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Introduction

This product manual (Select Code 167-790-038) describes the
Lineagé 2000 Evolutionary Control System (ECS) Battery
Plant, J85500E-2, which is shown in Figure 1-1.

This member of the ECS family of battery plants operates from
a nominal 208/240 Vac, 50/60 Hz source. It offers a 1200
ampere total plant capacity with a nominal 24 Vdc output in a
totally integrated energy system containing a controller,
rectifiers, circuit breaker distribution panels and an optional
battery disconnect/reconnect feature in one standard equipment
bay.

Designed for a wide range of wireless applications, the modular
J85500E-2 battery plant efficiently integrates rectifiers,
converters, controller, and a distribution system in one compact
bay.

The plant's modular front-access design facilitates installation
and growth. Growth in plant output current capacity is achieved
by adding Linead® 2000 100-ampere, 24-volt rectifiers to

rectifier shelf assemblies. Growth in distribution is achieved by
adding plug-in type circuit breakers (3 through 100 amperes) to
distribution panels or by specifying optional panels that accept
larger breakers (80, 100 or 225 amperes). Adding functionality

to the basic controller is achieved through two optional circuit
packs, one to add microprocessor-based features and the second
to add a datalogger.

For added flexibility, an optional dc-dc converter shelf assembly
is offered that can be mounted in the ECS plant by replacing one
rectifier shelf assembly and three rectifiers. This system

Issue 7 October 1998
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provides a -48-volt, 60-ampere source. An ac prewire feature is
available as an option for easier installation at the customer site.

The ECS battery plant is compatible with all flooded and valve
regulated batteries that float within the range of 24 through 29
volts. In addition, the ECS plant is capable of operating in a
batteryless mode, making it suitable for those applications where
battery backup is not necessary or is achieved through the use of
an uninterruptible power supply (UPS).

Note

The Lineag® 2000 ECS Battery Plant J85500E-2 is to be
installed only in restricted access areas (dedicated equipment
rooms, equipment closets, or the like) in accordance with
Articles 110-16, 110-17 and 110-18 of the National Electrjcal
Code or in accordance with the appropriate requirementg of

the Electrical Code of the country in which the equipment is
installed.
A
/ ECS Distribution Panel
e
[m [m
¢ g % /ECS Controller
m m i
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Figure 1-1: Lineag® 2000 ECS Battery Plant (Model J85500E-2)
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Lucent Technologies offers customer training on many Power
Systems products. For information call 1-972-284-2163. This
number is answered from 8:00 a.m. until 4:30 p.m., Central Time
Zone (Zone 6), Monday through Friday.

For customers in the United States, Canada, Puerto Rico, and the
US Virgin Islands, call 1-800-THE-1PWR (1-800-843-1797).
Services provided through this contact include initiating the
spare parts procurement process for out of service emergencies,
ordering Lucent Technologies documents, and providing other
product and service information.

For other customers worldwide, call 001-972-840-0382. This
number is answered from 8:00 a.m. until 4:30 p.m., Central Time
Zone (Zone 6), Monday through Friday.

Technical support for Lucent Technologies customers is
available around the world during the normal product warranty
period and also while specific contractual agreements extend
this service.

For customers in the United States, Canada, Puerto Rico, and the
US Virgin Islands, call 1-800-CAL-RTAC (1-800-225-7822) to
contact a product specialist to answer your technical questions
and assist in troubleshooting problems.

For other customers worldwide, contact your local field support
center or your sales representative to discuss your specific needs.

Repair and return service is provided for Lucent Technologies
customers around the world. For customers in the United States,
Canada, Puerto Rico, and the US Virgin Islands, call
1-800-255-1402 for information on returning of products for
repair.

For other customers worldwide, contact your sales
representative to discuss your particular circumstances.

For warranty service worldwide, contact your Warranty Service
Manager (WSM). The WSM serves specific customer-groups,
who have taken ownership of the product. For product

Issue 7 October 1998
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conformance issues prior to customer ownership, contact your
local customer service.
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Product Description

The Lineag® 2000 Evolutionary Control System (ECS) Battery
Plant is shown in Figure 1-1. The ECS battery plant provides
power for the using equipment as well as float and recharge
capability for the battery reserve. The plant operates from a
nominal 208/240 Vac, 50/60 Hz source. It offers a 1200 ampere
total plant capacity with a nominal 24 VVdc output. The ECS
battery plant is compatible with all flooded and valve regulated
batteries. In addition, the ECS plant is capable of operating in a
batteryless mode, making it suitable for those applications where
battery backup is not necessary or is achieved through the use of
an uninterruptible power supply (UPS).

The ECS battery plant is designed as a totally integrated energy
system package in which modular front-access design facilitates
installation and growth. One standard equipment bay will
accommodate a maximum of 12 Line§g@000 SR Series
+24-volt, 100-ampere rectifiers, a Lineagg000 ECS

controller, standard distribution panels accepting breakers from
3 to 100 amperes, optional distribution panels accepting
breakers up to 225 amperes and an optional low voltage battery
disconnect/reconnect feature. One converter shelf assembly
accepting up to six 10-ampere 24-volt to -48-volt converters and
-48-volt distribution may be added to the plant, replacing three
rectifiers. Style strips are an optional appearance Kkit.

Issue 7 October 1998
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Figure 2-1: Typical ECS Battery Plant System Block Diagram

Rectifier

The Lineag® 2000 SR Series rectifiers are designed specifically
for applications where small size, low weight and ease of
installation are of overriding importance. The rectifiers utilize a
combination of switch-mode technology and forced air cooling
to achieve a significant reduction in size and weight over
conventional ferroresonant rectifiers. The plug in, connectorized
design of the rectifiers reduces installation time to minutes,
permitting easy growth and maintenance without service
interruption.

The Lineag® 2000 SR Series 100 ampere rectifiers operate over
208/240 Vac 50/60 Hz nominal single phase input range without
any necessary tap changes. A power factor correction circuit
incorporated in the design insures a power factor of 90 percent
or greater for loads above 50 percent of the full load rating. The
rectifiers provide the ECS controller with a full complement of

2 - 2 Product Descripticn
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status and alarm signals. The SR Series 100 ampere rectifier is
both UL recognized and CSA certified.

The rectifier status and alarm signals, ac input, and dc output are
all connectorized. The rectifiers plug into a rectifier shelf
assembly that accommodates a maximum of three individual
100 ampere rectifiers. The ECS plant can be equipped with four
rectifier shelf assemblies for a total capacity of 12 SR Series 100
ampere rectifiers. (See the Line&g2000 SR Series rectifier
product manual for additional information.)

The ECS controller performs the centralized monitoring, control
and reporting functions for the ECS battery plant. The basic ECS
controller can monitor and control up to 12 rectifiers. It also
provides a single interface point for power alarm and status
reporting.

Two optional expansion circuit packs are available to upgrade
the ECS controller: a microcomputer board equipped with a
powerful 16-bit microprocessor, and a datalogger board. The
microcomputer board adds sophisticated firmware features such
as remote communications, alarm history, and statistics. The
datalogger board may be used in conjunction with the
microcomputer option to provide general-purpose ac and dc,
voltage and current monitoring and control. (See the ECS
controller manual for further information.)

The ECS battery plant is compatible with all flooded and valve
regulated batteries which accept float voltages within the range
of 24 to 29 Vdc. For appropriate system loads and reserve times,
selection of the VR Series battery enables one to maximize space
efficiency and fully realize the benefits of front access, modular
growth, ease of installation and maintenance offered by the ECS
battery plant system design. For systems requiring higher
capacities and/or longer reserve times, the Lif@2§00

Round Cell or Unig¥ Il series of batteries are appropriate.

The ECS dc distribution is shown in Figure 2-2. The distribution
contains the plant charge and discharge bus bars, battery bus,
distribution bus, circuit breaker bus, positive and negative
rectifier bus, plant shunt, optional LVD/R contactor, fuse panel
and circuit breaker panels.

Issue 7 October 1998
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The distribution bus bars include the charge return bus,
discharge return bus, battery bus, LVD bus, distribution bus,
circuit breaker bus and positive and negative buses (See Figure
2-2). Battery strings are terminated to the battery bus and the
charge return bus. Positive rectifier outputs are routed to the
distribution circuit breakers through the positive rectifier bus,
the distribution bus and the circuit breaker bus. Negative
rectifier outputs are to the discharge return bus through the
negative rectifier bus, charge return bus and the plant shunt.

The load conductors are terminated on distribution strips above
the circuit breaker panels and the return conductors for load
circuits are terminated on the discharge return bus.

A current shunt is a sensing device which provides a millivolt
signal proportional to the current flowing through it. The
millivolt-to-ampere ratio of the shunt is the dc resistance of the
shunt (in milliohms), which is thermally stable and accurately
known.

The current shunt in the ECS Battery Plant is connected between
the Charge Return Bus and the Discharge Return Bus (see Figure
2-2). It is used to measure the total current supplied to the load
from the rectifiers and/or batteries. The shunt has a full scale
rating of 50 millivolts at the maximum plant current of 1200
amperes. The shunt millivolt signal is sent, via the CP5 Fuse
Board, to the controller where it is translated back to amperes
and displayed on the digital meter.

To prevent costly battery damage due to deep discharges, the
ECS Battery Plant may be equipped with an optional automatic
battery disconnect. This disconnect is designed to isolate
batteries from the load when the plant voltage reaches the lowest
usable battery voltage. The disconnect level is below the
operating range of most load equipment, in which case service to
the load would already have been lost. The disconnect does not
separate the load circuits from the rectifiers, thus enabling the
rectifiers to begin powering the load as soon as ac power is
restored.

The LVD/R option consists of the LVD/R Contactor, circuitry

on the CP5 Fuse Board and associated wiring. Figure 2-3 is a
pictorial of the contactor (K1). The LVD circuit on CP5

monitors the plant charge bus voltage, designated RB. When the

2 - 4 Product Descripticn
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RB voltage drops below a preset level, a comparator circuit on
the CP5 Fuse Board senses the low voltage condition and
removes power to the contactor. This opens the connection
between the battery buses and LVD bus, disconnecting the
batteries from the rectifiers and the load. The user has a choice
of disconnect threshold voltages (20.25 and 21.25 volts).

When the contactor is open and the rectifiers are not delivering
power, the controller is also unpowered. In this state, the
controller displays and LEDs are extinguished and various
alarms are issued to the alarm reporting center. (See the
Lineagé® 2000 Controller manual for further details.)

The red LVD OPEN and yellow LVD FAIL LEDs are located on
the front side of the dc distribution panel as shown in Figure 2-4.
The red LVD OPEN LED on the CP5 Fuse Board is lit whenever
the contactor is open, during a normal disconnect or in the
unlikely event of a contactor failure. The LVD sensing circuitry
on CP5 is redundant. A failure of either voltage detector circuit
lights the yellow LVD FAIL LED, but the contactor will stay
closed. A Fuse Alarm Minor (MNF) is issued when a LVD
circuit fails, lighting a yellow LED on the controller front panel
and sending Power Minor (PMN) alarms to the alarm reporting
center.

Once the contactor opens, it remains open until the RB voltage
again exceeds the set threshold voltage. Voltage does not return
until ac power is restored and the rectifiers restart. Once the
LVD circuit is energized, the LVD/R contactor closes the

circuit, allowing the batteries to be charged.

The battery plant can be equipped with three distribution panels.
Two types of panel are available.

The first panel type accommodates seven slots. The following
options can be mounted on the panel:

e KS23010 circuit breaker (takes up one slot)
» KS22012 circuit breaker (takes up 1-1/2 slots)
* Pre-charge capacitor (takes up five slots)

The bus bars in the panel are rated at 700 amperes in a 25°C
ambient temperature. Screws secure the circuit breakers to the
panel and patch cords wire the alarms. Front access panel design
allows easy circuit breaker installation.

Issue 7 October 1998

Product Descriptio 2 -5



Circuit Breakers

DC-DC
Converter System

Lucent Technologies 1200A 24V ECS Battery Plant J85500E-2

The second pangfpe can accommodate 21 KS23616 circuit
breakers. Each bus bar in the panel is rated at 300 amperes in a
25°C ambient temperature. The unique plug-in panel and circuit
breaker design makes installation and growth a snap.

Three circuit breakers are available for the distribution panels.
All circuit breakers have a mid-trip feature which will generate
an alarm after it has been tripped and not turned off.

* The KS22010 circuit breaker has a current rating of 100
amperes.

* The KS 220012 circuit breaker is rated at 225 amperes. This
breaker has a shunt monitor and can be equipped with a
capacitor pre-charge panel. Both these circuit breakers are
screw mounted.

* The KS23616 circuit breaker is available in 3, 5, 10, 15, 20,
30, 45, 50, 60, 70, 80, 90 and 100 ampere ratings. These are
plug-in rather than screw-mounted breakers. The 60-, 70-,
80-, 90- and 100-ampere circuit breakers take up two
positions on the panel.

