect this constant drain. 
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It is of course apparent that the foregoing procedure could be simplified considerably by elimi-

nating the power plant calculation factors and simply specifying full load figures for List 2. These 

would then be used directly to obtain the desired engineering objectives. HowevE>r, no steps were taken by 

the Labs in 1941 to change the engineering practices and the Labs now feel that these present practices 

are so finnly entrenched that any fundamental change would result in severe field reaction. In any case, 

the engineering results are still the same regardless of the method employed. 

The "safety" factors employed to determine lead and fuse sizes and the associated voltage drop 

criteria are covered on standard power plant calculation drawings ( as SD-80965-01 for 300 type plants). 

These factors call for List 2 figures to be modified as follows: 

- For calculating lead sizes from a current carrying standpoint, a peak value equal 

to 133% of all variable loads should be used. For steady or constant loads, which 

are already at their peak, further adjustment is not required. 

- For calculating fuse sizes from a current carrying standpoint, a value equal to 

150% of the circuit peak drain is used, or 200% of the List 2 figure. 

The so-called "circuit peak" for variable loads drain is equal to 1 33% of th List 2 value. 

This peak drain is the maximum current to bE' carried by the lead and takes into consideration periods of 

extremely heavy traffic as Mothers Day, Christmas or natural disastE>rs. 

( 

( 

For constant loads, the current drain values reflect peak demand and the 133% factor would not ( 

apply. In summary then, the current drain relations would be -

Circuit peak for variable loads, I = (List 2 drain) X 1 .33 
v 

Circuit peak for constant loads, I = List 2 drain 
c 

Once the peak current requirements and voltage drop limitations are known, the minimum lead size 

required can be determined. It can be shown for any conductor that 

R = f!!_ 
A 

where R is the resistance of the conductor in ohms, L is the length of the conductor in feet, A is the 

cross-sectional area of the conductor in circular mils and e is the resistivity of the conductor material 

in ohm-circular mils per foot. Substituting 

R = V 
y 

!=~ 
I A 

or A = IeL 
T 

In calculating the minimum lead size required, A, in circular mils 
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I = peak current, Iv or Ic 

~ = resistivity of copper, 11 .1 ohms -circular mils per foot for 

wire (see Power Data book, section 16.22, sheet 2) or 10.3 for 

bus bar 



(. \ 

L = length in feet of the conductor run 

V = maximum voltage drop permitted 

In calculating the required fuse size, 

fuse size = (I or I ) X 1 .5 v c 
It can be seen that if the load is variable, 

fuse size = (List 2 drain). X 1 .33 X 1 .5 
= (List 2 drain) X 2.0 

ISS A, 802-000-901 SW 
PART B, SECTION 6.1 2 

As an example, assume that a variable - 48-volt load of 40 amps (List 2 load on a miscellaneous 

fuse bay fuse panel) will be fed from a single BDFB fuse. The installed power plant is a 300-type and 

the length of the cable run between the BDFB and the miscellaneous fuse bay is 100 feet. Consulting 

Table 4, SD-80965-01, the maximum permissable voltage drop between the BDFB and the fuse bay is 0.125 

volt (Note that Table 4 lists the loop voltage drop for battery and ground return and therefore the 0.25 

volt must be divided by 2. Some SD 1s will list the "one-way" voltage drop). The "peak" current drain 

may be calculated 

I (List 2 drain) X 1 .33 v 

(40 amps) X 1 .33 = 53.3 amps 

The required lead size, A, is 

= 11 .1 ohms-em X 53.3 amps X 100ft. 
f"t. 

0.125 volt 

cancelling appropriate units { 1 ohm = 1 volt) 
amp 

A = 4. 73 X 1 o5 = 473,000 circular mils 

In consulting the~~ book, table A, section 16.22, sheet 2 (see figure 6.17), it can be 

seen that a single 500,000 lead would be required. 

In selecting the BDFB fuse, the fuse size required would be 

minimum fuse size I X 1 .5 v 

(53·3 amps) X 1 .5 = 80 amps 

A standard fuse having at least an Bo-amp capacity would be selected. The rating of the fuse 

selected should never exceed the current carrying capacity of the fused lead (as shown in table A, sec­

tion 16.22, sheet 2 of the Power~ book). In some cases, this may result in selection of a larger 

size lead than that required to satisfy current and voltage drop requirements. 

A 11Power Lead Calculator 11 (which can be ordered from Western Electric) can be used to make lead 

size determinations. As shown in figure 6.1 8, for a give>n cable length, current carrying requirement and 

voltage drop, the required cable size may be read directly from the calculator. As shown in figure 6.1 8, 
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SIZE AREA 
AWG IN 
NO. CH 

14 4,110 
12 6,530 
10 10 380 

8 lb 510 
6 2b 250 
4 41 740 
2 bb,370 

1/0 105 500 
2io 133 100 
4/0 211,600 

350 000 
500 000 
750 000 

4/0 211 bOO 
750,000 

CURRENT oc 
CARRYING 

OIA RESISTANCE 
CAPACITY 1000 FT AT 

SEE NOTES BARE ZSC( 77Fl 
3 & 4 CONO 

0Hi·1S 
A~IPERES I tlCHES 

T!lmEO 
COPPER COPPEi' 

15 0.064 2.65 
20 O.C51 i .c5 
30 0.102 1.06 
~5 G. lllo J.b79 
&5 0. 18~ 0.~27 
85 0. 232 0.2b9 

115 G.292 0. io9 
150 0.373 0. lOb 
175 C.418 c. 0843 
23;) (). 528 J. 0525 
310 0. e51 0. 0320 
380 0.814 0.0222 
475 0.998 J. 01~8 

235 0.528 lo.0525 
500 0.998 [o.Ol46 

Rt;i< 

60 CY 
RH\.1 

RHw 
HET 

OIA !>EIGHT REAC OVER 6ErlD. PER 1000 fT HIS Ri<O IUS 1000 FT OHMS ltiCHES INCHES POU!IDS 

CGPPE:; 
0.05& 0.19 0.95 2t 
0.051 0. 21 l. ~5 35 
0.051 0. 2.J 1. 20 49 
O.N4 0. 31 1. 55 EJ 
0.045 0.40 2. DO i26 
0. 045 0. ~5 2. 2 5 19: 
0.039 0.51 -. c I:. 

'·"'"" .275 
0.037 0.63 3. 1 5 ~.::; 

0.040 O.b8 3.-40 5~.:. 
. 0.035 0.?8 3. ~J 8i~ 

0.036 0.9g u.•o 1 310 
0.034 1.1 ;> 5.c\l l 51:;. 
0.034 1. )J b. 70 ?.; ?00 

t""IG:lFREFERREC/ (;>~~) \ s::~ ~' J T E: 9) 
_L o.o35 c o. 73 I 3.90 I 314 I 
I o.o34 I 1.34 I b. 70 I 2. ?GO I 

Figure 6.1 7 - Table A, Section 16.22, Sheet 2 , Power Data Book 

--· --, 
RHW 

!·lAX SHIP. 
RH,,l PH<.l 
D I~ t~ET LENGTHS 
O~ER ~.E I :;rlT PER REEL 
l£~\j PE:R Ill fEET Si1E.::OTH 1 oco FT SEE 

I tiCH~S Paurms 1/0TE 7 

S,GOO 0. 25 i 15 
3. a:) c.-- 1 i3 
3 • CG'J 0.; 2 260 
3,CCO C.3o 32U 
2 GCO G • .:7 52.} 
1 50.J 0. 52 h2J 
1 ,GGJ o.sa ??J 
1 ceo ~ ~:;. 1 :~o 
1 c:o 0. 73 1 21 J 
1 ceo 0. =~ 1 S:'G 

750 1 .Gb 2.-:n 
5CO 1. Jq ~ ; c0 
3t0 1. 45 _j.c2Q 

1 ~Con 

3&0 

using the values in our previous example, the calculator also indicates that a 500,000 em lead is required. 

All power supply circuits leading from the power plant to other parts of the central office are 

fused to protect the wiring and the power plant equipment. The carrying capacity of each fuse is limited 

to a value that will protect the wire connected to it against overheating in case of a short circuit or 

ground. Where a large lead supplies current to a number of smaller leads, each of the smaller leads is 

also calculated to handle the office and apparatus load. As stated earlier the fuse size is based on 1 SO% 

of the circuit peak load. 

Series fusing is encountered when intermediate distribution from power equalizers and BDFB's are 

fused and they, in tum, feed equipment fuse panels (EFP) as shown below: 
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the possibility of operating main fuses at the power board. Failure of the main fuse would of course open 

all branch circuits fed from this source. In toll systems, the main fuse should be sized to be the great-

er of (1) 400% of the largest secondary fuse it supplies or (2) 150% of the circuit peak load on the 

main lead. For dial or local systems, the main fuse should be sized to be the greater of (1) 250% of the 

largest secondary fuse it supplies or (2) 150% of the circuit peak load on the main lead. Again, the 

fuse rating should never exceed the maximum current carrying capacity of the lead it is designed to 

protect. 
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7.1 Introduction 

PART B - SECTION 7.0 

BATTERIES, END CELLS AND COUNTERCELLS 

ISS A, 802-000-901 BW 
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As covered in Part B, Section 6.0, charging equipment is used to convert AC power to :CC to op-

erate telephone equipment. Since commercial AC power is subject to failure, it is important that an 

altemate or emergency DC supply be provided in order to protect service. This is accomplished by one of 

two means: installing back-up emergency AC engines and batteries or installing only batteries. 'lhis sec­

tion only covers the engineering of batteries. Part B, section 8.0 outlines requirements for engineering 

emergency engines. 

Most DC power plants are equipped with some form of batter,r back-up which is provided for two 

reasons : ( 1 ) in the event of a commercial AC power failure which renders the charging equipment inoper-

ative, the batteries supply power to the telephone equipment until the commercial AC power is restored or 

an emergency AC supply is activated; and (2) to act as a filter in reducing the noise induced in the DC 

output of the charging equipment. 

In smaller offices, the cost of a stationary emergency AC supply is prohibitive and sufficient 

batteries are provided to maintain service until the commercial AC power can be restored or a portable 

emergency AC supply can be brought to the site. When no stationary emergency AC supply is installed, bat-

teries are usually sized to provide at least 24 hours of continuous service before failing (normally re­

ferred to as a 24-hour reserve) • 

In larger offices, the cost of the batteries required to maintain a 24-hour reserve becomes pro-

hibitive. Therefore, stationar,r emergency AC supplies are installed and only a three-hour batter,r reserve 

need be maintained to provide for starting the engine and transferring the load to it. In offices atten-

ded twenty-four hours a day, normally only a two-hour reserve is required. Under certain conditions (as 

during transition work), the two, three and twenty-four hour reserves can be further reduced with the con-

currence of both Telephone Company Engineering and Plant representatives. 

In engineering batteries for a typical telephone power plant, three approaches are usually 

available for consideration: 

1 . Provide an initially oversized battery string that doesn't require supplementary strings 

through the nominal life of the battery ( 8 or 1 5 years) • 

2 • Provide a smaller battery of such size that a supplementary string will be required in six 

\ to eight years . 

3 • Provide a battery of such size that a supplementary string will be required within approxi­

mately two to three years. 

'lhe approach selected for engineering an initial installation or addition should be based upon economics 
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and certain other factors: 

1. For maintenance reasons, the ult"ilna.te number of battery strings associated with any one 

power plant should be kept to a minimum (generally limited to three or .four strings if pos-

sible). Of course, if a three-hour reserve must be maintained and more than .four strings 

are required, they must be provided. 

2. IT no stationary emergency AC supply is installed, when will one be provided and the battery 

reserve reduced to three hours? 

3. The floor space presently available or projected to be available .for battery strings. 

4. Future plans to replace or relocate the power plant, or replace equipment being se>rved by 

the plant. 

'Ihe Telephone Company engineer is responsible for specifying both the size and number of strings 

to be provided in .a power plant. 

7.2 Types of Battery Plants 

Batteries in telephone plants are norn~ally "floated". The term "floated implies offsetting the 

load with an equal output of the charging equipment. 'Ihis allows the batteries to float on the line, 

neither charging nor discharging. Because of internal losses, the batteries actually require a small 

amount of current. 'Ihus, the battery string is maintained in a fully charged condition and is ready at 

all times to supply the load either during a failure of the AC equipment or during peak periods when the 

drain exceeds the plant charging capacity. Under present operating practices batteries are floated at 

2.17 volts per cell (2 .2 volts per cell for emergency cells). However, it should bE> noted that the open 

circuit voltage of a fully charged cell is about 2.00 volts. The additional 0.17 volt dissipates almost 

immediately after the cell is taken off float voltage. The expected life of the batteries, under float 

conditions, is from eight to fifteen years, depending upon the type of battery used. 

Standard telephone power plants are designed to meet cE>rtain voltage requirements as specified 

in BSP 800-610-165. The basic factor which deternlines the operating voltage range of a power plant is the 

number of cells in the battery plant. Once the number of cells is selected, the plant float voltage is 

automatically cietern~ined (since it will be 2.17 volts per cell multiplied by the total number of cells). 

There are two types of batteries used in present power plants. The lead antimony grid type (KS-

5361, KS-5553 and KS-5562) can be used in any power plant. 'Ihe lead calcium grid type, KS-15544 and KS-

15886 {Md'd), should be used only in closely regulated power plants. Section 3, paragraph 2.7 of the AT&T 

·Power Engineering Manual lists the advantages and disadvantages of each type. In general, all but the 

smallest type plant will use the KS-15544 type unless the KS-5562 floor type is required to provide the 

required battery reserve. Figures 7.1 - 7.3 show the three battery plant equipment configurations that are 

used in most telephone company power plants. 
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Figure 7.3 - Battery- and End Cell Plant 

The plant design in figure 7.1 uses neither end cells nor countercells. Upon rectifier failure, the float 

voltage of the batteries is all that is available to power thP load. Once this voltage drops below a 

specified minimum, the equipment ceases to operate. Certain power plants are only available in this ar-

rangement. o·thers permit optional use of either counter or end cells (see figures 7.2 and 7 .3). Table A 

lists some of the more widely used plants and their operating methods. 

POWER PLANTS PERMITTING 

No Counter Use of Use of 
·or End CE>lls Counter Cells End Cells 

326A 105E 302A, B 

411A & B llOA 702C 

413A lllA 

425A & B 410B 

413A 

·Table A - Rnd or Countercell Arrangements - Typical Plants 

Page 4 

( 

( 

( 



( 

(' 

( 
\ 

ISS A, 802-000-901 SW 
PART B, SECTION 7~2 

Certain power plants (.figure 7 .2) use counter cells to help prolong the necessary battery voltage during 

a power .failure. These plants use more cells in the battery string than are necessary to maintain the 

norma.loperating voltage of the equipment being served. The CEMF cell has no storage capacity and acts as 

a dropping resistor and decreases the voltage in the battery string by a nominal two volts per CEMF cell. 

They can usually be switched out of the circuit either manually or automatically. During a power .failure 

the battery voltage starts to d~op as the batteries discharge. The CEMF cells are switched out of the 

battery string, thus raising the e.f.fectiv~ voltag~ of th~ string by two volts .for each CEMF cell switched 

out of the circuit. Some plants are provided with countercells to reduce the voltage .for test purposes 

only. In these cases they are manually switched into the circuit during testiilg only. 

As an example, some 1 OO-type, 48-volt plants use twenty-four cells which are floated at .5'2 .08 

volts (24 X 2 .17) • A two-volt countercell can be connected in the circuit to reduce the voltage to about 

fifty volts at the equipment fuse panels. In a discharge condition, the countercell is shorted out by 

the countercell contactor. The twenty-four cells will then discharge to the minimum voltage the equip-

ment can tolerate. The Telephone Company engineer is also responsible for sizing the countercells in this 

type of plant. 

In power plants equipped with end cells (figure 7 .3), load current is normally supplied by the 

charging units. If the charging units fail, load current is supplied by the main battery string. Load 

current is fed to the discharge bus through the M (BATT) contacts of the end cell switch. Assume the 

charging units in figure 7.3 have failed. The main battery supplies load current and begins discharging. 

When the discharge bus voltage decreases to a predetermined point, Group 1 end cells will be automatically 

placed in series with the main battery string. As discharge of the main battery string and Group 1 cells 

continues, the discharge bus voltage will again decreas~ to a predetermined lower limit. At this time the 

Group 2 end cells will be placed in series with the main battery string and the Group 1 end cells. Figure 

7.4 shows how the discharge voltage is affected as the end cells are cut into operation. The Telephone 

Company engineer is also responsible .for sizing the end cells in this type of plant. 

7.3 Age Correction Factor 

Engineering Letter (E.L.) 114 discusses in some detail the effect aging has on the capacity of 

a battery. The curves attached to this E.L., reproduced here as figure 7.5, show how the capacity of cer­

tain list 300,400 and .5'00 batteries decreases with age. As the curves show, th~ capacities of these bat-

teries may fall below 100 percent of their rated capacity before the end of their nominal fifteen-year 

life. It is also apparent that the capacities of some decrease more rapidly than others, depending upon 

the type of battery and manufacturer. One of the conclusions drawn in the E.L. is that in sizing KS-1.5'.5'44 

lead-calcium batteries for engineering purposes, it should be assumed that 7.5'% of the rated capacity will 

be available at the end of the nominal fifteen-year life even though the curves indicate otherwise. E.L. 

114 also points out that (1) the capacity of the smaller KS-1.5'886 and .5'361 batteries should b~ assumed to' 

Page .5' 



ISS A, 802-000-901 SW 
PART B, SECTION 7.3 

r 
26 

25 

UJ 
(!) 
<( 

!:i 24 0 
> 

UJ 
(!) 
a:: 23 <( 
J: 
u 
(J) 

Ci 
22 

Point 

Point 

Point 

Point 

Point 

c 

I 
I 
lA 

I 
I 
I 
I 
I 
I B D 
I 
I 
I 
I 
I 
I 
I 
I 

0 .25 

E 

.5 

24 VOLT PLANT 
II CELLS IN MAIN BATTERY STRING 
AND ONE CELL IN EACH END CELL 
GROUP. 

.75 1.0 1.25 

TIME- HOURS 

A - Main battery string begins discharging. 

B - End cell switch moves to position I • 

c - Group I end cells begin discharging. 

0 - End cell switch moves to position 2. 

E - Group 2 end cells begin discharging. 

Figure 7.4 - Power Failure Discharge of 24-Volt Power Plant Havirig End Cells 

Page 6 

( 

( 

{ 

( 



(' 

( 

75 

>-
t-
0 
g_ 
<( 
u 

~ 0 

-
' 

ISS A, 802-000-901 SW 

PART B, SECTION 7.3 

! ' \\ \ C a D AND 
' \ \\ / EXIDE RUBBER 

EXIDE RUBBER p yr 1950- 1954 

SINCE 1955 L~.. \ 
GOULD 

' 

AGE -YEARS 

----- BASED ON SURVEY DATA 

' 'y-1XIDE 
' PLASTIC 

'\ 

---- -ESTIMATED AND EXTRAPOLATED 
( NO SURVEY DATA FOR THAT PERIOD ) 

Figure 7.5 - Aging Characteristics of KS- 15544 Batteries 
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be 1 00% at the end of their nominal 8-year life and (2) the capacity of the KS-5~62 and KS-5553 lead­

antimony batteries should be assumed to be 75% of the rated capcaity at the end of the nominal 15-year 

life. The General Building and Equipment Engineer in his two letters dated 4-15-69 and 11 -12-70 (File 

E-1m0.4) outlined methods for accounting for this reduction in capacity when sizing batteries or deter-

mining hours of reserve. A theoretical increase in load is assumed (referred to as the "drain corrected 

for age"1) which mathematically approximates this decrease in battery capacity. Figure 7.5 may be used to 

determine the rated capacity for list 300,400 or 500 battery strings of a given age if actual capacity in-

formation is not available. 

The age and condition of the battery cells should be taken into account when establishing an 

assumed capacity figure for strings of KS-15886, 5361, 5553 and 5562 batteries. 

BSP 157-601-701, section 3.11, outlines procedures for performing discharge capacity tests (addi­

tional information concerning list 300,400 and 500 cells is contained in the Southwestern addendum to BSP 

157-601-504). When available, results of the discharge capacity tests should be used in establishing the 

capacity figure to be used in battery calculations for a particular string. As can be seen in table 2 of 

E.L. 114, a discharge capacity test sample indicates the general capacity range of the entire string. For 

battery calculations, a specific capacity figure must be established from this indicated range. 

For example, let's assume that a discharge capacity test of four cells of a string (KS-15544) 

indicate the following capacities: Cell No. 1 (bottom shelf of stand) - 71 .6%; Cell No. 7 (bottom shelf) -

73.0%; Cell No. 14 (top shelf) - 72.5%; Cell No. 16 (top shelf) - 69.2%. The average of this four-cell 

sample is 71 .6%. Since there appears to be no major difference between the capacities of the cells on the 

top and bottom shelf, it probably can be assumed that the four-cell sample is representative of the string 

capacity. Therefore, a capacity figure of 72% can be used in completing battery calculations. If, on the 

other hand, the four-cell sample indicated the following: Cell No. 1 (bottom shelf) - 82.1%; Cell No. 7 

(bottom shelf) - 85.3%; Cell No. 9 (bottom shelf) - 84.4%; Cell No. 16 (top shelf) - 63.8%, something other 

than the four-cell sample average (78.9%) should probably be used in completing the appropriate battery 

calculations. Assuming a two-tier stand with twelve cells on each shelf, the following averaging process 

may be more appropriate: 

12 (84%) + 12 (79%) = 81.5% 
24 

where 84% is the approximate average capacity of the cells on the bottom shelf and 79% is the assumed aver-

age capacity of the cells on the top shelf. 

In most cases, when sizing new batteries, the manufacturer of the batteries to be furnished by 

Western Electric Company is unknown. It must be assumed that 75% or 100% (depending on the KS of the cell) 

capacity will be reached at the end of the nominal life unless KS-15544 cells are being installed (figure 

Line J of the "Power Plant Data Sheet" (see figure 7.11) 
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Once the capacity figures have been determined for each string, table B can be used to deter­

mine the age-correction factor. For example, if' the capacity of' a string was estimated to be 80%, table 
B indicates that the age-corrected drain would be obtained by multiplying the actual drain by 1 .20 (the 

age correction factor). 

CAPACITY OF o/o INCREASE AGE 
CORRECTION BATTERY,% IN LOAD FACTOR 

100 0 1.00 
95 5 1.05 
90 10 1.10 
85 15 1.15 
80 20 1.20 
75 25 1.25 

Table B - Age Correction Factor for Various Battery Capacities 

Since many power plants have more than one string of' batteries, applying the age correction f'ac-
tor to determine the reserve becomes more difficult, especially if' the batteriPs are of' different sizes 
or were installed at different times. Figure 7.6 shows the form to be used when computing the age cor­
rection factor for multiple string plants. An example of' a completed form SW-.5074 is shown in figure 

7.1 2. 

7.4 Battery String Sizing and Replacement 

As stated in sections 7.1 and 7.2 the Telephone Company engineer is responsible for sizing the 
batteries and end cells in the various power plants. Each type of' equipment has high and low emergency 
operating voltage limits. The term "final volts per cell" (FVPC) represents the lowest voltage per cell 
in a battery string that can bP reached before equipmE>nt failures begin. BSP 800-61 0-16.5 lists the oper-
ating voltage limits for the various types of' equipment. The voltage limits given in this BSP are at the 
equipment fuse panels and not at the battery terminals. The allowable voltage drop between the battery 
and the circuit fuses is usually shown on the discharge circuit for each power plant. 

The first step in selecting the battery size is to determine the final volts per cell (FVPC) 

that can be tolerated. The FVPC is the minimum voltage that can be experienced across each cell in a bat-
tery string while still providing satisfactory operation of' all equipment components served by that string. 
It is determined by dividing the sum of' (1) the most critical (highest) low emergency voltage limit and 

(2) the voltage drop bE>tween the batteries and that equipment item by (3) the total number of' cells that 
will be in the battery string after the countercells have been switched out or the end cells have been 
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Minimum emergency voltage limits may be obtained in BSP 800-610-165. Voltage drop limitations 

between the batteries and the served equipment are normal~ reflected on the SD drawings for the dis-

charge circuit. As outlined in the AT&T Power Engineering Manual, no final volts per cell above 1 .90 or 
below 1 • 75 should be usf'd in the selection of a battery plant. Below 1 • 75 volts/cell, performance of 
individual cells is erratic and considerable power is reouired to recharge th~ batteries (becaus~ of the 
inefficiency of the cells discharged below 1 • 75 volts/cell) • Since the voltage per cell drops rapidly 
from 2.17 volts per cell when batteries are taken off of float voltage, no final volts per cell greater 
than 1 .90 should be used. Section 1 of the AT&T~ Engineering Manual shows several examples of cal­
culating the minimum allowable FVPC. 

The second step is to pick a battery string(s) that will provide adequate reserve at the pro-

jected discharge load assuming an appropriate FVPC. As discussed in part B, section 7.1 , sufficient bat-
tery reserve is usually provided to permit operation of the offioe for a minimum of three or twenty-four 
hours. A three-hour reserve is usually maintained in locations equipped with stationary emergency en-
gines and a 24-hour reserve in all others. How~ver, with the agreement of the appropriate Plant repre-

sentatives, either a shorter or longer reserve may be maintained. For instance, if a location is attend-
ed twenty-four hcurs a day, the time needed to start the emergency engine and transfer the loads to the 

emergency bus is reduced and on~ a two-hour reserve need oo maintained. An office 1s reserve may also be 
temporari~ reduced during power transition work. This should be coverPd with the appropriate Plant rep-
resentatives at some time prior to the start of the job. 

