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ABSTRACT

This publication establishes standard practices for inspection, testing and
maintenance of Fire Protection Systems at DOD installations. These
practices and procedures are recommended to insure the safety of personnel
and property. The contents include: foam, gaseous, and dry chemical
extinguishing systems; and fire alarm, automatic sprinkler, and standpipe
systems. In addition, this manual provides a glossary of terms,
troubleshooting suggestions, and self-study questions.
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FOREWORD

This manual prescribes the policy, criteria, and procedures for maintaining
fire protection systems at military installations. It establishes
maintenance standards and provides guidance for the selection, use, and
installation of foam, gaseous, and dry chemical extinguishing systems and
fire alarm, automatic sprinkler, and standpipe systems.

The maintenance standards prescribed have been established to protect
personnel and Government property with an economical and effective
expenditure of maintenance funds commensurate with the functional
requirements of facilities. The publication furnishes guidance for the
performance of work by maintenance forces in the field.

Self-Study Questions follow each chapter to assist activities in on-the-job
training. Answers to the questions may be obtained from the appropriate
military commands listed below.

The use of these systems and procedures by personnel responsible for
maintenance service specifications, requisitions, procurement, inspection,
storage, issue, application, and safety; should assure uniform, economical,
and satisfactory maintenance. Advice concerning any procedure may be
obtained from:

(1) Department of the Army-Office of the Chief of Engineers HQDA (OCE).

(2) Department of the Navy-Naval Facilities Engineering Command (1002)
or its geographic Engineering Field Division (102).

(3) Department of the Air Force-Directorate of Civil Engineering
AFESC/DEF.

Recommendations or suggestions for modification, or additional information
and instructions that will improve the publication and motivate its use, are
invited and should be submitted through appropriate channels to the
addresses listed above.

This publication supersedes Army TM 5-695 of 6 August 1957; TM 5-696 of
29 May 1958; Section VII, TM 5-687 of 20 December 1957; and NAVFAC MO-117
of September 1968.
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CHAPTER 1-INTRODUCTION

1.1 < - PURPOSE

This manual is a guide for military and civilian
personnel who are concerned with the opera-
tion, testing, inspection, and maintenance of
fire protection systems.

1.2 SCOPE

This manual describes the operation, testing,
and maintenance of fire alarm and fire extin-
guishing systems for buildings and other struc-
tures. Fire alarm and fire extinguishing sys-
tems described in this manual include:

o Fire detection and notification equip-
ment for local, remote station, propri-
etary, and central station alarm sys-
tems

o Automatic sprinkler systems

o Standpipe and hose systems

o Foam extinguishing systems

o Gaseous extinguishing systems

o Chemical extinguishing systems.

Beginning with Chapter 2, this manual is
organized by chapters to provide the reader a
general description of each type of fire pro-
tection system. Following such chapter is a
description of the necessary testing, inspec-
tion and maintenance procedures for the pre-
viously described fire protection system. Self-
instructional questions for the reader are pre-
sented at the end of each chapter.

Because of the large number of manufacturers
and models for a given fire protection product,
this manual cannot be considered to be appli-
cable in every detail to a particular device or
system. Rather, the principles apply on a
generic basis for any given device or system.

The procedures included in this manual for the
testing of fire protection systems do not nec-
essarily constitute procedures for acceptance
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tests of new fire protection systems. Proce-
dures for acceptance tests of new fire protec-
tion systems are included in applicable design
standards. In all cases, the operating,
testing, and maintenance procedures for fire
protection equipment should be according to
the manufacturer's instructions.

1.3 COOPERATION AND COORDINATION

AMONG SERVICES

Cooperation and coordination among services
and departments in fire protection testing and
maintenance are encouraged at all levels of
command. Major commands and installations
in a geographical area should establish and
maintain liaison and cross-service assistance
for most economical and efficient servicing.
Inspecting, testing and maintenance should be
continuous to avoid unnecessary interruptions
and possible danger to personnel.

1.4  JOINT SERVICE RESPONSIBILITY

The responsible organization and point of con-
tact for latest available information, specifi-
cations, and procedures for each branch of
service is as follows:

1.4.1 ARMY

Staff, command, and technical responsibility
for maintenance and repair of fire protection
systems at Army installations will conform to
assignments set forth in AR-420-90. Mainte-
nance and repair support is the responsibility
of the installation facilities engineer.
Requests for assistance should be forwarded
through channels to the Office of the Chief of
Engineers, HQ, DA, DAEN-MPO-B, Washing-
ton, DC 20314.

1.4.2 NAVY

The Commanding Officer at each naval shore
installation is responsible for an adequate
maintenance program. These responsibilities
may be delegated to Fire Departments and



Public Works Centers or Public Works Depart-
ments as appropriate. The maintenance pro-
gram shall include, but is not limited to:

o Inspections and surveys to determine
and identify defective conditions
(Reference NAVFAC MO-322 for guide-
lines)

o Preventative maintenance according to
standards set in this manual

o Inspections and instructions to ensure
that labor, materials, and equipment
are used properly and safely and that
operations are planned and supervised
by qualified personnel

o Coordination with civilian and other
governmental agencies that have simi-
lar operation and maintenance capabil-
ities

o Training and qualifying personnel to
perform effective maintenance

Technical support for inspection, maintenance,
repair condition assessment, and operation of
fire protection systems is available at Naval
Facilities Engineering Command Headquarters
or Engineering Field Divisions - Maintenance
Division, Code 10.

1.4.3 AIR FORCE

Policy and standards for the maintenance and
repair of fire protection systems are estab-
lished in Air Force Manuals 88-10, Ch. 6 and
88-15, Air Force Regulation 92-1, and Air
Force Occupational Safety and Health Stan-
dards. Assistance is available from HQ
Air Force Engineering and Services Center
(HQ AFESC/DEMM), Tyndall AFB, FL 32403.

1.5 MAINTENANCE STANDARDS, POLI-
CIES, AND CRITERIA

The standards or criteria contained in this
manual have been developed by the Army,
Navy, and Air Force with the concurrence and
approval of the Department of Defense (DOD).
Compliance with these standards is mandatory
so the inspection and maintenance of fire pro-
tection systems at military installations will
be uniform, will adequately support the opera-
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tional missions of the installations, and will
permit interservice assistance and support,
where possible, in the interest of efficiency
and economy.

Determining the need and performing mainte-
nance, repairs, and rehabilitation of existing
fire protection systems should be based on
experience, judgment, and/or engineering
evaluation. When systems are inactive, main-
tenance policies should be consistent with the
anticipated future mission of the installation
and in accordance with the inactivation plan.
Qualified technical personnel should be used to
assist in the establishment of inspection and
maintenance programs.

Requirements for the design and construction
of fire protection systems are found in various
departmental publications. Reference to
other published materials which provide
related or more extensive information on
specific areas of maintenance is made where
appropriate throughout this manual.

1.6 MAINTENANCE PROGRAM

An inspection and maintenance program for
fire protection systems should be developed
according to regulations and policy of each
branch of service. The objective of the Main-
tenance Program is the prevention or prompt
detection of deficiencies or damage and the
quick maintenance or repairs in an economical
and workable manner. Damaged parts should
be replaced or repaired as soon as possible
because when one item is not working, the
entire system may not function as expected or
required. The following should be considered
in developing and implementing the mainte-
nance program.

1.6.1 INSPECTION

Visual and mechanical checking of the condi-
tion of facilities should be performed on a
regularly scheduled basis, as indicated in this
manual, to determine the extent of the main-
tenance and repair work required and to
ensure the proper operation of the systems.
The inspections will determine the degree of
hazard involved with each structure. The
degree of hazard will be used to determine the
priority sequence of repair and the extent of
repair required. Additional inspections may be
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necessary under certain circumstances, such
as heavy freezes and damage by occupants.
Basic checklists and procedural techniques for
inspection are included in this manual.

1.6.2 MAINTENANCE

Maintenance is the day-to-day, periodic, or
scheduled work required to preserve or restore
a facility to a condition so it can be effective-
ly used for its designed purpose. It includes
work to prevent damage or the deterioration
of a facility that otherwise would be more
costly to restore. Prompt maintenance or
repairs in an economical and workable manner
is essential for personnel safety and to protect
the facility from extensive fire damage.
Therefore, the Maintenance Program should
provide for detailed procedures to be per-
formed on schedule.

1.6.3 REPAIR

Repair is the restoration of a system to a
condition that allows it to be used for its
designed purpose. The repair may require
overhaul, reprocessing, or replacing parts or
materials that have deteriorated because of
use or time and have not been corrected
through maintenance. Repair can be part of a
modernization program. The overall economy
of the system and facility served and the
requirements for a safe and operable system
should be studied before recommending major
repairs. Factors to evaluate include, but are
not limited, to the following:

o Replacement cost of the system in
relation to the expected life span of the
system and the facility and to the cost

of repairs

o Prompt detection of deficiencies or
damage

o Operation and maintenance costs of the

old versus a new system

o Possible obsolescence of the system and
the present adequacy of the facility

o Present and future availability of main-
tenance funds

o Operational economics and safety

hazards of downtime involved in major
repair or replacement of facilities.

1.7 SAFETY

Safety precautions and safe maintenance
practices are covered in the following docu-
ments:

o Army - EM 385-1-1
o Navy - NAVFAC 5100.11
o Air Force - AFOSH Standards

o OSHA regulations.

1.8 TERMINOLOGY

Definitions of terms related to the operation,
testing and maintenance of fire protection
systems are in the glossary of this manual.

1.9 IMPORTANCE OF MAINTENANCE
According to the National Fire Protection
Association (NFPA), approximately 8,621
persons died in 1978 as a result of fires in the
United States. In addition, more than 138,000
nonfatal fire injuries occurred in 1978. The
NFPA further estimates that property loss
from fires in 1978 exceeded four billion
dollars.

While statistics for DOD facilities are not
readily available, the NFPA statistics are evi-
dent of the extent of the national fire loss.
However, statistics such as these cannot
reflect the effects of interfering with the
continuity of DOD functions.

Fire protection systems are installed in struc-
tures to provide protection of life and proper-
ty, and to assure the continuity of important
missions. Fire protection systems must be
designed for the specific building and associ-
ated hazard using appropriate DOD standards
in order to operate effectively. It is apparent,
therefore, that the testing and maintenance of
these systems are necessary to ensure oper-
ability.

For example, NFPA statistics indicate that
automatic sprinklers are 96.2 percent effec-



PERFORMANCE SUMMARY

Total

Total Satis-

No. Total Total  factory
of Unsatis- Satis- Per

Occupancies Fires factory factory Cent
Residential .................. 1,073 48 1,025 95.5
AssemiBly SSEL LB Tl 1,551 52 1,499 96.6
Educational ...iuvnn Vi 241 20 221 91.7
Institutional ................. 305 12 293 96.1
Lo o R e s 494 13 481 974
Mercantile .70 s aiieies oinionrs o 6,237 176 6,061 97.2
Industrial .

Beverages, essential oils . . ... 543 64 479 88.2
Chemicals =, ... .00 viuis e 4,147 198 5,949 95.2
Fiber products ............. 539 25 514 ‘95.3
Food products ............. 2,484 133 2,351 946
Glass products ............. 519 23 496 95.6
Leather, leather products ... . 2,864 114 2,750 96.0
Metal, metal products .. ... 9,807 305 9,502 96.9
Mineral products ........... 394 19 375 95.2
Paper, paper products ... .... 7,147 234 6,913 96.7
Rubber, rubber products . . ... 1,489 61 1,428 95.9
Textiles — manufacturing . .. . 16,119 291 15,828 98.2
Textiles — processing . ....... 6,527 127 6,400 §8.l
Wood products ........... 5,353 492 4,861 90.8
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Total (Industrial) ........ 66,945 2,351 64,504 96.5
Storage Occupanies . .......... 4,160 375 3,785 91.0
Other Occupancies . .......... 419 87 332 79.2
ToTAL (ALL OccupANcrEs) . .. . 81,425 3,134 78,291 96.2
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TABLE 1-1. AUTOMATIC SPRINKLER PERFORMANCE SUMMARY, 1925-1969.

tive in controlling fires, based upon data
accumulated in the period of 1925-1969 (Table
1-1). An examination of the 3.8 percent
"failures" shows that more than one half of
these failures can be attributed to inadequate
maintenance, including closed supply valves,
empty gravity tanks and failure of fire pumps
to start (Table 1-2).