The Lineag® 2000 FPS series converters represent a significant
advancement in space utilization and ease of installation over
previously available products. A unique Bell Laboratories
design, which incorporates 100 kHz switching frequency,
advanced technology, and forced air cooling, has resulted in
converters which occupy minimal space. This 10-pound
(4.5-kilogram) switch mode converter design provides excellent
output regulation over a wide range of current loads and input
voltages. Figure 2-7 shows a 693AA dc/dc converter and Figure
2-8 shows an FPS converter plant.

The Lineag® 2000 FPS dc/dc converter plant can be equipped
with up to six 693AA 10-ampere, 24- to -48-volt converters. FPS
series converters feature automatic load share circuits which
force the converters to share the plant load equally, thus reducing
the stress on individual converters. FPS converters are
self-protected. Short circuits and system overloads are handled
automatically; if the short circuit is removed or the system load
reduced, the converters automatically resume normal operation.

2 - 6 Product Descripticn
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Figure 2-2: ECS Distribution Bus Bars

Issue 7 October 1998

Product Descriptio 2 -7



Lucent Technologies 1200A 24V ECS Battery Plant J85500E-2

5
O O
O O
O O

O
©
©
O
oo o

Battery Bus e AL ijx

LVD/R
Auxiliary Switch jﬂ—] Contactor
(See Side View) ] . (K1)
©|o o
LVD Bus J
Front View
| ]
i
— ( -
— J
Side View

Figure 2-3: Low Voltage Disconnect/Reconnect Contactor (K1)

2 - 8 Product Description Issue 7 October 1998



Lucent Technologies 1200A 24V ECS Battery Plant J85500E-2

b U
] @ ,,,,,,,,,,,,, -
Lucent I I
! 1
H | |
H . !
H | |
i
I
m F=-= = === |
H i X
H | |
e o __.
[ r— = r Y
[ AARRAR u[cfclefalc
H E[E|E|E[E[E AHENEE
clcfcjcfcfc T|12(1 S{1
T(TT|T|T|T E[C
m R[P|D R
[ 1|2]34]s5]6 HE 8
] O FAL ;’ 7777777 |
L LVD/R{ ’ ‘ ’ ‘ X i
O oPeN | !
[ ARBRAE ufuly f—-—-—-—-
ElE|E|E[E|E s|s|s |
m cleclelclc E[E[E i
|- TIT(T|T[T(T R|R|R ‘ 1
789 [10]11]12 BHE . 1
- - \ 7 |
i ‘ O
S -

Figure 2-4: ECS DC Distribution Panel (Front View)

Issue 7 October 1998 Product Description 2 -9



Lucent Technologies 1200A 24V ECS Battery Plant J85500E-2

(o} o o
[¢] o
= 7 ® T T 5 B B o w
DO NOT EXCEED 300 AMPERE LOAD PER BUS BAR
o 73 . 3 el W @
[¢]
DO NOT EXCEED 300 AMPERE LOAD PER BUS BAR
o [}
7 3 e o 2 B B ® o 41
DO NOT EXCEED 300 AMPERE LOAD PER BUS BAR
W 3 2 v % E] w @
[¢] o
DO NOT EXCEED 300 AMPERE LOAD PER BUS BAR
o o
T T T 0 7 ™ B
DO NOT EXCEED 300 AMPERE LOAD PER BUS BAR
‘ T z ] O O e
DO NOT EXCEED 300 AMPERE LOAD PER BUS BAR
Q [¢] o

Figure 2-5: ECS DC Distribution Panel (Front Door Removed)

2 - 10 Product Description Issue 7 October 1998



Lucent Technologies 1200A 24V ECS Battery Plant J85500E-2

TO LOAD
|"\'§1
TERMINAL BLOCK 70
FOR LOAD \ ]
CONNECTIONS E i

J (LINE) 7
é (ALARM)

/7PWB

i "~—— NORMALLY OPEN
AUXILIARY CONTACT

(LOAD)

Figure 2-6: Plug-In Circuit Breaker Mounting

Issue 7 October 1998 Product Description 2 - 11



Lucent Technologies 1200A 24V ECS Battery Plant J85500E-2

Figure 2-7: FPS 693AA DC/DC Converter
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Figure 2-8: FPS Power Plants
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Specifications

Table 2-A: J85500E-2 Battery Plant Specifications

Input Voltage

180-264 Vac (208/220/240 Vac nominal)

Input Frequency

47-63 Hz (50/60 Hz nominal)

Operating Voltage

20-30 Vdc (24 Vdc nominal)

Float Voltage 24-29 Vdc (24 Vdc nominal)
Plant Current Rating 1200 amperes
Plant Shunt 1200 amperes maximum at 50 millivolts

LVD/R Voltage Settings

20.25 or 21.25 Vdc

Controller

Basic: 113B; Microprocessor option circuit pack;
Datalogger circuit pack

Circuit Breakers

amperes
Type: KS22010, optional
Rating: 80 amperes maximum
Type: KS22012, optional
Rating: 225 amperes maximum

1st panel option: accommodates 7 slots. The following
options can be mounted on the panel: KS22010 circlit
+24 Volt Distribution breaker (takes.up 1 slot); K82201.2 circuit breaker (takes
: up 1-1/2 slots); pre-charge capacitor panel (takes up/5
(2 panel options) slots)
2nd panel option: accommodates (21) KS23616 circyit
breakers, 3 panels maximum
Rectifier Shelf Assembly Complement: 4 maximum, each mounts 3 rectifierg
Type: Lineag® 2000 364B
Rectifiers Rating: +24 Vdc nominal, 100 amperes
Complement: 12 maximum
Converter Shelf Assembly Optional, rep!aces 1.rectifier shelf assembly
Complement: 1 maximum, mounts 6 converters
Type: 693AA
Converters Rating: -48 volt dc nominal, 10 amperes
Complement: 6 maximum
1st Option: Accommodates 24 telecommunication type
fuses (1-20A)
Converter Shelf Assembly |2nd Option: Accommodates 6 plug-in circuit breakers
-48 Volt Distribution (3-30A)
3rd Option: Accommodates 8 Lucent 74 type fuses
(1-20A)
AC Prewire Optional, prov.ides ac prewire feature (up to four rectifier
shelf assemblies)
Type: KS23616
Ratings: 3, 5, 10, 15, 20, 30, 45, 50, 60, 70, 80, 90, 100

2 - 14 Product Description

Issue 7 October 1998



Lucent Technologies 1200A 24V ECS Battery Plant J85500E-2

Table 2-A: J85500E-2 Battery Plant Specifications

Battery String Terminations

Type: Studded bus bar, accepts double-hole terminal

lugs, 1-inch centers
Size: Terminates 4/0 AWG conductors
Complement: 12 terminal lugs maximum, back to ba

C)
=

System Ground Terminatiof

Type: studded bus bar, accepts double-hole termina
nl-inch centers
Size: Terminates 4/0 AWG conductor

Temperature

77°F (25°C) nominal

Altitude

-200 to 13000 feet (-61 to 3962 meters)
For altitudes of 5000 to 13,000 feet, derate maximun
temperature by 3.8°F per 1000 feet above 5000 feet

For altitudes of 1524 to 3962 meters, derate maximum

temperature by 0.656°C per 100 feet above 1524 mgq

n

rters.

Framework

Type: 7-foot Network Bay Frame (standard 23-inch rg
rack)

Vertical mounting centers: 1.00 inches (25 mm)
Horizontal mounting centers: 22.32 inches (567 mm

lay

Dimensions

Height: 84 inches (2134 mm)

Width: 26 inches (660 mm)

Depth: 18.5 inches (470 mm)

Depth when equipped with VR batteries: 26 inches
(660 mm)

Weight

Initial bay, equipped with 12 rectifiers: 651 pounds
(296 kilograms)

Rectifier Shelf Assembly: 25 pounds (11.4 kilograms
Rectifier: 25 pounds (11.4 kilograms)

Converter: 10 pounds (4.5 kilograms)

Controller: 20 pounds (9.1 kilograms)

Converter Shelf Assembly: 35 pounds (15.9 kilogran

s)

Earthquake

Initial bay: Zone 4, upper floors

Heat Dissipation

Initial Bay, full load, 12 rectifiers, controller: 6482 wat
(2098 BTU/hr)

Rectifier, full load: 538 watts (1834 BTU/hr)
Converter, full load: 135 watts (460 BTU/hr)
Controller, basic and options: 26 watts (89 BTU/hr)
(note 1)

Humidity rating

10% to 95% noncondensing

Audible noise

68 dBa (note 2)

Electrostatic discharge

IEC 801-2 Level 5 (15 KV) at 40% relative humidit
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Table 2-A: J85500E-2 Battery Plant Specifications

Radiated/ Conducted

S FCC Level A
Emissions

Electromagnetic immunity | 10V/m over the range of 20 to 2000 MHz

Notes:

1.Specified at a plant voltage of 27.25 Vdc, 1200 amperes output, and nominal irjput
voltages and frequencies.

2.Measured at 5 feet above the floor and 2 feet from the equipment.
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Introduction

Calculations

Lucent Technologies 1200A 24V ECS Battery Plant J85500E-2

Engineering, Planning, and
Ordering

Lucent Technologies offers a wide variety of engineering
services that range from complete telecommunications
installations to custom modifications of in-place equipment. For
more information on the type of services that best meet your
engineering needs, contact your Lucent Technologies account
executive.

This section of the manual is intended to provide guidance for
those customers who wish to completely or partially engineer
their battery plant. The detailed process of engineering a battery
plant is described as it progresses through four stages. This
process is essentially the same for the field modification of an
existing battery plant as it is for a new installation. The four
stages are:

» characterizing the basic power requirements,

» determining the power equipment that satisfies those needs,
» determining the impact on the various building systems, and
» preparing the order using the engineering drawings.

The using system, also referred to as the Load Equipment,
determines many characteristics of the power equipment.
Service and maintenance strategies also affect the selection of
power equipment. This section describes, through the following
topics, the types of basic power specifications and how they may
be determined.

Issue 7 October 1998
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» Load Equipment Voltage

* Battery Voltage

* Load Drain and Growth

» Reserve Capacity

» Charge Capacity and Recharge Time
» Battery String Balancing

» Voltage Drop Calculations

e Conductor Sizing

» Overcurrent Protection

Load Equipment Determine the recommended operating voltage range of the
Voltage using equipment. If the battery plant is used to power different
types of equipment, it must meet the requirements of each. Fill
in the load voltage information below. The answers to these
guestions will be used in engineering calculations and
equipment selection in the following sections.

a. Recommended operating voltage: _ volts
b. Minimum steady-state voltage:  volts

c. Maximum steady-state voltage:  volts

d. Maximum high voltage transient: volts
e. Can the load be damaged by low input voltage?

(yes or no)

If the answer to (e) is yes, low-voltage Load disconnect
provisions may be necessary. It is important to distinguish
between low-voltage disconnects fatteries and forloads
Low-voltage battery disconnect does NOT protect load
equipment from low input voltage. Load and battery disconnect
features are not available on all types of battery plants.

Battery Plant  Battery plant operating voltage is directly related to the
Voltage recommendations of the battery manufacturer. These
recommendations must include:

» the steady-state voltage for maximum life or Float Voltage,
» the End Voltage after complete discharge,

» the maximum recharging voltage, and

» the initial charging method.

Equalize or Boost charging is recharge capacity greater than the
float voltage.
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Rectifier and load equipment voltage ranges are associated with
typical battery voltage ranges. For batteryless plants, skip to the
paragraph “Load Drain and Growth.”

A Battery String consists of a number of battery cells connected
in series to provide the desired plant operating voltage. This
manual deals specifically with nominal 24 volt systems,
although any plant voltage is possible by varying the number of
cells per string.

The Nominal Cell Voltage of lead-acid-type batteries is usually
defined as 2 volts. The actual recommended float voltage of
lead-acid batteries differs slightly among vendors and varies
with chemistry. The most common float voltages are 2.17, 2.27
and 2.35 volts per cell.

Nominal 24 volt systems typically use 12-cell battery strings for
float voltages that range from 26.04 to 28.20 volts per string.
Lucent Technologies KS-type flooded lead-acid batteries float at
2.17 volts per cell (26.04 volts per string).

Customers should select a battery type and vendor based on their
maintenance and replacement strategies, initial cost, expected
life, service requirements and replacement cost. Once the battery
is chosen, the following information is needed for the battery
plant engineering process.
f. Float voltage per cell: volts
Minimum cell voltage at end of discharge: volts

h. Is boost or equalize charging recommended?
(yes or no)
If yes, the maximum recharging voltage per cell:
volts

i. Maximum initial charging voltage per cell: volts
j- Number of cells per string:
Multiply the number of cells per string (j) by the voltages (f), (9)
and (h) to find the values for (k), () and (m), respectively.

k. Float voltage per string: volts

l.  Minimum string voltage at end of discharge:
volts

m. Maximum charging voltage per string: volts
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Compare these three calculated voltages, (k), (I) and (m), against
the steady-state load equipment voltages (a), (b) and (c).

If (I) is a higher voltage than (b), it may be desirable to provide
the low-voltage battery disconnect/reconnect feature to prevent
battery damage from deep discharge. A more complete
comparison of battery and load voltage ranges, involving dc
voltage drops in the cabling system, is provided in the following
sections.