In some cases, it may be appropriate to provide more than twenty-four hours of reserve. For 
instance, an office not equipped with an emergency engine and located in a remote area subject to frequent 
AC power failures may be engineered for more than a twenty-four hour reserve because of the extreme diffi-
culty in reaching the site. 

When provided, the three-hour reserve should be sufficient to carry the office for three hours 
at the busy hour (busy season) load. The 24-hour reserve should oo sufficient to care for the projected 
busy season 24-hour drain. 

Section 3 of the AT&T~ Engineering~ contains tables that show the discharge capaci-
ties of the standard available batteries at the various FVPC. This information is also reflected in graph 
form in section 5 of the ~ Data book. Both of these sections also list the physical and electrical 
characteristics of the available batteries. 

When engineering for a 24-hour battery reserve, the variable and constant components of the busy 
hour drain must be identified (see part B, section 4.~). In addition, the power failure drain must also 
be determined (see part B, section 4.6). If the drain for a particular plant is comprised of both 
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variable and constant loads, a graph of this drain for a 24-hour period might look like that shown in fig­

ure 7. 7. If the total area under the curve (ampere-hours) could be detemined, it would reflect the bat-

ter,y capacity needed to carry the office for twenty-four hours. Since, this area is not easily detemined, 

( 

it can be approximated using the following method: ( 

1 • Detemine the BH peak drain for the variable load and convert it to an equivalent 24-hour 

drain. In this conversion process, assume the BH drain will be experienced for eight hours. 

2. Determine the constant drain. 

3. Determine the power failure drain. 

4. Total 24-hour drain = 1 +2+3. 

Steps 2 and 3 are rather straight forward and are discussed in part B, sections 4.2 and 4.6. 

The equivalent 24-hour variable drain (step 1) may be determined in the following manner: 

A. Calculate the variable drain by subtracting the constant drain from the BH peak. In our 

example shown in figure 7.7, this is 50 amps (BH peak) -10 amps (Constant}= 40 amps 

(variable). 

B. Convert this 40 amps of variable drain to an equivalent 24-hour drain using the table shown 

in figure 7.8 for the appropriate final volts per cell (assume 1 .90 for this example). 

w 
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Figure 7. 7 - Typical 24-Hour Batter.r Drain 

12N 

TIME 

PONER 
FA lURE 

12M 

:t: 
CD 

( 

( 

In making this conversion, it is first assumed that the variable drain is an 8-hour drain and \ 

could be represented graphically as fo·llows: 
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VARIABLE 

j 
CONSTANT 
___t_ 

12M 

The cross-hatched area above represents the total ampere-hour discharge of the variable drain 
and closely approximates the area of the cross-hatched section in figure 7. 7. However, as can be seen in 
figure 7. 7, the variable drain discharge occurs over a 24 rather than an 8-hour period. Initially, math­
ematically averaging the variable drain over the 24-hour period (40 amps + 3 in our example) might appear 
to be an acceptable method for recognizing that the drain actually occurs over a 24-hour periOd. However, 
a mathematical averaging process fails to account for the non-linear discharge characteristics of the 
batteries. For example, referring to the discharge curves in figure 7.10, it would require 6 hours for a 
list 409 cell to discharge to 1 • 75 volts if the imposed load were 1 00 amps. Assuming linear discharge 
characteristics, a load of 50 amps (one-half the load) would require 12 hours (twice the time) to discharge 
to the same 1.75 volts. However, it can be seen in figure 7.10 that the 50-amp load actually requires 15 
hours to discharge the cell to 1 • 75 volts. 

The equivalent 24-hour variable load can be derived through a somewhat tedious procedure using 
the appropriate battery discharge curves. However, the table shown in figure 7.8 can be used in making 
th1~ conversion •. ~s t~e note at the bottom of figure 7.8 indicates, the equivalent 24-hour variable drain 
is simply the assumed 8-hour drain divided by the conversion factor. 

In our example, the conversion factor for the 40-amp variable load would be 2.22 (assuming 1.90 
FVPC). Therefore, the 24-hour equivalent variable load would be 40-amps + 2.22 or 18 amps. The total 24-
hour battery drain may then be calculated to be 18 amps ( 24-hour equivalent) + 10 amps (constant) + 1 0 
amps (assumed power failure) = 38 amps. 

The battery size required to maintain a 24-hour reserve could be determined by entering the bat­
tery discharge curves at 38 amps (assuming an age correction factor of 1 .0) and proceeding horizontally to 
the right until the 24-hour reserve line is intersected (point G) ) . In this case (see figure 7 .9), the 
two lines intersect at the L-501 curve. If the two lines intersect betwE>en two discharge- curves, the 
larger batteries should usually be selected since- installation of the smaller batteries will result in a 
reserve of less than 24 hours. 

The process for checking the hours of reserve provided by an existing battery string is similar. 
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Discharge Final 
Volts per Cell 

1.75 

1. 78, 1-79, 1.80 

1.83, 1.84 

1.86 

1.88 

1.90 

8-Hour Conversion 
Variable Drain, Amps Factor (see 

note 1) 

0-4.0 2.17 
4.1-7.0 2.33 
7.1-15.0 2.50 

15.1-25.o 2.44 
25.1-750.0 2.35 

750.1- 2.20 
0-4.0 2.10 

4.1-7.0 2.30 
7.1-13.0 2.40 

13.1-24.0 2.34 
21±·1-52_.0 2.18 
55.1-300.0 2.27 

300.1-600.0 2.14 
600.1-800.0 2.25 
800.1- 2.11 

0-4.0 2.26 
4.1-8.0 2.32 
8.1-15.0 2.55 

15.1-30.0 2.12 
30.1-150.0 2-25 

150.1-300.0 2.17 
'300.1- 2.10 

0-u.O 2.1'3 
4.1-8.0 2.33 
8.1-15.0 2.44 

15.1-30.0 2.15 
30.1-250.0 2.20 

250.1-700.0 2.1,} 
700.1- 2.10 

0-3.0 2.01 
3.1-7.0 2.25 
7 .l-13.0 2._38 

13.1-40.0 2.1L. 
J±O.l-200.0 2.17 

200.1- 2.08 
0-3.0 1.96 

3.1-5.0 2.18 
5.1-10.0 2.28 

10.1-uO.O 2.22 
40.1-150.0 2.17 

150.1-300.0 2.20 
300.1- 2.02 

Note 1-24-hour equivalent va1"iab1e drain = 8-hour variahJP drain + conversion 
factor 

Figure 7.8 - 24-Hour Equivalent Variable Drain Conversion Factor 
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Figure 7.9- TYPical Use of Batter,r Discharge Curves in Calculating a 24-Hour Reserve 
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The discharge curves should be entered at the appropriate 24-hour battery discharge drain and followed 

horizontally until the discharge curve for the installed battery is intersected. The hours of reserve 

associated with that drain may be determined by reading down vertically to the horizontal axis. In the 

example of figure 7.9, assume that the power plant is equipped with one battery string of KS-1 5544 L-409 ( 

cells. To determine the battery reserve, enter the discharge curves at 38 amps and proceed horizontally 

until the L-409 curve is intersected (point @ ) . In reading down vertically, it can be determined that 

this one string provides a 17-hour reserve, which indicates an additional battery string is needed (to 

meet the 24-hour reserve requirement). 

For power plants having only a constant drain, there is no variable component and the 24-hour 

battery drain consists only of the constant drain plus the power failure drain. Assume in figure 7. 7 that 

the variable drain did not exist; the 24-hour drain would be 20 amps, 10 amps (constant) + 10 amps (power 

failure). The process for determining the appropriate battery list number or hours reserve would be the 

same as above, except that 20 amps, rather than 38 amps, would be used in making the determinations. 

In making determinations for power plants requiring only a 3-hour battery reserve, it must be 

assumed that the failure will occur during the office busy hour. Therefore, the total battery drain con-

sists o.f the BH peak drain plus the power .failure drain or, for constant drain plants, the constant drain 

plus the power failure drain. As an example, assume that the total battery drain corrected for age is cal-

culated to be 350 amps and the FVPC required is 1 .75. To determine the appropriate size battery to carry 

the load for 3 hours, use the battery discharge curves .for 1 .75 volts per cell (see figure 7.10) to find 

the intersection o.f the 350-amp drain and 3-hour reserve .line (point Q) ) . As seen in .figure 7.1 0, these 

two lines intersect at a point between the discharge curves for the L-505 and L-5o8 batteries. The 3.50-amp 

drain line intersects the L-.50.5 curve at approximately 2.6 hours and L-.508 at approximately 4 hours. 

Therefore, in order to meet the minimum 3-hour reserve requirement, L-.508 cells must be provided. 

To determine the hours reserve provided by an existing battery string, enter the discharge 

curves with the 3-hour battery drain and proceed horizontally until the discharge curve for the existing 

battery is intersected. Then read down vertically to determine the hours reserve. For example assume the 

3-hour total drain corrected for age is 500 amperes for a power plant with one string of L-.508 batteries 

requiring a FVPC of 1 • 7.5. Enter the discharge curves at .500 amps and go horizontally until the L-5o8 curve 

(point ® in .figure 7.1 0) is intersected. Reading down vertically it can be determined that the string 

of L-.508 cells provides a 2.2-hour reserve. This would indicate that an additional battery string is need-

ed to meet the 3-hour minimum requirement. 

In some cases multiple battery str.ings must be provided in order to meet the reserve requirement. 

In others, the choice may exist between one large string or two or more smaller strings. Use of the bat­

tery discharge curves has been discussed previously and, for the sake of clarity, all thP examples were 

based upon use of only one battery string. In those cases where morP than one battery string is installed 
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FOWER DATA SECT:5:15 SHEE.I:2 
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Figure 7.1 0 - Typical Use of Battery Discharge Curves in Calculating a 3-Hour Reserve 
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or being considered for installation, it is first necessary to determine what portion of the load each 

battery string will assume during a discharge condition. The following formula may be used to calculate 

the number of amperes which will be handled b.1 any one battery string during a discharge condition: 

Amperes =·Ampere-hour rating of one batterr string X total discharge amperes (corrected for age) (-) 
Total ampere-hour rating of all strings 
in parallel 

Once this has been determined for each string, the hours of reserve can be> determined or verified. The 

discharge curves are used in the same manner as that shown in prPvious examples, except that only the 

drain associated with each string is use>d in making the determination. If calculated properly, the hours 

of reserve provided b.1 each string in a multi-string plant should be the same, since each string assumes 

a portion of the load in direct proportion to its stated capacity. 

For example, assume a power plant has a battery discharge drain corrected for age> of 600 amps 

and is presently equipped with one string of KS-15544 L-508 cells and 1 string of KB-15544 L-505 cells. 

The office is equipped with a 303A power plant and discharge to 1. 75 FVPC is permissable. The AT&T Power 

Engineering Manual shows capacity of the L-508 to be 1680 ampere-hours (A.H.) and the L-505 to be 1320 

A.H. The discharge load the L-508 will carry is then determined as follows: 

Load 508 = 1680 X 600 = 336 amps 
1680 + 1320 

The L-505 will then carry the difference, or 264 amps. The discharge curves for 1 • 75 FVPC show that for 

336 amps a L-508 string has approximately 4\ hours reserve and that at 264 amps a string of L-505 1 s has 

the same reserve • 

Sizing new batteries for a multi-string plant is not always straight forward and may require a 

trial and error process. For example, if a 3-hour reserve was required at 1.75 FVPC for a.600-amp load, 

the discharge curves will show that this falls between the L-508 and L-04 curves. The choice then lies 

between one L-04 or two or more smaller strings. The curves show that the load could be· carried using 2 

strings of L-508, or 3 strings of L-501, or 6 strings of L-407, or perhaps a combination of thPse. In 

making this selection, it may be desirable to use the economic study tPchniques outlined in part B, section 

2.2. In general, it will be found that, economically, the KS-5562, tank-type cells cannot be justified 

except in the larger 300- or 700-type plants, where the number of KS-15544 L-508 strings required to meet 

the reserve would be great. 

For maintenance and cost reasons, the objective should be to keep the number of strings to a 

minimum. For a new plant it usually will be found best to engineer all battery strings to be the same type 

and size. It is usually only as a plant grows that mixing of battery types and sizes will be required or 

justified. 

All of the examples used in the sizing of batteries or determining the reserve have used the bat-

tery discharge curves from the Power Data book. These curves were constructed from information shown in 

the battery discharge ampere capacity tables in section 3 of the AT&T Power Engineering ~· These 
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tables can be used in lieu of the curves for most battery calculations and can be read with considerably 

mo!'f> accuracy. 

The "Power Plant Data Sheet", fom SW-5073, is used to record and summarize battery reserve 

calculations, power plant data and emergency engine data (see figure 7.11). This fom is included in the 

Vice President-Engineering's and Chief Engineer's copies of the estimate request if money for power plant 

equipment is included in the estimate request. When the age correction factor is not the same for all 

strings shown on the "Power Plant Data Sheet", the "Age Correction Factor Calculation Sheet", form SW-

5074, should also be included in appropriate copies of the estimate request along with the "Power Data 

Sheet" (see figure 7 .12). If no power equipment is being added, a "Power Plant Data Sheet" or an updated 

copy of the SWX-XXXX-550-G drawing should still be completed and included in the Chief Engineer's copy of 

the estimate request. 

As discussed in section B, part 7.3, the capacity of a string of batteries decreases with age. 

The typical curves shown in figure 7.5 reflect only statistical averages of this aging process. The capa-

cities of individual strings may deteriorate at much slower or faster rates than those shown in these 

curves. Since the capacity of the string will eventually deteriorate to the point that the string should 

be replaced, the capacities must be monitored at periodic intervals. 

BSP 1 s 157-601 -501 thru 505 (including Southwestern addendums) outline reauirements for complet-

ing these capacity tests. In some cases, an addendum specifies when the initial and subsequent capacity 

tests should be made and detail the criteria to be used in evaluating the results of those tests. If the 

capacity tests indicate a string should be replaced, the appropriate Plant organization should forward to 

the Engineering department a copy of the test results, a Central Office Equipment Recommendation and an 

Engineering Complaint if appropriate. An Engineering Complaint may be processed if the string has not 

lasted as long as its anticipated life (as outlined in Table B, BSP 157-601-701). 3lbmission and success-

ful action on an Engineering Complaint results in credit being issued by Western Electric for the unused 

portion of the battery life. In deciding whether or not the Engineering Complaint should be processed, 

the Equipment Maintenance Engineer's organization must decide if the prospective credit allowance justi-

fies the costs associated with processing the complaint. Justification for replacing a battery string 

because of suspected deteriorated capacity must be based on capacity tests rather than on the age of the 

batte~ in comparison to its anticipated life. 

At times, thP condition of individual cells in a string may justify replacement of the affected 

cells (see BSP 157-601-703 for typical examples of defective cells). If three or fewer cells are in-

volved, Plant personnel may choose to replace the cells on a maintenance basis. Otherwise, the Engineer-

ing department should be sent a C .0 .E .R. outlining the condition of the cells and requesting replacement 

of the string. 1•1hen replacing individual cells in a battery string, the Bell Laboratories recommends that 

the replacing ce,lls be of the same manufacturer as the other cells in the string. Both the float (see BSP 
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OFFICE _x_Y_z ___ _ POWER 

DATA 
PLANT 

SHEET CITY Big Town 

SPEC NO 4A30.i9 

.... 
z 
C( 
..J 
a. 

0:: 
11.1 
a. 

~--~-"1 
A .... 

~ B 
~ 
0:: 
11.1 a. 
I 

~ 
0 
j:: 
C( 
..J 
:;:) 
(.) 
..J 
C( 
(.) 

~ 
f5 
(I) 
11.1 
0:: 

> 
0:: 
1&.1 .... .... 
C( 
ID 

c 
D 

E 

F 

G 

H 

K 

l 

____ VOLT PLANT 

TYPE OF PLANT 

PLANT CAPACITY (AMPS) 

TOTAL EQUIPPED CHARGING CAPACITY(AMPS) 

CHARGING CAPACITY, LARGEST UNIT (AMPS) 

FINAL VOLTS PER CELL 

BATTERY STRINGS - QUANTITY /LIST ~YEAR INSTl 

BUSY HOUR PEAK DRAIN (AMPS) 

VARIABLE DRAIN (AMPS) 

VARIABLE ·DRAIN - 24 HOUR EOUIV. (AMPS) 

CONSTANT DRAIN (AMPS) 

POWER FAILURE DRAIN-ADDITIONAL (AMPS) 

TOTAL BATTERY DISCHARGE DRAIN (AMP$) 

AGE CORRECTION FACTOR -ALL STRINGS 

TOTAL DRAIN CORRECTED FOR AGE {AMPS) 

BATTERY RESERVE PROVIDED (HRS) 

BATTERY RESERVE REQUIRED ( HRS) 
..... --t rl MAXIMUM DEMAND (KW)- THIS PLANT 

MAXIMUM DEMAND ( K W)- TOTAL OFFICE 

ENGINE -ALTERI'JATOR CAPACITY (KW) 

DATE 

ESTIMATE 
ftftUEST 10000 

~-IEsnMATED t.t*1i i9_ 

111 A 

I 400 

300 

100 

1.90 

lilA 

400 

400 

100 

1.90 

30JA 

2000 

1200 

400 

1.75 

1/505( 196t I/505(196C i1/S08( 197'3 
1/S08(197l 1/508( 198c 

180 

160 

20 

15 

. 2 195 

1.25 

245 

2.5 

3 

3 13.5 

20 

30 

260 

200 

60 

15 

275 

1 • 11 

305 

7.2 

3 

19.5 

27 

30 

600 

4oo 

200 

25 

625 

1 .13 

705 

4 

3 

45 

55 

75 

NOTES: SHOW TOTAL CHARGE CAPACITY RATING OF THE POWER PLANT 

2. FOR 3 HOUR RESERVE - B + 0 + E 

FOR 24 HOUR RESERVE - C + D + E 

3. K W RATING· FOR BH PEAK DRAIN 

Figure 7.11 -Power Plant Data Sheet, Form SW-5073 
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157-601-701, par. 3.02(a)3) and aging characteristics of the various manufacturer's batteries vary and 

every effort should be made to avoid mixing cells of different manufacturers in the same string. 

The equipment engineer requesting authorization for replacement of a battery string is respon-

sible for determining that the criteria for replacement are being met (in many cases this determination ( ) 

may have already been made qy th~ EquipmAnt Maintenance Engineer's organization). 

Occasionally, battery strings being removed from an office may be available for reuse at another 

location. A capacity test should be conducted (if not completed recently) and a determination made as to 

the adequacy of the string for reuse bei'ore it is shipped to its new location. Arrangements must be made 

to ship the cells i'illed with electrolyte and, upon receipt at the new location, a second capacity test 
{ 

should be conducted to insure that the cells were not damaged during shipment. 

7.5 Countercell Sizing and Replacement 

As outlined in section 7.2, countercells are used to decrease the plant discharge voltage by 

approximately 2 volts per countercell. In some power plants they are normally in the discharge circuit 

and are switched out only during power failures. In others, they are only switched into the circuit to 

obtain the proper test voltage level or to reduce the discharge voltage during the time a battery boost 

charge is being applied. The number of' countercells required to drop thf> voltage depends upon the code 

(as 111A) and voltage of' the power plant. Since the countercells are in the discharge circuit, they must ( 

be able to handle the maximum discharge (plant) capacity of the associated plant. If more than one is 

used in series, as required in some plants, then each one must be sized to the maximum discharge capacity. 

In some cases, the discharge capacity may be greater than the capacity of arry available single countercell. 

The capacity may then be provided qy paralleling two or more countercells. It is the responsibility of 

the Telephone Company engineer to size the initial countercells and to replace existing ones if the drain 

data indicates the load will exceed the rated capacity of the countercells. When engineering in an office 

equipped with a countercell, the countercell's capacity should always be checked against the discharge 

drain. 

There are three types of' countercells found in most power plants: (1) wet, (2) dry and (3) 

resistor. The wet-type provided per KS-5170 is no longer used in new plants but may be found in some 

existing plants. They require considerable maintenance, and present some explosion and fire hazards. The 

wet-type cell should be replaced with the dry-type when either unusual maintenance conditions exist or a 

change in capacity is required. In addition, wet-type cells should be replaced in all unattended ofi'ices 

on a next-job basis, and, because of the extreme difficulty in adding to and replacing the CEMF solution, 

may be considered for replacement in an attended office if it is located on the top shelf of a three-tier 

rack. 

There are two major types of dry-type (semiconductor) countercells presently in use: the selen­

ium KS-15928 and silicon KS-20637· Both of' these ofi'er substantial advantages over the wet-type since 
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they require very little maintenance en~ do not present a f'ire or explosion hazard. Using the selenium 

cell, which was the first dry-type cell available f'or use, there is a possibility that a heavy load short 

circuit might open-circuit the cell before thP circuit fuse operates. Therefore, plants utilizing the 

selenium cell under load conditions must be modified to prevPnt a service interruption (see AT&T~. 

Engineering Manual, section 3, paragraph 3.1 S). The newer silicon cells f'ail short-circuit, thereby elim­

inating the possibility of' a service interruption. All new plants equipped for countercell operation are 

designed to use dry-type countercells, with the silicon-type being specified wherever possible. The draw­

ings of' some of' the power plants are being changed to reflect use of' the silicon rather then the selenium 

cell, depending upon the size end type of the plant. 

Load resistors were used in some of' the constant-drain, small-capacity, older power plants. 

The voltage drop across the resistors is directly related to the size of the dischargP current; there­

fore, this arrangement usually provides a means for strapping out part of the resistance when the dis-

charge current is below the maximum rated capacity of' the resistor. This allows the voltage drop to be 

adjusted to approximately the desired value. A number of' these plants now have provisions f'or replacing 

the resistor with dry-type countercells. This usually is done only when unusual maintenance conditions 

exist or a change in capacity is required. The discharge circuit of' the power plants list the codes of' 

the resistors that are used as countercells. The Power Data book, section S, gives complete descriptions 

and capacities of' most of' the wet- and dry-type countercells. This information also indicates that the 

voltage drop f'or all wet-and dr.v-type countercells varies somewhat with their operating temperature end 

the load being handled. Except in abnormal situations, these output variations can be ignored. Section 

14 of the ~ ~ book provides the same information f'or dropping resistors. 

To illustrate the steps required in sizing CEMF cells, three examples will be considered. 

First, assume that a new -48 volt, 111A power plant with a discharge capacity of' 400 amps is being engi­

neered. The projected BH load is 120 amps and the plant is equipped initially with three 1 00-amp recti-

f'iers. The countercell should be sized for the maximum plant discharge capacity, which in this case is 

400 amps. One KS-20637, L2 silicon dry cell, rated at 400 amps, should be specified for use in this 

plant. 

As a second example, assume the wet-type countercells in a 24-volt, 11 OA power plant are being 

replaced. The plant is equipped with a discharge capacity of' 120 amps and four 30-amp rectifiers to 

handle the projected 80-amp BH load. Since the plant is equipped with two series-connected countercells 

(for a 4-volt drop), each one should be sized for the 120-amp plant discharge capacity. Two KS-20637, 

L-1 silicon dry cells, rated at 120 amps each, should be specified. 

Finally, assume a growth job is being engineered in an office and the capacity of the counter­

cell must be checked. The office is equipped with a -48 volt, 11 OA power plant, with a discharge capacity 

of 120 amps. The present BH load is 60 amps with a projected BH load of 8S amps. There are three 30-amp 
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rectifiers in the plant and the installed countercell is a KS-51 10, L-150. 'l'he ~ ~ book indicates (~' 

' the capacity of the KS-5170, L-150 is 75 amps. '!'his wet-type countercell should be replaced on the growth 

job with a 120-amp capacity dry-type cell per KS-20637, L-1 • 

Some power plants that use countercells may be arranged for more than one discharge circuit or ~-~ 
load. Each of these discharge circuits must be equipped with separate countercells that match the maximum 

discharge capacities of the individual discharge loads. 'l'he 11 OA power plant, as an example, can be ex­

panded to a maximum discharge capacity of 640 amps: two 120-amp discharge loads and one 400-amp load. 

One 120-amp countercell should be provided in each of the 120-amp discharge circuits and one 400-amp 

countercell in the 400-amp discharge circuit. When separate discharge loads are provided, the capacity of 

the individual discharge circuits should not be exceeded. It is, of course, quite possible to exceed the 

capacity of one of the discharge circuits while still being well below plant capacity when all loads are 

considered. Care must be taken to insure that the load is balanced among separate loads (when provided) 

to eliminate the possibility of a severe service interruption. 

Some of the smaller power plants may use a different type of dry countercell than those previous-

~ discussed. 'l'he individual plant discharge circuits will provide information concerning the type to be 

used. For example, the 41 OB, 130-volt, 66-cell plant was originally equipped with either 25-amp or 40-amp 

load resistors. 'l'he discharge circuit indicates the resistors can be replaced with a J86864C-1, 40-amp 

CEMF unit which provides a dry-type, KS-20019 countercell. In this case, engineering infonnation is pro­

vided in the power plant BSP, the discharge circuit SD, and equipment J drawing rather than in the ~ 

~book. 

7.6 Battery Stands 

Some of the small power plants provide a tray on the plant control and/or rectifier bays for 

mounting the batteries and countercells. All others, except the Ks-5562 floor-mounted battery cell, will 

require a separate battery stand. The 8o2-D00-000 BSP index lists some of the BSP's that are available to 

help in the selection. of battery stand equipment. 'l'he individual power plant battery equipment BSP 's will 

also usual~ reference the associated battery stand equipment. In order to avoid a building addition (and 

only as a last resort), a battery string can be split between two stands if adequate floor space is not 

available to include all the cells on one stand. 