Accurate statistics are not available as of this
date, but it is estimated that the rate of
satisfactory performance for other fire pro-
tection systems may be as low as 27 percent.
Lower rates of acceptable performance are
generally attributed to more complicated
extinguishing systems, such as gaseous and
chemical systems, which have more compo-
nents susceptible to failure and which require
increased maintenance.
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Occupancies

Residential
Educational
Institutional
Office
Mercantile
ndustrial
Storage
Miscellaneous

Water to sprinklers shut off

Valve defective or leaky ... ................. .. ' = 5. . .. 3" 1 4
Unsupervised valve closed for undetermined ;

. RO - IR o L C R 2 9 e 1 16 176 36 i 247
Premature shutolf ... : . coqusicas viimanssonn 2 4 1 o 13 193 23 7 243
Alterations or repairs to system ., ,........... 3 5 = o 1 14 179 28 10 240
To prevent freezing ... ......guiceraesosons 1 1 1 2 1 24 127 18 26 201
Cold-weather valve closed out of season , ...... 35 1 - o e 7 24 4 36
Toablb®ion o7, . 50 S e o 1 3 2 o 5 33 6 2 49
Pear of Water JAMABE 7. ... PiTT oo s S ity o3 e R 1 2 18 1 i 21
Miscell other reasons ................ 4 3 e 4 38 6 14 69

Partial protection
Originated in unsprinklered area ,........... 4 10 8 3 2 10 180 23 1 244
Spread to unsprinklered area , .. ............. - - 5is o 1 7 10
Inadequate water supply
Insufficient water or low water pressure from

publie: BIODIY . o5 o0 s unien vasnen senstes 2 e .. .. .. 2 114 19 .. 139
Insufficient water or low water pressure trom

PrVate SOPDIY oo iiiis snaiits o ven is e 1 s 1 1 83 % 28 6 e 35
Insufficient water for both sprinklers and hose

BRIOBIOD- .., <o so006 o0 sinns sinmns e umann RS 1 1 - e 1 - 53 18 o 69
Gravity tank empty ... ....covviiiinnnnnennns 1 o -i i 1 22 8 p 27
Pump failure or pump not started . .......... 2 i ot 1 o - 14 ke 4 15
Mainsibaoken = ;oo v D onar e 5 T 4 o S 1 11 1 18
Miscellaneous reasons ,.,.............cv.... . . . 12 1 13

System frozen
Pipes or valves frozen . ...........c00000eees 1 £ 2 A o 4 32 5 2 44
Slow operation :
Excessive heads on dry-pipe valve ... ........ & iy 19 1 20
High-temperature sprinklers ................ 5 - o s 9 5 fo 10
Failure of quick-opening device ,............ T o s i s A 4 v . 4
Heat-actuating devices inadequate or inoperative o 3 3
Miscellaneous reasons . ............o0enenes 4 10 5 19
Defective dry-pipe valve .
Defective or improperly adjusted dry-pipe valve - . . » 1 5 38 9 ) 53
Faulty building construction
Concealed horizontal or vertical spaces lacking

protetony vo ol i e s desad e 11 9 4 1 2 34 94 5 1 - 161
Floop:6r-toof collapse .’ [ .. .ivivesciiaines s +s 1 o8 o 1 12 8 1 21
Miscellaneous deficiencies ,................. i s e =N 53 5 43 o 5

Obstruction to distribution
Fires under benches, etc. .................. 2 98 8 5 108
High pilingof stock [, oo iuvues senssaind i 3 60 41 - 5a 104
Partitions erected ................iiiieinnn 1 5 12 4 1 23
Miscellaneous reasons ...............cooeen.n 2 1 1 13 4 s 21
Hazard of occupancy
Hazard too severe for sprinkler equipment as

T i e A e o o b i s 6 182 23 3 214
Explosion damaged system . .. .. b S N e - 1 6 161 13 2 184
Water overflowed containers of flammable liquids .. o5 o 1 . L 15 = 3 16
MiscellaneoRs Teasons .. ;... . <o vine vy s =, o el o~ oe o4 8 2 & 10

Exposure fire
Exposure fire overpowered sprinkler system in
expesed Tbmiag . T L ST . 1 1 36 12 2 52
‘nadequate maintenance
TsedrapimkIesst-0e S U, L e . s 2 1 39 8 50
Sprinklers dirty, corroded, or ceated |, - 1 41 4 2 48
Obstructed pipIng . ....covveveccenss 2 2 1 2 117 25 1 150
Defective check valve ,,.........ccvvvvnenn o . 2 2 4
Miscellaneous reasons ..................... 1 9 10
Antiquated system
Pipe sizes, sprinkler spacing substandard or old-

SR o oL R s s s S 6 S 2 o 1 e o 1 51 3 s 58
Valves substandard or old-standard |, ... ... e - s i A 1 2 £ 1
Sprinklers substandard or old-standard | .., ... = 7™ o 1 3 | 5
Miscellaneous deficiencies due to age ... .... 1 sk 1

Miscellancous and unknown
Causes of unsatisfactory sprinkler performance :
unknown or cannot be otherwise classified | |, 1 .. i 9 A 1 46 7 3 680
1 o P A AR A S 48 52 20 12 13 176 2,351 375 87 3,134

TABLE 1-2. DETAILED ANALYSIS OF UNSATISFACTORY AUTOMATIC SPRINKLER
PERFORMANCE.

1-5




SELF-STUDY QUESTIONS - CHAPTER 1

Instructions: Select the correct answer(s) for each of the following questions.

Ql-1

Ql1-2

Ql-3

Ql-4

Ql-5

Ql-6

The objective of the maintenance program for fire protection systems is:

a. Prompt detection of deficiences or damage.

b. Replacement or repair of damaged equipment in an economical manner.
c. Replacement or repair of damaged equipment as soon as possible.

d. Preservation of life, property and continuity of operations.

e. All of the above.

This manual includes the maintenance of fire suppression equipment of fire depart-
ment vehicles:

a. True.
b. False.

Technical support for the maintenance of fire protection systems is available from
each branch of service:

a. True.

b. False.

The instructions in this manual supersede the instructions of the manufacturer of a
particular device or system:

a. True.

b. False.

When extending or upgrading an existing fire protection system, design criteria for the

new equipment may be found in this manual.

a. True.
b. False.

Statistics show that more than one-half of sprinkler systems failures can be attributed
to maintenance related deficiencies.

a. True.
b. False.
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Ql1-7

Ql-8

Maintenance is the:

a. Restoration of a facility to a condition that allows it to be used for its designed
purpose.

b. Re ijlarly scheduled visual and mechanical checking of the conditions of a
facility.

c. Periodic work required to preserve or restore a facility that allows it to be used
for its designed purpose.

d. Evaluation of various costs associated with the operation and repair of a facility.

This manual contains definitions of various terms related to fire protection systems
and their maintenance.

a. True.
b. False.
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CHAPTER 2 - FIRE ALARM SYSTEMS

2.1 GENERAL

The purpose of a fire alarm system is to
protect life, property and the continuity of
operations by giving early warning of a fire so
that occupants may evacuate the building and
the fire department may be notified.

Fire alarm systems generally fall into two
broad classifications: (1) building or local fire
alarm systems and (2) base fire alarm systems.
Each of these system types may also be coded
or noncoded, using either line voltage or low
voltage electric power. The following sections
explain the methods of classifying the various
types of alarm systems and describe the gen-
eral features or functions of each type.

2.2 BUILDING ALARM SYSTEMS

A building or local fire alarm system provides
audible and/or visual alarm signals as the
result of manual operation of a fire alarm box
or automatic operation of protective equip-
ment such as sprinkler systems and heat or
smoke detectors.

Additional signal and emergency functions can
be added to building alarm systems, such as
fire door closing and fan shutdown. However,
it should be noted that these add-on functions
are not the primary purpose of the alarm
system.

2.2.1 BUILDING ALARM SYSTEM TYPES
Building alarm systems may be local, or local
with base alarm system connection. They may
be coded or noncoded and operating either on
line voltage or low voltage electric power.
Their characteristics are described in the
following paragraphs.

2.2.1.1 NONCODED ALARM SYSTEMS

A noncoded alarm system has one or more
alarm indicating appliances to alert the build-
Ing occupants of a fire but does not tell the
location or the type of device which has been

activated (manual alarm or automatic protec-
tion equipment). The audible and/or visual
alarm appliances operate continuously until
they are turned off, until a predetermined
time has passed or until the system is restored
to normal. The location or type of device
originating the alarm condition can be deter-
mined by one of the following methods:

NO ANNUNCIATION. Annunciation may be
eliminated in small buildings where a fire can
be located easily after being detected by the
alarm system. The building alarm signal indi-
cates which building the signal originated
from; further detail on the location of the fire
is determined by search.

ANNUNCIATION AT CONTROL UNIT. The
annunciator helps locate the fire or the origi-
nating device. Annunciation at the control
unit is frequently used in larger building sys-
tems that have several alarm subsections,
especially if there are several types of alarm
devices or if the building has areas not easily
seen from a central location.

An annunciator consists of lights or other
indicators on a fire alarm control panel to
show the point of alarm origin. Each light
represents a protected area or zone of the fire
alarm system (Figure 2-1). A graphic annun-
ciator has lights on an area map to show
location more precisely.

ANNUNCIATION AT A REMOTE LOCATION.
If the control panel cannot be located where it
will be constantly attended, a remote annun-
ciator can be placed in a reception area,
telephone operator area, guard shack, or other
area where it can be observed. An annuncia-
tor may be located on the building exterior so
it is easily accessible to the fire department.

Each zone of annunciation is clearly labeled on
the remote annunciator to identify the pro-
tected zones (Figure 2-2.)

MULTIPLE ANNUNCIATION. Some large fire
alarm systems may require annunciators in
more than one location, such as the telephone
switchboard, maintenance office, security
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FIGURE 2-1. CONTROL UNIT WITH

ANNUNCIATION.

office, or the main entrance. Generally, fire
alarm control panels with the annunciation
feature can be adapted to annunciate at
multiple remote locations. Each annunciator
may show identical information or a pre-
selected different set of zones might appear
at each annunciator.

2.2.1.2 CODED ALARM SYSTEMS

A coded alarm system has audible and/or
visual alarm signals with distinctive pulsing or

REMOTE ANNUNCIATOR
(WEATHERPROOF).

FIGURE 2-2.

coding to alert occupants to a fire condition
and to the location or type of device which
originated the alarm. Coding the audible
appliances may also be used to help distinguish
the fire alarm signal from other audible sig-
nals which may be in use or to encourage a
more orderly and disciplined evacuation of the
building. A common characteristic of coded
alarm systems, most especially of selective
coded and multiplex coded systems, is that the
coded alarm identification provided by the
audible alarm signals is not repeated contin-
uously. Normally, after four complete repeti-
tions of the coded signal, the coding process
ends. Examples of coded alarm signals are
given in the following sections.

MASTER CODED. A master coded local alarm
system prevents confusion between fire alarm
audible signals and other audible signals in the
building. ~When the system is activated, a
coding mechanism or electronic circuitry at
the fire alarm control panel causes all the
building indicating devices to pulsate in a
distinctive repetitive pattern, identifying the
signal as a fire alarm signal but does not
indicate where the fire is.