Load Drain and Under normal conditions with a constant load, battery plant
Growth  voltage to the load equipment is essentially constant. During an
ac power outage, however, the batteries deliver power, and their
voltage drops steadily since most types of load equipment do not
draw a constant current over their input voltage range. Therefore
the current drain on the plant may change as the batteries
discharge.

Some types of load equipment are purely resistive, in that their
current drain decreases as the plant voltage decreases. Other
types of loads are characterized as constant power equipment, in
that the current increases as the plant voltage drops. Load
equipment may have a combination of resistive and constant
power characteristics.

In the telecommunications industry, List 1 and List 2 are the
designations of the load current drains which have historically
been used to size various elements of the battery plant. These
values are normally provided for each load circuit or group of
load circuits. These terms may be briefly defined as follows:

List 1 Drain. The average busy-hour current during normal
plant operation (i.e., at float voltage). This value is used to size
batteries and rectifiers.

List 2 Drain. The peak current under worst case conditions of
voltage, traffic, etc. This current is used to size load feeder
cables, plant discharge capacity and overcurrent protectors.

The summations of List 1 and List 2 drains for all the individual
load circuits provide the List 1 and List 2 drains, respectively, for
the entire battery plant.

Initial List 1 drains are used to size initial rectifiers and batteries
since these components may be added relatively easily to
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Reserve Capacity
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operating plants. To determine the initial rectifier and battery
needs, fill in the current drain information for all load circuits in
the initial installation in Table 3-A. Use additional sheets, as
needed.

As the customer’s power needs evolve, however, load circuits
may need to be added and traffic on existing circuits may
increase. Ultimate List 2 drain should be used to select the initial
sizes of load feeder cables and plant discharge capacity, since
these cannot be readily increased once the plant is installed. In
Table 3-B, fill in the anticipated future drains for the circuits
listed in Table 3-A. Also include in Table 3-B any additional
circuits that may be added and their drains. Recalculate the total
battery plant drains.

Service and maintenance strategy are important factors in
determining battery reserve time (number of battery cells). The
availability of back-up ac power, accessibility of the battery
vault, calculated downtime risk, and the acceptability of loss of
service are also factors which influence determination of battery
reserve time. These factors will tend to vary from application to
application.

Issue 7 October 1998
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Table 3-A: Initial Load Drain Information

Load Circuit

List 1 (Amps)

List 2 (Amps)

Battery Plant Tota

3 - 6 Engineering, Planning, and Order ng
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Table 3-B: Anticipated Future Load Drain Information

Load Circuit |List 1 (Amps)|List 2 (Amps)| NC, C, or A*

Battery Plant
Total

*NC = No Change; C = Changed; A = Added
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Table 3-C lists reserve time practices which have been used in
some telecommunications applications where maintaining
power to the load is critical. The figures are not intended to be
guidelines except in the absence of any specified customer
practices.

Table 3-C: Reserve Capacity
Typical Reserve Time

Back-up Source

Attended Location Unattended Location
Statlonary Engine 3 hours 3 hours + travel time
(automatic start)
Stationary Engine 4 hours 4 hours + travel time
(manual start)
Portable Engine 4 hours + travel time
Uninterruptible
Power Supply 0 hours (batteryless)

The noise and transient filtering capability of batteries may also
be considered in selecting the minimum battery capacity. Many
using systems specify the maximum allowable input noise.
Applications (such as UPS-supplied ac power) which do not
require batteries for dc reserve purposes may require batteries or
some other means for noise filtering. Compare the input noise
requirements of the using system to the ECS Battery Plant
specifications in Table 2-A.

Fill in the minimum reserve time below.
n. Minimum battery reserve time: hours

Battery capacity is usually specified in terms of Ampere-Hours,
a measure of energy. The ampere-hour rating is the product of a
constant discharge current and the time to discharge a fully
charged battery to a specified end voltage. For comparison
purposes, most vendors of telecommunications batteries specify
ampere-hour ratings at the 8-hour rate of discharge to an end
voltage of 1.75 volts per cell. Many battery vendors also supply
ratings at other discharge rates, such as 3, 5 and 24 hour rates.

Although ampere-hour ratings are useful for rough estimates of
battery size, actual battery selection should be based on curves
or tables of discharge current versus time.
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and Recharge
Time
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For all but batteryless applications, rectifier capacity must be
provided specifically for the recharging of batteries. This
rectifier capacity must be engineered into the plant in addition to
that required to power the load under normal or float conditions.
The sum of the normal and the recharge rectifier capacities is
called the Plant Charge Capacity.

The recharge current is a function of the recharge time and
voltage. For example, increasing the plant voltage will decrease
the necessary recharge time and increase current demand.
Increasing the plant voltage after a discharge is recommended by
some battery vendors to assure that all cells charge equally for
maximum life. Although these two charging methods are
essentially the same, they are called by different names. The
former process is called Boost Charging, while the latter is called
Equalize Charging. For the purposes of this manual, the term
Equalize is used to indicate boost- or equalize-charging. Refer to
the battery manufacturer's recommendations on equalize
charging.

The recharging requirement is determined by customer practices
and is usually specified as a maximum time to reach a minimum
percent of full capacity, for example, at least 90% capacity in no
more than 24 hours.

0. Maximum recharge time: hours
p. Percent of full-capacity after recharge time (0):
Refer to the Battery manual or other documentation to calculate

the required recharge current to meet the requirements of (0) and
(p). The recharge voltage (m) is needed for this calculation.

g. Minimum recharge current: amperes
Recharge Factor is a term that is sometimes used to describe
available recharge capacity. The recharge factor is the total
charge current divided by the List 1 drain. Typical recharge
factors range from 1.20 to 1.50.

r.  Minimum recharge factor:

The minimum initial rectifier requirement for float operation is
derived from the Plant List 1 Drains calculated in Table 3-A.
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Customer preference may dictate any combination of the
following rectifier engineering conventions:

» At least one on-line spare rectifier must be included in the
plant for increased reliability.

* Any on-line spares must be the same size as the largest
rectifier size in the plant.

* Atleast 20 percent additional capacity must be included in
the plant to provide recharge capacity and spares.

The actual selection of rectifiers depends on their sizes.
Different sizes of rectifiers are available in some types of battery
plants, and rectifier sizes may be mixed within one plant. Refer
to paragraph “Rectifier Sizing” for specifics on sizes and
guantities of rectifiers for the ECS Battery Plant.

Battery String  The rectifiers maintain a constant voltage at the battery plant bus

Voltage Drop bars while recharging or floating the batteries. There is a finite

and Balancing voltage drop from the charge bus bars inside the ECS bay to the
battery string terminals as batteries draw recharge current after a
discharge. This voltage drop is proportional to the magnitude of
the recharge current. Any voltage drop from the battery plant bus
bars to the terminals of each battery string will tend to slow the
rate of battery recharge and delay their readiness for future
discharges. The same cable resistance responsible for voltage
drop during recharge creates a voltage drop during discharge as
well. Voltage drop during discharge can limit the effectiveness
of the batteries in supplying the necessary reserve.

For these reasons, the engineer should minimize the voltage drop
between bus bars and batteries by interconnecting them with the
largest practical wire size.

In battery plants with multiple parallel strings of batteries, the
cable lengths from the dc distribution subsystem to each string
will be different. It is as important to balance the strings as it is
to minimize voltage drop. Multiple strings are balanced by

sizing cables for equal resistance (and therefore equal voltage
drop) between terminals and bus bars. If battery strings are
unbalanced, the string with the least voltage drop to the dc
distribution provides more than its share of current during each
discharge. A battery string that experiences excessive discharges
may fail unexpectedly before its predicted end of life.
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Drop
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To both minimize AND equalize voltage drops to parallel
strings, the largest practical wire size should be selected for the
most distant battery string. The cable sizes for the strings nearer
to the DC distribution are then selected so that the drop in each
is roughly the same as that for the most distant string.

Some using systems, such as electronic switching systems or
transmission systems, dictate maximum allowable voltage
drops. A common rule-of-thumb is a maximum drop of 0.25
volts in the leads from battery string terminals to the dc
distribution. Voltage drop calculation methods are described in
paragraph “Calculating Voltage Drop.” For the calculation, use
the plant List 2 drain divided by the number of parallel battery
strings.

For extraordinarily long runs between batteries and dc
distribution, wire gauges may be called for that cannot be
conveniently terminated at the equipment at either end. In such
cases, the necessary larger cables may usually be tapped down to
smaller ones to make the actual connections to the bus bars and
battery terminals.

The critical requirement for a battery plant is that the input
voltage to the load equipment remain within the proper
operating range for the prescribed reserve time. Constants
imposed by the typical 24-volt battery system are the normal
battery float voltage and the minimum battery end voltage.

Note

Engineering of plants with end cell or counter-emf cell battery
arrangements is not included in this discussion.

The variables that may be adjusted to ensure service for the
specified time period are battery capacity and voltage drop from
batteries to the load. If the system is engineered with a relatively
small voltage drop, large gauge cabling is required, minimizing
battery capacity. If a large voltage drop exists between batteries
and load, the minimum load voltage may be reached before the
batteries reach their end voltage capacity. In this second case,
additional battery capacity would be required.

The trade-off between battery size and wire size is an economic
one. For systems with long cabling runs, the cost of large
guantities of heavy wire should be balanced against the cost of
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additional batteries. Finding the exact optimum combination of
cabling and batteries involves iterative calculations. Some using
systems, such as electronic switching systems or transmission
systems, dictate maximum allowable voltage drops, thus
simplifying the calculations. Lucent Technologies offers a
computerized service to optimize the selection of cable sizes and
battery capacity for any application. Contact your Lucent
Technologies Energy Systems Account Executive for details on
this service.

Alternatively, various rules-of-thumb are used to specify
maximum voltage drops. During discharge, the critical voltage
drop is the total drop from the battery terminals to the load
equipment.

The voltage drop from the batteries to the distribution has been
covered above in paragraph “Battery String Voltage Drop and
Balancing.” One rule-of-thumb specifies a maximum voltage
drop of 0.75 volts in the feeder loop from the dc distribution to
the load and back again, using the List 2 drain for that circuit as
listed in Table 3-B. Voltage drop calculation methods are
described in paragraph “Calculating Voltage Drop.”

Fill in the selected or calculated system voltage drops below.

v. Maximum drop (batteries to dc distribution): __ volts
w. Maximum drop (dc distribution to load): volts

X. Maximum drop (batteries to load): (v) + (w) =
volts

After the total drop from the batteries to the load is determined,
the actual end voltage of the batteries can be derived from the
minimum input voltage to the load (b).

y. Actual battery string end voltage: volts

z. Actual battery cell end voltage: volts

Since most battery vendors provide capacity information as a
function of end voltage, item (z) is important in the selection of
a specific battery. If (z) is below the manufacturer’s
recommended discharge voltage, low-voltage battery
disconnect/reconnect may be helpful in preventing battery
damage from deep discharge. In attended locations with back-up
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Ampacity
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ac power, low-voltage disconnect/reconnect may not be
necessary.

A useful formula to relate voltage drop, cable length and cable
size is:

VD=(KxIxL)/CM,orCM=(KxIxL)/VD
where:

VD = allowable voltage drop, in volts
CM = conductor size in circular mils

K =11.1 for copper at 78°F (25.5°C)

| = appropriate current drain, in amperes
L = conductor length, in feet

The formula may be applied to one-way conductors or to loop
circuits (i.e., paired power and return conductors). The value of
K in the above expression increases with increasing conductor
temperature.

Two criteria are used to select the actual wire gauge of a given
conductor. These two criteria are ampacity and voltage drop.
Ampacity is the current that may be carried safely without
overheating the conductor. In relatively low voltage/high current
systems, such as dc distribution, voltage drop limitations are
often the determining factors in sizing conductors. In systems
such as ac distribution, with relatively high voltage and low
current, ampacity usually determines minimum conductor size.
All conductors, however, must be large enough to carry the
intended current safely.

Allowable ampacity is provided in Article 310 of the National
Electrical Code (NEC), and it is a function of the following:

* wire size,

* ambient temperature,

» type of insulation, and

e proximity to other conductors.

The ampacity tables are given in the NEC, starting with Table
310-16. These tables, together with the appropriate notes,
determine the current that will result in the maximum allowable
operating temperature for each wiring method. For instance, for
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the maximum temperature for Type RHW wire is 75°C (167°F).
The current that will result in that temperature (i.e., the
ampacity) is less when the ambient air temperature is higher and
also when conductors are bundled or side-by-side.

Overcurrent  The rating of an overcurrent protection device (fuse or circuit
Protection breaker) should not exceed the ampacity of the conductor it is

intended to protect. The absolute maximum rating permitted by
the NEC for an overcurrent protector is the next larger standard
rating above the ampacity. Overcurrent protectors may be sized
smaller than this maximum rating. In general, however,
protectors should be rated as high as allowable to avoid nuisance
tripping due to high load conditions or inrush during start-up.

Engineering The methods used in the previous sect@saiculations are
appropriate for the engineering of any battery plant. The
specifications in Section 2 are used in this section to select the
specific types and quantities of equipment available with the
Lineagé® 2000 ECS battery plant.

The following topics are covered in this section.