Selection of a battery stand and its location usually depends on one or more of the following: 

1 • Available floor space 

2. Accessibility for maintenance 

3. Future planned building additions 

4. Future power plant growth plans 

5. Busbar and cable arrangements or restrictions 

6. Distance from power plant 
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If a new office is well planned, provisions are usually made for the orderly growth of all power plant 

equipment, including the battery stands. In these instances, the floor plans should. show the intended 

locations for the optilnum number of battery stands the plant will require. In many cases (especially in 

older offices), the floor paln layout will not indicate location of future battery strings and the pre-

ceding criteria must be used in selecting and locating the battery stands. The ~Plan Data book pro-

vides some of the minilnum dimensions that should be maintained between the sides of a battery rack and 

the adjacent equipment. Additional infonnation is provided in section 7 of the AT&T Power Engineering 

~· 
One of the most important of the previously mentioned seven items is the provision of adequate 

accessibility for maintenance purposes. The stand should, if at all possible, be placed where both sides 

are exposed and can be reached during maintenance activities. When one side of a two-row stand is placed 

against the wall, the inside row of battery cells is difficult to maintain and presents a safety hazard 

to Plant personnel. In addition, replacement of individual cells is made much more difficult. Locating 

a battery stand against a wall should be done only as a last resort and preferably only when a single-row 

stand is used. The 3T-1 R stand is presently ·rated non-standard and will only be provided on a job (piece 

part) basis at the Telephone Company engineer's request. The 3T-2R stand is still standard for some 130-

volt applications but its use should be avoided because of the difficulty in accessing all cells for 

maintenance personnel. 

The bus-bar and cabling arrangements are also of prilne ilnportance, and may at times be the con-

trolling factor in floor plan layout and stand selection. The battery stand arrangement should be layed 

out to minilnize the amount of busbar or cable required for not only the length of the run but also because 

of voltage drop considerations. 

Usually the Western Electric Company engineer will select new battery stands to meet the re-

quirements of the batteries selected by the Telephone Company engineer. The stands will usually be locat­

ed as specified by the Telephone Company engineer on the floor plan drawings. The Western Electric engi-

neer is also responsible for selecting the proper interoell, interrow and intertier connectors. In those 

instances :where the Telephone Company engineer details the job, he is responsible for ordering these items. 

New intercell, interrow and intertier connectors should usually be ordered when a complete battery string 

is being replaced. 

\ 7. 7 Battery, Countercell and End Cell Entries, SWX-:XXXX-550-G Drawing 

The information outlined in this section may be used to record certain data in sections III A, 

B and C of the SWX-:XXXX-550-G drawing as follows (see figure 7 .13) : 
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Practice Section 550-G Drawing Ent~ 

IIIA, Lines 7 & 8 B, 7.3 

B, 7.4 

B, 7.4 

B, 7.5 

IIIA, Lines 3, 9, 10 & 11 

IIIB & IIIC 

IIIC 

Section IIIC will list any end cells or countercells associated with the power plant. If end cells are 

used, this section will contain an entry for each battery string, since end cells are furnished on a per 

string basis (see figure 7.13). If countercells are used, this section will contain an entry for the 

countercells in each discharge circuit (see figure 7.13). The capacities for countercells should be shown 

in parenthesis under the "Type 11 column. 

Sections IIIB and IIIC are designed to reflect end of engineering period quantities. When a 

string(s) or cells arP being replaced, duplicate entries may be made to reflect both old and new guanti-

ties until the new equipment is installed. For batteries, thP 11Manufacturer" column should reflect the 

type battery case (plastic or rubber) installed. 

A. BATTERY RESERVE CALCULATIONS 

I. B.H DRAIN-AMPS 
2. VARIABLE DRAIN-AMPS 
~ VARIABLE ORAl N ~ 24 HO,'R EQUIVALENT- AMPS 
4. CONSTANT DRA!~. ~t..MPS 
3. POWER FAILURE ADDiTIONAL DRAIN~ AM 0 S 
6. TOTAL BATTERY DISCHARGE DRAIN-AMP~ (NOTE I ) 
7 AGE CClhRECTJON FACTOR~ ALL STRINGS ( NOTE 2 ) 
B. TOTAL DRAIN CORRECTED FOR AS£ -AMPS ( 7 X 8) 
9. BATTERY RESER·/£ PP.OVIL>ED- HOL'RS 

10. BATTERY RESERVE REQUIRED- HOURS 
II. FV PC 

PRESENT 

160 
108 

52 -76--
236 
10 
236 
2.7 
3.0 
1.90 

220 
133 

--- 87 
76 

306 
I 04 
318 
7.0 

:::_ 3.0-
1.90 

NOTES: I FOR 3 HOUR RESERVE= LINES 2 + 4 + 5 ; FOR 24 HOUR RESERVE= LINES 
2 AGE CORRECTION FACTOR PER STRING' ~:~s~~~R PE~ (~\.ol. B(I.Ol 

B. POWER ENGINEERING PERIOD BATTERIES, END OF 

~RING TYPE (KS #) LIST# # CELL:S OATEINST SPEC MANCF 
A KS-15554 505 24 10-68 14431.72 EXID£ (PLASTIC) 
B KS-15554 508 24 9-73 443l.I04 EX IDE (PLASTIC} 

c i 

D ! 

E 
F 
G 
H 

C COUNTERCELLS I E14B SELLS, END OF POWER ENGINEERING PERIOD 

CAP 
CAP. 

r~·-(.J'l TYPE (KS#} OR CODE LIST# #CELLS loATE INS SPEC MANL!FACTc.JRER 1 
A KS-20637, {120A) I I 9-73., 4431.104-. -
B ..... (120Al I I ~ 4 
c .1. (400AJ 2 I ... 
D 
E 
F 
G 
H 

NOTE: J. ONLY REQUIRED FOR END CELLS 

Figure 7.13 - Battery, CountPrcPll and Fnd Cell FntriP.<>, ST..OC-XXXX-550-G Drawing 
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8.1 Introduction 

PART B - SECTION 8.0 

EMERGENCY PLANTS 
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Maintaining telephone service, even under the most severe conditions, is a basic policy of the 

Bell System. Although most locations have a dependable source of commercial AC power, p~visions must be 

made for operating the telephone plant should a commPrcial power failure occur. As discussed in previous 

sections, commercial AC power is in most cases converted to DC for operating telephone equipmPnt. Bat­
teries are provided for operating the equipment should the AC powpr fail. In larger offices, the cost of 

providing sufficient batteries to maintain the necessa~ reserve becomes prohibitive. In these offices, 
a backup AC supply is furnished, thereby reducing the requirement for backup batteries. 

Figure 8.1 is a typical arrangement of an emergency AC supply system. 

INPUT FROM 
POWER CO. 

HOUSE SERVICE CABINET 

--~ 
STANDARD SYMBOL ~ 
FOR CIRCUIT BREAKER 

EMERGENCY 
TRANSFER 
SWITCH 

EMERGENCY 
ENGINE 

ALTERNATOR 

Figure 8 .1 - Typical Emergency AC Supply System 

NON- ESSENTIAL 
BUILDING LOAD 

ESSENTIAL 
BUILDING LOAD 

'----1------.. J ~~~~E 
CABINETS 
OR BUS DUClS 

The emergency AC supply or engine-alternator may either be permanently installed in the office or port-

able. If a portable enginP is used, adequate hook-up facilities must be provided. The emergency trans-

fer switch is used to transfer the telephone equipment and essential building load to the emergency en-
gina-alternator after it has been started (the telephone equipment operates on batteries until the trans-
fer switch is operated) • Options are available for either manual or automatic start of the engine and 

manual or automatic operation of the transfer switch. In smaller offices, all building equipment may be 

capable of being supplied AC power from the engine-alternator. In this case, all non-essential building 

items would be turned off when the engine is run in order to avoid overloading the emergency engine. 

Details regarding an off'ice 's emergency transfer switch arrangPment is contained on thP Archi-

tectural group's electrical details drawing f'or that office. Inf'ormation about permanently installed 
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{called stationary) engines are included on standard Western Electric T-drawings. Connnercial AC power is 

not available at some remotely located telephone equipment buildings. In this situation, both primary and 

standb,y stationary AC supply equipment must be provided. 

8.2 Types of AC Engine-Generator Supplies 

Installed AC supply equipment may consist of either a gasoline, diesel or turbine engine and an 

AC generator. The size and type selected for use in an office will depend upon the office load character-

istics. 

A complete list of standard and manufacture discontinued engine generators or alternators is con-

tained in a publication distributed by the General Architectural group in St. Louis. This publication 

lists all standard (ordered per J spec.) engines, their capacities, operating characteristics and sources 

for more detailed information. The list is updated and distributed to all Building and Equipment Engi-

neers as new information becomes available. The latest copy can be found in the engineering library under 

file subject 1A2 .08 or 1 B1 0.07. This list serves as an update of information contained in BSP 802-001-1.50. 

other engine-alternator systems are provided on a non-standard (or custom designed) basis, but they are 

limited primari~ to portable engine applications. 

8.3 Load Data 

In order to determine (1) if an office requires an emergency engine, (2) if an existing emer­

gency engine is adequate or (3) what size engine should be used, an accurate estimate must be made of the 

load to be placed on the engine. 

As discussed in section .5 .0, an emergency AC supply must be adequate to handle the telephone 

equipment and essential building loade during a connnercial power failure. Included in these loads are: 

- All telephone equipment, both AC and DC operated (including inverter plants and AC-operated ringing 

machines) 

- Emergency lighting 

- Compressor-dehydrator equipment 

- One elevator in large, multi-story buildings 

- Ventilating equipment 

- SUmp pumps 

- Air conditioning equipment if the equipment is temperature-critical and ventilating fans are not adequate 

-Antenna deicers, navigation lights at repeater or radio stations 

Included in the essential building load are those items which must remain operative to insure the safety of 

either the building or its occupants or to maintain service. Non-essential building loads are normally not 

tied to the emergency bus and usual~ are not arranged for transfer to the emergency AC supply. 

In order to determine either present, end-of-power-engineering-period or future {as 10 year) load 
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requirements, the total telephone equipment drains must be determined and converted to KW requirements 

(the capacity of emergency engine-alternators are expressed in kilowatts or KW). The essential building 

load must then be determined and added to the telephone equipment load, resulting in the total KW demand 

~? be placed on the emergency engine-alternator in the event of a power failure. Form SW-5075 shown in 

figure 8.2 will facilitate this determination and should be included with all estimates recommending 

changes in the emergency engine-alternator arrangement (see part C). 

The form shown in figure 8.2 provides for recording of the following information: 

All items - load and drain (as appropriate) data is recorded for the present (month and year), 

end of power engineering period (month and year) and estimated date (year only). 

Telephone equipment load - both the amp drain and associated KW load will be recorded for each 

of the power plants in the office. If an inverter plant is served from the emergency AC 

bus, enter the AC input KW. If upon power failure the inverter plant is transferred to a 

DC input source, enter the KW for ~he DC input. If an AC ringing machine is transferred 

to DC upon power failure, enter the KW associated with the DC input. The "other telephone 

equipment" line should be used to record the KW load for miscellaneous equipment served 

from power service cabinets fed from the emergency bus during a commercial power failure. 

This information may be taken from the AC load table shown on the AC wiring list for the 

office. If this load table has not yet been compiled by Western Electric engineering, (1) 

the load (amps) for each item may be measured and the KW load calculated; or (2) the es­

timated load may be determined by calculating (from the SD's, ~Data book, etc.) the 

amps and KW load for each item fused at the power service cabinet. 

Essential building load - amp and KW loads will be recorded for the emergency lighting. Only 

KW loads will be recorded for all other essential building loads. 

Total load - summation of telephone equipment and essential building KW requirements. 

Size of installed engine or engines - capacity, in KW, of the installed stationary emergency 

engine-alternators. 

In larger offices, this form may have to be expanded to record additional power plants and/or emergency 

engine-alternators if the loads are split. 

In order to illustrate the techniques required for completing form SW-5075, assume the following 

for the Matard 238 office: 

1 • The following peak BH drain requirements were End of Power 
Present Engr. Period Estimated 

determined using techniques outlined in section 4.0: 9-72 9-75 1982 

-48V plant, amps 160 220 350 

-24V plant, amps 45 50 65 

+130V plant, amps 20 25 40 

-1 30V plant, amps 15 20 30 
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Emergency Power Data Sheet 

Office: ----------------

E.R. --------------------

Present 

Teleehone Eguiement Load 

Plant, KW (AMPS) 

Plant, KW (AMPS} 

Plant, KW (AAPS) 

Plant, KW (AMPS) 

Inverter Plants 

AC-Operated Ringing Machine 

Other Telephone Equipment Load, KW 

Essential Building Load 

Emergency Lighting, KW (AMPS) 

Sump Pump, KW 

Ventilating and Exhaust Fans, KW __ _ 

Elevator, KW 

Compressor-dehydrator, KW 

Other (list), KW 

Total Load, KW 

Size of Installed Engine(s), KW 

Figure 8.2 - Einergency Power Data Sheet, Fo:nn SW-5075 
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2. Emergency lighting drain on the 48-volt plant is 1 0 amps. There are no inverter plants in 
the office and the ringing machine is :OC-operated. Sump pump, compressor-dehydrator, and 

ventilating fan requirements are 2.5, 0.4 and 5.6 KW respectively. There are no elevators 
installed in the building and no buil~ing addition is planned until after 1 982. A 30 KW 
engine is presently installed. Thf> job covered by E.R. 11038 will be installed in Septem­

ber, 1973 and will exhaust in September, 1975. 

The first step in completing the emergency power data sheet requires conversion of the amp 
drain figures to KW demand figures. Table G, section 4 of the AT&T Power Engineering Manual provides the 
tables necessary for this conversion. The entries and conversions for the Matard 238 office example are 
shown in figure 8.3. 

Next, the KW demand of the essential building items must be determined and entered. Emergency 
lighting drain data may be obtained from the SD drawing covering the emergency lighting system (as SD-
80713-01). Conversion to KW demand should again be made using Table G of the AT&T ·~ Engineering ~­
ual. Since no building add it ]ons are planned during the study period, it has been assumed that no addi­
tional emergency lighting fixtures would be required. Were a building addition contemplated, an estimate 
would have to be made of the number of fixtures to be added and the additional KW demand would be calcu-
lated. The KW rPquirements for the sump pump and ventilating equipment (and any other essential building 
item not specifically discussed) can be determined from either the Archi teet 1 s records or physical check 
by the Plant department. If a motor is involvPd and the horsepower can be determined, conversion to KW 
can be made using Table L, section 9 of the AT&T ~Engineering Manual. If the KS number of the com­
pressor-dehydrator is known, the size of the compressor motor can be obtained from the appropriate 161 
series BSP. A horsepower to KW conversion can be made using Table L, section 9 of the AT&T Power Engi-

neering ~· 

Based on the load determinations, it was decided to replace the 30 KW with a 60 KW engine-alter­
nator. The next section (8.4) will deal with engine size selection. 

8.4 Determining Engine Reguirements 

A review of a central office's power requirements is usually made in conjunction with addition 
of telephone equipment. Although power study sheets are only included in estimates adding power equip­
ment, they should be prepared for all major jobs (see part C). Included in this study is an estimate of 
the total KW demand for the office. 

Each telephone eouipmPnt building is either equipped with a stationary engine or is arranged for 
connection of a portable engine. At some point in time, it becomes more economical to provide a station-
ary engine and maintain a three-hour reserve rather than maintain sufficient batteries for a twenty-four 
hour reserve (and provide connections :for a portable engine). The :following items should be considered 
when deciding whether to provide a stationar,y or portable engine: 

Page 5 



rss, .,. ao:z.~ooo-901 sw 
PART B" SECTION 8.3 

Emergency Power Data Sheet 

Office a Matard 238 

E.R. 11038 

Present 

9-72 

Telephone Equipment Load 

·48V Plant, KW (AMPS) 12.0(160) 

•24V Plant, Kw (AMPS) 1.7(45) 

+130V Plant, KW (AMPS) 4.0(20) 

•130V Plant, KW (AMPS) 3.0(15) 

Inverter Plants 0 

AC•Operated Ringing Machine 0 

Other Telephone Equipment Load, KW 0 

Essenti a 1 Bui I ding Load 

Emergency Lighting, K\ol (AMPS) 0.8( 1 0) 

Sump Pump, K\ol 2.5 

Venti 1 ati ng and Exhaust Fans, KW 5.6 

Elevator, KW 

Compressor-dehydrator, KW 0.4 

Other (list), KW 

Total Load, KW 30.0 

Size of Installed Engine(s), KW 30 ...:o..o--

End of Power 
Engr. Period 

9-75 

16.5(220) 

1.9(50) 

5.0(25) 

4.0(20) 

0 

0 

0 

0.8(10) 

2.5 

5.6 

o.4 

36.7 

60 

Figure 8.3 - Example - Completed Emergency Power Data Sheet, Form SW-5075 
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1982 

26.1(350) 

2.4(65) 

8.0(40) 

6.0(30) 

0 

0 

0 

0.8(10) 

2.5 

5.6 

0.4 

51.8 

60 

(' 

( 



( 

( 

ISS A, '802-000-90'1 SW 

PART B, SECTION 'B.h 

- Number and cost (including timing) of batter,r strings for a 24- versus 3-hour reserve. 

- Available floor space for both batteries and the proposed stationar,r engine. 

- The projected KW demand for the building. Generally, floor space limitations and batter,r 

costs will dictate when a stationar,r engine is added in a building. However, the KW demand 

of the building must be less than the output of the portable engine available for use at the 

site. Otherwise, a stationar,r engine must be provided. 

- Nature of load, accessibility of location and availability of commercial AC power. 

When an engine-alternator is already installed in an office, the projected KW requirements for 

the end of power engineering period must be checked against the capacity of the engine. If the engine is 

adequate to handle the projected load, no action need be taken. 

If an initi.B.l installation of an engine is warranted or if an existing engine is not adequate 

to handle the projected load, the new engine-alternator arrangement should usual13" be sized to handle re­

quirements for an 8 to 1 0-year period. Depending upon floor space availability, an existing engine may 

either be replaced with a larger engine or left in place and paralleled with one or more new (same or 

different size) engines. In some cases, floor space considerations ma;v warrant provision of a larger or 

smaller engine than that required to handle the 8 to 1 0-year projected load. The AT&T ~ Engineering 

~ (section S, p. 5.3) states that the minimum load placed on an engine should not be less than 30% 

of its full KW machine rating. 

In sizing engines for use at higher elevations, the altitude of the engine-alternator installa­

tion affects the available output. Details are furnished in tables in the appropriate 802-9XX-:XXX BSP. 

8.5 other Engineering Considerations 

Once the size of the engine-alternator necessary to handle projected requirements has been de-

termined, certain other engineering decisions must be made. ThPse itPms and the responsibility for these 

decisions are summarized in figure 8.4. 

t, 8.6 Floor Plan Considerations 

The location of an emergency engine-alternator is usually determined at the time a new building 

or addition is planned. In most locations, the engine-alternator set is located in the basement of the 

building because of (1) the weight of the engine, (2) fuel tank access requirements and (3) air hand-

ling considerations. The relativel3" lightweight gas turbine sets may be located on the roof of a building 

provided the structurP is adequate to handle the weight of the engine. In some of the major multi-stor,r 

buildings, gas turbine sets are located on intermediate floors. In many locations no basements have been 

provided and no floor space is available in the building requiring a stationar,r engine. In that case, the 

engine set may be located in a separate building. 

The Telephone Company architectural and equipment engineers are responsible for selecting the 
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1 • 

2. 

3. 

4. 

5. 

6. 

]. 

8. 

9. 

Item Arch. 

Engr. 

Floor pla~ layout X 

OUtput voltage 

Automatic vs. manual 
start 

Selection of engine 
start equipment 

Sizing exhaust venti-
1 ation and air intake 
systems X 

Radiator location X 

Fuel storage system X 

Modifying 60 KW engine 
for 100 KW operation 

House service termination X 

Responsibility See 

Tel. Co. W. E. Part B 

Equip. Engr. Engr. Section 

X t· 8.6 

X 8.7 

X 8.8 

X X 8.9 

8.1 o, 
X X 8.11 

X 8.12 

X X 8.13 

X 8.14 

X 8. 1 5 

Figure 8.4 - Other Engineering Considerations for Emergency Engine-Alternator Systems 

location of any emergency engines installed in the office. 'lhe floor space selected must, of course, be 

adequate to handle the emergency engine and its associated equipment (see figure 8.5). Where possible, 

the engine should be located against a non-growth wall to avoid relocation when a building addition is 

required. Consideration should also be given to the availability of intake air (both ventilation and com-

bustion) and the accessibility of the exhaust flue or stack. Building codes now require that all engines 

be enclosed in a fire wall because of the potential fire hazard associated with the fuel. 

8.7 OUtput Voltage Requriements 

The Telephone Company equipment engineer is responsible for specifying the output voltage re-

quired for a given engine set. Many of the standard sets are available in more than one output voltage. 

The output voltage of the engine should usually be selected to match the voltage availabie at the house 

service cabinet from the commercial power source. However, in some large office applications an economic 

study may be required to compare the costs of-(1) higher output voltage, step-down transformers (near the 

house service cabinet) and smaller cables or bus with (2) lower output voltage, no transformers and 

larger cables or bus. 
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CONTROL PANEL 

Figure 8.5 - T,ypical Diesel Emergency Engine-Alternator Layout 

8.8 Manual or Automatic Controls 
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PART B~ :s:li:CT!ON 8. 8 

All sizes of standard diesel engines are available in either manual or automatic start arrange-

ments. The Telephone Company equipment engineer is responsible for specifying the arrangement to be used. 

If automatic start features are required, automatic load transfer features should also be provided; i.e., 

there would be no reason to automatically start the engine if the load had to be transferred on a manual 

basis. The automatic transfer feature provides for load transfer after a specified engine warm up period. 
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Presently a few large central offices and repeater stations have been equipped with automatic start. and (~ 

transfer features. Most microwave or radio stations have also been equipped. Considerations for provi-

sion of automatic features are outlined in the AT&T Power Engineering Manual, section 5. Normally auto-

matic features should not be provided unless unusual circumstances require doing so. ( ' 

8.9 Engine Start Equipment 

Almost all diesel engine-alternator sets are arranged for electric start via a dedicated string 

of engine start batteries (most newer installations use nickel-cadmium start batteries). Some of the 

larger diesel engines utilize compressed air for starting (this feature is still optional on the 500 KW 

diesel). All the gas turbine engine sets are electric start, although the larger sets employ an auxiliary ( 

gas turbine for starting. 

If a choice is available, the Telephone Company equipment engineer is responsible for specifying 

the start method (battery or compressed air) to be employed. The batterie3 and trickle chargers (used to 

keep the start batteries fully charged) are provided as part of the J specification for the engine set. 

In order to insure start reliability, separate strings of start batteries should be provided for each en-

gine installed in an office. The Telephone Company equipment engineer should also inform the architectural 

engineer of the AC ihput requirements for the trickle chargers (if required) in order that the correctly 

sized AC outlets may be provided. 

8.1 0 Intake, Ventilation and Exhaust Systems - Diesel Engine 

As shown in figure 8.5, the intake air system for a diesel engine must be capable of providing 

sufficient air for both combustion and ventilation. The architectural engineer provides the mechanical 

consulting engineer with the combustion and ventilating air requirements. The consulting engineer is re-

sponsible for de.sign of the intake air louvers and associated equipment. Detailed intake and ventilating 

requirements are outlined in the 802-9:XX-XXX BSP for the engine. Generally; capacities of diesel sets are 

not affected by intake or room temperatures unless they are being operated at altitudes at least 4,000 
feet above sea level. In diesel installations, the oversize fans on the engine are usually large enough 

to cool the radiator and remove the heat generated by the engine, the silencer and the exhaust pipe. If 

the fan is not sufficient to handle all engine room heat, auxiliary fans must be provided by the consulting 

engineer. The size of the auxiliary fans can be determined using criteria in BSP 802-010-150. In order to 

minimize requirements for auxiliary fans, all silencers and exhaust piping should be insulated. Where re-

mote radiators are installed, auxiliary fans or ventilating equipment will almost always be required since 

the radiator fan would not be available for removing heat dissipated by the engine. Diesel engine exhaust 

systems are designed by the Western Electric engineer using criteria outlined in BSP 802-006-150. The 

western engineer is given the dimension of the Telephone Company pipe exhausting to the flue or stack of 

given dimensions (size determined by the architectural engineer). If the flue or stack openings are not 
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sufficient, he advises the Telephone Company equipment engineer of the size required. After completion 
of detailed engineering, the Telephone Company is now being provided a detailed layout of the proposed 
exhaust system for their approval. 

8.11 Intake, Ventilation and Exhaust Sy-stems - Gas Turbine Engine 

Intake air requirements become more critical in gas turbine installations because output power 
decreases as inlet combustion air temperature increases. Therefore, combustion air should be supplied 
from the coolest source possible, usually the outside air, via combustion air intake ducts. Typical in­
take and exhaust arrangements are shown in figure 8.6. The Western Electric engineer is responsible for 
sizing and providing the air intake duct. The architectural engineer specifies and provides the size and 
type opening in the wall for this duct (via the floor plan drawings or specs). The Western engineer noti-
:ties the Telephone Company equipment engineer if the size of the wall opening is not adequate. Two ex-
haust ducts are provided for larger gas turbine engines: the jet fuel starter and engine exhausts. For 
starting, the larger engines employ a small electrically-started auxiliary gas turbine called the jet 
fuel starter. A separate exhaust duct must be provided for the starter. The regular engine exhaust hand-
les discharges from the engine air cooling system in addition to the engine exhaust. The engine compart­
ment of the set enclosure is cooled by air drawn from the engine room and ejected into the engine exhaust 
duct. For the smaller engines, only the engine exhaust duct is required. Provision of both these ducts, 
including silencers, is the responsibility of the lllestern Electric engineer. 