MARCH-TIME CODED. A march-time coded
signal is one particular master coded signal.
When the repetitive pattern of the fire alarm
audible signals is arranged to sound in a pul-
sating, march-time cadence (approximately
120 pulses per minute), the signals are march-
time coded. March-time coded signals are
sometimes used for buildings with heavy popu-
lation densities, such as schools, to encourage
orderly, rapid evacuation of the building.
Coding of the signals is done by a coding
mechanism or electronic circuitry in the fire
alarm control panel.

SELECTIVE CODED. In a selective coded
local alarm system, each alarm initiating de-
vice has a coder or each device or zone is
connected to a separate coder at the fire
alarm control panel. The coder causes the
alarm signals to pulsate in a distinctive repeti-
tive pattern which identifies the location
and/or type of alarm initiating device.

MULTIPLEX CODED. Multiplex coding uses
wire or radio for signal transmission and
allows several signals to be transmitted and
received simultaneously and/or sequentially,
over the same communication channel. The
transmission method includes means to posi-
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tively identify each signal. Multiplex normally
implies the use of computer based equipment
at the control unit.

A large building system may use multiplexing
to get a maximum number of identified points
(zones) with minimum wiring. Alarm initiating
devices normally are wired to zone terminals
in a local multiplex interface unit, commonly
called a data gathering panel. A multiplex
control unit constantly scans a number of
interface units and obtains the coded zone
status information from these units.

CODED SIGNAL RECORDERS AND
DISPLAYS. Coded signal recorders and dis-
plays provide a means to identify and respond
to a coded alarm if the signal was not noticed
or has stopped operating. The signal recording
devices provide a permanent record of all
status changes of all devices in the system. A
display presents the same information tempo-
rarily, usually by means of lighted numbers
and/or letters. Many coded systems provide
location information in the coded signal as
well as status information. The coded signal
can identify whether the detection device
originating the signal is telling the cystem that
it is reporting an alarm, a trouble or a return
to normal status.

Paper Tape Recorder. The paper tape
recorder, or register (Figure 2-3) has histor-
ically been used to record the pulses produced
by a coded alarm transmitter. The recorder
marks a status change of a coded alarm by

FIGURE 2-3. PAPER TAPE RECORDER.
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punching holes or printing ink dots on the
paper tape. The number of holes or dots
indicates the code number--and therefore the
location--of the alarm. The number of times
the pattern repeats indicates the status of the
detection device (e.g. four repeats is alarm;
one repeat is trouble).

If one circuit is monitored the tape is usually
% inch wide; if more than one circuit is
monitored, the tape is usually 3 or more inches
wide. More details on this equipment are in
the section on Signal Recorders, later in this
chapter.

Alpha-Numeric Paper Tape Recorder (Printer).

The Alpha-Numeric paper tape recorder is
normally used only with the newer coded or
multiplex alarm systems, but they are
available for retrofit on older types of coded
alarm systems.

The Alpha-Numeric recorder (Figure 2-4) is
frequently used with some other temporary
means of alarm display, such as a solid state
display or cathode ray tube (CRT). The
recorders provide a hard-copy record of
alarms, normally in an abbreviated alpha-
numeric form, but sometimes in full text
alpha-numeric. © The number identifies the
location or the device causing the alarm, and
the message indicates the alarm status.

A typical display and/or printout would be
"2.04.12 WTRFLOW RST" indicating that
waterflow alarm number 2.04.12 has restored
to a normal condition (after a waterflow
alarm). The location is determined from a
reference list arranged in numerical order or
from a cathode ray tube or projected photo-
graphic slide display. Where a full text alpha-
numeric format is used, all pertinent informa-
tion is provided and the numerical reference
list or display is not required. The paper tape
used for the printer is usually 3 inches or more
wide.

2.2.1.3 OPERATING VOLTAGE

Fire alarm systems are in two general cate-
gories, determined by the voltage at which the
systems operate--line voltage and low volt-
age. Regardless of the operating voltage, a
system may also be noncoded or coded.

Generally, line voltage systems are used where
only manual fire alarm and evacuation sig-



FIGURE 2-4.

naling service are provided. Low voltage
alarm systems, especially those provided with
battery standby power, are most often found
where some form of automatic fire detection
or automatic fire extinguishing is connected to
the alarm system. However, recent conver-
sion by most alarm system manufacturers to
solid state electronic design, which is essen-
tially a low voltage direct current technology,
means that most recent installations are of
the low voltage type.

LINE VOLTAGE SYSTEMS. Many older local
alarm systems are powered by AC power only
with no provision for standby battery power.
In these cases, two separate AC circuits
(usually 120/240 VAC) are used; one to power
the fire alarm system operating circuits and
another to power the trouble signaling circuits
of the system. In case of alarm system power
failure or other malfunction, an audible and/or
visual trouble signal indicates the need to
correct the alarm system failure.
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ALARM CONSOLE WITH ALPHA-NUMERIC RECORDER AND
CRT DISPLAY.

LOW VOLTAGE SYSTEMS. Historically, low
voltage direct current fire alarm systems have
been used with automatic detection. Today,
most alarm systems are low voltage systems
with a capability for standby battery and bat-
tery recharging. Usually 24 hours of operating
capacity on battery power is provided.

2.2.1.4 LOCAL ALARM/LOCAL ALARM
SYSTEM WITH BASE ALARM
CONNECTION

So far, the types of local fire alarm systems
which may be encountered in various buildings
or facilities on a military installation have
been discussed. Some systems are local sys-
tems only but in the majority of military
installations they are local systems with base
alarm ccnnection, the distinction being as
follows:

LOCAL SYSTEM. A local fire alarm system
has audible and/or visual alarm signals that



operate only in the protected building and does
not transmit signals to a remote, continuously

attended location, such as a fire station.
These systems are frequently found at military
installations. Such signals protect the lives of
the occupants, but property protection and
protection for the continuity of operations is
only provided when people are in or around the
building to hear and react to the local signal.

LOCAL SYSTEM WITH BASE ALARM
CONNECTION. A local (building) alarm sys-
tem can be equipped to activate an auxiliary
alarm circuit. This circuit can be used to
operate a remote signal transmitter connected
to the base alarm system. Base alarm system
signal transmitters can also be connected
directly to initiating devices, such as water-
flow alarm devices, which have no direct con-
nection to a local alarm system. In either
case, an identifying code is transmitted to the
base alarm system receiver, which is normally
located at the fire station.

2.2.2 BUILDING ALARM SYSTEM COMPO-

NENTS

Figure 2-5 shows how the basic components of
a local fire alarm system are interconnected.
The devices in the diagram are grouped for
convenience in labeling. Physical location and
zoning of devices vary for different applica-
tions and many systems do not have all the de-
vices shown.

2.2.2.1 CONTROL UNIT

The fire alarm control unit provides termina-
tion points for all initiating circuits, indicating
circuits, remote annunciators, and other auxil-
iary devices. The control unit accepts low
current signals from the alarm initiating cir-
cuits and, through relays or other circuitry,
provides the larger current required to operate
the alarm indicating devices and/or auxiliary
devices. The control unit also continuously
monitors the condition of the alarm initiating

o | o N
= — g REMOTE
g S 8 ANNUNCIATOR
MANUAL FIRE e o
ALARM BOXES
WATERFLOW
SWITCHES BELLS
HEAT
DETECTORS CHIMES
SMOKE . il A
© 0O DETECTORS L2 TSNS
FIRE ALARM
CONTROL | .
INITIATING UNIT = INDICATING
DEVICES ‘*ﬁT DEVICES
POWER
SOURCE
FIGURE 2-5. LOCAL FIRE ALARM SYSTEM DIAGRAM.
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and indicating circuit wiring and provides a
trouble indication in the event of an abnormal
condition in the system, such as an AC power
failure or a wiring failure.

The control unit is usually housed in a sheet
metal cabinet (Figure 2-1). In larger systems
it may be in a floor mounted console with a
desk work area (Figure 2-4). Accessory cabi-
nets for terminal boards, remote transmitters,
and power supplies might be nearby but in a
separate room from the main control unit.
The control unit usually provides annunciation
of signals (telling where a signal originates).

Because all circuits terminate at the control
unit, it is a convenient test location. Test
switches (if provided) are usually inside the
locked door of the control unit. If the
switches are key operated, they may be on the
control unit cover rather than inside the cabi-
net.

Test switches may include audible alarm and
trouble silencing switches, an alarm test
switch, and a drill switch.

If an initiating circuit, a device, or a control
unit malfunctions and the audible alarm
sounds, the alarm silence switch at the control
unit can be moved to the silence position.

If an initiating circuit, a device or a control
unit malfunction causes an audible alarm sig-
nal, the normal sequence of actions required
to restore the alarm system to its normal
operating condition is shown in Table 2-1.

i Operate alarm silence switch
to the silence position.

2, Operate trouble silence switch
to the silence position.

3. Correct or repair malfunction.

4. Restore alarm silence switch
to the normal position.

5 Restore trouble silence switch
to the normal position.

TABLE 2-1.
OPERATING CONDITION.
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If there is a test switch in the control unit, it
simulates an alarm condition. Operating the
test switch causes audible signals to sound,
causes fan shutdown, fire door closing, and
transmission of an alarm signal to a remote
receiver, if these features are provided.
Before operating a test switch, be sure prep-
arations for a test are made, including notify-
ing proper authorities to avoid undesired fire
department response and possible panic or

inconvenience to the building occupants.

A drill switch in the control unit sounds the
alarm audible signal without activating any of
the alarm system auxiliary features. The drill
switch is intended for use in fire drills to
practice evacuating densely populated build-
ings.
2.2.2.2 INITIATING DEVICES AND CIRCUITS
An alarm device initiates a fire alarm signal
either as a result of manual operation, such as
a manual fire alarm station, or automatically,
in the case of heat, smoke or waterflow detec-
tors. Initiating devices, with rare exceptions,
have normally open contacts which close on an
alarm condition.

Normally closed devices are intended only for
applications such as fan shutdown and fire
door closing or for use with municipal circuits
(see Section 2.3.1).

The initiating devices may be coded or non-
coded. In coded fire alarm systems, the most
common initiating devices are manually oper-

Result

Audible alarm signals stop.
Audible trouble signals start.

Audible trouble signals stop.
Visual trouble indicator illuminates.

No change in indicators.
Audible trouble signals start.
Audible trouble signals stop.

Visual trouble indicator light
extinguishes.

ACTIONS REQUIRED TO RESTORE ALARM SYSTEM TO NORMAL



ated fire alarm boxes and waterflow trans-
mitters. The coding device is usually driven
by a spring-wound escapement mechanism.
Manual fire alarm boxes are wound each time
the actuating handle is operated. Releasing
the handle allows the mechanism to transmit
the code. Waterflow transmitters are manual-
ly wound with a key and, when there is water-
flow in the sprinkler system, they are acti-
vated by a mechanical linkage assembly to
transmit the code.

One or more noncoded manual fire alarm
boxes or waterflow switches can be connected
to electrically activate one electric-motor
driven coding device.

A coded initiating device connected to a build-
ing fire alarm system produces coded opera-
tion of the building audible and/or visual sig-
nals. If no measures are taken to prevent a
clash of signals when two or more coded
initiating devices are operated at the same
time, the coding devices are "interfering". To
avoid such a clash, the following features may
be provided:

SHUNT NONINTERFERING. Figure 2-6 illus-
trates the shunt noninterfering feature. Each
coded initiating device on the initiating circuit
has a set of normally closed coding contacts
wired in series with all other coding contacts
in the circuit. In addition, each initiating de-
vice has a set of normally open, cam-operated
contacts which close and remain closed while
the coding contacts are operating. These
cam-operated contacts perform the noninter-
ference function by shunting all coding con-
tacts of initiating devices connected electri-
cally beyond the coding contact which is oper-
ating. The last set of cam-operated contacts
at the end of the initiating circuit performs no
function and is not usually connected.