* Rectifier Sizing

e Battery Sizing

* Number of Bays

» Cable and Load Breaker Sizing

» Low-voltage Disconnect/Reconnect
* Emergency Shutdown/Disconnect

» Controller Options

* Alarm System Interface

» Earthquake Bracing

* Appearance Packages

Rectifier Sizing The Lineag® 2000 SR 100 ampere, +24 volt switched-mode
rectifier is currently available with the Linedy2000 ECS
Battery Plant. The maximum number of rectifiers per plant is
twelve.

In the absence of specific customer practices, the following
procedure is recommended:
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s. Determine the smallest whole number of rectifiers that
will provide the normal (List 1) plant drain in Table
3-A:

t. Determine the smallest whole number of rectifiers that
will provide the normal plus recharge current from
Table 3-A and (q):

u. Provide the greater of (s)+1 or () rectifiers:

For batteryless plants, skip to paragraph “Initial and
Supplementary Bays.”

The battery type and minimum size are determined in
paragraphs “Battery Plant Voltage” and “Reserve Capacity.”
Many vendors offer families of batteries that cover a wide range
of ampere-hour capacities. Ampere-hour capacities of parallel
battery strings are added to provide the total reserve capacity of
the battery plant. To supply the necessary reserve, several strings
of small capacity batteries or one or two strings of large capacity
batteries may be connected in parallel.

There are several important considerations in the choice of
battery size versus number of strings, namely,

* Cost

* Weight and Space Efficiency
* Anticipated Growth

» System Reliability

Cost. The cost per ampere-hour decreases with increasing cell
capacity. On the basis of initial material cost, the number of
strings should be minimized.

Weight and Space EfficiencyWeight density and space
efficiency increase as battery capacity increases. There can be
significant differences in space efficiency, however, between
different vendors of the same capacity battery. Floor loading
restrictions may limit stacking of batteries. Structural limitations
of the building must be clearly understood before selecting a
battery arrangement.

See paragraph “Floor Plan Data” for more information on floor
loading. Applications with space restrictions such as standard
aisle depths may dictate the use of more strings of smaller
batteries.
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Anticipated Growth. The growth pattern for the battery plant
may dictate the battery size. It is usually easier to engineer and
install additional strings of the same battery type and capacity as
those already in place. The growth in battery capacity is directly
related to the growth in rectifier capacity, since both must
increase with increasing load current. Since only a fraction of
added rectifier capacity is needed for recharging added batteries,
the matching incremental change in battery capacity depends on
the desired recharge factor. (See paragraph “Charge Capacity
and Recharge Time” for an explanation of charge capacity and
recharge factor.)

Since the charge capacity of the Liné&g@e00 ECS battery
plant grows in 100 ampere increments with the SR100A/24V
rectifier, the optimum battery capacity increment may be
approximated as follows.

A-hr increment = (100 A) x (reserve time in hours)/
(minimum recharge factor)

System Reliability. In most battery plants, it is possible have an
open circuit in the battery subsystem that could remain
undetected until ac power is lost and battery power is required.
Therefore, it is a good practice to select battery size such that at
least two strings are required for applications where service
reliability is critical. Multiple strings allow for easier
maintenance on the battery system without jeopardizing service
to the load equipment.

Initial and  All subsystems of the ECS battery plant, excluding batteries, can
Supplementary occupy the entire framework called the Initial Bay. The ultimate
Bays capacity of the battery plant (12 rectifiers and 63 circuit
breakers) will fit in this space. For batteryless plants, the initial
bay is the only necessary assembly.

Batteries must be engineered per the manufacturer's instructions.
Shelf-mounted batteries, offered by some suppliers, may be
integrated into a frame line-up with the ECS battery plant. Most
other vendor's batteries, however, are designed for mounting on
stands that require special floor plan arrangements.

Specify the number of Supplementary Bays required:
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In this section, power cabling for the dc distribution and battery
subsystems is covered, including the following subtopics.

e Maximum and minimum wire gauge
Wire type

Crimp lugs

Circuit breaker selection

To determine actual wire sizes, the equipment locations, cable
rack and routing systems at the site must be known. Since the
battery plant shares the cabling system with other building
systems, cabling engineering is not completely defined by this
section of the product manual. This section derives the basic dc
power cabling which will be required as part of a complete cable
engineering process. Lucent Technologies offers cabling
engineering services that are separate from battery plant
engineering. Contact your Lucent Technologies Account
Executive for more information on available services.

Wire type RHW or RHH should be used for dc power wiring.
This type of wire is commonly available in American Wire
Gauge (AWG) Stranded (e.g., KS-5482) and in a finer stranded
welding type (e.g., KS-20921). Flexible or Welding Wire is
slightly larger than AWG stranded wire of the same gauge,
which may affect the selection of crimp lugs. For example,
different crimp lugs are required for AWG and Weld wire of the
same gauge, for 1/0 gauge and larger.

Flexible power wire (e.g., KS-20921) should be used for sizes
1/0 and larger in applications requiring tight bends, such as small
battery plants in confined locations.

The wire sizes that may be readily terminated at the dc
distribution subsystem are listed in Table 3-D. The distribution
allows direct termination of 4/0 wire. H taps should be used for
larger wire size requirements. Table 3-D specifies the
equipment, the terminal lug requirements, the maximum wire
size to be terminated directly without H taps, the terminal lug
center spacing, the crimp tool to use, the required fasteners, and
provisioning information.

Terminal lugs and hardware not provided may be ordered from
Table 3-E.
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Table 3-D: Field Wiring Specifications

Lu Center . .
Load | Return Wir% Space Crimp |Required| Lug [Hardware
Side Side . =P Die [Hardware|Provided| Provided
Size |(inches)
3-50 A Single Double | 12 AWG 5/8 Red 10-32 Screw Yes Yes
Crkt Brkr Hole Hole 10 AWG
8 AWG
6 AWG
60-100A | Adapter | Adapter | 2 AWG 5/8 Blue 10-32 No Yes
Crkt Brkr | Double Double Nut/Screw
Hole Hole
100A Crkt| Single Double | 2 AWG 5/8 Brown 1/4-20 No Yes
Brkr Hole Hole Screw
225A Crkt| Single Double | 4/0 AWG 1 Yellow 5/16-18 No Yes
Brkr Hole Hole Screw
-48V Fusqg Single Double | 10 AWG 5/8 R5473 10-32 No Yes
Panel Hole Hole 1/4-20 Nutg
Battery | Double | Double | 4/0 AWG 1 Yellow 5/16-18 No Yes
Leads Hole Hole Nuts
AC to RSA Single Hole 12 AWG R5473 10-32 Yes
Nuts
Controller Terminal Block 22 AWG N/A N/A
Alarms
Central Double Hole 4/0 AWG 1 5/16 nuts Yes Yes
Office
Ground
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Table 3-E: Lug And Hardware Ordering Codes

Available Double Hole Terminal Lugs
STR Flex Class WP_91412 Comcode | Bolt Size| Centers Die
Class B 1 List
10 10 73 405356171 10 5/8 R5473
8 8 52 405348178 10 5/8 Red
8 8 75 406021626 1/4 5/8 Red
6 6 3 405347519 1/4 5/8 Blue
4 4 5 405347576 1/4 5/8 Grey
2 - 54 40534 8202 1/4 5/8 Brown
- 2 8 405347683 1/4 5/8 Green
1/0 56 405348228| 5/16 1.0 Pink
- 1/0 13 405347758| 5/16 1.0 Black
2/0 - 13 405347758 5/16 1.0 Black
- 2/0 20 405347857 5/16 1.0 Orange
4/0 - 59 405348251| 5/16 1.0 Purple
4/0 158 406434175| 5/16 1.0 Yellow
Avalilable Single Hole Terminal Lugs
Clsazs B Flex1CIass WPI:?S%MZ Comcode Bolt Size Die
10 10 93 406338145 10 R5473
8 8 1 405347402 10 Red
8 8 74 405356189 1/4 Red
6 6 2 405307436 1/4 Blue
4 4 4 405347543 1/4 Grey
2 - 53 40534 8186 1/4 Brown
- 2 7 405347659 1/4 Green
1/0 55 405348210 5/16 Pink
- 1/0 10 405347717 5/16 Black
2/0 - 10 405347717 5/16 Black
- 2/0 17 405347790 5/16 Orange
4/0 - 58 405348244 5/16 Purple
4/0 76 406021741 5/16 Yellow

For nontypical ECS configurations where the supplementary
bays are not located adjacent to the initial bay, battery cables
must be engineered.

Five sizes of plug-in circuit breakers are available for dc
distribution overcurrent protection. The ratings of these circuit
breakers are 10, 20, 30, 45 and 60 amperes. Two screw panel
mount breakers with current ratings of 100 and 225 amperes are
also available. The breaker rating for a given circuit is selected
by the criteria covered in paragraph “Overcurrent Protection.”
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The lengths of all load and battery conductors must be known
before proceeding with this section. Use the following steps to
record the wire and breaker sizes for each load feeder in Table
3-F. Use additional sheets as needed.

1.

10.

11.

12.

Copy List 2 drains for each load feeder from Table 3-B to
Table 3-F.

Calculate the minimum wire size that meets the ampacity
requirement based on the List 2 drain for each load feeder.

List the wire sizes based on ampacity in Table 3-F.
Calculate the minimum wire size for each load feeder in
Table 3-B to meet the voltage drop requirements outlined
in paragraph “Calculating Voltage Drop.”

List the sizes based on voltage drop in Table 3-F.

Indicate the larger size for each load feeder in the column
marked “Selected Wire Gauge.”

Fill in the circuit breaker rating (10, 20, 30, 45 or 60
amperes) in Table 3-F for each feeder.

Record in Table 3-G the wire sizes for each battery feeder.
Calculate the minimum wire size that meets the ampacity
requirement based on the total plant List 1 drain divided by
the number of parallel battery strings.

Enter that wire size on the first line in Table 3-G.
Calculate the minimum wire size for each battery feeder in
Table 3-B to meet the voltage drop requirements outlined
in paragraphs “Battery Size versus Voltage Drop” and

“Calculating Voltage Drop.”

List the sizes based on voltage drop in Table 3-G.
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13. Indicate the larger size for each load feeder in the final
column, “Selected Wire Gauge.”

Note

» Insulation on field wiring conductors should be rated nE
less than 75°C. Wire conductor size, determined by th
formula above, should be no less than allowed by elegtrical
codes for 75°C wire (regardless of insulation temperature
rating used) and the ampacity of the associated protegtion
device.

* In order to maintain proper spacings as required by
Underwriters Laboratories when converting load
conductors to the terminal block on the breaker panel, use
only connectors supplied.
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Table 3-F: Feeder Current Size

Minimum Wire Gauge

Selected

Circuit , , . Breaker
Number List 2 Drain (Ampacity) (\écr)cl;[s)ge Wire Gauge Rating
1
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Table 3-G: Minimum Wire Gauge (Ampacity) - All Strings

String Number

Minimum Wire Gauge Selected Wire Gauge

1
2
3
4
5
6
Low-Voltage Low-voltage BATTERY disconnect/reconnectis available as an
Disconnect/ option on the ECS plant. For this feature, two disconnect levels
Reconnect are available: 20.25 and 21.25 volts. The tolerance on disconnect
Feature levels is +/-0.5 volts. Based on the discussion in “Battery Plant
Voltage,” fill in the following information.
Is Low-Voltage Battery Disconnect/Reconnect required?
(yes or no)
If yes, specify the disconnect level (20.25 or 21.25)
Controller  The engineering of the ECS controller features involves
Options  orderable circuit packs and field-movable jumper straps.

Circuit Packs. Circuit pack options for the ECS controller are
presented on the J85500E-2 battery plant drawing. Refer to that
drawing and to the Controller manual for more information on
the availability of optional circuit packs.

Jumper Straps. If requirements differ from the standard factory
settings, certain controller features must be set during the
installation process. The engineering process must provide the
necessary instructions to the installer for the controller set-up.
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Refer to the J85501D-2 controller drawing and the Controller
Manual for details.

Alarm System The standard ECS controller is equipped with connection points
Interface  for a variety of battery plant alarms. The wiring from the
controller alarm points to the local and remote reporting alarm
systems is NOT provided with the battery plant. Such wiring
must be compatible in gauge and type with the terminal blocks
provided on the controller circuit packs, as detailed in the
Controller Manual.

Earthquake The earthquake rating for the standard ECS battery plant is:
Bracing  Zone 4, upper floors, per NEBS TR-EOP-000063.

Appearance An appearance package option is available for the initial and
Packages supplementary bays of the ECS battery plant. This option is
shown in Figure 3-1. It includes Front Style Strips (846651115
List KA), which are metal covers used to improve the aesthetics
of the plant by covering the frame uprights, concealing the
equipment mounting screws, and providing an enclosed cable
way. A right and left style strip is provided with this option.

For additional information and installation details refer to the
J85500E-2 drawing.
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Figure 3-1: ECS Appearance Package Option
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The equipment specified in the previous section will affect
various other systems within the building that serve more than
just the battery plant. Some of these common systems are ac
distribution, cabling, air-conditioning and ventilation and the
building structure itself. For example, the ac distribution system
for a building or room is not completely defined by the power
equipment needs alone, but clearly the number and type of
rectifiers have a direct impact.