The alternator is also cooled by air drawn from the engine room through screened openings in the 
top of the set enclosure. In larger engines the heated air is discharged from the top of the enclosure 
and is usually ducted outside the engine room. Again, the Western Electric engineer is responsible for 
provision of this duct. In smaller installations, the heat generated by the alternator and engine is re-
moved by the building ventilating system. If' a radiator oil cooler is provided for mounting outside the 
building, location of the oil cooler must be specified by the Telephone Company equipment engineer. 

The consulting mechanical engineer is responsible for provision of supplementary engine room 
ventilation equipment where required. 

Detailed requirements for air intake, oil cooler, exhaust and ventilating equipment are outlined 
in the 802-980-XXX BSP for a specific engine. Flues and exhaust stacks are sized by the architectural 
engineer and are usually located against a column on the non-growing end of the building in order to mini-
mize floor space made unavailable for equipment. The consulting mechanical engineer is responsible for 
design of all louvers and filters associated with openings for intake and exhaust gases. The louvers and 
filters are provided by the contractor as part of the building estimate and job. 

8.12 Remote Radiator Considerations 

Gas turbines employ air for cooling the engine. Diesel engines are water cooled and three cool-
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Figure 8.6 - Typical Gas Turbine-Alternator Insta11ation 

ing a:'rrangements are available: (1) engine mounted radiator, {2) remote radiator and circulation system, 

(3) heat 'exchanger. 

The set mounted radiator is pressurized and requires no water piping to the set. standard radi-

ators are provided with each set. When there is insufficient space available for provision of a set-mount-

ed radiator and the associated air duct or there is no access to the outside air for exhaust of the heated 

air, a remote radiator may be provided. The Telephone Company equipment engineer must specify use of the 

remote radiator. Provision of the radiator and the associated pumps and piping is the responsibility of 

the Western Electric engineer. 
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Heat exchangers are no longer provided for use with diesel engine systems. Table H, section 5 
of the AT&T Power Engineeri.Jlg ~uaL details the cooling system available for each of the engine sets 

which were available at the time of its publica,tion. Detailed requirements for other sets may be obtain­

ed from the 802-XXX-XXX BSP 's or the engine man~facturer. 

8.13 Fuel Storage System 

Virtually all gas turbine or diesel engine fuels are unsatisfactory for long term storage as 

delivered by the supplier. When properly treated with an inhibitor, the useful life of a fuel is antici-

pated to be 1 0 years • 

A typical fuel storage and delivery system is shown in figure 8. 7. Buried tanks are provided 

where day tanks alone are not adequate to provide the necessary reserve. In smaller installations, only 

a day tank would be required. 

FUel tanks are available in either buried or floor-mounted (day tank) arrangements. TYPical 

sizes are shown in the Power Data book, section 6.93, sheet 6. Larger, non-standard tanks are also avail-

able. 

Different fuels are usually required for diesel and gas turbipe engines. However, when both 

types of sets are used in the same building, they may be operated from the same fuel supply (see BSP 065-
320-301). 

The Telephone Company equipment engineer is responsible for determining the size and type fuel 

storage to be provided. The architectural engineer is responsible for provision of a buried fuel tank and 

the fittings necessary to transport it to the building. Western Electric provides the associated pumps, 

day tank and building piping. All equipment required for day tank installations is provided by Western 

Electric. 

Generally speaking, fuel tanks should be sized to provide three days reserve at the maximum fuel 

consumption rate for the engine(s) installed at the end of the design period. If the tank is already in­

stalled, the design period would be the end of power engineering period date. Keep in mind that the actu-

al reserve in offices having a variable load would be somewhat greater than this calculated figure since 

the engine's maximum output (and fuel consumption rate) would not be expected for the full twenty-four 

hour period. If the buried tank is being newly installed, a ten Yf>ar design period should be used. 

In certain instances, a larger or smaller tank may be required: 

- The minimum size day tank installed should be 275 gallons. National Fire Protection Associa­

tion (NFPA) code 30 specifies that (1) if unenclosed, a tank (or tanks) of 550-gallon capaci­

ty may be installed or (2) if enclosed by a fire-protective wall (can be in the same room 

with an engine), the maximum installed day tank capacity is limited to 1100 gallons. Since 

local ordinances may further restrict the size of day tanks, installation should generally be 

limited to two 275-gallon tanks. Consideration may be given to providing only one day tank 

Page 13 



ISS A, 802-000-901 SW 
PART B, SECTION 8.13 

., 
~ c m c 

Ill 
-< 
~ 
ITl 
r m 
~ 
.0 z m 
(") 

0 
;;: 
~ 
z 
-< 

., 
:n 
~ 
c m 
c 

~ 
::E 

~ 
IT1 
:n z 
m 
r 
IT1 

£I 
:n 
n 

~ 

~ 

~ 
ii ~ 
I il 

I ~ 

' ~ 

: 

~ 

m z 
~ 

~ 

... ; ~ 
0 

§ ~ ~ 
~ ! ~ ... 

i 

i~ 
I 

• ill~ 
~;! 

~~ 
~l ~ 

I I 
I I 
I I 
I I 
I I 
I I 
I I 
I I 
I I 
I I 
I I 
I I 
I I 
II 
~ I 

~ 

~ 
~ 

~ 
~ 

c: 
c. 

~ m 
z 
G'l z 
IT1 
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even though application of the three-day-reserve criteria dictates a requirement for two; if 

the projected end of design period KW load is small compared to the maximum output of the in­

stalled engine, only one day tank may be provided if the single tank is adequate to provide a 

three-day reserve based on the projected load. 

-Accessibility of the office, especial~ during severe weather, may dictate a longer reserve. 

- Availability of fuel may dictate a longer reserve. 

- If the tank being added is the last one that can be installed on the site,then the design 

period should be the exhaust date of the building site. 

- In some of the larger toll offices, a smaller reserve may be provided because of the limited 

space available for burying fuel tanks. 

Using the above criteria, one 275-gallon day tank will always be provided for installations of 

engines having fuel, consumption rates of up to 3.82 gallons per hour (up to 30 KW). For engines having 

fuel consumption rates between 3.82 and 7.64 gallons per hour (40-75KW), two 275-gallon tanks should be 

provided. For larger engines, buried tanks should be considered whenever the fuel consumption rate for 

the design period engine exceeds 7.64 gallons per hour. As an example, the following emergency engine 

data has been determined: 
End of Power 

Present Engineering Period Estimated 
9-72 9-75 1983 

KW load 51.7 72.8 127 

Engine Size, KW 60 200 200 

Engine Type Diesel G.T. G.T. 

The existing 60 KW engine employs a 275-gallon day tank. There is not sufficient room in the 

basement to paralled the 6o KW with another engine. Therefore, a roof-mounted 200 KW gas turbine is being 

provided. There is room at the site for burying additional tanks. At the end of the power engineering 

period the engine will operate at )6.4% (72.8 X 1 00/200) of the full load. The following fuel con~umption 

rates were taken from BSP 802-980-151: 

Full load - 43.0 gals./hr. 

314 load - 36.4 gals./hr. 

1/2 load - 29.4 gals./hr. 

1/4 load - 24.9 gals. /hr. 

0 load 21 • 7 gals ./hr. 

Interpolating, the end of power engineering period fuel consumption rate would be: 

24.9 gals./hr. + .364 - .25 X (29.4 - 24.9) gals./hr • . so - .25 

24.9 gals./hr. + .114 X 4.5 gals./hr. = 

:25 
24.9 gals./hr. + 2.1 gals./hr. 27.0 gals./hr. 

Page 15 



ISS Ari ~t'000"-9Q1 SW 
PART B, '-smTIONc8.1'3' 

,4$~ ~se of .a ful.l 275-gallon dBiV .tank, tlrl;s would provide us wi~ a lllinilrl.um 1 0-:11o11r reserve {assu~ing 

a .v:a.riable load) • Since this is substantia.ll:y less than the 72-hour objective and two day tanks will only 

provide a 20-hololr reserve, a buried tank will be provided. 

Since there is room at the site for buryjng additional tanks, the tank being ins.talled should 

handle the projected load for the 1 0-year point, or 1983. At the full load fuel consumption rate for the 

200 KW engine, the size fuel tank required would be: 

43.0 gallons/hour (72 hours) - 275 gallons 

3100 gallons - 275 gallons = 2,825 gallons 

From the Power Data book, section 6.93, sheet 6, a 3000-gallon tank would be provided. 

In order to complete some fuel consumption calculations, 0 to full load fuel consumption rates 

may be required. For newer engines, 0 to full load fuel rates are given in the 802-9XX-XXX BSP covering 

each engine. The BSP's for older engines provide only the full load consumption rate. A second point for 

interpolation may be determined using actual load data for the engine. 

'When buried tanks are provided, the BSP's specify that a day tank is optional if the engine fuel 

pump is capable of pumping fuel directly from the buried tank to the engine. However, acutal experience 

indicates that considerable problems arise when no day tank is provided. Therefore, a day tank should 

always be provided when buried tanks are installed. 

8.14 Reuse or MOdification of Diesel Engines 

When reuse of an engine at another location is proposed, it may be advisable to recondition the 

engine. Local engine distributors or factory representatives may be consulted for major engine service and 

reconditioning. Any reconditioning work should be charged back to the R account for the location from 

which the engine is being removed. The Telephone Company equipment engineer is responsible for providing 

Western Electric engineering with information about the removed engine. This responsibility can usually 

be satisfied b,y referencing the emergency engine T-drawing for the location from which the engine is being 

removed. This information is usually shown on a -590, -592 or AC block schematic drawing. 

Sixty-KW emergency engines operating at 1200 r.p.m. can be modified to increase output to 100 KW. 

In some instances, it may be more economical to modify an engine rather than install a paralleling or re­

placing set. Newer 60 KW engines operating at 1800 r.p.m. cannot be modified for 100 KW operation. Table 

H, section 5 of the AT&T Power Engineering~ lists the operating r.p.m. for most engines. A detailed 

cost estimate should be obtained from the firm engaged to handle the modification. This modification usu-

al~ consists of: 

- Replacement of the generator 

- Replacement or modification of the control panel 

- Enlargement of the exhaust system 

-Engine reconditioning 
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( For accountmg purposes, the generator or aTtemator should be treated as a retirement. unit and replaced 

on a C and X basis. Modification of the ·control panel and engine should be charged to M unless the en-

tire control panel is replaced (replacement would be b:and:lE!d on a C and X basis). Repairs to the engine 

(-.\ should be charged to R. 

8.15 House Service Cabinet Terminations 

The Telephone Company equipment engineer is responsible for advising the Western Electric engi-

neer of the house service cabinet termination location (and transfer switch size) for an emergency engine. 

This information should be obtained from the architectural engineer. 

8.16 Parallel Qperation of Engines 

Like or different size engines can be operated in parallel to provide the required AC backup. 

The new gas turbine generator sets may be operated in parallel with the standard diesel sets. A reverse 

current relay must be added to all emergency engine sets when two or more sets are operating in parallel. 

LimitatiORs on parallel operation are contained in the 802-9XX-XXX BSP's covering the specific engine. 

8.17 Engine Load Test Results 

Results of annual load tests for diesel emergency engines arP recorded on form S-6956 and for-

warded at least once a year to the Engineering Department in accordance with procedures outlined in BSP 

1 55-01 0-901 SW. As discussed in part B, section 3 .6, this load test should be made during the office busy 

season. A sample completed :form is shown in figure 8.8. The "source of load" line should reflect the 

numbers of the house service cabinet switches transferred to the emergency bus at the time of the run. 

These switch numbers should be obtained by the Plant department frcm section v of the SWX-XXXX-550-G 

drawing for the office. Upon receipt of the form S-6956 in the Engineering department, it should be rout­

ed to the appropriate Fquipment Engineer for review (see part B, section 3.5). After this review it will 

be forwarded to the Engineering library for filing in the "Power Drain Record" books. 

Results of the three-month, fUll-load runs for gas turbines are recorded on form E-5697 and for-

warded to the Engineering department in accordance with procedures outlined in BSP 155-002-01 OSW. A sam­

ple form 1}; shown in figure 8. 9. The ''notes'' column should reflect the numbers of the house service 

cabinet switches transferred to the emergency bus at the time of the run. These switch numbers should be 

obtained by the Plant department from section V o:f the SWX-XXXX-550-G drawing for the office. As outlined 

in part B, section 3.6, one of the :full-load runs should bP made during the busy hour of the office busy 

season. After review by the> appropriate Engineering group, the fonn E-5697 should be filed in the "Power 

Drain Record 11 bcoks. 

8.1 8 Emergency Engine Data Entries, swx -xxxx-550-G Drawing 

The emergency engine data section (part IV) of the sw:x:-xxxx-550-G drawing is shown in figure 
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158-GI0-801 SW 

CENTRAL OFJ"'CE EMERGENCY ENGINE SETS 

PROLONGED LOAD TEST RESULTS 

FORM S-M 

CENTRAL OFFICE EMERGENCY ENGINE SETS 
PROLONGED LOAD TEST RESULTS 

EXCHANGE A~PIIII. Jlilla:J•••' o!f"FICE ~~.,. 7.&•· 7.&1 DATE .a.•J-1 .~ 

DATE INSTALLED OPERATED PER 

ENGINE DATA I SERIAL. /.II t6•.J7 STARTS RUNS COOLING 

Ka •••!• ,_ ~ D GAS D CITYWATERD 

MODEL OR TYPE D GASOLINE D RADIATOR Ill 
too JCW 

II KEROSENE II AIR D 

RATED H. P. D f'UELOIL D 

MANUFACTURER fillldl.fl. ftar•£• 
FUEL DATA GRADE lD BRAND t.•ll•"-• -T.USEO .... GAL. 

OIL .DATA 
TYPE -~- IIA- '\~AND ~I&IIM~ AMT. USED ~4 · QT. 

GENERATOR DATA !MODEL OR TYPE • ~fflf$f .... SERIAL • .. ~•//-,... 

RATED OUTPUT lOCI KWACJil DC D MAX. B. H. OFFICE LOAD 
..,,. 

KW 

SOURCE OF LOAD -D_ ·- Ill! 
~ .... .- ~. - "_._ U..- ~ 

u•tTa 1 ..-c 'TCIIT - • .1 -'· ··-.. 
ENGINESTARTEDAT, !P Al'l LOAD APPLIED AT • !SAlt WAS ;EST INTERRUPTED Jl. 

WAS OVERSPEED TRIP DEVICE OPERATION TESTED AND SATISf'ACTORY_-j~~~i.IS'"--------­
READINGS AT HALF HOUR INTERVALS 

A.M. 
TE.MP£RATURE -· VOLTS AMPERES 

TIME OR ROOM ENGINE - OUTPUT NOTE 

P.M. 
o.o. . , .. .. KEAO CYL • FfU!:Q. PH, I PM. 2 PH. 3 PM. I PH. 2 PH. :t K.W. NO. 

11•• If lo .,. .,. 7'1 ,,. ~0 ~· 
,... .ue .. ... ~ ...... "' lt .. lA lo I& A 17& 11• ,,~.,. ... .... ,., ... l&.ae .... • •• .... ., ... , .. , 14ro ~· 

.,~ .,. ,., .. ,. u• a.a.a ia.t.e ,,.., .... ••• .,. 
1•- • I•• l•.a ,, 

17&. ,., ... ~0 i.lt.t I.a. I .I I.a., 6• &al 'II 
1,. .. • I£• II til to Iff 11~ £0 ~ ... i.a•• ~· ·- .. 'I 
II .. II ,. •fJ to .,, ,., ... ,., la.ao u• ~ , .. --~ ~~· .,. IJ•• It &to •• I ,, 111. I. I ~. .a.a.o NP Ito ,.,. ~·· _7• 
ltll. .. , '-• I•• Ia. 17, 1'1~ £.a 1 ... &.. 

~·· 
.... t Ia .. lao 17'1 17~ ~· l&.le Au 1" . J. .,~ , .. I' .. ,. a& .,. .,. 1'10 ~- aao ~· .. ~. ..... .u &I~ , .. , .. , , .. ~ .. ,. ,. ,,. " 1.1•' .. ,. ..... ~ r&tU ~~· , .. .a•• ~ Lll ... ,. ., .. 171J '0 ~.~ ... l.aae ~ ... , .. .a.u ~~·· 7o 

.a,. , 1.8 •.a 71 , .. IJ7o £o l&ae l.a.a '. 'II/ 
s• , LS ... .,. ~ IJ7o I&.• ~· - 71. 
a .. , I&S ·~ 

,. 7J ,.,. 
~· ..... ~- .. ,. ~. ..,. No .,, , .. , '0 ·~ 

,. 7S ITo y ..... .,.,.. J,a.O ~.a .. ... • • 1J 

TEST PERFORMED BY ~ A .... 
TITLE """ 

~::+_f 

RESULTS REVIEWED BY f.. ..... .J..'-it TITL.E e1 ~J. ".1-..J 
II 1 

Figure 8.8 - Sample Form S-6956 
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8.1 0. The engine data for installed engines (part IV A) may be taken from the Western Electric T drawings ("'\ 

(590, 592 or AC block schematic) and section 6 of the ~Data book. If no stationary engine is install-

ed, part IV A should reflect the size and availability of a portable emergency engine: A 5 KW portable 

engine is available in Alpine. 

Part IV B should be completed using information outlined in part B, section 8.17 of this prac-

tice. 

Part IV C should be completed using procedures outlined in section 8.3 of this practice. The 

"other" entry should be used to record both miscellaneous telephone equipment and building load. This 

part should be completed even if no emergency engine is installed. The load data may be used by Plant 

personnel in determining the adequacy of the available portable emergency engines and in completing form 

SW-6438 (see V61 .032). 

Part IV D should be completed using procedures outlined in section 8.13 of this practice. Remem-

ber that the hours of reserve will be understated if the office experiences a variable load (i.e., the end-

of-engineering period KW load computed in part IV C would not be experienced for the fun 24-hour period). 

The standard format of the 550-drawing may be used in most cases to record all information per-

taining to the emergency engines. However, the format may have to be modified to record all information 

for larger offices. 

8.19 Fngineering Responsibilities 

Certain engineering determinations must be made regardless of whether the emergency AC supplies 

are diesel or gas turbine driven. Other considerations depend on the type of engine. The table shown in 

figure 8.11 outlines engineering responsibilities for both the Telephone Company architectural and equip­

ment engineers, indicates whether it is jointly determined and whether it applies to diesel and/or gas 

turbine installations. When responsibility is assigned to the architectural engineer, it may mean that 

the actual determination is made by the consulting engineer. 
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; KS NO. 
OUTPUT :AUTO OR MANUAL INSTALLED I 

AC VOLTS PHASES I KW START TRANSFER SPEC I DATE 
l 15884 208-240 304W ! 60 MANUAL MANUAL ~<M.3_1_12_ : 10-68 

: i 
1 
I I l 

b. :...A TEST LOAD DATA ( FORM S- 6956} 
I. DATE 9-25-72 ; PEAK KW LOAD ( ALL ENGINES ) 44 
2. HOUSE SERVICE CABINET SWITCHES TRANSFERRED TO EMERGENCY 6US AT TIME OF RUN 

(SWITCH NO:s FROM SECTION 1l: ) '---------.!#~!...1 ----------------

C. LOAD DATA, END OF POWER ENGINEERING PERIOD 

SOURCE DC AMP KW I 
-48 v PLANT(S} 220 16.5 
1+1~ v PLANT(S) 90 IBJO 

PLANT(S} 50 1.9 a_4 v 
v PLANT 
v PLANT 

S) 
S' 

jAC OPERAT~_RINGING MA~.lli_E 
i COMPRESSOR-DEHYDRATOR 

-· 

v PLANT Sl i 
INVERTER PLANTS 1 ;:::><.:. 5.75-J 

I OTHEk (LIST} 
I TOTAL 

NOTES:1 1F PLANT SERVfD FRONI EMERGENCY FNGINE, ENTER AC 
IF NOT TRANSFERRABLE, ENTER KW FOR DC INPUT. 

2 TRANSFERRED TO DC llP()I\t C'"MMERCIAL POWER FAILURE 
D. FUEL RESERVE , END OF POWER ENGINEERING PERIOD 

l INSTALLED CAPACITY , DAi AND BURR lED TAllo I<:;, GALS 
2. FUEL CONSUMPTI.ON. POWER ENGR. PER I OD. , G.:OLS I HR 
'3. HOURS RESERVE, POWER EN GR. PERIOD Lt.t.O ~FROM m C), 

FROM FULL TO EMPTY TANK : I -7- 2) 

KW INPUT. 

275 
5.9 

47 

Figure 8.10 - Emergency Engine Data Entries, SWX-XXXX-550-G Drawing 
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Item 

I. Items to be tied to emergency AC bus 

2. Determining load and sizing engine 

3. Portable or stationary operation 

4. Diesel or gas turbine operation, where 
applicable 

s. Location of engine and associated 
equipment 

6. Should fire wall be provided 

7. Engine output voltage 

a. Manual or automatic start and load 
transfer 

9. Sizing air intake louvers and filters 

10. Sizing exhaust flue or stack 

II. Sizing auxiliary ventilating 
equipment 

12. Sizing exhaust louvers 

13. Remote or engine-mounted radiator 

14. Size and type (buried and/or day) 
of fuel storage tank 

IS. Location of fuel tanks 

16. Recondition and/or modify engine 

17. House service cabinet termination 
for emergency engine 

18. Employing parallel operation of 
engines 

19. Preparation of SSD-G drawing 

Resp. 

Arch. 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

Figure 8.11 - Emergency Engine Engineering Responsibilities 
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AC POWER PLANTS AND CONVERTERS 

9.1 Introduction 

ISS ~ 802-000-901 SW 
PART B, SECTION 9.0 

In addition to rectifiers and motor-generators, telephone equipment requires use of other forms 

of power supplies: .A!J -to-AC (transformers), DC-to-AC (inverters) , and DC-to-DC (converters). While not 

widely used, AC power plants do serve an important function in providing certain types of telephone ser-

vice. The AC power plants usually derive their prime input source from either the commercial power sup-

ply or from DC power plants (inverters) • In some AC power plants using the commercial power supply as 

the primary input source, a backup DC-to-AC source may be incorporated in the plant to insure continuous 

service during c0111111ercial power failures. Some of the more common types of equipment requiring AC input 

are clocks, calculagraphs, AMA. equipiilent, TH radio and terminal equipment and L carrier equipment. 

JXJ-to..UJ converters, as the name implies, are normally used to convert one DC voltage to a diff-

erent DC voltage but may also be used to isolate equipment from a common power (and noise) source {as in 

the case of L Carrier). They are used as a source of DC power where the amount of DC power required for 

a particular voltage is small, and a separate complete DC power plant for the needed voltage is not eco­

nomically justifiable. Of course, a DC plant of a different voltage must be available to serve as-the 

primary input source. The most prevailing use of converters is in furnishing 130-volt power for carrier 

systems from a 48-volt plant. There are, however, many other uses and conversion voltages used. 

DC-to-DC converters are also incorporated as a part of some rectifier-type power plants to pro-

vide for continuous service during a rectifier failure. 

9.2 AC Power Plants 

The SOO-type plants are a sPries of AC output plants that are manufactured by the western Elec­

tric Company under standard J codes for Telephone Company use. The currently available plants ar~ listed 

in BSP 802-000-000. BSP 802-001-151 and Section 4 of the AT&T Power Engineering ~list some of the 

available plants and their applications. The individual plant BSP's should be referred to for detailed 

information. 

Selection and sizing of SOO-type plants is a little easier than engineering other types of 

power plants because most SOO-type plants have been designed for a specific application. It is the Tele-

phone Company engineer's responsibility, however, to specify the type and size of all AC power plants 

that are required and to outline their use in the Telephone Company specification. 

The size of the plant needed depends on the drain requirements of the load; in some instances 

more than one plant Ilia¥ have to be provided. The plant is sized by calculating the total drain of all 

equipment that will be connected to the plant under load conditions. In general, an AC power plant is 

sized to last the life of the office or the equipment entity it serves. In some cases, it is permissable 
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for an AC plant to serve more than one equipment entity. In such cases, the cost savings should be 

weighed against the service hazard involved. For instance, a TSPS and ETS unit might share th~ same plant 

if their loads permitted. 

Supplements Band C to section 4 of the AT&T~ Engineering~ show two typical arrange- ( 

ments of SOD-type plants being used to serve a No. S crossbar office, and L and TH equipment. SUpplement 

B also shows an example in which the input source of one 500-type plant is derived from the output of an-

other SOD-type plant. In this instance, a $06-A plant is fed from a 504-B because the 506-A is not 

equipped with a back-up supply, while the 504-B is arranged with a -48 volt inverter for emergency service. 

Whether the AC power plant chosen needs an emergency input back-up source or not depends upon the operat- ( 

ing requirements of the equipment being served. Some of the larger, older 500-type plants use DC motors 

to drive alternators during power failure. 

The AC input for SOD-type plants s~rved by commercial AC should either be obtained from the 

house service cabinet, the power service cabinet, or bus duct if transfer to the emergency engine is re-

quired during power failures. The house service cabinet should be used when the 500-type plant is to be 

transferred to the emergency bus only during actual power failures and not during routine engine runs (the 

AC supplied to customer call timing equipment falls into this category) • 

The space occupied by the 500-type plants varies from a few mounting plate spaces to one or more 

cabinets, depending upon the code and capacity. The Telephone Company engineer is responsible for the 

floor plan layout for the cabinet type. The Telephone Company engineer is also responsible for insuring 

that proper AC input voltage and fuses are available, if AC is required. The Telephone Company engineer 

must also insure that the battery reserve is sufficient to power the AC plant during an AC failure if the 

plant is arranged to transfer to a back-up DC source during the failure. This drain is included as part 

of the power failure drain when sizing batteries. If the AC circuit serving a power plant is to be trans-

ferred to the emergency bus during a power failure, then this drain should be used in sizing the emergency 

engine. 