SERIES NONINTERFERING. Figure 2-7 illus-
trates the series noninterfering feature. Each
coded initiating device has a set of normally
open coding contacts and the coding contacts
for all the devices on the circuit are con-
nected in shunt (parallel). At the end of the
initiating circuit is an end-of-line resistor. In
addition, each initiating device has a set of
normally closed, cam-operated contacts which
open and remain open while the coding con-
tacts are operating. These cam-operated con-
tacts are connected so that, when open, they
disconnect all coding contacts of initiating

devices electrically beyond the coding contact
which is operating. The last set of cam-
operated contacts at the end of the initiating
circuit performs no function and would usually
not be connected.

2.2.2.3 INDICATING DEVICES

Alarm indicating devices in a building alarm
system can be annunciators or audible signals
or a combination of both.

ANNUNCIATORS. Annunciators give a visual
indication of the "zone" or general area where
an alarm originated. In some cases, such as a
sprinkler waterflow alarm, the annunciator
can be arranged to identify the individual
initiating device. In other cases, such as heat
detectors, many initiating devices can acti-
vate the same indicator on the annunciator.

The annunciator indicator can be operated
directly by auxiliary contacts in the initiating
device or from a connection to the fire alarm
control unit. A trouble or maintenance condi-
tion in the system wiring is also frequently
annunciated by zone. Usually, a yellow or
amber light indicates trouble and a red light
indicates an alarm signal.

An annunciator may be incorporated into the
fire alarm control unit, in which case it is
generally actuated by connection to the con-
trol unit. It may also be located at a remote
point, in which case it may be actuated either
by the control unit or by auxiliary contacts in
the initiating devices. Some installations may
have a fire alarm control unit with an integral
zone annunciator and a remote annunciator
provided elsewhere. Frequently, the control
unit standby battery is used to provide power
for annunciator operation during power fail-
ures.

Annunciator visual indicators may be the drop
type or the lamp type. Drop type annunciators
(which are essentially obsolete) use electro-
magnetic devices to move a flag into or away
from a window to indicate a change in zone
condition. A lamp type annunciator uses pilot
light assemblies to indicate an alarm or
trouble condition (usually red for alarm, amber
for trouble). The most common type of annun-
ciator in use today is the lamp type. Figure 2-
2 shows a frequently used incandescent lamp
annunciator.
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More recent annunciator designs use matrices
or arrays of light-emitting-diodes (LED's).
The advantages of LED's are low current, long
life and small size, allowing annunciation of
many zones in a small space.

AUDIBLE SIGNAL APPLIANCES. Any device
that sounds an audible signal is classified as an
audible signal appliance. The audible signal
appliances most frequently used in building
alarm systems are bells and horns. In addition
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FIGURE 2-6. SHUNT NONINTERFERING CODED ALARM SIGNALING CIRCUIT.
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FIGURE 2-7.

there are chimes, cow bells, buzzers, sirens,

speakers, air horns and steam whistles.

Audible signals can be used to indicate either

a fire alarm or a system malfunction (trouble)

condition. The audible signal appliances are

. connected to audible signal circuits for alarm
or trouble indication (depending on their func-
tion) at the control unit. Figure 2-8 shows
some of the commonly used audible signal
appliances.

Audible signal appliances have varying levels
of sound output. Louder devices are for areas
with high ambient sound levels or where the
devices cannot be I~ *ated near the area to be

SERIES CONTACTS
OPENS WHEN ITS- CODER STARTS OPERAT%N%‘

-1F CODE 2=
CONTACTS OPEN,
FRO% EHE CIRCUIT,

-3 COMPLETES ITS
CYCLE WITHOUT AFFECTING THE SIGNAL.
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NORMALLY OPEN CODING CONTACTS[
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OPEN CODING CON-
TACTS

AND CLOSES
IS TRANS-
DISCONNECTING
IF CODER
PRIORITY, DIS-

=T
e W58

FOR TWO
THE CODER

SERIES NONINTERFERING CODED ALARM SIGNALING CIRCUIT.

warned. Hospitals might use softer devices,
such as chimes, to avoid frightening patients.

Coded building- alarm systems normally use
single-stroke versions of bells or chimes.so the
coded signal can be clearly produced. Vibra-
tory bells, chimes, or horns are used for non-
coded systems but can also be used in coded
systems if the mechanism used can respond
rapidly enough to provide an accurate rendi-
tion of the code being transmitted.

In a building which uses audible signals rou-
tinely, such as bells for announcing class
periods in school, the fire alarm audible appli-
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FIGURE 2-8.

ances must have a distinct, easily identified
sound. If the fire alarm signal is coded, the
coding provides the distinctive sound, and it is
feasible (though not normal) to use the same
bells for both functions. For a noncoded fire
alarm system, necessary distinction of sound
can be obtained by using a completely differ-
ent type of audible signal appliance, such as a
horn or siren, for sounding fire alarm signals.

Some fire alarm systems sound a presignal
alarm, using only a few audible devices
located where they can be heard by persons in
authority and who are familiar with the build-
ing and its alarm system. When the alarm
sounds, these persons can investigate the
cause of the alarm and activate the general
alarm if necessary. Activation of the general
alarm signal appliances in a presignal system
is usually accomplished by the use of a key at
the nearest manual fire alarm device or at the
control unit. If the alarm is triggered by a
nonfire cause, the alarm system can be reset
without operating the general alarm signals.
Some presignal systems are arranged to signal
a general alarm automatically after a time
delay of a few minutes if the alarm system has
not been restored to normal. The general
evacuation alarm signal appliances are usually
separate and distinct from presignal appli-
ances and are located so as to be heard and
seen by all occupants of the building.

2.2.2.4 POWER SUPPLIES

SYSTEM POWER SUPPLY. Power supply
refers to the circuitry and components used to
convert the AC line voltage to low voltage AC

AUDIBLE SIGNAL APPLIANCES.

or DC for operating the alarm system and to
charge standby batteries. If the system is an
older one with a dry cell, nonrechargeable
standby battery (no longer permitted by NFPA
standards), the power supply usually incor-
porates a switching arrangement for con-
necting the battery to the system when AC
power fails. Figure 2-9 is a simplified diagram
of a typical DC power supply for powering a
low voltage DC alarm system and for charging
a rechargeable standby battery.

There are many variations of this basic power
supply design which add such features as volt-
age regulation, current limiting and automatic
high rate/low rate charging, controlled by the
state of battery charge. All designs normally
provide current and voltage meters, pilot
lamps, and switches for manual control of
charging rate.

SMOKE DETECTOR POWER SUPPLY. When
smoke detectors are used in an alarm system,
their internal electronic circuits are usually
powered from the main fire alarm power
supply. Some types of smoke detectors have a
more strict power supply requirement than
other parts of the fire alarm system, especial-
ly with regard to purity of the DC voltage
level. The power supply for those smoke
detectors must have output voltage regulation
and filtering not otherwise required by the fire
alarm system. In those cases, the basic power
supply may be upgraded to power the smoke
detectors as well as the control unit, or a
separate smoke detectcr power supply may be
used in addition to the basic supply. In either
case, if the system has battery standby, it is
usually common to both power supplies.
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2.2.2.5 AUXILIARY DEVICES

A building alarm system control unit may have
auxiliary contacts which operate auxiliary
functions when an alarm occurs. For auxiliary
devices, the power source can be either the
main fire alarm power supply or line power, if
battery standby power is not required for the
auxiliary functions. A failure of auxiliary
functions should not adversely affect the
primary function of the alarm system, which is
to warn the occupants of a threat of fire.

For alarm system testing, one or more
"bypass" switches are usually provided to allow
system testing without activating the auxiliary
circuits. If bypass switches are not provided,
it may be necessary to make special arrange-
ments prior to conducting any tests.

The following auxiliary functions can be con-
trolled by the alarm system:

o Activating base fire alarm system
o Fan shutdown
o Fire door closure

o Release of extinguishing agent

ACTIVATING THE BASE FIRE ALARM
SYSTEM. The base alarm system can be
activated by auxiliary alarm contacts con-
nected to the initiating circuit of a trans-
mitter which is compatible with the base
alarm system. For more detail refer to the
section on base alarm systems.

FAN SHUTDOWN. For fan shutdown upon
alarm, the auxiliary contacts are connected
into the motor starter circuit for the HVAC
(heating, ventilation, air conditioning) fans. A
separate set of contacts is required for each
fan that is to be shut down.

It may be more convenient to use an alarm
voltage output from the control unit to cause
fan shutdown. A relay with multiple contacts
(@ multipole relay) for controlling multiple
fans is located near the motor control center
or the temperature control panel. The relay
coil is energized by alarm voltage from the
alarm control unit causing contacts to open in
the individual fan control circuits, stopping all
the fans. Figure 2-10 shows a typical circuit
for fan shutdown or other auxiliary functions.

A TR s SRR S T R

FIRE DOOR CLOSURE. Door closure opera-
tion is usually controlled by an electric door
holder working with a mechanical door closing
mechanism. Electric door holders may be
either normally energized or normally de-
energized. The most common door holders are
normally energized and use an electromagnet,
typically mounted on the wall or floor as a
door-stop. A swivel mounted armature is
mounted on the door, positioned so it contacts
the electromagnet when the door is fully
opened. During normal conditions, the door is
held by the electromagnet with a force of 20
to 25 pounds. When a fire alarm occurs,
auxiliary contacts at the fire alarm control
unit open, removing power from the electro-
magnet and releasing the door. Figure 2-11
shows one of the more common electro-
magnetic door holder devices.

Variations of door closure devices combine the

electric door holder mechanism and the
mechanical door closer unit in a single
package.

RELEASE OF EXTINGUISHING AGENT. Aux-
iliary alarm circuits of the fire alarm control
unit can release or activate an extinguishing
agent. The interface between the alarm and
extinguishing system is usually some form of
electro-mechanical device (such as a solenoid
valve) which is energized by the alarm system
control unit when there is a fire alarm. For
more detail see Chapters 6 through 11 on
special hazard extinguishing systems.

2.2.3 SERVICES FOR BUILDING ALARM
SYSTEMS
2.2.3.1 MANUAL FIRE ALARM SERVICE

Figure 2-12 shows a manual fire station, which
is also called a manual pull box, a manual fire
box or a manual fire alarm. The photograph
shows one alarm initiating device. A manual
fire alarm system may include many initiating
devices.

The manual fire alarm devices are to provide a
means of manually activating the fire alarm
system. They are used in all types of fire
alarm systems. They may be the only type
initiating devices provided or they may be
used with automatic initiating devices, such as
heat or smoke detectors.
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Manual fire stations are generally located near
main exits from a building or from a floor of a
multi-story building and in certain work areas
containing unusual fire hazards, valuable
equipment, or records subject to fire damage.
Paint shops, aircraft repair areas, computer
rooms and telephone equipment rooms are
examples of such work areas.

FIGURE 2-12.

MANUAL PULL BOX.

2.2.3.2 AUTOMATIC FIRE ALARM SERVICE

Automatic fire alarm systems include devices
which initiate an alarm without any action on
the part of people. The automatic devices
sense some symptom or product of a fire such
as heat, smoke, infrared or ultraviolet radia-
tion, or waterflow in a sprinkler system.

Automatic fire alarm systems are mainly used
to reduce property losses and to reduce inter-
ruption of operations due to fire, although
automatic systems incorporating smoke and
heat detectors are also used to protect people
in their living and sleeping areas. Heat detec-

e

tors are probably the most widely used
initiating device for general purpose auto-
matic fire alarm systems.

Smoke, infrared and ultraviolet detectors are
faster acting than heat detectors. They are
frequently used in fast acting automatic fire
detection systems which incorporate an extin-
guishing agent release function to protect high
value or highly combustible storage and work
areas. Computer rooms, aircraft storage and
repair areas, explosive processing areas, and
telephone equipment rooms are frequently
protected in this way. Chapters 6 through 11
describe some of these special systems.