The following topics are covered in this section.

* Floor Plan Data: Floor Space, Floor Load, Heat Load, AC
Service

e Cable Rack and Routing

e Grounding

*  Growth

There are several types of information that are collectively called
Floor Plan Data. This information is sometimes published on
Floor Plan Data Sheets. For the Liné2ge00 ECS Battery

Plant, complete Floor Plan Data is given on a sheet of the
J85500E-2 drawing (also presented in Table 2-A of this manual).
This battery plant information must be combined with the
corresponding data for all other equipment in the office to
engineer the appropriate aspects of the building.

The four categories of floor plan data relevant to battery plants
are listed below.

Floor Space.Adequate space must be allocated for the battery
plant footprint and for aisles.

Floor Load. The building structure must support the intended
weight per unit floor area, and equipment must be spaced out to
distribute the load, as necessary.

Heat Load. The air-conditioning and ventilation system is sized
to maintain the environment given the heat dissipation of the
equipment.

AC Service.The ac distribution system is sized to accommodate
the current requirements of the powered equipment.
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To help plan for the routing and support of battery plant cabling,
typical arrangements are shown on the J85500E-2 drawing.

The ECS battery plant is designed for compatibility with most
grounding systems. The standard discharge return bus is located
in the initial bay. Alternatively, the battery plant return bus
system may be mounted in the overhead cable rack.

When the discharge return bus is in the initial bay, a connection
point is provided on it specifically for grounding. This point may
be used to tie the battery plant to the building grounding
electrode with up to 2 AWG wire. The ECS battery plant
framework is equipped with a 6 AWG frame grounding
conductor for connection with the aisle frame ground conductor.
See the T-82678-31 wiring diagram for more information.

As in the selection of protector and wire sizes for load feeders,
building systems should be designed for ultimate growth. Cable
rack support and ac distribution cabinets should be sized for the
maximum anticipated battery plant capacity. Floor space and
weight capacity should also account for any increase in battery
reserve.

Many customers are familiar with Lucent Technologies'
drawings, diagrams and other product documentation and use
these tools in specifying and ordering their power equipment.
This system is reviewed in the following paragraphs.

The two main categories of Lucent Technologies hardware are
called Apparatus and Equipment. The battery plant ordering
process primarily involves Equipment for the system and
Apparatus for components and replacements.

An apparatus code identifies one specific arrangement of
hardware. The product is available in one form only. Lucent
Technologies Coded Apparatus is always specified by the code
followed by the descriptor. For example,

« BCBA4 Circuit Pack
* 364B Power Unit
* 113B Control Unit
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The vintage or version of coded apparatus is controlled by a
Series Number. The series number may be appended to the
apparatus code for a complete description of the product, but is
not necessary because only the latest vintage is orderable at any
given time. Apparatus-coded components for a battery plant are,
typically, replacement parts and spares. (See Section 3, “Spare
Parts.”)

Equipment-coded hardware is available in different
configurations with combinations of optional features. The total
number of combinations and permutations of the optional
features on a given product may be in the hundreds or thousands.
For this reason, a unique code is NOT assigned to each
combination of options. Instead, a Main Code is specified, which
is followed by a list of identifiably separate options with the
guantities for each option.

The main code number falls into one of three categories:

 J-code
« ED-code
* H-code

J-codes take the form JxxxxxA-y and are used to specify main
assemblies, stand-alone products, and units that may have
multiple applications.

ED-coding, of the form ED-xxxxx-yy, identifies subassemblies
that are components of main equipment assemblies. For
example, an ED-coded distribution panel assembly may be a
component of a J-coded battery plant.

H-coding takes the form H-xxx-xxx and is used for a variety of
special applications such as field installation kits, pre-assembled
cables or custom configurations of options for a J-coded product.

The xxxxx part of an equipment code is called the Base Number.
The y or yy, called the Dash Number, is used to identify the
vintage of the base number or to indicate a close relationship
with products with the same base number.

A J-, ED- or H-coded piece of equipment is controlled by a
standard drawing of the same number. This drawing contains the
descriptions of the optional configurations, manufacturing
assembly information and any additional details for engineering
or field installation.
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An equipment option is identified by a number or letter called a
List or a Group. J-coded equipment uses Lists, while ED-coded
and H-coded products are equipped with Groups. For simplicity,
the discussion that follows deals specifically with J-coded
equipment. ED- and H-coded equipment, however, may be
treated similarly.

The standard drawings for Lucent Technologies battery plants
and their components are J-, T- and SD-drawings. Together
these drawings provide the necessary details for engineering,
planning, ordering, record-keeping, installation and repair. A
thorough understanding of the construction and content of the
standard drawings is, therefore, required for proper, error-free
engineering and ordering of the battery plant. The drawings
associated with this battery plant should be reviewed completely
before preparing an order.

The generic features of J-, T- and SD-drawings are described in
the following sections.

J-drawings A J-drawing consists of the following parts:

» Cover Sheet(s), containing ordering, engineering and issue
information, as well as notes for manufacturing and
installation.

» Assembly Views, showing details of shop and field
assembly, and

» Stocklist, listing the quantity and complete ordering code
for each component part used in the assembly.

The cover sheets of a J-drawing contain a wide variety of
important engineering and ordering information. The important
parts of the cover sheet are described below. Iltem numbers,
below, refer to those on the typical one page cover sheet
displayed in Figure 3-2.
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Typical J-Drawing A-Sheet

Figure 3-2
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(2) Title Block. This contains the official drawing title,
including the input and output, if any. The title is NOT required
for ordering purposes. Also included in the title block are the
J-code and the issue number.

(2) J-code.This number must be included in the order exactly as
shown on the drawing. It is always followed by at least one List
number when describing an orderable piece of equipment. On its
own, the J-code refers to either the drawing itself or, in generic
terms only, the product.

(3) Issue number.Each sheet of a drawing has its own issue
number, which changes whenever anything is changed on that
sheet. The issue number of the first cover sheet changes
whenever any sheet in the J-drawing is changed. The issue
number of the cover sheet is called the Drawing Issue.

The drawing issue number is one mechanism used to distinguish
between vintages of the same product. Ordering information
may or may not change when a J-drawing is reissued. The
drawing issue must agree with the vintage of product available
from Lucent Technologies. Reissued drawings are sometimes
released prior to actual factory availability to provide time for
engineering and order preparation. Consult your Lucent
Technologies Account Executive for assistance with issue
number coordination.

(4) Sheet indexThe index lists the numbers of all sheets in the
drawing and their respective issue numbers. Some drawings
have sheets numbered 1, 2, 3, etc. Many, including the example
shown, are divided into A-, B-, C- and D-sheets. The A-sheets
are the cover sheets and are numbered Al, A2, A3, etc. The
B-sheets contain the main assembly views and are numbered
similarly (B1,B2,...).

C-sheets are used to show assembly details and any other
relevant graphical information. The stocklist is included on
D-sheets.

(5) Table A.Table A is the single most important entity on a
J-drawing for engineering and ordering. It contains a description
of each orderable feature, its ordering code, its availability and a
cross-reference to the wiring diagram.

(5A) List numbers. The ordering codes for product features are
called Lists. They may be numbers, letters or combinations
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thereof. A list describes a collection of parts which are: (1)
assembled and packaged per the assembly views and stocklist of
the J-drawing and (2) wired per the referenced figures of the
T-drawing.

(5A-1) Main lists. The list number for a basic configuration of
equipment is called a Main List. A Main List describes a set of
features which is a lowest common denominator or a typical
arrangement. There may be several Main Lists on a given
J-drawing, that share, perhaps, common components or
Supplementary Lists (see below). Only one Main List number is
specified for one equipment assembly, and the quantity specified
for that List is one.

(5A-2) Supplementary Lists.Features are added to or omitted
from Main Lists by specifying Supplementary Lists. A
Supplementary List is not orderable by itself but must be
specified in addition a main list. Different supplementary lists
and multiples of individual supplementary lists may be specified
for one main list. Restrictions on possible combinations of main
and supplementary lists are described in the feature descriptions
in Table A and/or in Engineering Notes (see below).

(5B) Ratings.The availability for ordering of each List is
controlled by the Rating, listed in Table A. Currently there are
two Rating classifications: Available (AVAIL or no marking)
and Discontinued Availability (DA). The conditions on
discontinued availability, such as factory repair policy, vary
from product to product and from List to List. Contact Lucent
Technologies for information on specific products, as needed.

(5C) Circuit Figures. There is often a Wiring Diagram
(T-drawing) which is separate from the assembly drawing for
equipment that incorporates factory wiring. If a List contains
wiring, the associated Figure number of the T-drawing is
indicated in Table A of the J-drawing. A quantity indicates the
number of multiples of the wiring in the specified figure which
are required for a List. When a T-drawing figure is not listed in
parentheses, everything in the figure which is not indicated as
optional is provided. (See below for a detailed discussion of
T-drawing options.) When a T-drawing figure is listed in
parentheses, only the indicated wiring or apparatus options are
provided from that figure.
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(5D) Wiring Options. If portions of the wiring are connected
differently among the Lists, those differences are indicated by
T-drawing Wiring Options.

(5E) Apparatus Options.When circuit components differ from
one List to another, these differences are indicated by Apparatus
Options on the T-drawing.

(6) Table C.This table cross-references the schematic (SD) and
wiring diagram (T).

(7) Table D.This table provides a list of all associated

drawings, such as other J-, ED- or H-coded equipment that must
be ordered separately. Drawings which are required for
engineering or manufacturing but are not necessary for
installation are indicated by an equals-sign (=).

(8) Manufacturing Notes and SymbolsNotes that apply to
factory and/or field assembly are listed as Manufacturing Notes
and are numbered from 1 to 50. The first several notes define
standard symbols used on the assembly views and in the stocklist
to indicate stamping and factory packaging methods. Additional
manufacturing notes are specific to each J-drawing. All
manufacturing notes should be read and understood by
engineering, as well as installation, since they may include
important installation details that the engineer must plan for.

(9) Engineering NotesFor engineering, the second most
important part of the J-drawing, after Table A, is the Engineering
Notes section. These notes, starting at Note 51, provide such
information as:

» Restrictions on List combinations

» Additional job-specific hardware that must be ordered
* Product manual references

* Numbering conventions for panel positions

(10) Other tables.Other non-standard tables may appear on the
J-drawing to provide additional engineering, manufacturing
and/or installation information. Each table should be referenced
from an engineering or manufacturing note on the drawing.

(11) Change NotesChange or Revision Notes chronicle, in
very abbreviated form, the history of drawing reissues and the
associated changes, such as additional Lists, modifications to
assembly views, clerical error corrections and part number
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changes. The Issue number and date always follow the list of
changes.

T-drawings  T-drawings are used to show wiring details, such as wire colors,
gauges, and routing, which cannot be conveniently shown in
assembly views of the J-drawing. T-drawings are similar in
format to J-drawings, with cover sheets and assembly sheets.
There is no stocklist or Table A, however, on a T-drawing. The
following T-drawing cover sheet features are essentially the
same as those for J-drawings:

» Title Block

* Issue number

» Sheet Index

* Manufacturing Notes and Symbols
* Engineering Notes

» Change Notes

As with the J-drawing, all the notes on the T-drawing should be
read completely when engineering a job. Other important
features of the T-drawing cover sheet are Tables B, C and D.
Table B of the T-drawing gives a historical record of the addition
and elimination of options. This table corresponds to the Record
of Change Table on the SD-drawing. (See below.)

As noted earlier, there is usually a close correspondence between
options defined on the SD and those shown on the T-drawing.
The exact correlation of options and figure numbers between the
two drawings is given in Table C.

Table D gives is an index to the locations of T-drawing options
on the various sheets of the drawing. There is a similar Option
Index on the SD. (See below.)

The wiring information is shown graphically two ways: Shop
Figures and Installer Figures. Shop figures are numbered 1, 2, 3,
etc. for main figures and A, B, C, etc. for details. Installer figures
are similarly numbered but with the prefix H. All connections
and circuit components in a given figure, that are not indicated
as optional, are provided when that figure is specified by the
J-drawing. Options are indicated on the figures by a letter or
letters inside a double circle.

An option is defined when alternative connections or circuit
components are possible. T-drawing options are called Wiring
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options for connection alternatives and Apparatus options for
component differences. Where possible, T-drawing options are
derived directly from those defined on the SD-drawing, using
the same lettering scheme (see below). Options which are found
on the T-drawing, but not on the SD, always include the prefix
H. Optional wiring and hardware is provided only when the
associated options are specifically called for by Table A of the
J-drawing.

The SD-drawing is the source for the circuit information that
describes a product. The connectivity and options shown on the
T-drawing are based on the SD. The parts on the J-drawing
stocklist which are circuit components are documented on the
SD. Mechanical parts, wire colors, wire routing and cable
harnesses, however, are not necessarily shown on the SD.

The SD-drawing package is usually sectionalized, similar to the
J-drawing, as follows:

» A-sheets are cover sheets including Title Block, Supporting
Information, Sheet Index, Option Index. All of this
information is similar in format to that on T- and
J-drawings.