9.3 Converters 

The majority of converters used in telephone applications are the 600-type plants manufactured 

by the Western Electric Company. These plants use DC-to-DC transistorized converters which transform the 

input DC voltage to other DC voltages. They are installed where relatively small amounts of power at other 

voltages are required, and where sufficient DC plants are available for their operation. The currently 

available plants are listed in BSP 802-000-000. BSP 802-001-1 51 and Section 2 of the AT&T Power Engineer-

3 ~ list some of the available plants and their applications. The individual plant BSP 1 s should be 

referred to for detailed information. 

The most widely used input voltage is -48 volts, but some converters require a -24 volt input. 
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The use of converters is on the upswing since more and more circuit equipment is designed to operate from 

48 volts, and the required amounts of other voltages decreases. This means that converters can be used 

more economically than separate battery-type power plants to fumish these other voltages. Converters 

have also become widely used as a coin control supply, and superimposed and trip battery supply in central 

offices. 

The choice to provide a converter rather than a separate power plant depends upon the following 

items: 

1 • Forecast of drain requirements 

2. Availability of adequate DC input power 

3. Economics 

The present drain requirements for a particular voltage will indicate whether or not a converter can even 

be considered, since the available converters have stated upper limit output capacities. If the present 

drain requirement is in limits, then the long range forecast should be studied to dete:nnine how long the 

converter.plant will be capable of handling the drain. An economic study will usually be required if in­

dications are that the converter plant will not be adequate through the long range f'orecast. 

When downgrading a toll center to CDO operation, consideration should be given to replacing the 

existing 24-volt plant with converters. 

The biggest disadvantage in using a converter is the amount of input DC power required in rela­

tionship to the amount of output power derived (the converter is relatively inefficient). Therefore, it 

is vital that the adequacy of the power plant that is to fumish the input power be checked, especially 

in small offices or repeater stations. In those cases where the supply plant is not adequate, the choice 

lies between providing a separate battery power plant or replacing the supply power plant with one of a 

larger capacity. A review of the forecasted drain requirements for the input source plant and the econo­

mics involved will ensure selection of the proper plant. The BSP 1 s for the plants under consideration 

will usually indicate the amount of' input power required for a specific output load. 

The availability of floor space should also be considered when deciding between a converter 

plant or a separate bat.tery plant. Most converter plants require no more than one bay, while a separate 

plant will require at least one or more bays plus a battery stand. 

Converters are widely used in independent comp~ locations to power toll circuit equipment. 

The Telephone Comp~ engineer is responsible for verifying that the independent company can fumish an 

adequate amount of power from their power plant. The independent comp~ is reimbursed periodically for 

this power and this cost should be taken into account whe~ deciding between a converter and a separate 

power plant. 

If' a converter plant is to be used, the Telephone Company engineer is responsible for specifying 

the code and the capacity of the plant to be furnished. Provision of maintenance spare converters may be 

Page 3 



rss A, 002-aoo-901 sw 
PART B, SECTION 9.3 

considered only if the plant is arranged for load shar:ing or automatic switching of the load (s:ince little 

service protection is afforded if the ma:intenance spare rectifier bas to be switched :into service manual­

ly). If the plant is arranged for load sbar:ing, consideration should be given to the cost of the increas-

ed converter DC input requirements (per amp of output). In those cases where a converter serves to back-

up a rectifier {as the Lora:in 1271A plant), neither a spare rectifier or converter will be provided unless 

the plant switch:ing features do not permit load transfer (from rectifiers to converters) under all out-of-

service conditions (both commercial AC and system component failure). 

As previously mentioned, converters are also used as a supply source for co:in control,and super-

imposed and trip battery. Before converters were available, these supplies were generally obta:ined from 

dry cell batteries or rectifiers. The dry cell arrangement is expensive to ma:inta:in (since the dry cells 

require periodic replacement in order to ma:inta:in the proper potential) but is still found :in many older 

offices. There is no planned program to replace the dry cell batteries with converters, but if the ma:in-

tenance expense :in a location is excessive, it can be justified from an economic standpoint. Newer r:inging 

plants use converters for these power supplies. Some of the r:inging plants do not incorporate these con-

verters directly as part of the r:inging plant, but specify that they shall be mounted in a separate bay 

(the r:inging plant BSP covers this item) • It is the responsibility of the Telephone Company eng:ineer to 

specify the code and size of the converter when a replacement is involved. On new or replacement install-

( 

( 

ations of r:inging machines, the Telephone Company engineer need not specify the type of converter if it is ( 

an :integral part of the r:inging machine or is specified :in the r:ing:ing mach:ing BSP. 

There are occasions where the application of a 600-type plant is not practical, and :in some 

cases not possible because of the voltage required. In these :instances, it may be desirable to use a con-

verter manufactured by an outside supplier. Descriptions of outside supplier KS-coded converters may be 

obta:ined from the ~ Data book. OUtside supplier catalogues may be used to obtain information about 

the non-KS converters. These catalogues will also show which of a manufacturer's plants can be obtained 

under a KS specification. 

9.4 AC Power Plant and Converter Entries, SWX-XXXX-550-G Draw:ing 

The AC power plants and DC-'to-DC converters installed :in an office should be recorded :in section 

VI of the SWX-XXXX-550-G draw:ing as shown :in figure 9.1. 

Figure 9.2 outlines information which may prove helpful :in enter:ing data for 500-type plants. 

The information shown is for the most frequently found plants. For other plants, this information may be 

obta:ined from the BSP's, the~~ book, the ~ 1. Current Drain Book, etc. 
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1ZI. AC POWER PLANTS AND CONVERTERS 

! CODE SIZE1 OUTPUT DC INPUT ACINPUT.,.~ 
VOLTAGE VOLTAGE EMERG.ENG. 

i 5048 1.5KW 115 -48 YES 
506A Q15KVA 22 - NO 
6108 1.5A *120 -48 

IURCSTS 5A -130 -48 

DESCRIPTION OF LOAD 

AMA. EQUIP. 506 PLANT 
CALCULAGiiAE'HS 
COIN CONTRa.. 

_lU 

ISS A. 802-000-901 Svl 
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INSTALLED 
SPEC DATE 

4431.72 10-68 
4431 72. 10-68 
4431.90 7-70 
4431.98 12. -70 

NOTES: 1 FOR CONVERTERS, SHOW TOTAL INSTALLED CAPACITY INCLUDING STANDBY. 2 FOR INVERTERS, ENTER YES OR NO IF PRIMARY POWER SOURCE IS AC. 

Figure 9.1 - AC Power Plant and Converter Entries, SWX-XXXX-550-G Drawing 
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PART B - SECTION 1 0.0 

RINGING MA.CHINES 

10.1.General Description- Ringing and Tbne Reguirements 
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The ringing power plant generates certain ringing and tone outputs which are essential f'or 

operation of' telephone equipment. These outputs can be categorized as f'oll.ows: 

Ringing current - 20HZ output f'umished f'or ringing subscriber's sets. 

Tone current - used to audibly transmit circuit condi"&ions (as dial tone). 

Interrupted signaling current - certain ringing or tone currents are interrupted at periodic 

intervals where required to perf'orm certain central of'f'ice functions {60 or 120 IPM tones; 

ring and silent intervals f'or machine ringing) • 

Coin control current - this positive and negative DC current is used to control the coin col­

lect and retum operations of a pay station (in prepay locations). In some older plants 

the coin control current was supplied f'rom dry cells or a separate rectifier in the ring-

ing plant. Presently, separate DC-to- DC converters are provided f'or this purpose (see part 

B, section 9.3). 

\ ) 10.2 Ringing Systems 

) 

) 

Both manual and machine ringing systems are in use. In manual systems {used primarily in small 

PBX's), a continuous ringing current is generated. The duration of' the ring period is controlled qy the 

PBX operator via operation of' a ring key located on the switchboard. 

In a machine ringing system (used in central offices and larger PBX 1s), ringing, once started, 

is continued automatically until the call is either answered or abandoned. The ringing starts as soon as 

connection is made to the called subscriber's line. The ringing current flows through a tripping relay 

circuit which, when the subscriber answers, operates and discontinues the flow of ringing current to that 

line. 

Depending upon the type system employed, the f'ollowing types of' ringing may be employed: 

Individual ringing- type of ringing used to alert individual subscribers or stations. 

Selective ringing (2 or 4 party) - a party-line system which permits ringing the set of' only the 

desired party. 

Semi-selective ringing (4 and 8 party) - a party-line system which rings the sets of two parties 

simultaneously. Party dif'ferentiation is qy means of a one-ring, two-ring code. 

Code ringing - a system in which the number or duration of' rings, or both, indicate which party 

is being called. 

A complete description of ringer arrangements for the above types of ringing is included in BSP 975-110-

100. 
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Ear1y machine ringing plants employed a 20 HZ current for ringing functions. Later a DC compo-

nent was added to improve operation of the trip relay during the ring interval of the ringing cycle. All 

newer plants provide superimposed ringing which employs alternating ringing current superimposed on direct 

( 

current. As shown in figure 10.1, this results in a pulsating current. The ringing current is superim- ( 

posed on both a positive and negative batter,y to obtain positive and negative pulsating current. The sub­

scriber's ringers are so constructed and adjusted that each will respond to only one polarity of superim-

posed current. By connecting a ringer responding to negative current and another responding to positive 

from one side of the line to ground, and two more similar ringers from the other side of the line to the 

ground, four-party selective ringing is accomplished. By doubling the number of ringers and employing one 

and two ring alerting, eight-party semi-selective ringing is obtained. Where one and two-ring semi-selec-

tive machine ringing is used, a pickup circuit arrangement guards against the false ringing of the two-

ring subscribers. In some instances (involving superimposed plants and tube-type subsets), an improper1y 

shaped ringing current wave may result in failure of the ringing current to proper1y break down (and ring) 

the subset (telephone) tube. 

ALTERNATING 
RINGING CURRENT 

ALTERNATING 
CURRENT AFTER 
PASSING THROUGH 
+ SUPERIMPOSING 

BATTERY 

onn uuu 
onn 

v v CJ 

Figure 1 0.1 - Comparison of AC and SUperimposed Ringing wave Forms 

Ringing current is supplied by machine ringing interrupters designed to provide the proper ring 

and silent intervals required in the office. Figure 1 0.2 (taken from BSP 802-004-152) shows some of the 

types of machine ringing that are available. The types of r;inging available from a specific plant are 

shown on the SD drawing for that plant. This table points out that type A ringing of either 5 or 1 0 codes 

is used in 355 SXS offices while type D is to be used in No. 1 or 350 SXS offices. When replacing a plant 

in a 355 office, a replacing ringing plant can be ordered with either type A or D ringing. If the conver­

sion from type A to Dis planned, this change will have to be coordinated with the Commercial Department 

to insure customer notification. All new ringing plants in offices other than 355's equipped with type A 

for which no conversion is planned should be equipped with type D codes. 

The division of the ringing load in machine ringing· offices is accomplished by means of slow-

speed interrupters. Since the ringing interval is usually on1y one half as long as the silent interval 

{usua11y 2 seconds and 4 seconds respectively), it is possible to utilize three slow-speed interrupter 
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~~~ ~ CODE 4 
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II 
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Figure 10.2 - Typical Machine Ringing 
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units in an arrangement whereby one-third of the office is supplied ringing current during a two-second 

ringing period, another third of the office during the next two seconds and the final third during the 

last two seconds. Thus the ringing generator can carry three times the load it could handle if the whole 

office were supplied during the same two-second ringing period. 

1 0.3 Tones and Interrupted Signals 

Tones are used to audibly transmit circuit conditions to subscribers or operators and are usual-

ly classified as either high or low tones. In certain instances they are furnished as continuous tones 

(as dial tone). In other cases the tones are unifo:nnly interrupted (as busy or all-trunks-busy tones). 

Howler tone is also provided to attract the attention of a subscriber when he leaves the receiver off hook. ( 

Early, small ringing plants used a static (no moving parts) generator for obtaining ringing cur-

rent and tones (many 355 offices are still equipped with static generators). A separate AD driven inter-

rupter was also required to provide the necessary interrupted tones. Larger ringing plants employed an AG 

driven generator for both ringing current and tones. Interruption was provided via an interrupter driven 

by the ringing machine shaft via reduction gears • 

The advent of No. 1 ESS required development of a new type of ringing plant which is used to 

generate "precision" tones. This system employs solid state oscillators to generate the four types of 

tones required in the office: 

Touch-Tone dial tone 

Audible ringing tone 

High tone 

Low tone 

Early precision tone plants used solid state generators but employed motor driven interrupters. The new-

est plants available for use employ a solid state interrupter. 

Precision tones have distinct advantages from a transmission and noise standpoint. They are also 

much more adaptable to the addition of new features in existing switching systems. Presently, solid state 

plants capable of providing precision tones are available for all switching systems and should be used 

whenever a new ringing plant is required. In some small office applications (where replacement is required 

for some other reason than capacity), use of the solid state plant may not prove to be economical because 

of the high first cost of a solid state machine. The economic teclmiques outlined in part B, section 2.2 

may be used in selecting ringing machines for a specific application. Figure 10.3 shows the component fre-

quencies for a precision tone plant. 

A complete description of all ringing tones is contained in BSP 800-610-165. 

10.4 standard Ringing Plants 

Figure 1 0.4 lists all standard ringing plants presently in service or available for use. This 
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list updates information included in BSP 802-001-151. In addition many small 355 offices still utilize a 

ringing shelf ( .25 amp, J86212) for ringing and tone supply. Detailed information about each of these 

plants are included in the BSP's referenced in this list 

Sufficient room has been left at the bottom of the third page of figure 1 0.4 to list new plants 

as they become available. 

Tbucb-Tbne Dial Tone 

Audible Ringing 

High Tone 

Low Tone 

Line Busy Tbne 

Paths Busy Tone 

Figure 10.3 - Component Frequencies, Precision Tone Ringing Plant 

10.5 Automatic Transfer Arrangements 

Frequencies (HZ) 

350 + 440 

440 + 480 

480 

480 + 620 

Low tone at 60 ipm 

Low tone at 1 20 ipm 

In order to ensure uninterrupted service during a ringing machine failure, all ringing plants 

are equipped with two supplies. 

Automatic switching from the regular to a reserve ringing supply is employed in most of the 

larger plants. While the detajled circuit arrangement may differ with various sizes and types of plants, 

this feature provides for starting the reserve battery driven machine when the voltage of the regular AC 

or DC driven generator falls below a predetermined value (usually caused by a primary power supply fail­

ure or other trouble). The ringing supply, tone and interrupted signal circuits, are transferred from 

the regular generator to the reserve generator by means of an electrically operated transfer switch. 

When ringing current of the proper voltage from the regular generator becomes available, the supply cir-

cuits may be arranged for transfer of the load back to the primary generator. 

10.6 Ringing Plant Tone Distribution 

The various tones generated by a ringing plant are fed from fuses mounted on the main ringing 

power board. These main fuses will in turn feed other distributi:on bays or equipment fuse panels. 

For instance, in SXS offices, the main fuses feed the miscellaneous fuse bays (located in the 

equipment room) from which individual circuit tone power is obtained (the same miscellaneous fuse bays 

from which -48V, +130V, etc., power is obtained). In No.5 crossbar offices, the main ringing tone fuses 

_feed power and ringing tone distribution bays (PRTD) located in the equipment room. In No. 1 ESS offices, 

the ringing and tone bay is located in the equipment room and feeds the equipment bays directly. 

On EF&I jobs, Western Electric engineering is responsible for providing and sizing all ringing 
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RINGING PLANTS 

PLANT SPEC. 
CODE NO. 

801E J86458 

8028 J86523 

803C J86S55 

804C J86451 

8040 J86477 

8060 J86596 

806E J8644S 

8o6F J86456 

806G J86472 

802-
B.S.P. 

901-150 

901-156 

902-151 

902-157 

902-158 

904-151 

904-152 

904-153 

904-154 

Figure 10.4 - standard Ringing Plants 
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VOLTAGE 

101-110 

4.25 

84-88 
115-120 

84-88 

84-88 

72-88 
75-110 
65-90 
9D-130 
llD-130 

84-88 

84-88 

65-90 

MAX. AMP ( 
CAPACITY APPLICATION 

0.5 20 HZ ringing supply for toll 

or as a PSI feeder supply 

.025 1000HZ signaling current for 

testing and ringing over toll ( 
and long distance circuits 

6 20HZ ringing supply for panel; 
o.s 

#1, #5 X-bar; large SXS; No. 4 

and 4A switching systems 

1.0 20 HZ machine ringing and sig-

naling supply for #1 and No. 5 

crossbar, #1 and 350 SXS sys-

tems 

1.0 Portable 20 HZ machine ringing 

and signaling supply for emer-

gency use 

0.25 20 HZ machine ringing and sig-

o.so na1ing supply for #1, 3SOA, 

355A, 35E97 SXS offices and in 

large ]OIB~and 7118 PBX 1 s 

0.25 20 HZ ringing supply for 3SS 

and 356 SXS offices 

0.25 20 HI ringing supply for 355 

SXS and #S X-bar offices 

0.25 20HZ ringing supply for 7018, 

7118 and 740E PBX 1 s 



RINGING PLANTS (CONTINUED) 

PLANT SPEC. 802· 
CODE NO. B.S.P. VOLTAGE 

806tr J86815 90~155 8~88 

80781 J86816 904-160 -
8070 J86829 904-162 -
807E2 J86839 904-163 . 

807F J87813 904-164 -
807G2 J87814 904-16S . 

808A2 J86834 906-1 so 8~88 

812A2 J87801 905-1 ss 8~88 

8JtA1 J87803 910-1 so ~88 

841A2 J87804 91 5-l so 84-88 

852A2 J87807 921-1 so 8~88 

8S3Al. J87809 922-1 so 84-88 

86tA2 J87812 930-1 ss 8~88 

figure 10.4 (cont.) - Standard Ringing Plants 

MAX. AHP 
CAPACITY 

0.5 

-
-
. 

-

-

6.0 

l.S 

o.s 

o.s 

I. S 

6.o 

o.s 

ISS A, 802-000-901 SW 

PART B, SECTION 1 0.6 

APPLICATION 

20 HZ ringing and precise tone 

for No. 1 ESS Office 

Wide area dialing systems 

Touch Tone supply for crossbar 

and SXS offices 

Tone supply for No. 1 TSPS 

offi c:es 

Touch-Tone supply for panel, 

crossbar and SXS offices 

Precise busy tone supply for 

SXS and crossbar offices 

20HZ ringing and precise tone 

supply for No. 1 ESS offices 

20 HZ ringing and tone supply 

for 4-wire No. I ESS office 

20 HZ ringing and tone supply 

for No. 2 ESS office 

20 HZ ringing and tone supply 

for No. S Crossbar offices 

20 HZ ringing and tone supply 

for No. 1, 3SO and 3SS SXS 

offices 
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RINGING PLANTS (CONTINUED) 

PLANT SPEC. 802-
CODE NO. s.s.P. 

862A2 J87810 931-150 

863A2 J86881 932·150 

872A J87808 939-150 

873A J86855 940-150 

MAX. AMP 
VOLTAGE CAPACITY APPLICATION 

84-88 1.5 20 HZ ringing and tone supply 
for No. 1, 350 and 355 SXS 

84-88 6.0 offices 

: 105 1.25 
PBX feeder supplies 

! 105 5.0 

Notes: 1. Utilizes solid state generator, machine interrupter. 

2. Utilizes solid state generator and interrupter. 

Figure 1 0.4 (cont.) - Standard Ringing Plants 

Page 8 

( 



( 

ISS A, 802-000-901 SW 
PART B, SECTION 10.6 

supply leads. On T.C.E. jobs, the Telephone Company engineer must determine that all tones required are 

available on existing ringing fuse panels. This determination is especially important when a new type of 

equipment (as a group alerting system) is being added in the office for the first time. Criteria for 

ringing conductor sizing and fusing are outlined in EIM 6629, available from Western Electric. 

1 0. 7 Ringing Demand Meter 

The 20 HZ output of a ringing machine fluctuates so rapidly that a statistical method must be 

employed in detei'Illining the actual 20 HZ ringing current drain. The procedures employed in doing so are 

outlined in BSP 802-029-160 which covers use of the ringing demand meter. 

Every ringing plant should be equipped with connectors for the ringing demand meter; it is the 

responsibility of the Telephone Company equipment engineer to specify their installation. 

10.8 Criteria for Selecting and Sizing a Ringing Plant 

An existing ringing plant should be capable of handling the projected ringing load expected at 

the end of!. the power engineering period for the job under consideration. Detailed instructions for siz-

ing a ringing machine are covered in BSP 802-004-152 and section 10.9 of this practice. 

The following procedures should be used in selecting a new ringing plant (including replacement 

of an existing plant) : 

1 • From the infoi'!llation included in figure 1 0.4 and the referenced BSP 's, select a ringing 

plant which satisfies the basic criteria: type office, tones required; solid state 

operation. 

2. Select the size plant that will handle ringing requirements for the life of the equipment 

entity it will serve. 

The ringing demand of the equipment associated with the initial installation of the ringing plant may be 

used in estimating the ultimate size plant required. As an example, using procedures outlined in section 

10.9, it has been detennined that an initial installation of one unit of No. 1 ESS will require 700 ma 

(milliamps) of ringing current. It is planned to ultimately install three units in the building. There-

fore, the ultimate drain can be projected at 2.1 amps (3 X 700 ma). In this case, to avoid the expensive 

replacement of the ringing plant, a 6.0 rather than 1 .5 amp plant would be installed. 

10.9 Ringing Calculations, BSP 802-004-152 

The calculations for sizing ringing plants outlined in BSP 802-004-152 are based on the assump-

tion that adequate tone capacity will be available if the ringing generator is adequate to handle ringing 

current demand. 

BSP 802-004-152 outlines thirteen steps to be followed in determining the total ringing current 

drain. This section of the practice is designed to supplement infoi'!llation in BSP 802-004-152 and will 

point out sources for the required information. 
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step (1) - No. of Buq-hour Terminating Calls 

Busy-hour terminating call peg count data is not gathered for SXS and No. S 

crossbar offices. Thereforp, an estimate using available traffic data, must 

be made of the number of calls requiring specific types of ringing (Ring 1 , 

Ring 2, coded ring) • The following procedures may be used in making those 

estimates: 

SXS Office: 

Figure 1 O.S is a typical SXS grouping sheet outlining requirements for trunk-

ing from fifth selectors. The encircled CCS figures for each type of ring-

ing equipment can be totaled and, using an average of 3.0 CCS per call, the 

total busy-hour (BH) calls can be estimated. Using figure 1 O.S, the follow-

ing can be developed: 

GCS 

1, 2&4party 
full selective S code, 

Level 1-ring 10 party 

1-3 294 

4-6 216 

7-0 366 

Total 660 216 

Assuming 3.0 CCS/call. 

Total BH 1 -ring calls = 660 CCS = 220 calls 
3.0 ccs/call 

Total BH coded ring calls = 216 CCS = 72 calls 
3.0 ccs/call 

If 8-party, semi-selective, rather than S-code ringing were required, the 

grouping sheets would reflect this (The Traffic Order forecast of lines and 

terminals or 16A report should be checked to see if there are any multi­

party customers actually working in these boards) • The requirement for 

Ring 1 and Ring 2 would be determined assuming that half the calls would 

be derived from each. If four party, semi-selective (rather than full 

selective) ringing was being utilized, an estimate of the number of calls 

terminating in 4-party lines would have to be made. 

No. S Crossbar Office: 

No. S crossbar traffic orders contain the two pages shown in figures 10.6 

and 1 O. 7. To compute the BH calls by types of ring, the average termina­

ting CCS/Ml' must first be determined. Using figures 10.6 and 1 O. 7, the 

(~ 

( 

( 
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Figure 10.S - CCS Determination For SXS Offic~ 
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PERIOD 

TER/-liNATE 

I~--.., ~ 

I RING 

Comb. Conn 
1 Ring 

Comb. Conn. 
1 Rin~:~: 

Comb. Conn. 
1 Rin~t 

,Comb. Conn. 

10 Pty-
Di.v. Ring 

Com. Rot. 
Hth 1 Ring 

I 

Comb. Conn. 
1 Rine: 

------
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FRl 
FR2 

FBl 
I'm 1 

CB 

SUB-4 

PBX-F 
-JI! 

ODT 

TOTAL 

CONS. NO. 

·;·ouCH-TONE 

T .o. 72-S-19 
Page 1 , . 