2.2.3.3 WATERFLOW ALARM

Sprinkler systems may have a local audible
device, such as a water motor gong or electric
bell, at tne sprinkler riser as well as a water-
flow sensing device connected to the building
alarm system. Detection of waterflow in an
automatic sprinkler system is valuable for two
reasons: (1) it speeds the summoning of aid in
fighting the fire; (2) in the case of a smaller
fire which can be put out entirely by sprin-
klers, it indicate that water is flowing into the
building so that when the fire is out the water
can be stopped, keeping water damage to a
minimum. Waterflow is sensed by vane type
and pressure type switches. A local electrical
audible device at the riser normally is electri-
cally independent of the building alarm
system.

2.2.3.4 EVACUATION ALARM

Evacuation alarms alert people to leave a
building threatened by fire and/or notify build-
ing occupants to effect manual fire suppres-
sion. Evacuation alarm systems have bells,
horns and/or flashing lights to attract atten-
tion in the area. The signals must be distinc-
tive so they are not mistaken for routine sig-
nals. Fire drills should train people to respond
to evacuation alarm signals automatically and
in the proper manner.

Frequently evacuation alarm systems have
manual fire stations as the only alarm
initiating devices, although automatic fire
alarm systems can also be used as evacuation
alarms.

Where false alarms may be a problem due to
vandalism or other unfavorable conditions, a



presignal evacuation alarm may be used to
inform key personnel, the fire brigade and the
fire department of the fire alarm. In a
presignal system, if an actual fire is found, a
key is used at the manual station operated or
at the fire alarm control panel to operate the
evacuation alarm signaling devices throughout
the building. If no fire is found, the fire alarm
control panel can be reset without evacuating
the building.

2.2.3.5 SPRINKLER SUPERVISORY ALARM

Because of the critical nature of sprinkler
systems in the fire protection of buildings, it
is necessary to continuously monitor condi-
tions which influence the effectiveness of
sprinkler systems. Valve position (open or
closed), building and water tank temperatures
(to avoid freezing), tank water level, air pres-
sure in dry pipe systems and pressurized water
tanks, and fire pump power and malfunction
are monitored by a sprinkler supervisory alarm
system.

Control units for sprinkler supervisory alarm
systems and fire alarm systems are similar and
both are often incorporated into the same
control unit.

Sprinkler supervisory alarm initiating devices
are switches, just as fire alarm initiating de-
vices are. Normally open switches which close
upon alarm are frequently used in end-of-line
resistor circuits, though some normally closed
switches are used in normally closed loop
circuits. However, the alarm initiating de-
vices for sprinkler supervision mount differ-
ently and sense different conditions from fire
alarm initiating devices.

Indicating devices for sprinkler supervisory
alarms are the same as for fire alarms; i.e.,
horns, bells, chimes, buzzers, lights, annuncia-
tors, printers, and CRT and alpha-numeric
displays and they are used in the same way as
for fire alarms. Usually only one or two
audible signal appliances are used because the
signal is a maintenance type alarm. It is only
used to summon responsible personnel to
correct the abnormal condition. Figure 2-5
applies also to supervisory systems if appropri-
ate initiating devices and control unit are
substituted. Figures 2-13 through 2-23 show
some typical sprinkler supervisory signal
initiating devices. Figure 2-24 shows one of
the more frequently used supervisory signal
initiating circuits.

FIGURE 2-13. OS&Y VALVE POSITION
SWITCH (PLUNGER-TYPE).

OS&Y VALVE POSITION
SWITCH (LEVER-TYPE).

FIGURE 2-14.

2.2.3.6 REMOTE ALARM SIGNALING

People frequently do not react properly to a
purely local fire or supervisory alarm signal,
because of excitement, a lack of knowledge
or, a lack of responsible personnel on the
premises. Therefore, it is usually desirable to
connect building alarm systems to a remote
receiving station where competent personnel
are always on duty who can take the proper
action--to extinguish the fire and evacuate
the building if necessary or see that necessary
maintenance is completed. Most fire alarm
and supervisory alarm control panels have pro-
vision for connection to a remote receiving
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station, usually in the form of auxiliary relay
contacts which can be connected to operate an
alarm transmitter.

FIGURE 2-15. LOW AIR TEMPERATURE

SWITCH.

FIGURE 2-16.

PIV POSITION SWITCH
(PLUNGER-TYPE).

2.2.3.7 INTERLOCK TO OTHER BUILDING
SYSTEMS

In some types of buildings it is necessary to
interlock the fire alarm system to other build-
ing systems. Such interlocks are usually
designed into fire alarm systems for large
buildings, densely populated buildings, or
buildings with special fire hazards. The fire
alarm system may provide for shutting down
fans in the heating, ventilation and air condi-
tioning system and for automatically or

FIGURE 2-17.

PIV POSITION SWITCH
(LEVER-TYPE).

manually cycling fans and associated dampers
to force smoke from a fire-affected area. In
schools, hospitals and other larger buildings
the fire alarm system may cause fire doors to
close when there is an alarm. In buildings with
elevators, a fire alarm condition may cause
elevators to return to the ground floor to
preclude use by building occupants and to be
available for fire department use.

In special fire hazard situations, the fire alarm
system may release an extinguishing agent.
This application of the fire alarm system is
made when the extinguishing system must be
particularly fast acting or when electrical
activation is necessary. Such extinguishing
systems as preaction sprinkler systems, carbon
dioxide, Halon and dry chemical system:
(described in later chapters of this manual) are
usually activated by a building alarm system
or an alarm system for a particular part of a
building. Highly sensitive fire detectors such
as smoke detectors or infrared and ultraviolet
detectors are usually associated with such fire
alarm systems.

2.3 BASE ALARM SYSTEMS

As for any alarm system, the purpose of a base
alarm system is the protection of life, proper-
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ty, and the continuity of operations. By
sending alarm signals to a central receiving
location, which is continuously staffed by

trained persons competent to take necessary
action, the protection provided can be more
effective than that provided by a number of
independent local building alarms.

FIGURE 2-18. BUTTERFLY VALVE
POSITION SWITCH
(MAGNETICALLY OPER-
ATED).

2.3.1 CLASSIFICATION OF BASE FIRE

ALARM SYSTEMS
2.3.1.1 NORMAL COMMERCIAL APPLICA-
TION OF EQUIPMENT

Base fire alarm systems may have character-
istics similar to local alarm systems, i.e. they
may be coded or noncoded, line or low voltage,
etc. However, they are most aptly classified
by the normal commercial application of the
equipment.

BUTTERFLY VALVE
POSITION SWITCH
(MECHANICALLY OPER-
ATED).

“IGURE 2-19.

MUNICIPAL TYPE ALARM SYSTEM. A
municipal type alarm system normally pro-
vides manual fire alarm signaling service over
wiring owned and installed by the city. A
city-owned facility, such as a fire station, is
the normal location for the alarm monitoring
equipment. (In a typical military base applica-
tion, in addition to monitoring alarms from
manual fire alarm boxes located on streets,
the system also monitors the status of building
fire alarm systems and building fire extin-
guishing systems.) A municipal system is also
characterized by the following features:

o It is a coded system, with up to several
hundred transmitters connected on a single
circuit. Each circuit reports to base alarm
headquarters and several such circuits may
be used at a single base.

o Normal operating voltage of each circuit is
48 to 130 volts DC and normal operating
current is approximately 100 milliamperes.



FIGURE 2-20. NON-RISING STEM VALVE

POSITION SWITCH.

REMOTE STATION TYPE ALARM SYSTEM. A
remote station alarm system normally pro-
vides alarm signaling from automatic alarm or
extinguishing systems in buildings. This type
system does not usually provide manual fire
alarm signaling from manual fire alarm boxes
located on streets and, in addition, the system
is normally noncoded, providing pilot lamp or
meter annunciation of the building where the
alarm occured. This system also has the
following additional characteristics:

o Each noncoded alarm circuit normally
operates on light gauge (No. 22 through No.
26) telephone type wiring. This wiring, in
commercial applications, is leased from
the telephone company.

o One pair of telephone type wires is
required for each alarm signal.

o Each telephone line circuit normally oper-
ates at 12 to 48 VDC and at a current of
from 3 to 30 milliamperes.

PROPRIETARY TYPE ALARM SYSTEM. A
proprietary alarm system provides signals
from various devices in a single large building
or from a number of smaller buildings under a
single ownership or management to a contin-
uously attended location, controlled and
staffed by employees of the protected
property. In normal commercial applications,
a proprietary alarm system can only be con-
nected to monitor signals from buildings which
are owned or operated by a single company or
owner.

FIGURE 2-21. WATER LEVEL SWITCH
(FLOAT ACTUATED).

FIGURE 2-22. LOW WATER TEMPERA-
TURE SWITCH.

The equipment used in a proprietary system
may be coded or noncoded, line or low voltage,
or may use telephone type or conventional
house wiring.

CENTRAL STATION TYPE ALARM SYSTEM.
Central station alarm systems provide alarm
signals from various devices in a single large
building or from a number of separate build-
ings to a continuously attended location owned
and operated by an independent party. The
system is normally coded and up to 250 sepa-
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rate code transmitters, located in up to 25
different properties, may be connected to a
single circuit. Several coded circuits can be
monitored at a single central station. Com-
mercially, this is the most widely used method
of 24 hour alarm monitoring systems. When an
alarm signal is received, the central station
notifies the fire department responsible for
the area where the building is located. Other
- characteristics of this type system are:

o It typically operates over telephone type
(No. 22 through No. 26 gauge) circuits
leased from the telephone company.

Each circuit typically operates at 48 to 130
VDC at a current of 3 to 10 milliamperes.

FIGURE 2-23. GATE VALVE POSITION
SWITCH (PLUG-TYPE).

2.3.1.2 CLASSIFICATION BY METHOD OF
SIGNAL TRANSMISSION

RADIO CALL BOX. A radio call box system is
similar to the municipal type system previous-
ly described. Purpose, location of boxes, and
auxiliary building alarms are the same for both
system types.

The main distinctive features of a radio call
box system are the method of signal transmis-
sion (radio), the redundancy requirements for
receivers at the communication center (two
complete receiving equipment sets), the test-
ing features required, and the sophisticated
signal coding used.

MULTIPLEX.  Multiplexing is a signaling
method which uses simultaneous and/or
sequential transmission and reception . of
multiple signals on one circuit or communica-
tion channel. Coding provides positive identi-

fication of each signal. Figure 2-25 is a block
diagram of a multiplex alarm system.

Multiplex systems can be of the proprietary or
central station type, depending on the Under-
writers' Laboratories listing of the equipment
used. Generally, equipment listed for central
station use can be used for either application
while equipment listed for proprietary use can
only be used for proprietary applications.

HARD-WIRED. Hard-wired systems are the
same as municipal and central station types.

TELEPHONE ALARM TYPE (AUTOMATIC
DIALERS). Automatic dialers use existing
telephone circuits to actually place a tele-
phone call to a fire communication center.

If permitted by the local authorities, an auto-
matic tape dialer makes the call to the fire
emergency number. A tape recorded message
to the effect that "There is a fire in progress
at 123 Elm Street," is played over the tele-
phone to the fire dispatcher. The message is
repeated several times and then the automatic
dialer hangs up.

For an automatic digital dialer, an unlisted
telephone number is set aside for exclusive use
in receiving alarm messages at the fire com-
munication center. A special receiver is
installed which answers the calls, converts the
coded message to a display and/or printout
identifying the location sending the message,
the type of alarm (fire, burglar, medical emer-
gency, etc.) and the time received. The total
time from answering the call to hanging up is
much shorter for the digital dialer than for the
tape dialer. Many dialers would be arranged
to call one receiver in an established alarm
system.