* B-sheets contain the Functional Schematics (FSs).

» C-sheets list the Apparatus Figures (APP FIGSs) (i.e., circuit
component lists).

* D-sheets contain drawing notes categorized as Circuit Notes
(numbered 101 to 200), Equipment Notes (numbered 201 to
300) and Information Notes (301 to 400). Certain standard
notes of particular interest are:

* Note 102: Feature and Option Table which describes each
option letter, is often duplicated in the T-drawing
engineering notes.

* Note 103: The Record of Change Table traces when options
are added and discontinued on various drawing issues, as in
Table C of the T-drawing.

» SD notes often contain important details on applications of
circuit features and options, so all notes should be read
before completing the engineering process.
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* G-sheets show Cabling Diagrams (CADs), define terminal
designations and wiring for installer connections. This
information is duplicated in the Installer Figures of the
T-drawing.

* H-sheets are included in some SD-drawings to provide
Block Diagrams (BDs) that are helpful in understanding
complex circuits.

» J-sheets are used for Circuit Pack Schematics (CPSs), if any
are included in the SD. Most circuit packs, however, are
documented on separate schematic drawings, some of
which are proprietary and are not generally accessible.

The following equipment may be ordered as spare parts. For
exact ordering codes, refer to recommended spares information
on the J85500E-2 drawing.

Rectifiers and fans

LVD/Fuse Board (CP5)

Fuses (F1 to F18)

Load Circuit Breakers (CB1 to CB63)

Controller Circuit Packs (e.g., 113B/CU)
(Refer to the Controller manual for details on spare
controller circuit packs.)

In addition to these items, any piece part may be ordered that is
identified in the assembly views and stocklist on the J85500E-2
drawing. When ordering, please specify the Description and
Comcode as shown in the stocklist.

The following documents provide the engineering, ordering and
installation information for the Linea§e2000 ECS battery

plant, the ECS controller, the Line&y2000 SR series rectifier
and Rectifier Shelf Assembly (RSA):
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Plant Assembly and Ordering | J85500E-2
Drawing

Controller Assembly and J85501D-2
Ordering Drawing

Rectifier Assembly and J85702C-1
Ordering Drawing

FPS Converter Assembly and | J85500K-1
Ordering Drawing

Plant Wiring Diagram T-82678-31
FPS Converter Wiring Diagramh  T-83158-30
Plant Schematic Diagram SD-82678-02
Rectifier Shelf Assembly SD-82668-02
Schematic Diagram

Controller Schematic Diagram| SD-82669-02
FPS Converter Schematic SD-83158-01

Diagram

Plant Product Manual

Select Code 167-790-0

Controller Product Manual

Select Code 167-790-01

693AA DC/DC Converter
Product Manual

Select Code 167-790-125

115B Monitor and Control Pang
Product Manual

pSelect Code 167-790-048

FPS DC/DC Converter Plant
Product Manual

Select Code 167-790-124
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Safety

Please read and follow all safety instructions and warnings
before installing, maintaining, or repairing the power system.
Reference the individual module product manuals for additional
safety statements specific to the modules.

The J85500E-2 ECS Power System is Underwriters
Laboratories (UL) Listed per: Subject Letter 1801 (DC
Power Distribution Centers for Telecommunications
Equipment) for use in the USA. Rectifiers are individually
UL Recognized and/or CSA Certified to UL1950 and CSA
C22.2 No. 234/950.

Install only in restricted access areas (dedicated equipment
rooms, equipment closets, or the like) in accordance with
articles 110-16, 110-17, and 110-18 of the U.S. National
Electrical Code (NEC), ANSI/NFPA No. 70, and pursuant
to applicable local codes.

This equipment is to be used in controlled environments (an
area where the humidity is maintained at levels that cannot
cause condensation on the equipment, the contaminating
dust is controlled, and the steady-state ambient temperature
is within the range specified).

This equipment must not be installed over combustible
surfaces.

For installations in the U.S. and Canada, Listed/Certified
compression connectors are to be used to terminate
Listed/Certified field-wired conductors where required. For
all installations, the appropriate connector is to be applied
only to the correct size conductor as specified by the
connector manufacturer using only the connector

Issue 7 October 1998

Safety 4-1



Lucent Technologies 1200A 24V ECS Battery Plant J85500E-2

manufacturer's recommended tooling or tooling approved
for that connector.

» If the proper connector for the country of installation is not
provided, obtain appropriate connectors and follow
manufacturer's and all local requirements for proper
connections. All national and local rules and regulations are
to be followed when making field connections.

* The field wiring connections have been evaluated for
connection of minimum 90°C conductors sized per the U.S.
National Electrical Code using 75°C ampacity tables.

» Torque electrical connections to the values specified on
labels or in the product documentation.

» Battery input cables must be dressed to avoid damage to the
insulation (caused by routing around sharp edges or routed
in areas where wires could get pinched) and undue stress on
the connectors.

* The short circuit current capability of the battery input to
the distribution panel must not exceed 10,000 amperes.

» Fuses/circuit breakers may not be provided with the
equipment. Refer to the product documentation for the
proper hardware. Use only the parts specified in the
equipment documentation. Installing fuses or circuit
breakers not specified for use in this equipment may result
in injury to service personnel or equipment damage.

» External loading must not exceed 80% of its fuse/circuit
breaker current rating.

* AC branch circuits to this equipment must be protected with
either fuses or circuit breakers sized as required by the
National Electric Code (NEC) and/or local codes. Refer to
the equipment ratings to assure rating of equipment will not
exceed 80% of the value of the protector chosen. Reference
drawing T-82670-31 for recommended circuit protection for
the different options.

* An accessible ac disconnect/protection device to remove ac
power from the equipment in the event of an emergency
must be provided. This device must open all poles and be
connected together.

4 -2 Safetly
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Warning The symbols may sometimes be accompanied by some type of
Statements and 0 O et be accessed only by quaified personnel
Safety Symbols ' '

This symbol identifies the need to refer to
the equipment instructions for important
information.

|

N

These symbols (or equivalent) are used to
identify the presence of hazardous ac
mains voltage.

¥

This symbol is used to identify the
presence of hazardous ac or dc voltages. It
may also be used to warn of hazardous
energy levels.

This symbol is used to identify the need
for safety glasses and may sometimes be
accompanied by some type of statement,
for example: “Fuses can cause arcing and
sparks. Risk of eye injury. Always wear
safety glasses.”
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=

=)

One of these two symbols (or equivalent)
may be used to identify the presence of
rectifier and battery voltages. The symbol
may sometimes be accompanied by some
type of statement, for example: “Battery
voltage present. Risk of injury due to high
current. Avoid contacting conductors with
uninsulated metal objects. Follow safety
precautions.”

This symbol is used to identify the
presence of a hot surface. It may also be
accompanied by a statement explaining
the hazard. A symbol like this with a
lightning bolt through the hand also
means that the part is or could be at
hazardous voltage levels.

This symbol is used to identify the
presence of a hot surface. The marked
item should not be touched without taking
care.

This symbol is used to identify the
protective safety earth ground for the
equipment.

This symbol is used to identify other
bonding points within the equipment.

4 - 4 Safety
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When working on or using this type of equipment, the
following precautions should be noted:

This unit must be installed, serviced, and operated only by
skilled and qualified personnel who have the necessary
knowledge and practical experience with electrical
equipment and who understand the hazards that can arise
when working on this type of equipment.

The equipment could be powered by multiple ac inputs.
Ensure that the appropriate circuit protection device for
each ac input being serviced is disconnected before
servicing the equipment.

For equipment connected to batteries, disconnecting the ac
alone will not necessarily remove power to the equipment.
Make sure the equipment is not also powered by the
batteries or the batteries are not connected to the output of
the equipment.

High leakage currents may be possible on this type of
equipment. Make sure the equipment is properly safety
earth grounded before connecting power.

Hazardous energy and voltages are present in the unit and
on the interface cables that can shock or cause serious
injury. Follow all safety warnings and practices when
servicing this equipment. Exercise care when servicing this
area.

Batteries may be connected in parallel with the output of the
rectifiers. Turning off the rectifiers will not necessarily
remove power from the bus. Make sure the battery power is
also disconnected and/or follow safety procedures while
working on any equipment that contains hazardous
energy/voltage.

In addition to proper job training and safety procedures, the
following are some basic precautions that should always be
used:

— Useonly properly insulated tools.

— Remove all metallic objects (key chains, glasses, rings,
watches, or other jewelry).

Issue 7 October 1998
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Wear safety glasses. Fuses can produce sparks. High
energy levels on buses and distribution components can
produce severe arcing.

Test circuits before touching.

Lock out and tag circuit breakers/fuses when possible to
prevent accidental turn on.

Be aware of potential hazards before servicing
equipment.

Identify exposed hazardous electrical potentials on
connectors, wiring, etc. (note the condition of these
circuits, especially wiring).

Use care when removing or replacing covers; avoid
contacting circuits.

4 -6 Safely
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Installation

As mentioned in Section 3, Lucent Technologies offers
complete engineering and installation services that result in
turn-key plant operation. Contact your Lucent Technologies
Energy Systems account executive for further information on the
complete range of installation services available from Lucent
Technologies. Customers may choose instead to make their own
arrangements to fully or partially install the battery plant based
on the information supplied here.

This section outlines an efficient sequence of battery plant
installation steps that minimizes the installer's exposure to live
circuits. A suggested test sequence is also provided to check the
integrity of the installation effort. Upgrades, retrofits and
replacement of equipment in the controller, rectifier and battery
subsystems are covered in their respective manuals.

The framework, rectifier, controller and dc distribution
subsystems, described in Section 2, are factory tested as a
system. The controller and distribution subsystems are shipped
assembled to the framework, ready for use. To improve shipping
and handling, the rectifiers are packaged separately and must be
plugged into their shelf assemblies during the plant installation
process. The battery subsystem must also be assembled by the
installer. The battery plant installation sequence that follows
refers to the Rectifier, Controller and Battery manuals for details
for those subsystems. Read this section and the referenced
sections in other subsystem manuals completely before starting
any work.

Issue 7 October 1998
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Tools and Test
Equipment

Suggested
Installation
Sequence
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The following tools and test equipment are required for battery
plant installation and testing.

* Equipment to handle shipping containers, remove
framework from shipping containers, and erect framework
into final position. Minimum lifting capacity: 450 Ibs.

» Common electrician’s hand tools.

» Proper crimping tools and dies for connectors used.
» Common mechanic’s hand tools

» 3/4-inch drill to bore holes for floor anchors.

* DMM (Digital Multimeter) with at least 0.05% accuracy on
the dc scale.

 DC Dummy Load Bank rated for 130 amperes minimum at
30 volts dc.

* For LVD/R option only: Power Supply, variable from zero
to 30 volts dc at 2 amperes. Supply should have both coarse
and fine output controls.

* For LVD/R option only: Six clip leads, each capable of
carrying 3 amperes.

The plant may be wired with ac from the left side or the right
side. Typical routing of ac, dc and control cabling is shown on
the plant assembly drawing, J85500E-2. Connection points and
wire types are indicated on the plant wiring diagram,
T-82678-31.

When running dc cable, care should be taken to ensure that all
non-protected leads are run in a separate cable rack from
protected leads. (Protected, in this sense, refers to overcurrent
protection by a fuse or circuit-breaker.) Battery leads are usually
the only unprotected leads. When Lucent Technologies VR
Batteries are used, the battery leads may be protected. Refer to
the Battery Manual for more detail on this option.

All dc leads should be separated wherever possible from ac leads
to minimize electrical noise transmitted to the load.

5 -2 Installation
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Handling and
Frame
Installation
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Pair the battery potential lead with the associated return lead of
a given circuit for as much of the run as possible.

All control leads and other small gauge wiring should be
separated from the ac and dc power leads to prevent physical
damage. (Routing of control leads within the controller is
described in the Controller manual.)

All bolts making electrical connections should be torqued per
the values in Table 5-A; all bolts for mechanical connections
should be torqued per values in Table 5-B.

Table 5-C lists the drawings, manuals and other documentation
that are necessary to complete the following sequence of tasks.

1. Before opening the packaging, carefully inspect the
outside, in the presence of shipping personnel, for signs of
damage. If damaged, follow the shipping carrier's
procedure for filing a damage claim.

2. To ensure personnel safety and equipment protection use
appropriate equipment during handling of crates and
uncrated equipment. Use the equipment weights and
dimensions given in Section 2 as a guideline for choosing
material handling tools. Move crated equipment to an area
with adequate space and tools for unpacking and handling.

3. Carefully open the packaging to verify that the contents are
complete and undamaged. If the equipment must be
returned, it should be repacked in the original shipping
crate.