:j -· ":.<. ~- ' 

F01lEGAST 01" L TN!~ AND MAIN 'fEJ.I<:PttO~ll·.S 

AS OF 4-74 

FORECAS'J' 2-1-72 

33. 648 
Terms 

13190 
215 

876 
40 

229 

21 

143 
4 

TOTAL MAIN 
TELEPHONES 

Figure 10.6 - No. 5 Crossbar Traffic Order 
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DI~TRIBUTION OF TERMINATING TRAFFIC 

As of 4-74 

% of LLF ccs TRUNKS From: Total Usage OBH 21!!. REQUIRED PROVIDED 
Inter Ofc - Total 41.36 21246 

- 22 3410 116 124 - 34,692 1104 44 47 - 43 900 39 43 - 53 3901 140 ISO - 73 1.510 59 65 - 82 137.5 53 58 - 92,624,627,628 1829 70 70 - 622 270 15 16 - 623 193 12 13 - 624,628 (a) 18 18 - 626-1 195 12 13 - 633,635 (a) 765 34 34 - 649 2n 15 17 - 6.55,651 {a) 1232 50 ss - 658 720 31 34 - 661,667 1880 69 69 - 674,677-9 (a) 800 35 38 - 684,688 (a) 510 27 29 - 694,697 300 16 18 - 69.5 127 10 11 - 698 (a) 221 14 15 - 696 (a) 1144 47 .52 - 64 Tandem (648&649) 7014 362 362 
Intra Ofc - FR 13.76 7068 1359 

-MR .o1 5 54 
- CB .40 2o6 343 
- MR to PBX .01 5 20 

Toll SW - 4A (a) .87 446 1535 83 - Opr NC (a) .o4 21 295 28-!~ CB .01 5 80 13* DSA - Opr {a) .ol 5 10 9 - Verif (a) .01 5 10 5 

Total 56.48 ( 29012 ) ~TOTAL TERMINATING 
CCS DURING OFFICE 
BUSY HOUR 

(a) Include Traffic to 648 & 649 

Figure 1 0. 7 - No. 5 Crossbar Traffic Order 

Page 13 



IS$ A, 802-000-901SW 
PART B, SllUTION 10.9 

Page 14 

total terminating l3H CCS and main telephones are 29,012 and 14,718 respec­

tive:cy. To compute, BH terminating CCS/MT = 

BH terminating CCS = 29,012 CCS = 1 .97 CCS/MT 
MT 14,718 MT 

This figure would then be multiplied times the total MT for each t,ype of ring 

call to determine the total calls. In this office, only 1-ring calls are re-
quired (no coded ringing required, see figure 1 0.6); the total BH terminating 

calls (assuming 3.0 CCS/call) can be computed simply by dividing the total 

terminating CCS by the average CCS/call or, 

step (2) - (A + D)/3600 

29,012 Term CCS = 9671 calls 
3.0 ccs/call 

The "A" and "D" factors should be taken from the tables included on pages 2 and 

3 of BSP 802-004-152. 

Step (3) - Average No. of Simultaneous Busy-hour Calls 

Multiply the results of (1) by step (2) for each type of ring. 

Step (4) - Brush Factor 

To determine the brush factor, the interrupter timing information shown in 

figure 1 of BSP 802-004-1.52 must be determined for the plant being sized. 

This information is shown on the SD drawing for the interrupter circuit. 

step (5) - Average No. of Simultaneous Busy-hour Calls 

Multiply the results of step (3) by step (4) for each type of ring. 

Step {6) - Average Ringing Drain Per Call 

Figures to be used in the appropriate formula should be obtained as follows: 

- R, ringer drain: for the purpose of these calculations it can be assumed 

that all sets utilize high impedance ringers. 

- P, percent of party-line fill: the present party line fill is shown on the 

demand and facility chart for the office. It can be assumed that no signi-

ficant changes will occur when considering some future date. Be sure to 

convert the demand and facility chart figure to a percentage figure. 

- E, percent extension stations: present figures can be obtained from the 

16A report filed in Plant Extension. It can be assumed that no signifi-

cant changes will occur when considering some future date. 

-A, average ringing drain per call: be sure this is expressed in milli-

amperes. 

Steps (7) thru (12) 

( 

( 

t. 
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Complete each o:f these calculations in accordance with the instructions 

given in BSP 802-004-1.52. 

Step (13) 

Use the nomogram included as :figure 10.8 :for determining the size o:f ring­

ing generator required. 

10.10 Ringing Machine Data Entries, SWX-:XXX:X-.5.50-G Drawing 

Figure 10.9 contains that portion o:f the SWX-XXXX-.5.50-G drawing which is applicable to ringing 

machines. Section VII, part A should be used to record the type plant (as 803C, 804C, J86212T shelf, 

etc.) and the capacity o:f that plant :for both the present and power engineering period dates. 

Section VII, part B should be used to record the demand on the ringing machine as o:f the date 

shown. Once an initial load determination is made :for the office and entered on the SWX-XXXX-.5.50-G draw­

ing, it will usually not be necessary to update this information each time the drawing is updated. This 

set o:f calculations should be made, however, whenever a new ringing plant is being installed in order to 

insure proper sizing o:f the plant. 

Section VII, part C should be used to reflect whether or not an office is equipped with connec­

tors for a ringing demand meter and, if applicable, the results o:f the last load study. The load study 

need not be made each busy season but should be scheduled by the Telephone Company engineering and Plant 

representatives as the need arises. 

10.11 Engineering Responsibilities 

The Telephone Company equipment engineer is responsible for the following ringing machine 

determinations: 

- Size, type, location and questionnaire information (E1 896) :for all new ringing plants. 

- When replacing an existing plant, specifying whether Type A or D ringing is required. 

- Specifying installation and use of the ringing demand meter connectors. 

- Completion of section VII of the SWX-XXXX-.5.50-G drawing. 

-On F&I jobs, insuring that all required tones are available in the office. 
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0 .G3 -----------g--

~: 

-liLTS 01' STV00•­
IIUIA..TS 01'.,.... .. 
RATING OP' GDEIU«<Ot•ZBiliiA 

Figure 10.8 - Nomogram for Ringing Drain Calculation 
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1Zli RINGiNG MACHINE DATA 

A TYPE PLANT 
CAPACITY 

PRESENT 

862A 
l.5 

B PROJECTED LOAC AS OF 9-75 
(DATE) 

I?TEp=--. TYFE OF RING: 
BSP a"tYz 004 152 

STEP (I) 
STEP ( 2) 
STEP ( 3) 

PWR ENGR PER 

~~ 
1.5 

(PER BSP 802-004-152) 

ALL RING I CODE 
::::><:::: 1220 172 ! 

::::>< .0045 .0078 
::::>-<:::: 5.5 1.34 

STEP (4) ><:: 0.33 1.0 
STEP (5) :::::::>< 1.82 1.34 
STEP (6) >--- 18 37.5 
STEP (7) >< 32.8 50.3 
STEP (8) "-::::><""" 5900 1990 
STEP (9) 83.1 
STEP (10) 691~-
STEP (It) 7790 
STEP (12) .89 
STEP (13)-GENERATOR SIZE, AMPS .33! 

ISS A, 802-000-901 SW 
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C. THIS OFFICE IS EQUIPPED WITH CONNEClOP.S FOR A RINGING UEMAND METER. YES_X_ NQ __ 
LAST READING: DATE 9-25-72 ; RESULlS: I 5 AMPS- FULL SCAt EdOOOJ..-0; 750f..-0;5Q%-O 

Figure 10.9 - Ringing Machine Entries, SWX-XXXX-550-G Drawing 
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11 .1 Purpose and Types of Grounding Systems 

PART B - SECTION 11 .o 
GROUNDI:OO SYSTEMS 

ISS A, 802-000-901SW 
PART B, SECTION 11 .0 

A ground is a conducting connection bPtween an electrical circuit, component, equipment or 
housing of the equipment and earth or some conducting body which serves in place of earth. In a tele-
phone office, ground is assumed to be the point of zero potential or voltage and is referred to as the 

central office ground. 

A bond is a solid, low-resistance, metallic connection between two or more electrical compo-

nents or their metal housings. The wire connecting two adjoining pipe supports at the top of the bays, 

the connection between a ground wire and each end of a conduit through which it runs and the straps 

across the flexible waveguide sections are examplPs of bonds. 

A circuit or item of equipment is effectivPly grounded (via ground and bonds) when permanently 
connected tp earth through a ground path of sufficient capacity to prevent a buildup of voltages which 

may result in circuit noise, undue hazard to personnel, or equipment damage. 

Telephone offices have three grounding systems: (1) the AC service grrund (neutral); (2) the 

protection or potential ground consisting of the equipment ground, framework ground, relay rack ground 

and the ring ground; and (3) the battery return ground. 

These ground sys terns are designed to: 

1. Eliminate electrical hazards by protecting personnel from faults which develop in the system (by pro-
viding electrical paths of sufficient capacity to permit protective devices, such as fuses or circuit 

breakers, to operate should a fault occur). 

2. Provide protection against damage by lightning and from power fault currents. 

3. Provide protection against corrosion by proper application of common grounding. 

4. Minimize effects of noise. 

ProcPdures for proper grounding are contained in BSP 802-001-180 (Protective Grounding Systems 
for Power Plants) and ESP 802-001-190. Included in these practices are references to drawings and prac-
tices covering grounding requirements for most types of telephone equipment. 

11 .2 Ground Electrodes 

The ground electrode is that conductor (pipe, rod, plate, or cable) which is placed in the 

earth for the purpose of maintaining ground potential on conductors connected to it and dissipating to 

earth the current conducted to it. A metallic underground water piping system shall always be used as 
the principal grounding electrode when it is available. The water piping system shall be checked or veri-
fied with the water company to determine if the buried portion of the water pipe is a continuous metallic 
public water system. Where the water pipe is of nonmetallic material or is not continuous (i.e., equipped 
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with insulating couplings at the water meter) a supplementary ground field is required. The water compan- (""' 

ies have been experiencing corrosion problems on their metallic water systems. In some areas there has 

been a definite trend toward the use of nonmetallic pipe and insulating couplings. While it is not a re-

quirement to provide a supplementary ground field where the water system is determined adequate, it is (· 
highly recommended that this be considered during the initial construction period of a building. With the 

possibility existing that the water company may create at a later date one of the conditions which would 

make the water pipe inadequate, excessive expense may be encountered should it become necessary to add a 

supplementary ground field. Where assurance cannot be obtained that the pipe will remain as an effective 

ground electrode, a supplementary ground field should be provided. 
( 

As the principal grounding electrode, the water pipe shall be a continuous metallic underground 

public system, or a private system of buried metallic pipe or well casing. Where the private system is 

used, the metallic underground piping shall be bonded to the well casing and the combination of the buried 

portion of pipe and well casing shall not be less than 1 0 feet. 

Preferable, all ground leads shall be attached to the water pipe system on the street side of 

the water meter; however, under either of the following conditions, all ground leads may be connected to 

building side of the water meter: 

1. In some instances there may be insufficient exposed length of pipe on the street 

side of the basement installed water meter. The leads should be connected close 

to the meter. 

2. In some buildings the water meter may be located outside, making the pipe on the 

street side of the meter inaccessible for connecting ground leads. Connect the 

leads at the point of entrance of the pipe into the building. 

The water piping system shall be made electrically continuous b.1 bonding across the meter, 

valves, or service unions which might be disconnected. This will insure electrical continuity where 

ground attachments are made to the pipe on the house side of the water meter. Special attention should be 

given to the water meter bond. No bond should be placed across the meter where the pipe on the street 

side of the meter is not Telephone Company owned without obtaining water company permission or where 

there may be an insulating coupling at the meter which should not be strapped. The supplementary ground 

field shall be connected to the interior water piping system as close to the meter as possible. 

In structural steel buildings, all building columns shall be connected to a supplementary ground 

field. The conductivity of concrete surrounding the building columns cannot be relied upon for providing 

an adequate ground path. A driven roo shall be placed adjacent to each column footing. The rods and col-

umns shall be interconnected ey means of PVC insulated No. 2 gauge copper conductors and connected to the 

interior cold water systems. A typical arrangement for the supplementary ground field is shown in figure 

11 .1 • 
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PVC INSULATED 
COPPER CONDUCTOR 
MINIMUM BURIED 
DEPTH IS 18 INCHES 

Figure 11 .1 - Typical Supplementary Ground Field - Structural Steel .And Reinforced Concrete 
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A driven rod ground field similar to the one described for a structural steel building shall be (-, 
used for a building constructed o:f reinforced concrete. However, there shall not be a connection .from the 

ground field to the columns since the continuity o:f reinforcing bars cannot be relied upon. 

Made electrodes consist of a series of driven rods or pipes interconnected with copper conduc- ( ' 

tors. Within the Bell System, copper clad rods have been principally used. In some small installations, 

such as TJ radio, community dial offices, etc., iron pipes interconnected with bare copper wire have been 

used. The philosophy in this latter case being that even with the possibility o.f corrosion o.f the iron 

pipes, the sizeable length o.f bare copper wire remaining in the earth was considered adequate. However, 

a copper wire counterpoise shall only be used where rods cannot be driven due to bedrock being less than 

10 feet below the surface. There are benefits to be derived .from supplementing the buried conductors with 

rods. Practices suggest the placing o:f the grounding conductors at a depth o.f about 1 8 inches below grade. 

There are many areas where .frost penetrates the earth to depths exceeding 1 8 inches in which case a sub-

stantial increase in earth resistivity occurs. 

A supplementary ground .field shall consist o.f driven rods buried deep in the excavation (for 

buildings with basements). For small buildings (no basement), such as unattended central offices, 355A, 

SXS, microwave and radio stations, rods shall be driven outside of the building, 2 .feet from any wall. 

Rods will be placed at the comers of the building, with intermediate rods between the comer rods spaced 

evenly and with the distance between rods not to exceed 10 feet. A ring counterpoise of No. 2 gauge 

tinned solid copper conductor shall be run around the exterior perimeter of the building interconnecting 

all the rods (see :figure 11 .2). All ground :fields shall be bonded to the internal cold water piping sys-

tem of the building by at least two conductors. In locations where water systems are not available, the 

driven ground field will be the sole grounding arrangement. 

All grounding systems (i.e.; power company ground field, telephone company ground :field), if 

they are different, shall be bonded together to limit potential differences between grounds and their 

associated wiring systems. The maintenance of a common reference ground is a goal of prime importance. 

11 .3 Principal Equipment Room Ground Bar 

In the grounding systems found in older telephone offices, a ground bus bar was mounted on the 

main or combined distributing frame and was noma.lly tied to the water pipe system on the street side of 

the water meter. All ground requirements were fed directly from this ground bar or from bays, framework, 

relay racks,groundbars, etc. fed from the ground bar. 

With the issuance of Issue 9 of BSP 802-001 -1 8o in 1967, use of a supplementary ground field was 

proposed and new grounding procedures for single- and multi-storied buildings were outlined. 

All buildings with two or more floors, basement included, above or below ground, shall have at 

least one vertical ground riser. On each equipment floor a bus bar representing the principal equipment 

room ground bar shall be provided and connected to the riser. In the basement the riser shall be connected 
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to the water pipe. Effectively the riser will bring the water pipe (central office or CO ground) to the 

equipment floor. SD-81899-01 covers the detailed instructions for adding the vertical ground riser and a 

horizontal grounding network to new and existing offices. By establishing a principal ground bar on each 

(-

equipment floor, the practice of running conductors between floors looking for a suitable ground will be ( · 

eliminated. On each equipment floor a horizontal ground equalizer shall connect all equipment on the 

floor to the appropriate floor CO ground bus bar. The equalizer cable will supplement any standard 

grounding arrangement in an office. All grounding arrangements for particular de distribution systems 

(i.e., microwave, dial, ESS, etc.) and covered by SD drawings shall be maintained. The equalizer cable 

will interconnect the various distribution systems. Where standard circuits call for a connection to the 

water pipe or CO ground, the appropriate floor ground bus bar shall be utilized. 

In complete toll areas or for toll line-ups in non-toll areas where no standard SDs are avail-

able, a horizontal ground network shall be provided bonding together all battery distributing fuse board 

(BDFB) ground bars, fuse bay ground bars, relay rack ground bars, frameworks, and duct-type bays. This 

network will insure the provision of adequate bonding and grounding of all equipment on that particular 

floor and when applied in conjunction with the vertical ground cable will assure a positive connection to 

the ground source by the most direct path possible. The intent of the equalizer is to reduce potential 

differences betwe.en ground bars, frameworks, and superstructures in a telephone office. Cable racks, 

superstructure frameworks, etc. should not carry currents to the BDFB or to the power room. 

This supplementary tree grounding arrangement, with branches connecting all bay lineups and 

frames to a trunk which is connected to the ground electrode, will effectively bond together all bays 

through a single path. With the ideal tree there will be an equalization of potential differences between 

ground bars and framework grounds on each floor and a direct path for spurious noise currents to earth po-

tential. will be provided. The ideal tree would be connected to the building steel only at the waterpipe, 

however, this would create a safety hazard. For example, if the water pipe is at one comer of a large 

building, a lightning stroke at the opposite corner could raise the potential of the building framework by 

thousands of volts relative to the equipment bays. By connecting the CO bus bars on each floor to build-

ing steel, the hazard is reduced. 

The principal ground lead shall not be enclosed in a metallic enclosure. Previous practice re-

quired that when the main ground lead was so enclosed, both ends of the enclosure were required to be bond­

ed to the main ground lead. Investigations of many offices have indicated that this bonding requirement 

had been omitted. The bonding of the metallic conduit was important since this prevented an increase in 

inductance of the ground lead by the metallic material. of the conduit and also avoided possible arcing 

between the lead and conduit. The new requirements for nonmetallic enclosures for ground leads eliminates 

the need for bonding and therefore eliminates the hazards associated with improper bonding. The principal 

equipment room ground lead should be run exposed--not buried on a cable rack nor enclosed in metallic con-
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duit. Where a mechanical guard .for the main ground lead is required, such as when this lead is run out­

side o.f the building, the lead shall be run in nonmetallic electrical conduit. All o.f the conductors 

associated with the horizontal and vertical grounding system shall be supported below the cable racks. 

In single-storied buildings it is recommended that a principal central o.f.fice ground bar be 

established. Where a CO ground bar is not installed, all equipment requiring a CO ground connection 

(i.e., power plants, distributing frames) must be terminated on the water pipe or other ground electrode. 

The application of a ground bar provides an accessible location .for terminating the required ground leads. 

In offices similar to a 355A community dial o.f.fice or a small step-by-step No. 1 office, where the addi­

tion of toll bays does not meet the requirements for a horizontal ground equalizer, the principal central 

o.f.fice ground bar may be the ground bus bar on the main distributing frame. The main distributing frame 

shall be bonded to the ground electrode. The horizontal ground equalizer may or may not be required in a 

single floor building. The ground equalizer is required .for an ultimate o.f .four or more toll equipment 

lineups (with a .fuse bay included in one o.f the lineups) and shall not be installed .for 1, 2, or 3 line-

ups. 

11 .4 Battery Return Ground 

Unless otherwise specified on standard power plant circuit drawings, the main power plant ground 

lead shall be run from a point on the discharge ground bus bar to the principal CO ground bus bar located 

on the same floor as the power room or to the central office ground electrode. The size of the power 

plant ground leai as specified on standard drawings (usually a No. 0 lead) is adequate in o.f.fices which 

do not use the new horizontal and vertical grounding arrangement. With the installation of the new 

grounding concept, the size of the power plant ground lead shall be increased as indicated in Table C of 

BSP 802-001-180. Dedicated power plants for electronic type o.f.fices have a special grounding requirement. 

See part B, section 11 • 7. 

The discharge ground arrangements for a particular office will be shown on the Western Electric 

wiring lists and block schematics for that office. The various components of the discharge system will 

be sized to handle the sum of the individual circuit ground requirements. The criteria for sizing ground 

leads are the same as those outlined for battery leads in part B, section 6.12. 

11 .5 AC Service Ground 

The AC service ground is provided as a reference point .for the AC power system. For the incom-

ing AC service it is properly placed at the service entrance switch or circuit breaker in accordance with 

local or national electrical codes. With the application o.f the vertical ground riser and floor bus bars 

as described on SD-81 899-01 , any secondary AC systems, such as transformers or engine-alternators, shall 

be bonded to the ground bus bar o.f the floor on 'Which they are located. The AC service ground is also 

referred to in many publications as the system ground. 
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In AC systems the current car!'ying conductor of a distribution or wiring system which is con­

nected to ground is referred to as the neutral conductor. This is the grounded lead of a system as com­

pared to the grounding lead which does not nonnally carry current but references the system with the 

ground electrode. 

Under no circumstance shall a neutral conductor again be grounded after it has been grounded 

once at the service entrance. This requirement is necessary to avoid 60-HZ return current passing through 

framework, conduit, etc., thereby causing noise in susceptive circuits. 

11 .6 Protection and Potential Ground 

( 

As mentioned previously there are four types of protection ground: equipment, framework, relay ( 

rack and ring. 

¥quipment Ground 

All electrical equipment enclosures and conductor enclosures shall be grounded. This is equip-

ment ground. An equipment ground consists of a metallic connection to ground of noncurrent carrying metal 

parts of the wiring system or apparatus connected to the system. This includes all metal raceways, outlet 

boxes, cabinets, switch boxes, motor frames, transfoi'Iller cases and metallic enclosures for all electrical 

equipment. The primary objective of equipment grounding is greater safety and assurance of clearing a 

fault. 

A ground fault occurs when contact is made between a live conductor and a point at or near 

ground potential. This occurrence is most commonly caused by the failure of insulation. A hazard to 

persopnel exists at the time the ground fault occurs. Any fault will cause a ground current to flow from 

the fault to the source of power. There must be an effective low impedance ground path established to 

insure a low voltage and high current result. Forcing the current to flow through a high-impedance ground-

ing connection may create a dangerous potential difference. The high current is needed so that the protec-

tive over current devices will function to remove the line from service in minimum time. 

In the past it was generally believed that adequate equipment grounding could be obtained by 

grounding the electrical apparatus (fixed cabinets, motors, rectifiers, etc.) to steel building structures 

or by having the equipment served by grounded metallic conductor enclosures. Conduits and raceways carry-

i.ng AC service were assumed to be adequately grounded by their mechanical connections to house service 

cabinets and incidentally grounded by being clamped to framing bars, superstructures, cables, racks, etc. 

In many instances the frequent bolting of conduit to various racks and pieces of equipment throughout the 

office does not necessarily mean that an adequate ground fault path has been provided and all shock hazard 

eliminated. 'l'be use of nonconductive finishes in many cases decreases the dependance upon grounding 

through auxiliary- framing and cable rack structure. The external bonding of conduits to various grounds 

11:13Y also prove to be ineffective at times. 

Under the new procedures outlined in BSP 802-001-180, to insure an adequate ground fault return 
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path, a separate grounding conductor enclosed in a metallic raceway with the phase conductors shall be 

provided for circuits with protective devices rated above 20A. For circuits with protective devices 

rated 20A or less, a separate grounding lead is not required when conductors are enclosed in metallic 

raceways. The fault current path will rely entirely on the metallic enclosure of the leads. Where the 

metallic enclosure may be subjected to corrosion (i.e., run outdoors or buried) or where metallic raceway 

is not used, the grounding conductor shall be furnished in all cases. 

The separate grounding conductor arrangement is known as the green wire (see figure 11 .3) con­

cept since this grounding conductor for AC operated equipment is identified with a green color code (un­

less bare). This distinguishes this lead from the current carrying ground conductors (neutrals) which are 

white or gray. Present policy calls for only new buildings and additions to be equipped with the green­

wire system. Old telephone offices will not be retrofitted at this time. 

The green wire shall be secured to the equipment enclosure at the source of power and at the 

apparatus being served by the AC supply. Grounding conductors shall be insulated and shall be large 

enough to carry the ground fault current safely. 

The current return conductors (neutrals) which are grounded at the source shall not be used for 

equipment grounding. Separate conductors (white or gray for neutrals, green or bare for grounding conduc· 

tors) shall be used for these functions. The common grounding lead must be connected on the supply side 

of the service disconnect unit. The AC distributing cabinets shall be equipped with a neutral bar (which 

is insulated from the enclosure) and a grounding bar (which is bonded to the enclosure). The grounding 

bar provides a means for terminating the green wires to the cabinet. When the grounding bar is not pro-

vided, the green grounding conductors may be terminated in a suitable lug or punching secured to the 

cabinet. 

Equipment grounding is required whether the system is grounded or not. Ungrounded systems may 

operate for extended periods with a single phase fault to ground. During such periods a contact between 

another phase conductor and an ungrounded metallic enclosure raises the enclosure to full-line potential 

above ground. Failure to provide a suitable connection between enclosures and ground presents a serious 

hazard to personnel. 

Certain procedures must be followed in grounding and bonding conductors: 

Bus duct - Frames and metallic enclosures of equipment to which AC power is supplied from bus duct shall 

be grounded by means of a green wire enclosed with the phase leads, if the leads are protected 

by devices rated larger than 20A. To provide for the grounding connection, a four-conductor 

bus with four conductor plug-ins may be used for a three-phase, three-wire AC distribution sys-

tem. In this case, the fourth conductor in the bus is used as a grounding conductor and the 

ground bus in the bus duct is then connected to the power source enclosure. A green ground 

wire run with the phase leads in the equipment cable is then connected to the equipment case or 
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Figure 11 .3 - Typica1 Equipment Grounding Arrangement Utilizing the Green Wire 
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frame at one end and to the blade of the plug which connects to the ground bus at the other. 

A five-conductor wire bus duct must be used in a three-phase, four-wire AC distribution system 

to perm:it using the fifth conductor as the grounding conductor. 

Conduit - The addition of the green-wire equipment grounding conductor to AC circuits run in metallic en­

closures does not lessen the requirements for conductor enclosure continuity, since part of 

the total ground fault current will flow through the enclosure. High impedance at conduit 

joints and connections may cause arcing and heating of sufficient intensity to ignite nearby 

combustible material or explosive gases if present. Any conductor enclosing shell, such as 

metal conduit, wirewqs, bus ducts, etc., confines the electric and magnetic effects to the 

interior of the racewq. The electrical continuity of a conduit shall continue to be main­

tained by any one of the following means : 

(a) Threaded fittings with joints made up wrench tight where threaded rigid conduit is used. 

(b) Threadless fittings made up tight. 

(c) A metal bushing inside and a locknut, outside of metal boxes and cabinets when threaded 

conduit is used. If the outside loclmut is inaccessible for tightening after installa­

tion, an additional locknut inside should be used. If the bushing is composed entirely 

of insulating material, use locknuts inside and outside. 

(d) Other devices listed for the purpose by Underwriters Laboratories, Incorporated. 

Armored Cable - To insure an adequate equipment ground system the Underwriters Laboratories requires that 

the cable armor {equipment ground return circuit) have a maximum resistance of 5 ohms per 100 

feet. To meet this requirement most manufacturers of armored cable use a bonding strip. When 

armored cable is used for shielding ring and tone leads or telegraph leads, the armored cable 

must be connected to ground at both ends of the cable. Groups of armored cable may be bonded 

together with a strap and grounded with a single lead. 