2.3.1.3 CLASSIFICATION OF BASE ALARM
SYSTEMS ACCORDING TO THE
NFPA

MUNICIPAL FIRE ALARM SYSTEMS.
According to the NFPA Fire Protection
Handbook, publication of the NFPA, "A com-
plete municipal fire alarm system fulfills two
functions, that of receiving alarms from the
public through fire alarm boxes located on the
street or private property, and that of trans-
mitting the alarm to the fire companies and
personnel who should respond to the emer-
gency."
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REMOTE STATION ALARM SYSTEMS.
According to the National Fire Codes, NFPA
No. 72C-1975, a remote station alarm system
is "...a system of electrically supervised cir-
cuits employing a direct circuit connection
between signaling devices at the protected
premises and signal receiving equipment in a
remote station, such as a municipal fire alarm
headquarters, a fire station, or other location
acceptable to the authority having jurisdic-
tion."

PROPRIETARY ALARM SYSTEMS. According
to the National Fire Codes, NFPA Standard
No. 72D-1975, a proprietary alarm system is:
"A protective signaling system under constant
supervision by competent and experienced per-
sonnel in a central supervising station at the
property protected. The system includes
equipment and other facilities required to
permit the operators to test and operate the
system and, upon receipt of a signal, to take
such action as shall be required under the rules
established for their guidance by the authority
having jurisdiction. The system shall be main-
tained and tested by owner personnel or an
organization satisfactory to the authority
having jurisdiction."

CENTRAL STATION ALARM SYSTEMS.
According to the National Fire Codes, NFPA
Standard No. 71-1977, a central station alarm
system is "A system, or group of systems in
which the operations of circuits and devices
are signaled automatically to, recorded in,
maintained, and supervised from an approved
central station having competent and experi-
enced observers and operators who shall, upon
receipt of a signal, take such action as shall be
required by this standard. Such systems shall
be controlled and operated by a person, firm
or corporation whose principal business is the
furnishing and maintaining of supervised
signaling service."

2.3.2 BASE ALARM SYSTEM COMPONENTS
2.3.2.1 SIGNAL TRANSMITTERS

A common fire alarm transmitter is the tele-
graph type with ground connection, commonly
known as the McCulloh transmitter. The
McCulloh coded fire alarm transmitters are
frequently used for automatic fire alarm sys-
tems. The McCulloh transmitter is found in
many other forms, often in combination with

initiating devices, such as manual fire stations
and waterflow switches. The McCulloh trans-
mitter sends a coded series of pulses which
identifies the particular transmitter.

Base alarm systems also use reversal trans-
mitters. The transmitter causes the D.C.
polarity (plus and minus) of a pair of wires to
be reversed from the normal condition for the
alarm condition. Figure 2-26 shows a typical
reversal (relay) transmitter schematic.
Receiving equipment and telephone lines
required for this (reversal) type transmitter
are different from the equipment and tele-
phone lines required for McCulloh system.

The data gathering panel in a multiplex type
system may be considered an alarm trans-
mitter. It is the means of sending the alarm
information from the vicinity of the alarm
initiating devices to the main alarm receiving
console. The data gathering panel continually
scans the initiating device circuits connected
to it and temporarily stores any change in de-
vice status. The alarm console, meanwhile, is
continually scanning the data gathering panels
for changes in status. On the next scan after
the change in status, the alarm console picks
up the stored information from the data
gathering panel. The data gathering panel is
sometimes called a transponder to more
accurately describe the transmit and respond
functions.

2.3.2.2 SIGNAL RECEIVING FACILITIES

The equipment installed in a receiving facility
varies, depending on the exact type of base
system, but certain characteristics of the
receiving facility are common to all the types
of base systems.

The alarm receiving equipment is normally
powered by AC line voltage with rechargeable
standby batteries to provide at least 4 hours of
equipment operation if the AC power fails. A
continuously available generator may take the
place of the rechargeable batteries.

Usually the communication center is located
in a fire station with direct telephone and
radio communications with other fire station
served by its communications facilities. When
received, fire alarms may directly ring bells in
the living and working areas of the fire sta-
tion(s). Detailed information on location,
type, and size of fire is announced over a
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FIGURE 2-26. CLASS B REMOTE SIGNALING CIRCUIT.

paging system and/or radio to the firefighters
as they move to the trucks and as the trucks
move toward the fire.

2.3.2.3 SIGNAL RECEIVERS

Alarm receiving equipment processes the
incoming signal and changes it to a form which
can be used by the signal recording device or
computer, if used. Depending on the sophisti-
cation of the receiving equipment, it may
automatically display varying degrees of
detailed information. Generally, the multiplex
or radio call box type system, coupled with a
computer, automatically displays the detailed

information. McCulloh systems also have been
coupled with computers, which automatically
decode the pulsed signal and display appropri-
ate emergency information.

MCCULLOH AND MUNICIPAL TYPE
RECEIVERS. McCulloh and municipal type
receivers are similar. The receiver consists of
a cabinet containing relays and switches for
accommodating the types of circuit faults that
might occur, the paper tape registers for
recording the signals, the indicator lights and
audible signals to show that a signal is coming
in or AC power is lost, and a meter to indicate
current in the transmission circuits served by
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the cabinet. The cabinet may serve 12 cir-
cuits and the meter may be switched from one
circuit to another circuit for testing. Figure
2-27 is a photograph of a typical set of
McCulloh receiving equipment.

FIGURE 2-27. MCCULLOH SIGNAL

RECEIVING EQUIPMENT.

RADIO CALL BOX RECEIVERS. A radio call
box receiver incorporates a radio receiver and
signal processor for decoding radio signals.
When this type system is the main or only base
fire alarm system provided, the receiver and
associated visual display, printer, control
switches, power supply, clock, audible signals,
standby battery, charger, signal strength
meter, and memory unit are normally mounted
in a console/cabinet/desk type assembly.
Some components, such as battery and charger
might be housed in a separate cabinet or even
a separate room. The main receiving antenna
is mounted separately at some high point in or
on the building to obtain maximum line-of-
sight signal strength. Figure 2-28 shows a
typical radio call box receiver console incor-
porating two complete receivers.

|

FIGURE 2-28. RADIO CALL BOX SIGNAL
RECEIVER CONSOLE.

The display, which provides location and type
of alarm information may be of the annuncia-
tor or alpha-numeric type. The memory unit
stores address identifying numbers for all the
boxes in the system. When a signal is
received, it is compared with memory infor-
mation to determine if the signal is a valid one
from a known call box. The memory is also
used once a day to determine which, if any,
call boxes failed to transmit the required daily
test signal and which ones reported a low
battery or other trouble condition. Depending
on the equipment manufacturer, the test sig-
nal may be initiated by a timer in the call box
or it may be commanded by the receiving
console in systems which are computer based
and in which radio boxes and the base station
are actually transmitter/receivers. Printers
maintain a permanent record of all signals and
acknowledgments of signals.

In order to satisfy NFPA standards, a com-
plete redundant set of receiving equipment is
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required as a backup. Both sets must be
actually operating, except during the emer-
gency repair of one set.

MULTIPLEX RECEIVERS. A multiplex
receiver is physically similar to the radio call
box receiver. Frequently a multiplex receiver
will also have an associated keyboard and
CRT. (Figure 2-4 shows a typical installation.)
The keyboard is used to enter new emergency
information into the console memory. Control
switches can be used to request information on
a particular zone, which is then displayed on
the CRT or projected on a screen by a slide
projector. Multiplex systems also have annun-
ciation and alpha-numeric displays. However,
unlike radio call box systems, daily test signals
are not required in multiplex systems since the
receiving equipment is in almost constant con-
tact with the data gathering panels. Printers
are generally used with multiplex systems to
obtain a permanent record of date and time
the signals are received and a record of
acknowledgments of signals.

REMOTE STATION RECEIVERS. Remote sta-
tion receivers are characterized by small
modules, each of which corresponds to an
alarm signal source. Each module has indica-
tor lights and/or a meter to indicate alarm,
normal, and trouble conditions. The power
supplies for the individual signals are usually
located at the signal sources, so the only
power supply required at the receiver is for
operating indicator lights and a common
audible signal device.

2.3.2.4 SIGNAL RECORDERS

Through the last 40 to 50 years, signal
recorders have developed tremendously. Some
of the earliest models are still in operation, so
a wide range of types is found in existing base
alarm systems.

The McCulloh tape register is one of the more
widely used signal recorders in existing sys-
tems. Some of the older models use a spring
wound motor to move the paper tape through
the recorder. A hole is punched in the tape
for each pulse of the coded signal. Newer
models use electrical means to move the paper
tape through the register and the pulse marks
are generated by solenoid action. For each
pulse, the solenoid may cause a wiggle in a
line drawn by a pen, print a spot, or punch a
hole in the paper tape. Regardless of the
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type, the used portion of the tape is usually
stored on a motor-driven take-up reel. Some
registers record the signals for a number of
separate circuits on the same tape.

Several types of printing recorders are used in
larger systems. The large number of signals
received makes the simpler, one circuit tape
registers impractical because of the excessive
amounts of paper which would be used.

2.3.2.5 POWER SUPPLIES

Numerous power supplies are associated with
the base alarm system. Most of these will be
small power supplies at the protected sites,
used for powering the individual alarm trans-
mitters, for tripping a local-energy-trip type
municipal transmitter, or for powering remote
signaling circuits. In addition, a larger power
supply is needed at the alarm receiving loca-
tion for powering the receiver(s) and other
equipment essential to the alarm receiving and
fire equipment dispatching operation.

POWER SUPPLIES AT THE PROTECTED
BUILDING. At the protected building, individ-
ual items of equipment may have separate
power supplies or all power may be provided
by the local fire alarm control panel power
supply. Frequently, the power supply for the
individual transmitter or remote signaling pair
of wires is a rechargeable, sealed nickel-
cadmium or lead-acid battery which powers
the load through a current-limiting resistor.
The battery charge is maintained by a simple
charging circuit which constantly "trickle-
charges" (low rate constant current charging)
a nickel-cadmium battery or "float charges"
(constant voltage charging in which the
current tapers off to zero) a lead-acid battery.

Electrically powered code transmitters may
also have a trouble signal power supply,
similar to the main supply, which insures that
a trouble signal is transmitted in case of
failure of the main supply.

Generally any of the small power supplies at
the protected building are designed to provide
four hours of operation if the AC power is
disconnected.

RECEIVING STATION POWER SUPPLY. The
fire alarm receiving station has primary and
secondary power. Primary power is a reliable-
commercial (AC) power source or an engine
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driven generator. Secondary power may be
storage batteries with rectifier/charger. If
both types of primary power are available, the
battery capacity must be sufficient to operate
the system under maximum normal load for
four hours. If the generator is not available,
the battery capacity must be increased to
allow operation for 24 hours.

There are many other allowed combinations of
primary and secondary power sources,
described in NFPA Standard No. 72D. Main-
tenance and testing aspects for all combina-
tions are essentially the same.

2.3.3 SERVICES PROVIDED BY BASE
ALARM SYSTEMS
2.3.3.1 MONITORING FIRE ALARM SIGNALS

The primary purpose of the base fire alarm
system is to monitor fire alarm signals and
relay the alarms to the affected fire sta-
tion(s). Base system monitoring of signals is
more effective than a purely local audible fire
alarm, especially during nonworking hours.
The operators/dispatchers receiving the alarm
are trained persons, competent to take neces-
sary action. Local alarms, if noticed, may be
received by an untrained passerby who may
take inappropriate or ineffective action.

2.3.3.2 MONITORING FIRE TROUBLE SIG-
NALS

Fire trouble signals indicate problems in local
fire alarm systems which could reduce their
effectiveness or render them inoperative.
Prompt action to correct the problem is nec-
essary in order to restore fire alarm protec-
tion. Fire trouble includes circuit and equip-
ment faults and power failure.

2.3.3.3 MONITORING SPRINKLER SUPERVI-
SORY SIGNALS

A sprinkler supervisory signal indicates that an
abnormal condition exists which may impair
the effectiveness of sprinklers. Some type of
maintenance action is required in order to
correct the condition and restore the sprinkler
system(s) to full effectiveness. If the super-
visory devices were carefully identified at
installation, the maintenance person dis-
patched can be fully prepared to correct the
abnormal condition causing the signal.
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2.3.3.4 MONITORING OTHER SIGNALS

Sometimes security alarms and/or medical
emergency alarms are connected to produce
signals at the same receiving facility as fire,
fire trouble, and supervisory signals. If two or
more signals originate at the same location,
some plan for establishing priorities and elimi-
nating confusion of signals is necessary.