4. Locate, shim and anchor the framework(s). Figure 5-2
shows typical floor mounting details for concrete floors.
Other types of floor construction may require other
mounting methods. Holes can be located using Figure 5-3.
For multi-bay plants and for plants in aisle line-ups with
compatible framework, frames may be tied together for
extra rigidity. Three junction plates and screws are
provided with each framework for this purpose. Assembly
details for linking a multi-bay arrangement are included in
the JB5500E-2 drawing provided with the battery plant.
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Table 5-A: Minimum Torque For All Electrical Connections

Torques - Ib-in Or (Ib-ft)
Wire Connectors Head Tightened Nut Tightened
Slotted
Slotted Hex or Slotted Hex or [Machine or
Screw Sizg Machine |Socket Cap Machine |Socket Cap Hex Cap |Socket Cap
8-32 15 15 19 19 19 23
10-24 21 21 27 27 27 33
1/4-20 50 50 65 65 65 80
5/16-20 - 100 - 135 135 165
3/8-16 - 180 - 240 240 290
7/16-14 - 280 - 385 385 465
1/2-13 - 500 - 585 585 710
5/8 -11 - (71) - (97) (97) (118)
3/4-10 - (125) - (172) (172) (209)

Table 5-B: Torque and Minimum Yield Strength for
Mechanical Connections (Using Hex Head Cap Screws)

Grade 2
Cap Screw Minimum Yield Torque (Ft-Lb)
Diameter Strength (PSI) UNRC
1/4 57,000 5
3/16 57,000 12
3/8 57,000 22
7116 57,000 35
1/2 57,000 54
9/16 57,000 77
5/8 57,000 107
3/4 57,000 190
718 36,000 193
1 36,000 290
1-1/8 36,000 410
1-1/4 36,000 580
1-38 36,000 760
1-1/2 36,000 1010
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Battery Stand
Assembly

Initial Charge

Cable Support

System
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Table 5-C: Installation Reference Documents

Procedure

Reference Document*

Unpacking, Handling
and Frame Installatio

J85500E-2 Drawing and
ninstallation Template

Initial Battery Charge

Rectifier Manual

Cable Support and
Ground System

Job Application Drawings

Controller Setup and
LVD Test

Controller Manual

AC Wiring, Rectifier
Installation and
Rectifier Test

Rectifier Manual,
J85500E-2 Drawing and
T-82678-31 Drawing

Load Wiring

J85500E-2 Drawing and
T-82678-31 Drawing

Battery Connections,
Disconnect
Installation and Test

J85500E-2 Drawing and
T-82678-31 Drawing

Controller Test

Controller Manual

Load Turn Up

Load Equipment Instructio

Converter Shelf
Assembly Installation
and Test

Converter Plant Manual

*See “Documentation References” in Section 3.

Assemble battery stands or shelves per the Lucent Technologies
battery manual or other battery manufacturer's documentation.
Install the batteries onto their stands.

Warning

| Do not connect batteries

to the system at this time.

Batteries may undergo initial charging at this time, according to
the manufacturer's recommendations. One of the rectifiers may
be used for initial charging. Refer to the procedure given in the

Rectifier manual.

Hang all cable support systems, as well as any auxiliary ground
and Ground bus bars, as dictated by the job application drawings.

Issue 7 October 1998
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Controller and
LVD Set-up

AC Wiring,
Rectifier
Installation and

Test

L

ucent Technologies 1200A 24V ECS Battery Plant J85500E-2

1. Follow the controller set-up procedure given in the
Controller manual to complete the following:

Enable/disable equalize charge set-up

Enable/disable rectifier restart set-up

Set HV shutdown level(s)

Set BD alarm level

Run office alarm wiring

-~ 0 2 0 T p

Run other controller wiring

g. Set up other optional circuit packs

2. Check and set the low-voltage disconnect/reconnect,

if

provided, at the desired voltage level. See Figure 5-4 for

the location of the disconnect voltage select jumpers,
J505.1 and J505.2 on CP5 Fuse Board.

a. To provide a disconnect voltage of +21.25 +/-0.5 volts,

plug these jumpers across pins 1 and 2 of their
respective connectors

b. To provide a disconnect voltage of +20.25 +/-0.5 volts,
plug the jumpers across pins 2 and 3 of their respective

connectors.

3. Refer to the ECS controller manual for acceptance testing
procedures for the CP5 circuit pack and the associated

LVD/R option.

Refer to the installation and start-up procedure in the Rectifier
manual for the following steps.

Wire AC
Set up
Plug in
Test

Note

It is recommended that ac be wired during the initial
installation for all rectifier positions that may be used in th
future. If ac is prewired in this way, growth in rectifier

capacity is as simple as plugging in an additional rectifier

5-6 Installation
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844218784

Hold Down Plate
(2 Places) 405889254

Floor Anchor Bolt

12 Millimeter, Part
Number 0003266520

(Hilti) (4 Places)

Hold Down Washer
(4 Places)
Framework Base

Floor Covering

/ 841628571

Note: Use 3/4 Inch Drill for Floor Anchor Bolts.
The Required Minimum Drill Depth is 4 Inches.

Figure 5-2: Typical Floor Mounting Detail
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If interference with floor reinforcing bars occurs
during installation of anchoring device at mounting
position "1" (primary mounting position), then
alternate locations "2", and "4" shall be selected
as follows:

Location "2" - If interfering bar at "1" runs perpendicular
to equipment lineup.

Location "3" - If interfering bar at "1" runs parallel
to equipment lineup.

Location "4" - Permitted only if two reinforcing bars,
running perpendicular and parallel respectively,
cross at "1".
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Figure 5-4: LVD/Fuse Board (CP5) Jumper Locations
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Load Wiring
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1. Open the dc distribution cover panel by turning the two 1/4

turn fasteners located on the front of the panel and remove
the circuit breaker panel covers and discharge return cover.

DANGER

Verify that no voltage is present on the dc distribution bus
bars and that all dc circuit breakers are off before connegting
any load leads.

2. Run paired leads (supply and return) to each load from a dc

distribution circuit breaker and from the discharge return
bus. The load supply leads are terminated at the battery
plant end at the circuit breaker module block. The load
return leads are terminated at the battery plant end on the
discharge return bus, directly above the load supply lead
termination. The termination points for the load leads are
numbered 1 to 63, from left to right. Distribution breaker
positions are also numbered 1 to 63, from left to right.

Cable sizes of 2 through 10 AWG may be terminated in the
distribution with the use of a terminal adapter. This terminal
adapter requires the use of two termination positions.

1. Toinstall a circuit breaker, first verify that the circuit

breaker is in the OFF position.

Plug in the circuit breaker and visually verify that the line,
load, and alarm connections are properly mated. (See
Figure 2-7).

Remove the knockout from the associated position on the
cover. Mark the new circuit on the distribution cover label.
Spare circuit breakers may or may not be provided with the
dc distribution panel, as ordered. Spare circuit breakers
may be stored in distribution panel if in the OFF position.
Leads may be run to spare circuit breaker positions in
anticipation of future growth.

Recommendations for routing and dressing of load leads as they
leave the battery plant and enter the cable rack system are shown
on the plant assembly drawing, J85500E-2. Consult the job
application drawings for the routing of these leads to the load
equipment. A label is provided on the dc distribution cover that
may be marked to indicate each load breaker's use.
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Battery

Lucent Technologies 1200A 24V ECS Battery Plant J85500E-2

Before proceeding, verify that all load circuit breakers are in the
OFF position.

Connections,
Disconnect
Installation and

Test

1. Remove all fuses from CP5 Fuse Board. Confirm that the

output circuit breakers of all rectifiers and all distribution
breakers are open.

DANGER

The next step in this procedure will apply battery power tg the
battery plant. Before contacting any uninsulated conductor
surfaces, always use a voltmeter to insure that no voltage, or
the expected voltage, is present.

2.

Interconnect the battery strings as instructed by the battery
manual or other manufacturer's documentation.

Note

Leave one intercell connection out so that there is an opgn
circuit between the two terminals of each string before
proceeding.

3.

Run all cables from the battery and return bus bars to the
battery strings by first connecting them to the bus bars in
the dc distribution subsystem. For suggested cable routing
within the dc distribution see the J85500E-2 drawing.
Replace the dc distribution cover panel on the plant
framework after all connections have been made at the
plant bus bars.

Terminate the cables from the dc distribution at each
battery string according to the manufacturer's
documentation. Measure the resistance between the two
ends of any battery string to verify that the circuit is open.
Close the last remaining part of the battery circuit on each
string (intercell connector).

Reinsert all fuses in CP5 Fuse Board. Match the fuse
ratings and positions as indicated on the distribution cover
panel.

5-12 Installation
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Note

The white indicators on F1 through F11 represent a 1-1/3|amp
rating and the orange indicator on F12 represents a 2 anp

rating.

Controller Test Follow the controller test procedure given in the ECS controller
manual to complete the following tests:

» Test Enable/disable equalize charge feature.
» Test Enable/disable rectifier restart feature.
* Test HV shutdown level(s).

» Test BD alarm levels.

» Test other optional circuit packs.

Load Turn-up 1. Turn on and adjust all rectifiers for normal operation
according to the Rectifier manual.

Warning

Before applying power to any individual load, follow the
power-up instructions as provided in the associated load
equipment documentation.

2. Connect all loads, one at a time, by turning on the load
circuit breakers. A circuit breaker may trip immediately
due to inrush current when the plant is initially turned on.
This does not necessarily indicate a fault condition.
Attempt to close the circuit breaker a second time. If the
breaker trips again, check the wiring to the load circuit.

Converter Shelf Follow the Initial Start-up and Checkout procedure given in the
Assembly ECS FPS DC/DC Converter Plant manual to complete the
following tests:

« Test PMJ and PMN alarms
e Test MJF alarm
e« Test converters

Issue 7 October 1998 Installation 5-13



Lucent Technologies 1200A 24V ECS Battery Plant J85500E-2

Installation As your power needs evolve, equipment may be readily added to

Procedures for the battery plant to provide any of the following items:

Plant Growth .

Procedures for adding controller features, rectifiers and batteries
to an operating plant are described in the installation sections of
the associated subsystem manuals. The procedure to add load
circuits, since they are part of the dc distribution subsystem, is

Expanded controller features

Additional rectifier capacity

Increased battery capacity associated with additional
rectifier capacity

Additional load circuits

described below.

Adding a Load
Circuit

Warning

Procedures in this paragraph may cause power alarms tq be
issued temporarily. Notify the alarm reporting center before
starting any installation procedure on an operating battery
plant.

The following procedure provides the steps to add a new load
circuit to an operating battery plant.

1. See Section 3 for details on sizing and obtaining additional

circuit breakers.

2. Alarms may be issued during the installation process (e.g.,

by a new circuit breaker in the OFF position). Notify the
alarm reporting center that alarms may be received.

3. Open the dc distribution cover panel, taking care not to
disturb any load-carrying circuit breakers.

DANGER

Battery voltage is present behind the distribution cover panel.
Remove all jewelry before working in this area. Use insulated
tools only.

5-14 Installation
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Caution

Accidentally or intentionally turning a circuit breaker off may
affect service to load equipment. Take care not to disturb

load- carrying circuits.

4. Locate the intended new breaker position. Spare circuit
breakers may or may not already be in place on the dc
distribution panel, as ordered. Alternatively, spare
distribution leads may or may not have been run to the new
load location.

— If a spare circuit breaker is already plugged in the next
available position, verify that the breaker is OFF.

— If a new breaker must be added, switch it to the OFF
position. Plug in the new breaker. If possible, visually
verify that line, load and alarm connectors are properly
mated. (See Figure 2-7).

DANGER

Do not plug a closed circuit breaker into a circuit which may
be connected. Arcing may result in personnel injury and
equipment damage.

5. If leads have not already been run to the intended load
from a spare circuit breaker position (e.g., during the initial
plant installation), install these leads by following
Installation Step 7 in “Sequence of Tasks” above.

6. Mark the new circuit on the distribution cover panel label.

7. For safety, close the dc distribution front cover before
proceeding to the next step.

Warning

Before applying power to any individual load, follow the
powering up instructions as provided in the associated load
equipment documentation.

8. Turn on the load circuit breaker. If the circuit breaker trips
immediately when turned on, it may be due to inrush
current and does not necessarily indicate a fault condition.
Attempt to close the circuit breaker a second time. If the
breaker trips again, check the wiring to the load circuit.

Issue 7 October 1998
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9. When all work on the dc distribution is complete, close the
distribution cover and notify the alarm reporting center.
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6 Maintenance
Controls and Operating controls and indicators on the battery plant are listed
Indicators below.

Controller and  Operating controls and indicators for the controller and rectifier
Rectifier include switches and LEDs described in the Product Manuals for
these units.

CP5 Fuse Board Two LEDs on the CP5 Fuse Board are used to indicate the status
LEDs and Fuses of the low-voltage disconnect/reconnect circuit.

* The red “LVD OPEN” LED indicates that the
disconnect/reconnect contactor is open and therefore that
batteries are disconnected from the rest of the battery plant.

* The yellow “LVD FAIL” LED indicates that only one of the
two redundant low-voltage detectors has directed the
contactor to open and that the disconnect circuit may have
failed.

Fuses F1 through F12 are also located on the CP5 LVD/Fuse
Board and provide power for controller functions and rectifier
regulation (see Figure 6-1). When a fuse blows the colored
indicator (white or orange) pops up and an alarm signal is
transmitted to the controller. The fault should be cleared before
replacing a blown fuse. See paragraph “Troubleshooting” for
details on replacing blown fuses.