Shielded Cable - The elimination of noise from various systems can be greatly improved by adequate ground­

ing of shielded wire and cables. Schematics indicate the critical leads and noise producing 

leads which are required to be shielded. The purpose of the shield on shielded wiring and of 

the metallic sheath over cable pairs, is to reduce the inductive exposure from external elec­

tric and magnetic fields or to prevent noise on le'ids from disturbing other equipment. Cable 

shielding is only effective when the shield is electrically continuous between grounding 

points. When shielded wire and cable are spliced, the electrical continuity of the shield 

must be maintained. An investigation of the optimum method of grounding shields which are in­

tended primarily for shielding against electrostatic and electromagnetic interference is pre­

sently underwq by Bell Laboratories. Until final recommendations are available, all such 

shields should be grounded as specified in the system drawing. 
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Other Leads - Conduits carrying circuits supplied by telephone or telegraph batteries, generators or. rec- (-

tifiers shall be grounded. The green wire is not required for such applications. Where con-

duits are not continuous, the free end (or ends) of the conduit should be connected to ground 

leads which are tied to the central office ground system. 

Framework and Relay Rack Ground 

A conductor that serves the purpose of placing the equipment framework at reference ground is 

kno'Wll as a framework ground. A relay rack ground is a conductor which functions as a combination DC re-

turn and framework or equipment ground. 

Frames of equipment were considered grounded when served by grounded conduits. Frames of equip-

ment not connected to· co!mllercial power or grounded conduits were also considered grounded by being clamped 

to grounded racks, frames, or steel framework of the building. This is knO'Wll as incidental grounding. 

Equipment requiring a protection ground should have a designed metallic ground path of either cable or bus 

bar. With the new horizontal grounding equalizer, all equipment frames will be grounded with a direct 

metallic connection of either cable or bus bar. Equipment not specifically required to be grounded, such 

as battery stands, machine tables and metal cabinets containing apparatus not connected to power service, 

shall be grounded if grounding is called for in other practices or specifications. 

Reley- rack beys require a framework ground. Where the equipment design requires a battery re­

turn current utilizing relay rack ground bars, the ground bar on the bey then becomes a combination frame­

work and circuit ground, the framework ground may be provided by adding a ground bar (to be compatible 

with adjacent reley- racks equipped with ground bars) or with a No. 6 conductor. The No. 6 framework 

ground lead is required when the reley- rack bey is isolated from other bays or where the bey layout is 

such that it will be undesirable to add the ground bar. The te:nninal lug for the No. 6 lead shall be lo-

cated on the inner side of an upright. The No. 6 framework ground lead shall be bonded to the nearest 

relay rack ground bar which is connected to the grounding system. 

Where a circuit ground is required in addition to the regular framework ground, a ground bar of 

sufficient capacity shall be provided. Generally, a 1 by~ inch ground bar is adequate for this purpose. 

The unit ground bars of adjacent bays are joined together. Where ground bars are discontinuous due to a 

gap in the lineup, the bars shall be bonded with a 350,000 CM cable. At the head end of the lineup a 

350,000 CM cable shall be connected between the ground bus bar and the main aisle ground equalizer when 

provided. Additional details regarding framework and relay rack ground are contained in BSP 802-001-180. 

Ring Ground 

The ring ground is the grounding arrangement used in radio systems to keep the equipment frames 

and building structures at an equipotential plane during a period of high fault current (lightning). See 

part B, section 11.6. 
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The ESS No. 1 , 2 and TSPS No. 1 electronic offices are basically data machines oonsisting of' 

thousands of' transistors and other semiconductor components which use frames as a circuit ground plane. 

These systems cannot tolerate excessive transient voltages or noise which may be injected into a ground 

system. A special grounding system is required f'or these electronic offices which electrically, except 

at a single point, isolates these offices from the building steel, superstructures, etc., with no inci-

dental grounding to equipment in other areas. The one point grounding technique is accomplished by using 

one ground location as the "ground window". All equipment within the electronic office complex sees this 

ground reference point and no other in the building. Extreme care must be exercised to insure that no 

foreign grounds come into contact with the electronic office equipment at any point other than at the 

window. This .ground window should be on the same floor as the electronic equipment for maximum safety. 

Under no conditions shall any insulated electronic framework be more than one floor away from the ground 

window. Bonded to the ground windows are: 

(a) The central office ground. 

(b) The AC protective ground (all incoming conduits). Where the incoming conduits contain the 

green wire, .the green wire must be bonded to the ground window before passing on into the 

electronic area. 

(c) Connections to the power distributing frame ground bus bar. 

(d) Any foreign grounds surrounding the electronic equipment, such as, lighting, cable racks, 

etc. 

Of prime importance is the establishment of the single point ground. In an electronic type 

office all equipment frames, power distributing frames, remote power distributing frames and main distri-

buting frames must be insulated from the building steel, underfloor ducts, buried piping, etc. to insure 

that no extraneous currents flow in the electronic equipment. To insure this isolation of equipment, 

anchor bolts used f'or securing the frames are insulated from the framework. The one point ground window 

is further established by the isolation of the DC battery from any power plant framework, cable rack, AC 

power conduits, etc. The power plant ground bus bars are insulated from the power plant framework. The 

power plant ground bus is then connected to the electronic office ground bus to permit both to be ground-

ed via the same one-point ground. The framework, battery stands, etc., in the power room will be connect-

ed to the office ground similarily to the power equipment in any other type of of'f'ice. 

The ground window shall be connected to the floor CO ground bus bar which is part of the verti-

cal grounding arrangement. In a structural steel building, the vertical riser will be connected to the 

building steel. In this manner potential differences will be avoided between the insulated electronic 

switching frames and the building, eliminating a potential hazard to personnel. The maximum combined 

length of the grounding conductor between the CO ground bus bar and the tei"'lination at the electronic 
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equipment via the ground window shall not exceed 75 feet. 

The mam protector frame is not insulated from the building and may be adjacent to but isolated 

from the electronic equipment. It is essential that the protector frame be bonded to the ground window 

and to the CO ground bus bar on the appropriate floor. 

Electronic type offices may be located on the same floor with other central office equipment. 

Cable racks, superstructure framing bars, conduits, etc. from other switchroom areas with unmsulated 

frames must be isolated from the electronic switchmg area by either an mterruption (spacing) or by in-

sulation at each pomt where they might touch the electronic area. The lighting associated with this area 

is also isolated from the electronic frames. The possibility of a difference m potential between the 

equipment insulated from the buildmg and the uninsulated equipment exists• To mmimize the possibility 

of a flashover, the surroundmg equipment, racks framing, etc. shall be connected to the floor CO ground 

bar and the ground window. 

At this time electronic type offices require dedicated power plants. The recommended location 

f'or the battery plant is on the same floor as or withm one floor of the electronic equipment. This loca­

tion mmimizes potential differences between the insulated ground bar of the battery plant (which connects 

to the electronic equipment ground) and the battery plant cabinets which are connected to buildmg steel. 

However, it is recognized that floor-loading and available space restrictions might make it impractical to 

satisfy this recommendation m existing buildmgs. When power plants are several floors away from the 

floor having electronic type frames, the hazard to personnel and power plant components from lightning 

surges increases. However, personnel are not normally in contact with the msulated ground bar of the 

plant and the hazard is reduced to a practical minimum. 

Presently the Bell Laboratories is studying the feasibility of' operating two electronic type 

systems (ESS and TSPS together or two or more ESS offices) from a common dedicated power plant. Assuming 

that such installations are compatible, the following requirements must be met: 
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(a) The various systems requiring single point ground shall be located no more than two floors 

apart (as ESS on sixth floor, TSPS on eighth floor) with the single-point ground window 

bonded to building steel on the middle floor. This arrangement establishes a ground no 

more than one floor away from any equipment using insulated frames. 

(b) The ground window on the mtermediate floor then becomes the last ground point common to 

external grounds for either system. The AC conduits for the systems are brought through the 

ground window. Conduit runs from the ground window into the electronic equipment must then 

be msulated from nonelectronic structures in order to mamtain the one-point ground re-

quired and isolate the systems from any foreign ground currents. 

(c) The ideal location for the oonnnon power. plant would be on the same floor with the ground 

window thereby maintaining a one floor separation from the electronic system. The battery 
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will be grounded to the one point ground window and shall not be grounded at the power 

plant. 

11 .8 Radio and Microwave Stations 

Radio and microwave stations which are located in dedicated buildings have inner and outer sta­

tion ground rings. 'lhe rings provide a ground source interconnecting the power service, power plant 

frameworks, all radio equipment bays, dehydrator, waveguides, air conditioning ducts, etc. 'lhe stations 

are susceptible to direct strokes of lightning due to the antenna and its supporting structure. To 

achieve an effective level of' protection, equalization of' voltage differences by frequent bonding of' 

metallic components to the ring grounds must be provided. The inner ground ring is for protection pur­

poses only and shall not be used as a battery return ground. 'lhe inner and outer ground rings provide 

multiple paths to earth and are adequate for the equipment f'or a typical floor plan. The SD drawings for 

the appropriate systems indicate the grounding requirements. BSP 876-21 0-1 00 covers in detail the re­

quirements for lightning protection of' radio and microwave re~ stations including the location of pro­

tective devices. 

When radio stations are installed in central offices and typical f'loor plan layouts are main­

tained, the standard inner ground ring shall be installed. 'lhe inner ring shall be connected to the f'loor 

CO ground bus bar associated wtih the vertical riser. 

'lhe antenna tower which is located on the building shall be provided with a ring interconnecting 

the tower legs. 'lhe tower ring shall be connected to the radio equipment ground ring or to the top floor 

CO ground bus bar. In addition, the tower base shoes shall be bonded to the vertical building steel. 

Waveguides associated with all radio towers shall be grounded before entering a building by bonding the 

waveguides to the metallic tower structure. 

In reinforced concrete buildings, the tower base shoes shall be bonded to azry vertical metallic 

riser. 'lhese risers may be a main AC service conduit, cold water pipe main for sprinkler system, elevator 

rails, etc. All vertical risers shall be bonded together in the basement and connected to the water pipe. 

In many central offices the power plants which are either common to many systems or dedicated to 

the radio equipment are remote f'rom the radio equipment room. In this situation no ring ground is requir­

ed for the power plants and the normal grounding arrangement for the plant is adequate. 'lhe internal ring 

ground shall be placed around all of' the radio equipment. 'lhe equipment bays shall be connected to the 

ring ground as required. Metal objects that are associated with the building structure, such as, air con­

ditioning ducts, intake louvers, raceways, or vents in the vicinity of' the radio equipment room shall also 

be bonded to the inner ring lead creating an equipotential plane. Vicinity is defined as an area where it 

is possible to simultaneously touch the metal objects and the radio frames. 

11.9 Engineering Responsibilities 
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Principal E'!juipment RDom Ground Bus 

A. Single-story building 

1. The architectural engineer is responsible for: 

a. p;roviding the supplementary ground field and connections to the water pipe (if available), 

central office ground bar (if no water pipe is available), and main AC service panel or 

cabinet; 

b. providing necessary sleeves for running the ground connections; 

c. strapping of water meter and/or valve. 

2. The Telephone Comp.any equipment engineer is responsible for: 

a. specifying the location of the central office ground bar; 

b. including the location of the central office ground bar on the SWX floor plan drawing; 

c. verifying that the location of the central office ground bar has been included on the Western 

Electric floor plan drawing; 

d. specifying use of a horizontal ground equalizer when required. 

3. The Western Electric engineer is responsible for: 

a. providing the central office ground bar in the location specified by the Telephone Company 

equipment engineer; 

b. providing and sizing the leads connecting the ground bar to the water pipe (or ground field if 

no pipe is available) and the various equipment grounding systems, including any horizontal 

ground equalizers provided. 

B. Multi-story building 
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1. The architectural engineer is responsible for: 

a. providing the supplementary ground field and bonding the ground field to the building coluums 

(in structural steel buildings); 

b. connection of the supplementary ground field to the internal water pipe system and strapping 

of the meter and/or valve; 

c. connection of the main AC house service cabinet to the internal water pipe system; 

d. provision of the necessary sleeves for the tree ground system, if provided. 

2. The Telephone Company equipment engineer is responsible for: 

a. specifying use of the tree ground system (will always be used in new buildings or additions) 

and the number of vertical risers to be used; 

b. specifying the location of the central office ground bar on each equipment :floor; 

c. specifying use of horizontal ground equalizers; 

d. including the location of the vertical risers and central office ground bars on the SWX floor 

plans and verifying their inclusion on the appropriate Western Electric floor plan and block 

( 



schematic drawings. 

3. The Western Electric engineer is responsible for: 
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a. providing the central. office ground bars and cabling (including sizing) to the various equip-

ment grounding systems; 

b. providing the vertical. riser(s) and cabling to the central. office ground bars and internal 

water pipe system; 

c. providing connecting cables between central. office ground bars on every third floor when more 

than one riser is provided in a building. 

AC Service Ground or Neutral 

( A. The architectural engineer is responsible for: 

1. connecting the neutral bus in the main AC panel. or house service cabinet to the internal. water 

pipe system or supplementary ground field (if' no water pipe is available); 

2. providing the AC panel or house service cabinet equipment necessary for extending the neutral 

lead to the point of interconnect with Western Electric provided AC distribution equipment and 

cabling. 

B. The Telephone Company equipment engineer is responsible for detailing in the Telephone Company speci-

fication the type AC service available at the main AC switchboard or at any secondary distribution 

( points. 

C. The Western Electric Company engineer. is responsible for providing the supplementary AC distribution 

equipment and cabling equipped for the nuetral lead. 

Protection or Potential Ground 

A. Equipment ground, green-wire system. 

1 • The Architectural engineer is responsible for: 

a. providing the neutral to ground bus bar link or strap to the main AC panel or house service 

cabinet; 

b. extending the green-wire ground to the point of interconnect with the Western-provided AC 

distribution system. 

2. The Telephone Company equipment engineer is responsible for: 

a. specifying use of the green-wire system. The green-wire system will be used in all new tele-

phone equipment buildings and major additions. In existing buildings, the green-wire system 

will be specified on all. new power plants (assuming the green-wire ground can be made avail-

able without replacing the AC distribution system) and additions of power service cabinets. 

Under present policy, an existing equipment building will. not be retrofitted for the green­

wire system since this usually requires complete replacement of the AC feeds (since the green­

wire must be run inside the same enclosure that houses the phase and neutral leads). 
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b. outlining in the Telephone Company specification the requirements for the green-wire syStem. 

3. The Western Electric engineer is responsible for providing and sizing a standard green-wire system 

in accordance with requirements outlined in the Telephone Company specification. 

B. Other Protection Grounds • 

The Western Electric engineer is responsible for sizing and providing a11 miscellaneous, non-circuit 

grounds. 
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1 .1 General ReQuirements 

PART C - SECTION 1 .0 

ESTlMATE REQUIREMENTS 

ISS A, 802-000-901 SW 

PART C, SECTION 1 .0 

The Telephone Compa.n;v equipment engineer submitting an estimate request .for new or major addi-

tions of switching or circuit equipment is responsible for including certain data concerning the associa-

ted power plant equipment. If power plant equipment is also being provided, the data must verify the 

need for that equipment; if no power plant equipment is being provided the data must verify the adequacy 

of the existing equipment. This data is included in the Vice President-Engineering and Chief Engineer's 

copies of the estimate request if power plant equipment is being provided. This data should still be 

completed if no power equipment is being added, but should only be included in the Chief Engineer's copy 

of the estimate request. 

1 .2 Power Plant Data Sheet 

The "Power Plant Data" sheet, form SW-5073 (figure 1 .1), is used to record pertinent informa-

tion about the battery reserve, the power plant capacities and a summary of emergency engine capacities. 

This form should be completed for each plant in which power equipment is being changed and included in 

the Vice President-Engineering and Chief Engineer's copies of the appropriate estimate request. If mul-

tiple battery strings are involved and a battery age correction .factor is used, a "Battery Capacity Age 

Correction Calculations .for !fultiple Strings" sheet, .form SW-5074 (figure 1 .2), should also be completed 

and included in the Chief Engineer's copy of the estimate request. 

If the total installed charge capacity of a plant is being changed, a copy of the appropriate 

"Power Plant Data Sheet", form SW-5073, should be forwarded to the Architectural Engineer for a review 

of the adequacy of installed AC entrance and power company transformer equipment. 

Separate power plant data sheets and age correction factor sheets are required for each power 

plant. Instructions for completing these forms are contained in part B, sections 7.3 and 7 .4. 

1 .3 Emergency Power Data Sheet 

The "Emergency Power Data" sheet, form SW-5075 (figure 1 .J), is used to record the AC power (KW) 

required to operate the DC power plants, AC power plants, and essential building load during a commercial 

AC power failure. The size of the presentlY installed (if any) and propcsed size of any new emergency 

engines is ala o recorded. This .form should be completed and included in the Vice President-Engineering 1 s 

and Chief Engineer's copies of all estimate requests adding or removing power plant equipment. The data 

from this form is also used to complete the last three lines of the "Power P;t.ant Data" sheet, form SW-

5073· 
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OFFICE-----­
CITY 

POWER PlANT 
DATA SHEET 

SPEC NO·------

VOLT PLANT 

..... TYPE OF PLANT z 
ct 

(AMPS) ....1 PLANT CAPACITY 
0.. 

G: TOTAL EQUIPPED CHARGING CAPACITY (AMPS) 
UJ 

':~) ... 
CHARGING CAPACITY, LARGEST UNIT (AMPS) 

A FINAL VOLTS PER CELL 
1-z 

B BATTERY STRINGS -QUANTITY/LIST (YEAR INST1 ct 
....1 
0.. 

G: 
UJ a..· c BUSY HOUR PEAK DRAIN {AMPS) 
I 

fl) D VARIABLE DRAIN {AMPS) z 
0 

.j:: E VARIABLE DRAIN - 24 HOUR EQUIV. (AMPS) ct 
....1 
:l 

F CONSTANT (AMPS) 0 DRAIN 
....1 
ct 
0 G POWER FAILURE DRAIN-ADDITIONAL (AMPS) 
UJ 
> 

H DRAIN (AMPS) G: TOTAL BATTERY DISCHARGE 
UJ 
fl) 
UJ I AGE CORRECTION FACTOR -ALL STRINGS G: 

>- J TOTAL DRAIN CORRECTED FOR AGE (AMPS) a: 
UJ 

,I-
K RESERVE PROVIDED (HRS) 1- BATTERY 

ct 
ID L BATTERY 

.. 
RESERVE REQUIRED ( HRS) 

~! MAXIMUM DEMAND (KW)- THIS PLANT 

UJ MAXIMUM DEMAND (KW)- TOTAL OFFICE 0 
G:ii: 

~~ ENGINE -ALTERNATOR CAPACITY (KW) 

UJ 
1-
0 
z 

I 

2 

3 

DATE 

ESTIMATE 
REQUEST 

~NDOFPWR 
PRESENT ENGR. 

PERIOD 19 __ 19 __ 

I 

!EsTIMATED 
19 __ 

NOTES: I. SHOW TOTAL CHARGE CAPACITY RATING OF THE POWER PLANT 

2. FOR 3 HOUR RESERVE - D + F + G 

FOR 24 HOUR RESERVE - E + F + G 

3. KW RATING FOR BH PEAK DRAIN 

Figure 1 .1 - Power Plant Data Sheet, Form SW-5073 
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OFFICE _______ _ 

CITY 
SPEC NO ______ _ 

VOLT PLANT 

BATTERIES 

YEAR INSljMAKE STRING LIST 

) 
1'1'1 en 
1'1'1 

~ 

iO 
I 

10TAL 
1'1'1 
~, 
:;oZ 

0 ., 
!:J~ 
g~ 
-:f:: 
U)ITI 

1:::0 TOTAL 

rn 
::::! 
:s:: 
~ 
1'1'1 
0 

iii 
I TOTAL 

NOTES: 
I. B=A(PIR STRING)...,. A(TOTAL) 

~ 

BATTERY CAPACITY AGE CORRECTION 
CALCULATIONS FOR MULTIPLE STRINGS 

(A) (B) (C) (D) 
CAP PERCENT lOAD AGE CORR. TOTAL AGE 
A.H. PER STRING FACTOR C?RR.~TCR 

(NOTE I ) PER STRING B X C ) 

~ >< 

-;:><; ;;><-

->< - ;;><--
2. RECORD FROM LINE "H" OF POWER PLANT DATA SHEET 

........._ 

\ 

DATE ____ _ 

ESTIMATE REQUEST ___ _ 

(E) (F) (G) (H) 
TOTAL TOTAL DISCH DRAIN HOURS RES 
DISCH ~~= PER STRING PER STRING 
tN~T~N21 I nA~E.,.' ( B X F) ( NOTE 3) 

~ ~ 

-;;>< ;;><-

~ ~ 

3. IF ALL CALCULATIONS HAVE BEEN MADE CORRECTLY ALL STRINGS SHOULD HAVE THE SAME HOURS RESERVE. HOWEVER, 
DUE 10 ROUNDING AND INTERPOLATION OF THE DISCHARGE CURVES AND TABLES THERE MAY BE A SLIGHT DIFFERENCE. 
USE THE AVERAGE TO RECORD ON LINE K OF THE POWER PLANT DATA SHEET. 
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Emergency Power Data Sheet 

Office:--------

E.R. ------------------

Present 

1'eleehone Esuiement load 

Plant, KW (AMPS) 

Plant, KW (AMPS) 

Plant, KW {AMPS) 

Plant, KW (AMPS) 

Inverter Plants 

AC•Operated Ringing Machine 

Other Telephone Equipment load, KW 

Essential Building load 

Emergency lighting, KW (AMPS) 

Sump Pump, KW 

Ventilating and Exhaust Fans, KW __ _ 

Elevator, KW 

Compressor-dehydrator, KW 

Other (list), KW 

Total Load, KW 

Size of Installed Engine(s}, KW 

Figure 1 .3 - Enlergency Power Data Sheet, Form SW-5075 
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PART C, SECTION 1 .4 

1 .4 Estimate Requests Having No Power Equipment Changes 

In those instances where power equipment is not being added or removed under an estimate re-

quest, the "Power Plant Data" and "Emergency Power Data" sheets, forms sw-5073 and 5075, need not be 

included with the Vice President-Engineering's copy of the estimate request. However, the Telephone Com-

pany equipment engineer must still determine that the existing power equipment is adequate to handle all 

known requirements through the end of the power engineering period. In these cases, an updated copy of 

the office SWX-XXXX-550-G drawing or the data sheets will be included in the Chief Engineer's copy of the 

estimate request. The adequacy of the existing power plant equipment can be verified from this infonna-

tion. 
( 
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2.1 General 

PART G - SECTION 2 .0 

AGGOUNTI:tn PROCEDURES 

ISS A, 802-000-9rnsw 
PART G, SECTION 2.0 

Power plant equipment accounting procedures are outlined in the ~ Accounting Handbook and 

~Practice 46. Of particular importance are section V27 .301 of the Plant Accounting Handbook and 

Part 2B of ~Practice 46. Section V27 .Jrn lists the associated account codes for construction (G), 

maintenance (M) and removal (X) of power plant equipment. Part 2B covers the preparation of specific 

estimates by the Engineering Departm~nt, their routing for the required approval and their transmittal 

to the Vice President-Engineering. 

In addition to these accounting sources, the Accounting Department or Engineering General Head-

quarters may issue accounting opinions or letters of clarification or recommendation. 

Although treated as power equipment, ringing plants and associated tone equipment should be in-

eluded in the predominant switching account code for the office in which located. Ringing plants in iso-

lated circuit equipment locations should be included in the circuit equipment account codes (see ~ 

Accounting Handbook, section V27 .)01, part l2) • 

2.2 Specific Awlication: Emergency Cell Switch Replacement 

When the size of an emergency cell switch bay is increased, a transition bay is usually re-

quired. The transition bay is normally cut into service temporarily to allow removal of the old switch 

and installation of the new switch. The cost of installing and removing the transition bay should be 

charged to the capital (C) account. The transition bay itself is usually obtained from 11C" stock or by 

transfer from another location. After the transition is completed it should be disposed of by either 

returning it to "C" stock on a RMN or transferring it to another location via an sw5rn 5. Generally in 

this type of transition a large amount of power cable is used to cable between the transition bay in 

parallel with the existing bay. This cable is usually of such a size as to be classified as a unit of 

property. After the transition the surplus cable should either be returned to the Western Electric Com-

pany on a RMN for best allowance or transferred along with the switch to another location. 

Since the transition bay is used only temporarily in place of the existing bay it should not 

be transferred to plant (100.1 account) and the bay being removed should not be retired until the new 

permanent bay is placed in service. 
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PART C - SECTION 3.0 

BELL-INDEPENDENT PROCEDURES 

Reserved f'or .future use. 

ISS A, 802-000-901 SW 

PARI' c, SECTION 3.0 
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PART D - SECTION 1 .0 

GENERAL REQUIREMENTS FOR SPECIFICATIONS 

ISS A, 802-000-901 SW 
PART D, SECTION 1 .0 

1 .1 Requirements for Power Equipment Section 

The Telephone Company equipment engineer is responsible .for ordering from Western Electric all 

major items of power equipment. The Telephone Company specification is the document used to outline to 

the western Electric engineer the specific changes to be made in an office's power equipment (these re­

quirements are usually included in a separate section of the specification) • 

Various formats have been used in the past to transmit this information to Western Electric 

engineering. Two· power questionnaires {E1896 for dial, manual and toll offices; E1896P for No. 1 and 

No. 2 ESS offices) are available .for use in specifying requirements. As can be seen in figure 1 .1 , the 

power questionnarie not only peni!its designation of required quantities of equipment but also allows 

selection among various operating options. Since considerable effort is required to complete the 11note 11 

sections o.f the questionnaire' many specifications incorporate on-ly the 11quanti ty11 section of the 

questionnaire .format (present, additional and total quantities) and leave selection of the various oper-

ating options to the discretion of the western Electric engineer. The Telephone Company equipment engi-

neer is responsible for selecting among the various operating options and, in delegating this responsi-

bility to the Western Electric engineer by omitting them from the Telephone Company specification, runs 

the risk of not having the plant engineered as it was intended. 