2.4 SUPERVISED CIRCUITS

Because of the critical nature of fire alarm
systems, a feature known as "electrical super-
vision" has been designed into these systems.
Alarm systems must be in service at all times;
electrical supervision causes a warning
(trouble) signal that some potential or actual
electrical problem exists in the alarm system.
This trouble signal is clearly distinguishable
from a fire alarm signal.

2.4.1 CLASSES, TYPES AND APPLICATIONS

OF SUPER VISION

There are several classes and types of circuit
supervision used in fire alarm systems. The
simplest of the more commonly used circuits
is the Class B circuit and it is discussed first.
2.4.1.1 CLASS B SUPERVISION APPLICA-
TIONS

A Class B supervised fire alarm circuit pro-
vides a warning trouble signal if a fault occurs
in the circuit and may not function for its
original alarm purpose until the fault is
corrected (depending on the location and type
of fault).

INITIATING CIRCUIT. Figure 2-24 shows a
typical Class B alarm initiating circuit. A
continuous small electrical current, supplied
by the fire alarm control panel, flows through
the series loop formed by one side of the
initiating circuit, the end-of-line resistor, and
the other side of the initiating circuit as
indicated by the arrows. The fire alarm
control panel reacts to this constant low
current as a no-alarm or normal condition.

Under normal conditions, the alarm and
trouble relay coils have the same low value of
supervisory current flow. For the alarm relay,
this value is inadequate to close its normally



open contacts. The trouble relay is more
sensitive and is energized by the supervisory
current and the normally closed contacts are
held open. If the supervisory current drops to
zero because of a broken wire anywhere in the
initiating circuit, the trouble relay is de-
energized and its contacts close, causing an
audible and visual trouble signal.

If no wires are broken, closing the contacts of
an initiating device provides a low resistance
current path, short circuiting the end-of-line
resistor and increasing the alarm relay coil
current. The alarm relay is energized, closing
its contacts and ringing the alarm bells. Con-
tinued fire alarm operation with a broken wire
depends upon the location of the break and
which initiating device is actuated.

REMOTE SIGNALING CIRCUIT. Figure 2-26
shows a Class B remote signaling circuit, a
commonly used arrangement for fire depart-
ment connection to individual building alarm
systems. The alarm transmitter can either be
a part of the fire alarm control cabinet or be
operated by it. Figure 2-26 shows the no
alarm condition.

If, instead of an alarm, one of the two tele-
phone wires is broken, the supervising current
supplied by the transmitter will drop to zero
closing the receiver module relay contacts,
lighting the lamp and sounding the buzzer.
The meter indication will be zero, marked on
the meter face as trouble.

If a telephone wire is broken before an alarm
condition occurs, the reversal of voltage by
the alarm transmitter will not change the "no
current" condition at the alarm receiver and
no alarm will be caused. The trouble condition
will continue until the broken wire is repaired.

INDICATING CIRCUIT. Figure 2-29 shows a
Class B alarm indicating circuit. During
normal conditions a small current flows con-
stantly through the loop formed by the two
sides of the circuit and the end-of-line resis-
tor.

For an alarm condition, the voltage and
current supplied by the fire alarm control
panel reverse and the current is no longer
limited to a small "supervising" current.
Current flows through the polarized audible
appliances now as well as the end-of-line
resistor and the audible appliances sound the
fire alarm.

As in the circuit in Figure 2-26, if one of the
circuit wires is broken during otherwise
normal conditions, the supervising current
stops and a trouble condition is indicated at
the fire alarm control panel. Also, as in the
other Class B circuits, the portion of the
circuit beyond the broken wire (in this case,
the audible devices beyond the break in the
wire) will not operate in the event of an
alarm.

2.4.1.2 CLASS A SUPERVISION APPLICA-
TIONS

A Class A supervised fire alarm circuit pro-
vides a trouble signal and continues to operate
as an alarm circuit after one fault has
occurred in the wiring.

INITIATING CIRCUIT. In Figure 2-30, a typi-
cal Class A alarm initiating circuit, a contin-
uous supervisory current supplied by the fire
alarm control unit flows through the two cir-
cuit loops (circuit loops are shown as the
wiring between terminals A and A and
between terminals B and B. All four terminals
are located at the fire alarm control unit).
Typically one A and B pair of terminals are
the "feed" or "supply" pair for the initiating
circuit. If the outer A and B terminals are the
plus (+) and minus (-) supply pair, respectively,
the inner A and B pair are the "return" pair.
Typically, a trouble relay coil in the fire alarm
control panel is energized by the supervisory
current. If a wire in the A loop breaks, the
trouble relay is deenergized, causing two
results: (1) audible and visual trouble signals
occur; (2) the damaged circuit is automatically
conditioned so that the total circuit is still
active as an alarm circuit. All alarm
initiating devices are still effective if alarm
conditions occur. With a broken wire in the A
loop, both ends of the A loop become plus (+)
feed or supply terminals. There is no longer
an A loop return terminal, since current can-
not flow in the A loop with the broken wire.

If alarm conditions occur, any one of the
initiating device switches could close, a
current path between A (+) and B (-) loops
would occur, and the fire alarm control unit
would react by sounding audible appliances
and/or transmitting a fire alarm signal to a
remote receiving station.

REMOTE SIGNALING CIRCUIT. It is also
frequently desirable to have the Class A char-
acteristic in a circuit for connecting a building
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FIGURE 2-29. CLASS B ALARM INDICATING CIRCUIT.

fire alarm control panel to the fire depart-
ment or to some other alarm receiving point.
Figure 2-31 shows a typical simplified Class A
remote signaling McCulloh circuit. It is
similar to the Class A initiating circuit. The
main differences are the use of earth ground
by the McCulloh circuit for one of the circuit
loops and the use of coding to identify which
building is producing the alarm. Otherwise the
Class A operation is the same.

In an actual installation, a second circuit loop
may be substituted for earth ground. The use
of earth ground reduces the quantity of wire
required, since the earth is actually used as an
electrical conductor between the alarm trans-
mitters and the receiving station.

The identifying code of each transmitter is
produced by rotation of a code wheel with a
unique number or sequence of groups of teeth
which operate the coding contacts. The alarm
is received as groups of pulses which identify
the location of the transmitter.

INDICATING CIRCUIT. Figure 2-32 shows a
Class A Alarm Indicating Circuit. It is quite
similar to the Class B version shown in Figure
2-29. The Class A circuit has all the bells
polarized and the supervisory current operates
a relay in the fire alarm control panel. This
relay, connected to the return terminal, de-
energizes if a wire breaks and causes the usual
audible and visual trouble signals. Bells on
both sides of the break are still operative.

2-28



CONTROL UNIT

TR R o

~ 1 ALARM INITIATING CIRCUIT
| 7\
| A - J_ﬂ} SUPERVISORY CURRENT PATH >
| I

| POINT A
I g Pas et

| v TROUBLE
| END-OF- ALARM INITIATING
| power  |LINE | AT NG CONTACTS
|| suPPLY |RESIST-! : CONTACTS ]K

OR

| ' '
| et

L.

T2

l R
I St '
| \Brl
Lt e Lot e decspd u

® AND - ALARM INITIATING CIRCUIT TERMINALS IN CONTROL UNIT

[A]- ALARM (SHORT CIRCUIT) SENSITIVE RELAY COIL
[T]- TROUBLE (OPEN CIRCUIT) SENSITIVE RELAY COIL
T1 AND T2 ARE CIRCUIT CONDITIONING CONTACTS OF THE TROUBLE RELAY

NOTES: CONTACTS ARE SHOWN IN THE NORMAL OPERATING CONDITION. A
BREAK IN THE WIRING AT POINT A CAUSES ONE SIDE OF THE ALARM .
INITIATING CIRCUIT TO BECOME ISOLATED FROM THE END-OF-LINE RESISTOR.
A TROUBLE SIGNAL RESULTS, AND CIRCUIT CONDITIONING (TROUBLE) RELAY
CONTACTS Tl AND TZ CLOSE. THIS CONNECTS THE SIDE OF THE ALARM
INITIATING CIRCUIT, WHICH WAS ISOLATED BY THE BREAK, TO THE END-
OF-LINE RESISTOR. AN ALARM CONTACT CLOSURE SHORT CIRCUITS THE
END-OF-LINE RESISTOR AND CAUSES AN ALARM SIGNAL. TROUBLE INITIAT-
ING CONTACTS ARE OPENED BY ABNORMAL CONDITIONS SUCH AS LOSS OF
SMOKE DETECTOR POWER OR AN OPEN WATERFLOW DETECTOR COVER.

FIGURE 2-30. CLASS A ALARM INITIATING CIRCUIT.

This conditioning to keep the bells operative is

similar to that for a Class A fire alarm systems.

but there are many of these circuits in older
Normally closed series initiating

initiating circuit.

2.4.1.3 SERIES NORMALLY CLOSED CIRCUIT
SUPERVISION

Series normally closed circuits are not usually
found in recently installed fire alarm systems,

circuits for the municipal shunt trip box or
transmitter and some series manual box cir-
cuits for directly shutting down fans and
closing fire doors are still being installed in
new systems. Examples of the older series
initiating circuit and indicating circuit are
described here.
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INITIATING CIRCUIT. The series normally
closed initiating circuit is not reco nmended or
approved by generally accepted listing agen-
cies for fire alarm use. This circuit does not
distinguish between circuit trouble and a fire
alarm; both conditions cause a fire alarm
signal because the opening of normally closed
contacts is indistinguishable from opening of
the circuit due to a broken wire. Figure 2-33
shows an example of the circuit.

INDICATING CIRCUIT. A series indicating or
bell circuit is gererally used with an AC
powered control unit. AC powered, series
connected audible appliances are usually wired
similar to the circuit shown in Figure 2-34.
The individual bells are rated at some fraction
of the supply voltage, depending on the
number of bells. For instance, five bells rated
at 24VAC or ten rated at 12VAC might be

BUILDING #1

used with a 120VAC power source. A current
limiting resistor at the fire alarm control
panel protects the bells and wiring from
excessive current, and its resistance and
power rating are chosen to compensate for the
number of bells actually used. Sometimes the
current limiting resistor is combined with a
thermostatic device for opening the bell
supply circuit when the current has been
excessive for a period of time, or the bells
have just been operating for some period of
time. Such a thermostatic device requires
manual reset to restore the bells to service.

INITIATING CIRCUIT. Accepted standards
require initiating circuits to be supervised.
Many installed initiating circuits are not
supervised though first appearances may indi-
cate that they are. To tell if a circuit is
supervised, it is necessary to refer to control

BUILDING #2 BUILDING #3
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AICI
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NOTE: MCCULLOH RECEIVING LOCATION HAS CONTINUOUS A.C. POWER SOURCE, STANDBY

BATTERY AND CHARGER AND/OR EMERGENCY GENERATOR.,
RELAYS AND SWITCHES FOR RECORDER CONTROL AND CIRCUIT

SIGNAL RECORDER(S),

RECEIVING EQUIPMENT HAS

CONDITIONING, INDICATING LAMPS, BUZZERS AND METERS.