DC Circuit  Circuit breakers CB1 through CB63 are located in the dc
Breakers distribution.
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Troubleshooting
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Any circuit breaker in the battery plant is ON (or closed) when
the handle is in the Up position, and OFF (or open) in the Down
position. A circuit breaker which is supplying a load may be
turned off manually, but this may affect service to the load. If a
breaker has tripped off, the overcurrent problem should be
cleared before restoring power to the load by resetting the
breaker. See paragraph “Troubleshooting” for information on
tripped breakers.

Table 6-A provides a list of observable trouble conditions, their
possible causes and the necessary corrective action for each
cause. The table is organized by the subsystem in which the
trouble is observed. Trouble indicated by the office alarm system
is covered in the Table 6-A under the Controller subsystem.

6 - 2 Maintenance

Issue 7 October 1998



FUSE DESIGNATIONS

F1

REG LEAD RECTIFIER 1
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F2 | REG LEAD RECTIFIER 2

F3 | REG LEAD RECTIFIER 3

F4 | REG LEAD RECTIFIER 4

F5 | REG LEAD RECTIFIER 5

F6 | REG LEAD RECTIFIER 6

F7 | 113B METER

F8 | CP2 AND CP3

F9 | CP1 RECTIFIER INTERFACE POWER
F10 | RECTIFIER CP1 INTERFACE POWER
F11 | ALARM BATTERY SUPPLY

F12| CP1

F13 | REG LEAD RECTIFIER 7

F14 | REG LEAD RECTIFIER 8

F15| REG LEAD RECTIFIER 9

F16 | REG LEAD RECTIFIER 10
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F21 | LOW POWER DISTRIBUTION
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Table 6-A: Troubleshooting

Observed Condition

Probable Cause |

Procedure #

Controller

Red or yellow LEDs lit
No LEDs or Display lit
Meter inaccuracy

Office alarms issued
False alarms issued
Blown fuse on LVD/Fuse
board

See “Troubleshootin

g” in Controller Manual

Rectifier

Red or yellow LEDs lit
No LEDs or Display lit
No output/low output
Oscillation

Open output breaker

See “Troubleshooting” in Rectifier Manual

DC Distribution Subsystem

Open distribution breaker

. manually turned off
. overcurrent trip
. breaker failure

Open Distribution Breaker

“LVD OPEN” LED lit

. failed LVD contactor
. low voltage

. faulty wiring

. LVD circuit failure

Red “LVD OPEN” LED Lit

“LVD FAIL" LED lit

a
b
c
a
b
c
d
a

. low voltage
b. LVD circuit failure

Yellow “LVD FAIL” LED
Lit
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Open A distribution breaker which should be closed may be in the
Distribution  open position for one of the following reasons:
Breaker

» Addistribution breaker may have been inadvertently turned
off manually. If this is the case, follow the proper procedure
to restore power to the load equipment. If a distribution
breaker is no longer needed, it may be unplugged from the
panel or left in the OFF position.

» Addistribution breaker may trip due to a short circuit in the
load equipment or wiring. The fault must be cleared before
resetting the breaker, except when the trip is suspected to be
caused by inrush current during equipment start up.

» A circuit breaker may fail such that it cannot be reset.
Replace a failed distribution breaker as described in
paragraph “Load Circuit Breaker Replacement” below.

Red LVD OPEN Alitred “LVD OPEN” LED indicates that the LVD Contactor
LED Lit isde-energized, i.e., open. The contactor may be open due to one
of the following reasons:

» Plant voltage is below the disconnect threshold.

» The contactor has failed and must be replaced. See
procedure “LVD/R Contactor Replacement” below.

» There is an open circuit in the wiring that powers the
contactor. Check the cable assembly from CP5 to the
contactor (see drawing T-82670-30).

* Both redundant LVD sensing circuits have failed. Replace
the CP5 circuit pack per procedure “LVD/Fuse Board (CP5)
Replacement” below.

Yellow LVD Alityellow “LVD FAIL” LED indicates that one or both of the
FAIL LED Lit LVD circuits has attempted to open the contactor, but the
contactor is closed. This may occur due to one of the following
reasons:

* The plant voltage is right at the disconnect level and is
within tolerances of the redundant detector circuits, but only
one detector has operated. No action is required.
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* The LVD circuit has partially failed. Replace the CP5
circuit pack per procedure “LVD/Fuse Board (CP5)
Replacement” below.

Blown Fuse on Refer to ECS controller manual for troubleshooting procedures.
CP5

Note
| Replace with fuse of same rating only.

Repair and
Replacement
Note

Procedures in this paragraph may cause power alarms tq be
issued temporarily. Notify the alarm reporting center before
starting any repair procedure.

Load Circuit 1. Obtain a replacement circuit breaker. See paragraph
Breaker “Spare Parts.”
Replacement
2. Verify that the faulty breaker is in the OFF position.

3. Loosen the 1/4 turn fasteners and open the dc distribution
cover.

4. Measure the voltage at the load connection associated with
the faulty breaker, to verify that the breaker is truly open.
The voltage relative to the battery bus bars or circuit
breaker bus bar should be approximately the float voltage
of the plant.

If the faulty breaker is, in fact, still closed, the load
equipment which it powers must be shut down so that no
current flows through the breaker.

Warning

Do not attempt to unplug a circuit breaker which may be
carrying current. Arcing may result in personnel injury an
equipment damage.

L

5. Unplug the faulty breaker from the printed wiring board.
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6.

Switch the new circuit breaker to the OFF position before
plugging it in.

Plug in the new breaker, ensuring that line, load and alarm
connectors are properly mated. (See Figure 2.7)

Remove the knockout from the associated position on the
cover panel.

For safety, close the dc distribution door before proceeding
to the next step.

DANGER

Before applying power to any individual load, follow the
power-up instructions provided in the associated load
equipment documentation.

9.

10.

11.

Turn on the load circuit breaker. If the circuit breaker trips
immediately when turned on, this may be due to inrush
current and does not necessarily indicate a fault condition.
Attempt to close the circuit breaker a second time. If the
breaker trips again, check the wiring to the load circuit.

Note that Fuse Alarm Major (MJF) and its associated
alarms retire.

When all work on the dc distribution is complete, refasten
the cover panel.

The following assumptions are made:

Contactor coil has failed.
THE CONTACTOR IS OPEN.

The rectifiers are carrying the load (off battery) with excess
capacity available for charging the batteries.

Battery string(s) are at a voltage below the rectifier voltage
in a state of partial or complete discharge.

“LVD OPEN?" LED is lit on the distribution front panel.
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The following equipment is required:

» socket wrench with insulated handle

* 1/2 inch socket

Procedure: (Refer to Figure 2-4 and T-82678-31 drawing.)

Warning
Procedures in this paragraph may cause power alarms th be

issued temporarily. Notify the alarm reporting center before
starting any replacement procedure on an operating plant.

1. Open distribution panel and remove front cover.

2. Unplug connector P501 from J501 on LVD/Fuse board
(CP5).

3. Disconnect and label the six quick connects from the
contactor coil and auxiliary switch.

4. Unbolt and remove contactor.

5. Reconnect quick connect leads to new contactor and then
mount new contactor using hardware from Step 4.

6. Plug P501 into J501 on LVD/Fuse board (CP5) and verify
that contactor closes.

7. Replace covers, close distribution door and verify that
“LVD FAIL” and “LVD OPEN?” lights are not lit.

LVD/Fuse Board
(CP5)
Replacement
Warning

Procedures in this paragraph may cause power alarms tgl be

issued temporarily. Notify the alarm reporting center before
starting any replacement procedure on an operating plant.

The following equipment is required:

* standard screwdriver
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Procedure: (Refer to Figure 4-3 and T-82678-31 drawing)

1.

2.

Open distribution panel.

Unplug the following connectors from the LVD/Fuse
Board (CP5). Leave the cables dressed.

P502 from J502
P506 from J506
P501 from J501
P504 from J504
TB501 from J501

Remove the 5 mounting screws.

Unplug P508 from J508 connector. Leave the cable
dressed.

Set jumpers J505.1 and J505.2 on replacement LVD/Fuse
Board (CP5) per J85500D-1 drawing for desired
disconnect voltage.

Reconnect P508 and J508 connector.

Mount the replacement board to the distribution panel
using the hardware from Step 3.

Reconnect the following connectors:

P502 to J502
P506 to J506
P501 to J501
P504 to J504
TB501 to J501

Close distribution door.
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7 Product Warranty

A. Seller warrants to Customer only, that:

1. As of the date title to Products passes, Seller will have
the right to sell, transfer, and assign such Products and
the title conveyed by Seller shall be good;

2. Upon shipment, Seller's Manufactured Products will be
free from defects in material and workmanship, and will
conform to Seller’s specifications or any other
agreed-upon specification referenced in the order for
such Product;

3. With respect to Vendor items, Seller, to the extent
permitted, does hereby assign to Customer the warranties
given to Seller by its Vendor of such Vendor Items, such
assignment to be effective upon Customer’s acceptance of
such Vendor Items. With respect to Vendor items
recommended by Seller in its specifications for which the
Vendor's warranty cannot be assigned to Customer, or if
assigned, less than Sixty (60) days remain of the Vendor's
warranty or warranty period when the Vendor's items are
shipped to Customer or when Seller submits its notice of
completion of installation if installed by Seller, Seller
warrants that such Vendor's items will be free from defects
in material and workmanship on the date of shipment to
Customer. In such an event, the applicable Warranty
Period will be sixty (60) days.

B. The Warranty Period listed below is applicable to Seller's
Manufactured Products furnished pursuant to this
Agreement, unless otherwise stated:
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Warranty Period

Repaired Product

Product Type New Product or Part*

Power Equipment**

Central Office 24 Months 6 Months

X

** The Warranty Period for Products ordered for Use in Systems or

The Warranty Period for a repaired Product or part thereof is as listed
or, in the case of Products under Warranty, is the period listed or the
unexpired term of the new Product Warranty Period, whichever is
longer.

equipment Manufactured by and furnished by Seller is that of the Jnitial
Systems or equipment.

If, under normal and proper use during the applicable
Warranty Period, a defect or nonconformity is identified in a
Product and Customer notifies Seller in writing of such
defect or nonconformity promptly after Customer discovers
such defect or nonconformity, and follows Seller’s
instructions regarding return of defective or nonconforming
Products, Seller shall, at its option attempt first to repair or
replace such Product without charge at its facility or, if not
feasible, provide a refund or credit based on the original
purchase price and installation charges if installed by Seller.
Where Seller has elected to repair a Seller's Manufactured
Product (other than Cable and Wire Products) which has
been installed by Seller and Seller ascertains that the Product
is not readily returnable for repair, Seller will repair the
Product at Customer’s site.

With respect to Cable and Wire Products manufactured by
Seller which Seller elects to repair but which are not readily
returnable for repair, whether or not installed by Seller,
Seller at its option, may repair the cable and Wire Products
at Customer’s site.

If Seller has elected to repair or replace a defective Product,
Customer shall have the option of removing and reinstalling
or having Seller remove and reinstall the defective or
nonconforming Product. The cost of the removal and the
reinstallation shall be borne by Customer. With respect to
Cable and Wire Products, Customer has the further
responsibility, at its expense, to make the Cable and Wire
Products accessible for repair or replacement and to restore
the site. Products returned for repair or replacement will be
accepted by Seller only in accordance with its instructions
and procedures for such returns. The transportation expense

7 - 2 Product Warran'y
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associated with returning such Product to Seller shall be
borne by Customer. Seller shall pay the cost of transportation
of the repair or replacing Product to the destination
designated by Customer within the Territory.

E. The defective or nonconforming Products or parts which are
replaced shall become Seller's property.

F. If Seller determines that a Product for which warranty
service is claimed is not defective or nonconforming,
Customer shall pay Seller all costs of handling, inspecting,
testing, and transportation and, if applicable, traveling and
related expenses.

G. Seller makes no warranty with respect to defective
conditions or nonconformities resulting from actions of
anyone other than Seller or its subcontractors, caused by any
of the following: modifications, misuse, neglect, accident, or
abuse; improper wiring, repairing, splicing, alteration,
installation, storage, or maintenance; use in a manner not in
accordance with Seller’s or Vendor’s specifications or
operating instructions, or failure of Customer to apply
previously applicable Seller modifications and corrections.
In addition, Seller makes no warranty with respect to
Products which have had their serial numbers or month and
year of manufacture removed, altered, or with respect to
expendable items, including, without limitation, fuses, light
bulbs, motor brushes, and the like.

THE FOREGOING WARRANTIES ARE EXCLUSIVE AND
ARE IN LIEU OF ALL OTHER EXPRESS AND IMPLIED
WARRANTIES, INCLUDING BUT NOT LIMITED TO
WARRANTIES OF MERCHANTABILITY AND FITNESS
FOR A PARTICULAR PURPOSE. CUSTOMER’S SOLE
AND EXCLUSIVE REMEDY SHALL BE SELLER'’S
OBLIGATION TO REPAIR, REPLACE, CREDIT, OR
REFUND AS SET FORTH ABOVE IN THIS WARRANTY.

© 1998 Lucent Technologies
All Rights Reserved
Printed in U.S.A.
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