In many instances, no attempt has been made to keep a running record of power equipment (i.e., 

present, additional, total quantities). Entries are sometimes made only if power equipment is being add-

ed, removed or modified. In many cases, the power section of the specification will reflect 11No Change" 

indicating that no changes in power equipment are required under this specification. 

In the future, all new power plants should be engineered using the questionnaire format. 

Existing power equipment should be inventoried in conjunction with the next growth job and the power 

equipment section revised to include at least present, additional and total figures for all major items 

of equipment listed in the questionnaire. If at all possible, the note sections should also be updated 

to reflect the presently engineered plant. For older plants not included in questionnaries, the power 

equipment section should include present, additional and total quantities for all major components in the 
plant. 

In addition to listing equipment quantities and operating options, the power equipment section 

of the specification should also include the following statement: The addition (removal) of equipment 

under this specification results in the following 

-48 volts - X amps} 

-24 volts - X amps 

increase (decrease) in power, drain: 

List all voltages and 

respective drains 
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If' more than one plant in a building supplies a given voltage, be sure to specify which plant will exper­

ience the additional load o 

1 o2 Reguirements for SUpPlementary Information Section 

The "SUpplementary Information" section or the specii'ication should also include a reference to 

the issue of the SWX-:XXXX-550-G drawing associated with the power equipment rearrangements o 
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1 .1 Purpose 

PART E - SECTION 1 .0 

INTRODUCTION TO REFERENCE SECTION 

ISS A, 802-000-901 SW 

PART E, SECTION 1 .0 

This part of the power plant practice lists current reference sources available .for use in 

power plant engineering. 
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(~ PART E - SECTION 2. 0 

REFERENCE SOURCES 

('1 2.1 Power Plant Cross Reference 

The following table lists the cross reference data for the most widely used power plants. 

Plant Charge (C) and Nominal 
Code BSP ~ Dischar~ ~D) Circuits Voltage 

105D 802-656-152 J86446 SD-81134-01 (C&D) -48V 

105E 802-656-1 53 J86814 SD-,81 5"91 -01 (C&D) :!;:.48V 

SD-81603-01 (C&D) .::_24V 

110A 802-65"9-1 so J86572 SD-80720-02 (D) -48V 

SD-80722-02 (C) -48V 

SD-81270-01 (C) -48V 

SD-81 271 -01 (D) -48V 

SD-807.53-01 (D) -24V 

SD-8075.5-01 (C) -24V 

111A 802-659-160 J86470 SD-81424-D1 (C&D) ..!48V 

SD-81 5"01 -01 (C&D) :!;:.48V 

SD-8161 3-01 (C&D) :!;:.48V 

SD-81 446-01 (C&D) .::_24V 

so-81612-01 (C&D) :!;:.24V 

SD-81 769 -Q1 (C&D) :_24V 

301C AA367 .,302 J86.573 SD-8o603-01 (C&D) -48V, -24V 

302A 8o2-726-1,50 J86434 Gen. Description -24V, -48V 

302B 802-726-151 J86636 Gen. Description -24V, -48V 

302A/B 802-175-1.50 J86323 SD-8o838-01 (D) -24V 

SD-811 75-01 (C) -24V 

SD-811 21 -01 (D) -48V 

SD-81 1 48-01 /02 (C) -48V 

so-81234-01 (D) -24V, -48V 

303A 802-1 85-1 53 J86327 SD-81 448-01 (C&D) -24V, -48V 

326A 802-727-1.50 J86874 SD-81 861 -01 (C&D) +24V, -48V 

405A AAJ67.404 J86.58.5 SD-Bo642-01 (C&D) +130V 

SD-80642-02 (C&D) -130V 
{ 

410A 802-75"4-150 J86584 SD-80942-01 (D) ,!130V 

SD-80943-01 (C) 
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Plant Charge (C) and Nominal (-
~ BSP J-Code Dischar~e (Dl Circuits Voltage 

410B 802-754-151 J8646.5 sn-81 293-01 (C&D) (63 cell) _:130V 

SD-81294-01 (C&D) (66 cell) 

SD-81 295-01 (C&D) (70 cell) 
r~-

411A 802-754-160 J86862 SD-8161 8-D1 (C&D) _:!:130V 

411B 802-754-161 J86863 SD-81618-01 (C&D) _:130V 

412A 802-75.5-1 so J86864 SD-81 61 8-01 (C&D) _:!:130V 

412B 802-755-1.51 J8686.5 SD-81 61 8-01 (C&D) _:!:1JOV 

413A 802-755-160 J86826 SD-816.51 -D1 (C&D) :_1S2V ( 

42SA 802-7.59-1 .53 J8643S Gen. Description 

802-759-1 .51 J86439 SD-81 086-01 (C&D) -12V 
(A&M) 

802-759-1.52 J86832 SD-81 732-01 (C&D) -12V 
(STD) 

802-601 -1.52 J86440 SD-81 091 -01 (C&D) -24V 
(STD) 

802-7.59-154 J86437 SD-81 084 -D1 (C&D) +130V 
(A&M) 

802-7.59-1.5.5 JB6438 SD-81 08.5-01 (C&D) +2SOV ( (A&M) 

802-7.59-156 JB6837 SD-81 730-01 (C&D) +250V 
(STD) 

42SB 802-7.59-160 JB6452 Gen. Description 

802-759-161 J86450 SD-811 61 -01 (C&D) -12V, +250V 

802-7.59-162 J86449 SD-81167-01 (C&D) +1JOV 

802-601-152 J86440 SD-811 79-01 (C&D) -24V 

426A 802-760-150 J86442 SD-81137-01 (C&D) _:!:1)0V 

702C 802-871 -1 so J86475 Gen. Description _:!:130V 
\ 

802-1 7.5-1.52 J86326 SD-81333-01 (C) _:!:130V 

802-1 85-151 JB632S SD-81 01 5-D1 (D) _:130V 

SD-81 022-02 (D) .:!:130V 

SD-81 023-02 (D) _:130V 

708A 802-874-150 J86827 SD-81696-01 (C&D) ,:!:130V 

2.2 List 1 Current Drain Book 

The List 1 CUrrent Drain Book is a Bell Telephone Laboratories' document. List 1 drains, in 

general, are those applicable to the computations of power apparatus in the common portion of the power 

plant. It lists the current drains for most circuits and KS specifications and is used qy the Telephone 
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2.3 

Company engineer in calculating anticipated drains .for added equipment. 

Power Data Book 

ISS A, 802-000-901SW 
PARTE, SECTION 2.2 

The ~ Data ~ is a Bell Telephone Laboratories' document which outlines the physical and 

electrical characteristics o.f most KS-coded and other miscellaneous non-J-coded power equipment and appa­

ratus. 'Ibis book covers such representative items as batteries, switches, bus bar, bus duct, transform-

ers and emergency cell switches. The index contains a cross reference listing of' all the KS items and 

the sections in which information about them may be located. 

2 .4 Floor Plan Data Book 

The Floor Plan Data Book is a Bell Telephone Laboratories 1 document which outlines preferred 

floor plan layouts for the various types of' power plants, emergency engines, ringing plants and other 

equipment frames. The Telephone Company equipment engineer may refer to this book when deciding upon 

floor plan layouts. 

2.5 Questionnaire For Power Plant 

The "Questionnaire Fqr Power Plant" is a Western Electric Company document. There are present-

ly two questionnaires in use: 1) E-1896 -Dial, Manual and Toll Offices, and 2) E-1896P- No. 1 and 

No. 2 ESS Offices. These forms are to be used in ordering power equipment for installation in telephone 

offices and may be used for initial power plant orders or :for additions to existing installations. They 

also contain various cross references and descriptive information. New or revised questionnaires may be 

issued from time to time by the Western Electric Company. 

2 .6 Power Engineering Manual 

The ~Engineering~ {green book) is an AT&T publication which serves as a reference 

manual for all phases o:f power engineering. It has not, however, been updated since its original issue 

in 1967 and therefore does not contain all current information. Where the forms and planning methods 

used in this manual differ from those in this practice, the procedures in this practice should be used. 

2.7 Bell System Practices (BSP's) 

BSP's are issued by Bell Telephone Laboratories for all standard coded equipment and provide 

descriptive, ordering and maintenance information. The BSP's are divided into divisions and sections, 

with division 000, section 000-000-000 being the master index. Division 8o2, section 802-000-000 is the 

index for Equipment Design and General Equipment Requirements and Engineering Information -Power Systems. 

Each of the individual equipment design BSP 1 s list the associated J, SD and ED drawings. 

The maintenance BSP's outline the maintenance and testing procedures for all types of' standard 

equipment items and subunits and are listed in the 000-000-000 master index. Certain of' the maintenance 

BSP 1 s are supplemented with Southwestern Bell supplements in order to clarify Southwestern Bell's 
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practices or policies (these supplements are nomally printed on gold stock and will have an "SW'' designa­

tion following the ESP number). 

2.8 Engineering Letters 

Engineering letters (E.L. 1s) are issued by the AT&T Company and are sequentially numbered. They 

are used to transmit reconnnendations, preliminary design information, preliminary cost data, equipment 

modifications, and other engineering information. The E .L. 1 s are reviewed by Engineering General Head-

quarters personnel and are transmitted to the Areas with a cover letter signed by the Vice President-Engi­

neering. This cover letter outlines Southwestern Bell's policies and reconnnendations regarding the infor-

mation contained in the E.L. 

Prior to E.L.'s, E.M. 's, P.E.L.'s and P.E.M.'s were used by AT&T to transmit this information 

to the Operating Companies. Both a numerical and topical index are published for E.L.'s. 

2.9 Annual D.C. Power Drain study (Form sw6623) 

As outlined in BSP 157-601-902 sw, the Plant Department is required to perform annual drain 

studies on all in-service DC power plants and submit the results to the Chief Engineer on form sw6623 

(form s6864 was previously used for this purpose). Procedures for completion and review of this form 

are included in part B, section 4.2. 

2.10 Emergency Engine Sets Prolonged Load Test Results (Form s6956) 

BSP 155-010-901 SW requires the Plant Department to perform annual load tests on all in-service 

emergency engines and submit the results to the Chief Engineer on form S-6956. Procedures for completion 

and review of this form are outlined in part B, section 8.17. 

2.11 swx-:xxxx-550-G Drawing 

An SWX-XXXX-550-G drawing is prepared by the appropriate Telephone Company equipment engineer 

for each location equipped with power plant equipment. The 550 drawing lists the basic data and capaci­

ties for all. pOliTer plant equipment installed at each location including drain and load data; and code, 

size and capacity of the DC power plants, inverters, converters, ringing and tone plants and emergency 

engines. Part B, section 3.0 of this practice provides instructions for completing the various parts of 

the swx-xxxx-550-G drawing. 

2.12 Correspondence Files 

These files consist of letters and other miscellaneous correspondence which are normally filed 

in one of two ways: by numerical file index or· alphabetically in a geographical file (by location) • Gen­

eral information or policy pertaining to more than one location is usually filed in the numerical file 

(although it m~ also contain information pertaining to only one location). Information or correspondence 
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.filed :41 an office 1s geographtcal .file will always pertain to that office (although other offices may 

also be referenced). 

The "Numerical and Alphabetical - File Index - Engineering Department 11 lists all o.f the current 

numerical .file index subjects. They are cross-referenced by both topic and index number. Index 1m0. is 

reserved for power matters and contains the .following subindexes: 

1mo. 

lBlO.Ol 

1mo.o3 

1B10.03A 

1Bl0.03C 

1Bl0.04 

1Bl0.05 

1mo.o7 

Power/No. File 

Power Board Equipment and Power Plant 

Charge/No. File 

Motors and Motor Generators 

Rectifiers 

Batteries 

Ringing Machines 

Emergency Engines 

2.13 Currentl.y ~vailable Reserve Power, Engine-Alternator Schedule 

A complete list of standard and manufacture discontinued engine alternators is contained in 

this publication distributed by the General Architectural group in St. Louis. This publication lists 

all standard engines, their capacities, operating characteristics and sources .for additional infonnation. 

This list is updated and distributed to all Dlilding and Equipment Engineers as new infonnation 

becomes available. The latest copy can be found in the engineering library under file subject 1A2.08 or 

1Bl0.07. This list serves as an update of information contained in ESP 802-001-150. 

2.14 Specifications (w.E. Co. and Telephone Co.) and Drawings 

The Western Electric Company and Telephone Company specifications list the actual equipment 

that was or is to be ordered and furnished. The Telephone Company specifications are filed by location 

and specification number. The Western Electric Company (W.E. Co.) specifications are filed by location 

and w. E. Co. order number. Part D of this practice outlines the infonnation that is to be included and 

fonnat that is to be used in Telephone Company specifications ordering or updating power equipment data. 

The W .E. Co. office or location power drawing generally includes the floor plan layout, front 

equipment, wiring lists, bus bar layouts (if applicable), and AC power service cabinet layout and dis­

tribution. The Office Record Index ( ORI) drawing for each office or location lists all associated power 

equipment drawings. The ORI drawing is coded T-:XXXX-ORI-00 (:XXXX - office base number). In large offices 

that contain more than one office or type of equipment, (such as No. 1 ESS, No. 5 Crossbar, No. 4A Cross­

bar, circuit) a separate base number and OR! drawing may exist for each equipment entity. 

The Telephone Company power drawings generally include the floor plan layout and the architec­

tural AC electrical layout. The floor plan layout is usually coded SWX-XXXX-:XXX (XXXX - office base 
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number, :XXX - floor, as 103 indicating the third .floor). The architectural drawings are usually retained 

by the Architectural group and .filed by wire center name. 

2.15 Policy Binder 

The Engineering Director - Staff's organization is responsible for distribution of the new 

''Policy Binder" which summarizes current policy in all areas of engineering. This "Policy Binder" lists 

(by engineering categories) current policy letters, provides a brief synopsis of the letter and outlines 

the date and file subject under which the letter was issued. Power policy letters are listed in the 

"Central Office Equipment" section of the binder. 
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This part will be used to record and f'ile new power policy letters which have not yet been 

incorporated in the text of' this practice. 

Item 
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AC EMERGENCY SUPPLIES (see EMEIDENCY EIDINES) 

AC EQUIPME:NT 
Delta vs. ~ connections; B, 5.6, 9-13 
Distribution system; B, 5.2, 5 
Engineering responsibilities; B, 5.4, 7 
House service cabinet (see HOUSE SERVICE 

CABINET) 
Power service cabinet (see POWER SERVICE 

CABINET) 
TYPical layout; B, 5.0, 1 

AC POWER PLANTS; B, 9.2, 1-2 

ACCOUNTING; C, 2.0, 1 

AGE CORRECTION FACTOR (see BATTERIES) 

BATTERIES 
63 vs 66-cell operation; B, 2.2, 9 
Age correction .factor; B, 7 .3, 5-9 
Capacity tests; B, 7.3, 8; B, 7.4, 19 
E.L. 114; B, 7.3, 6-8 
Equivalent 24-hour drain; B, 7.4, 12-16 
Final volts per cell (FVPC); B, 7.4, 9, 11 
Float voltage; B, 7.2, 2 
General engineering criteria; B, 7 .1, 1-2 
Replacement; B, 7.4, 19~ 22 
Reserve; B, 7.1, 1; B, 2.4, 11 
Reuse; B, 7.4, 22 
Sizing; B, 7.4, 9-19 
Stands; B, 7.6, 24-25 
TYPes; B, 7.2, 2 

BONDINJ (see GROUNDINJ) 

BUS BA.R 
Charge; B, 6.5, 7-8 
Discharge; B, 6.7, 13-14 
Sizing; B, 6~8, 18-19 
TYPes; B, 6.8, 16 

BUSY SEASONS; B, 3.5, S 

CHARGE FUSE (see POWER OOARD, Battery charge .fuse) 

CHARGE METER; B, 6.5, 7 

COMMERCIAL POWER CONNECTIONS; B, 5.6, 9-13 

CONVERTERS; B, 9.3, 2-4 

COUNTER CELLS 
General; B, 7.2, 5 
Replacement; B, 7.5, 22 
Sizing; B, 7.5, 22-24 
TYPes; B, 7.5, 22-23 

CRITICAL PLANT PARAMETERS; B, 3.4, 4 

ISS A, 802-00D-901SW 
INDEX 

DECENTRALIZED FILTERS (see FILTERS) 

DISCHAIDE DISTRIBUTION SYSTEM; B, 6. 7, 13-16 

DISCHAIDE METER 

DRAIN 

Description; B, 6.6, 11 
Sizing; B, 2.3, 13 

End of power engineering period; B, 4.3, 2 
Existing plant; B, 4.0, 1 
List 1 (see LIST 1 DRAIN) 
List 2 (see LIST 2 DRAIN) 
Long range; B, 4.5, 7 
Power failure (see POWER FAILURE DRAIN) 

EMEIDENCY CELL SWITCH 
Description; B, 6.6, 11 
Sizing; B, 6.9, 19 

EMEIDENCY ENJINES 
Automatic operation; B, 8.8, 9-10 
Engineering responsibilities; B, 8.19, 20 
Emaust systems; B, 8.10, 10; B, 8.11, 11 
Floor plan considerations; B, 8.6, 7-8 
Fuel reserve; B, 8.13, 13 
Fuel system; B, 8.13, 13-16 
Fuel tanks; B, 8.13, 13-16 
House service cabinet connections; B, 8.1~ 

17 
Intake systems; B, 8.10, 10; B, 8.11, 11 
Load data; B, 8.3, 2; B, 8.17, 17 
Loads; B, 8.3, 2-S 
Modification; B, 8.14, 16-17 
Parallel operation; B, 8.16, 17 
Remote radiator; B, 8.12, 11-13 
Reuse; B, 8.14, 16-17 
Sizing; B, 8.3, 5, 7 
Start equipment; B, 8.9, 10 
TYPes; B, 8.2, 2; E, 2.13, S 
Ventilation systems; B, 8.10, 10; B, 8.11, 

11 
Voltages; B, 8.7, 8 

EMERGENCY LIGHTING; B, 8.3, S 

EMERGENCY VOLTAGE LIMITS; B, 7 .4, 11 

END (EMERGENCY) CELLS 
General; B, 7.2, 5 
Sizing; B, 2.3, 13 

ENJ INEERINJ PERIOD, POWER (see POWER ENJ INEERING 
PERIOD) 

EQUALIZATION CENTER; B, 6. 7, 15-16 

ESTIMATES; C, 1.0, 1-5 

FILTERS, DECENTRALIZED; B, 6. 7, 15 

FINAL VOLTS PER CELL - FVPC (see BATTERIES) 
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FLOORPLANLA.YOUT; B, 2.4, 38; E, 2.4, 3 

FORMS 

FUSE BAYS 

E-5697; B, 3.6, 9; B, 8.17, 17 
S6956; B, 3.6, 9; B, 8.17, 17; E, 2.10, 4 
SW 5073; B, 7.4, 19-20; C, 1.2, 1 
SW 5074; B, 7 .3, 9; B, 7 .4, 19, 21; C, 1.2, 

1 
SW 5075; B, 8.3, 3-5; C, 1.3, l 
SW 6623; B, 3.5, 5; B, 4.0, l-3; E, 2.9, 4 

Fuse sizing; B, 6.12, 23, 24, 26-28 
Main; B, 6.7, 14 

GO OPERATION; B, 6.3, 4 

GROUND INI.1 
AC service (neutral); B, 11.5, 7-8; B, 

11.9, 17 
Battery return; B, 11.4, 7 
Bond; B, 11.1, 1; B, 11.2, 4 
Central office (equipment room) ground 

bar; B, 11.3, 4-7; B, 11.9, 16 
Electronic office; B, 11.7, 13-15 
Engineering responsibilities; B, 11.9, 

15-18 
Equalizer; B, 11.3, 6; B, 11.3, 

16 
7; B, 11.9, 

Equipment ground; B, n.s, 8-12 
Framework; B, 11.6, 12 
Green-wire; B, 11.6, 9; B, 11.9, 17-18 
Ground electrode; B, ll.2, l-4 
Microwave station; B, 11.8, 15 
Purpose; B, 11.1, 1 
Radio station (see Microwave station) 
Relay rack; B, 11.6, 12 
Ring; B, 11.6, 12 
SUpplementary ground field; B, 11.2, 2-4 
Tree ground system; B, 11~3, 6; B, 11.9, 

16-17 
TYPes; B, 11.1, l 

HOUSE SERVICE CABINET; B, 5.1, 2; B, 5.2, 4-5 

INVERTERS (see AC POWER PLANTS) 

LEAD SIZING; B, 6.12, 23-26 

LIST l DRAIN; B, 4.3, 4-6; E, 2.2, 2 

LIST 2 DRAIN; B, 4.3, 4; B, 6.12, 23-25 

MOTOR-GENERATORS; B, 6.2, l-2 
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PLANT REFERENCE SHEETS; B, 2 .3, 15-37 

POWER :OOARDS 
Battery charge fuse; B, 6.5, 7; B, 6.6, 12 
Battery control bay; B, 6.6, 8 
Countercell contactor; B, 6 .6, 12 
Discharge meter (see DISCHARGE METER) 
Emergency cell charge switch; B, 6.6, ll 
Emergency cell switch (see EMERGENCY CELL 

SWITCH) 
Emergency cell voltage relay; B, 6.6, ll 
Main control bay; B, 6.6, 8 

POWER ENGINEERIN1.1 PERIOD; B, 4.2, 2; B, 4.3, 6-7 

POWER FACTOR; B, 5.1, 2 

POWER FATI.URE DRAIN; B, 4.6, 7 

POWER PLANTS 
lOSD; B, 2.3, 15; E, 2 .1, 1 
lOSE; B, 2.3, 16; E, 2 .1, l 
llOA; B, 2.3, 17; E, 2.1, l 
lilA; B, 2.3, 19; E, 2.1, l 
30lC; B, 2.3, 20; E, 2.1, l 
302A; B, 2.3, 21; E, 2.1, l 
302B; B, 2.3, 22; E, 2.1, l 
303A; B, 2-3, 23; E, 2.1, l 
326A; B, 2.3, 24; E, 2 .1, l 
405A; B, 2.3, 25; E, 2.1, l 
410A; B, 2.3, 26; E, 2.1, l 
410B; B, 2.3, 27; E, 2.1, 2 
4l1A; B, 2.3, 28; E, 2.1, 2 
4llB; B, 2.3, 29; E, 2.1, 2 
412A; B, 2.3, 30; E, 2.1, 2 
412B; B, 2.3, 31; E, 2.1, 2 
413A; B, 2 ·3, 32; E, 2.1, 2 
425A; B, 2.3, 33; E, 2.1, 2 
425B; B, 2.3, 34; E, 2.1, 2 
426A; B, 2.3, 35; E, 2 .1, 2 
702C; B, 2.3, 36; E, 2.1, 2 
708A; B, 2.3, 37; E, 2.1, 2 
Selection steps; B, 2.2, 2 
Table of engineering considerations (see 

TABLE OF ENGINEERIN1.1 CONSIDERATIONS) 

POWER SERVICE CABINET; B, 5.1, 3; B, 5.3, 5-7 

PWAC STUDY; B, 2.2, 5 

QUESTIONNAIRE; D, 1.1, l; E, 2.5, 3 

RECORDTID METER, DRAIN; B, 4.0, l 

RECTIFIERS 
Electron-tube; B, 6.3, 2 
General; B, 6.3, 2 
GO operation; B, 6.3, 4 
Maintenance spare; B, 6.4, 6-7 
Parallel operation; B, 6.3, 4 
Regulation; B, 6.3, 3-5 
Semi-conductor; B, 6.3,3 
Sequential operation; B, 6.3, 4-5 
Sizing; B, 6.3, 5-6 
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RINGING MACHINES 
Automatic transfer; B, 10.5, 5 
Demand meter; B, 10.7, 9 
Engineering responsibilities; B, 10.11, 15 
Interrupters; B, 10.2, 2, 4; B, 10.3, 4 
Precision tones; B, 10.3, 4 
Ringing systems or t;ypes; B, 10.2, 1-4 
Sizing; B, 10.8, 9; B, 10.9, 9-15 
Standard plants; B, 10.4, 4-5 
SUperimposed ringing; B, 10.2, 2 
Tone distribution; B, 10.6, 5, 9 
Tones; B, 10.3, 4 

SPECIFICATIONS; D, 1.0, 1-3; E, 2.14, 5 

SWX-XXXX-550-G DRAWING 
AC data entries; B, 5.5, 7, 9 
AC power plant entries; B, 9.4, 4 
Battery entries; B, 7. 7, 25 
Charge entries; B, 6.11, 22 
Completion requirements; B, 3.4, 4 
Converter entries; B, 9.4, 4 
Counter cell entries; B, 7.7, 25 
Critical plant parameters; B, 3.4, 4 
Discharge entries; B, 6.11, 22 
Drain data entries; B, 4.7, 8 
Emergency engine entries; B, 8.18, 17, 20 
End cell entries; B, 7.7, 25 
General; B, 3.0, 1; E, 2.11, 4 
Ringing machine entries; B, 10.10, 15 
Sheet 1; B, 3.3, 2 
Sheet 2; B, 3.3, 3 

TABLE OF EWINEERING CONSIDERATIONS, POWER PLANT; 
B, 2.2, 11 

UPDATIW PROCEDURES, PRACTICE; A, 1.2, 1 
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