A SINGLE FAULT ON THE SIGNALING CIRCUIT (OPEN OR GROUND) CAUSES A TROUBLE
SIGNAL AT THE RECEIVER, OPERATION OF A SELECTOR SWITCH TO THE PROPER POSITION
SILENCES THE TROUBLE SIGNAL AND CONDITIONS THE SIGNALING CIRCUIT SO THAT

ALL SIGNALS CAN STILL BE RECEIVED. THE TYPE OF FAULT IS INDICATED BY THE
SWITCH POSITION WHICH SILENCES THE TROUBLE SIGNAL,

DURING AN OPEN CIRCUIT FAULT, TRANSMITTERS PRODUCE CODED PULSES BY MAKING
MOMENTARY CONNECTIONS BETWEEN THE UNGROUNDED "HOT" LOOP AND GROUND,

DURING A GROUND FAULT, TRANSMITTERS PRODUCE CODED PULSES BY MAKING MOMENTARY
BREAKS IN THE HOT LOOP CONNECTION TO THE GROUND FAULT.

FIGURE 2-31. CLASS A REMOTE SIGNALING CIRCUIT (MCCULLOH).
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FIGURE 2-32. CLASS A ALARM INDICATING CIRCUIT.

unit internal diagrams to see if both ends of
any initiating circuit loops are connected to
the same point in the control unit, with all
switches in their normal positions. If the
circuit loops are complete loops with no relay
coils, contacts or resistors in them, the circuit
is unsupervised. Figure 2-35 is an example of
an unsupervised initiating circuit with circuit
loops. Another unsupervised initiating circuit,
which seldom occurs, has two parallel wires

with normally open initiating devices con-
nected between them. The wires end at the
last initiating device with no end of line
resistor, diode or relay.

INDICATING CIRCUIT. Accepted standards
require most indicating circuits to be super-
vised though many installed alarm systems
have unsupervised indicating circuits. The
unsupervised circuit may be formed of two
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FIGURE 2-33. SERIES NORMALLY CLOSED INITIATING CIRCUIT.
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FIGURE 2-34. SERIES INDICATING CIRCUIT.

complete wire loops with indicating devices
connected between the two loops. This circuit
can usually be identified by the fact that each
indicating (bell) circuit terminal has two wires

connected to it. When removed from the
terminal, the two wires will show low resist-
ance between them when checked with an
ohmmeter.
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FIGURE 2-35. EXAMPLE OF AN UNSUPERVISED INITIATING CIRCUIT.

A constant small supervisory current is
supplied to the bell circuit, which energizes
the supervisory relay and holds contacts in the
trouble circuit open. If a break occurs in the
bell circuit, the supervisory relay deenergizes,
closing the contacts in the trouble circuit and
sounding the trouble bell.

In an alarm condition, the alarm relay con-
tacts short circuit the supervisory relay coil,
reducing circuit resistance and increasing bell
current enough to cause the bells to ring.

2.4.1.4 UNSUPERVISED CIRCUITS

A fault in an unsupervised circuit causes no
trouble signal or automatic conditioning for

continued operation. Some circuits are not
required to be supervised, such as trouble
signal sounding circuits, a sounding circuit for
an audible device in the same room with a
control unit (if protected with conduit), and
annunciation circuits.  Other circuits are
required by accepted standards to be super-
vised, but in many installed systems they are
not supervised.

The other unsupervised indicating circuit
sometimes found has two parallel wires with
the indicating devices (bells, etc.) connected
between them. The wires end at the last
indicating device with no end of line device
connected. Another clue to an unsupervised
indicating circuit is the absence of polarizing
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features (diodes) on the indicating devices.
Two or more circuits of this type may connect
to the bell terminals of a control unit.

2.4.1.5 POWER SUPERVISION APPLICATIONS

Power supplies for fire alarm operation are
supervised in a variety of ways. Most fre-
quently the power supervisory devices are con-
tained in the fire alarm control panel.

AUTOMATIC TRANSFER WITH INDICATION.
Failure of AC power to the alarm system
causes a relay to deenergize. The relay con-
tacts usually cause automatic transfer of
power to a secondary source, such as bat-
teries.  Additional relay contacts operate
audible and visual trouble signals, indicating

D.C.
POWER SMOKE DETECTOR

r——————]

the need to correct the condition before the
secondary source is depleted.

INDICATION ONLY. An example of power super-
vision is shown in Figure 2-36. In this case, the
presence of DC power for the smoke detector
electronics is sensed by end-of-line relay. The relay
contacts are connected so that loss of power at the
end of the smoke detector power circuit will cause
an “open” in the initiating circuit. As shown in
earlier Class A and Class B descriptions, this will
produce audible and visual trouble signals at the
fire alarm control panel. These signals indicate
the need, in this case, for restoration of smoke
detector power. The original failure could have
been caused by battery problems or a broken
wire somewhere in the smoke detector power
circuit.

END-OF-LINE
POWER SUPER-
VISORY RELAY

SMOKE

SOURCE POWER CIRCUIT
+ +
\\ DETECTOR |_

7 SMOKE *

DETECTOR

I
AL
—— — —

-1

B

® b

CONTROL UNIT
TERMINALS FOR

NOTE:

IF SMOKE DETECTOR POWER SOURCE
FAILS, THE END-OF-LINE RELAY DEENERGIZES,

CLASS A INITIAT-

ING CIRCUIT

FIGURE 2-36.

OPENING THE TROUBLE CONTACTS IN THE LOOP

OF THE INITIATING CIRCUIT AND CAUSING

A TROUBLE IND;CATION FOR THIS INITIATING

CIRCUIT (ZONE) AT THE CONTROL UNIT. THE

POWER CIRCUIT AND POWER SOURCE ARE SUPER-
VISED BY THE END-OF-LINE RELAY.

EXAMPLE OF POWER SUPERVISION.
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SELF-STUDY QUESTIONS - CHAPTER 2

Instructions: Select the correct answer(s) for each of the following questions.

02-1

Q2-2

Q2-3

Q2-4

Q2-5

The primary purpose of a building alarm system is to:

ey

Interrupt normal activities.

Close fire doors and shutdown fans.

Protect life, property and continuity of operations.
Provide a convenient method for having fire drills.

A building alarm system provides audible and/or visual fire alarm signals in response

to:

R Ll

Closing a sprinkler system control valve two turns or more.

Unplugging a smoke detector from its socket.

Operation of a water level switch in a water reservoir.

Automatic operation of heat detectors, smoke detectors or sprinkler waterflow
switches.

A noncoded building alarm system:

Cannot identify the location of the device causing the alarm.

May identify the source of the alarm by the use of annunciation.

May cause bells to ring in a distinctive pattern identifying the source of the
alarm. i

May cause the audible signals to sound in a march-time cadence to expedite
evacuation.

A multiplex alarm system is considered to be:

~OFE

Coded.

Noncoded.

Old fashioned.

Undesirable because it is not an approved installation.

Paper tape recorders are often used with:

ol

Noncoded systems.

Small fire alarm systems.
The fan shutdown feature.
Coded systems.
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Q2-7

Q2-8

Q2-9

Q2-10

Q2-11

The trend in operating voltage for modern control unit circuitry, initiating circuits,
and indicating circuits is toward:

a. Low voltage A.C.

b. High voltage A.C.

c. Low voltage D.C.

d. High voltage D.C.

A building fire alarm control unit typically does not contain: &
a. Relays.

b. Initiating devices. -
c. Terminals.

d. A power supply.

A drill switch in the control unit:

Sounds the fire alarm audible signals.

Causes transmission of an alarm to base alarm headquarters.
Causes the building fans to shutdown.

Causes fire doors to close.

c Zeling

Alarm initiating devices, such as the following, initiate the electrical sequences which
result in a fire alarm:

Bells and horns.

Flashing lights and sirens.
Heat and smoke detectors.
Chimes and buzzers.

2 R

The coding contacts in a shunt noninterfering building system initiating circuit are:

a. Normally open in a series circuit.

b. Normally closed in a series circuit.
c. Normally open in a parallel circuit.
d. Normally closed in a parallel circuit.

A trouble condition is usually annunciated using a:
Flashing light.
Red or pink light.

a.
b.

c. Blue or green light.

d. Yellow or amber light.
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Q2-12

Q2-13

Q2-14

Q2-15

Q2-16

Q2-17

In a presignal alarm system, when an alarm occurs:

All general alarm signals sound immediately.

No audible signals sound.

Some audible signals sound immediately and general alarm signals may be
activated by an authorized person.

Alarm signals are only transmitted to base alarm headquarters.

A building alarm system power supply does not:

2k i & o

Convert the A.C. line voltage to low voltage A.C.
Rectify low voltage A.C. to produce low voltage D.C.
Charge the system standby battery.

Directly power the building fans.

The following function is almost never controlled by the building fire alarm system:

g EH

Fire door closure.

Shutting down refrigerant compressors.
Fan shutdown.

Release of fire extinguishing agent.

Automatic fire alarm initiating devices do not detect:

=Py

Barometric pressure.
Heat.

Infrared radiation.
Smoke.

Detection of waterflow in a building automatic sprinkler system:

a.
b.
C.
d

.

Mainly provides for building evacuation.

Always causes a sprinkler supervisory signal.

Is intended to summon aid in fighting the fire.
Indicates that at least two sprinklers are operating.

Sprinkler supervisory alarm:

apop

Initiating circuits never use an end-of-line resistor.

Initiating circuits are never normally closed loop circuits.

Indicating devices are entirely different from fire alarm indicating devices.
Systems continuously check the readiness of automatic sprinkler systems.
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Q2-18

Q2-19

Q2-20

Q2-21

Q2-22

Q2-23

Building alarm systems sometimes are connected to a remote signal receiving station

It is desirable to inform trained personnel who are competent to take necessary

The building may not be occupied at the time of the fire.

Provides signaling from municipal type transmitters.

because:
a.
action. o :
b. The occupants of the building may be excited.
Ge
d. All of the above.
A remote station type base alarm system:
a. Is normally a coded system.
b. Requires a pair of wires for each alarm signal.
Ce
d. Does not use annunciation.

Central station type alarm systems:

a.
b.
C.
d.

Are widely used commercially for 24 hour alarm monitoring.
Require a separate pair of wires for each transmitter.

Are noncoded systems.

May have up to 1000 transmitters on a single circuit.

One of the distinctive features of a radio call box system:

a.
b.
C.
d

A

Automatic dialer type base systems:

a.
b.
C.
d.

Is the location of alarm transmitters.

Is the fact that it is a noncoded system.

Is the requirement for complete duplicate receivers.

Is the fact that a building alarm system can be connected to actuate an alarm

transmitter.

multiplex base alarm system:

Is noncoded.

Is similar to a remote station system in the connection of building systems to the

base system.

Uses one circuit or communication channel for many signals. .

Is always a proprietary system.

Require wiring from the building systems that is exclusively for alarm use.
May be the tape recorded message type or the digital coded message type.
Never have a printer at the receiver.

Require a building occupant to
telephone call.

dial the number of the receiving equipment, like a
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Q2-24

Q2-25

Q2-26

Q2-27

Q2-28

Q2-29

The following is not a transmitter that can be used in a base alarm system:

A McCulloh coding mechanism.
A march-time coding mechanism.
A reversal signal relay.

A digital dialer.

s p

In a radio call box system:

The test signal may include a low battery or other trouble signal.

The receiving equipment includes a radio receiver and a signal processor.
A test signal is transmitted automatically each day from each transmitter.
All of the above.

S L e

Multiplex base alarm system receiving installations:

Have annunciation and alpha-numeric displays.

Must have duplicate sets of receivers.

Receive daily test signals from every transmitter.

Only seldom are in contact with the individual building alarm systems.

o g

Remote station receiver installations are usually characterized by:

A complete lack of power supplies.

A cathode ray tube for display of information.
A keyboard for entry of new information.

A receiver module for each transmitter.

% g

The McCulloh tape register may record an alarm signal identified:

By holes punched in a paper tape.

By detailed information on a 1/2" wide tape.
By alpha-numeric symbols on a tape.

All of the above.

g oe

Power for driving a base alarm system transmitter at a protected building is
frequently supplied by:

Line voltage DC.

A rechargeable battery.
Both of the above.
None of the above.

po T
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Q2-30 Generally, the small power supplies for alarm equipment at a protected building are
designed to provide:

At least 10 hours of standby operation with A.C. power off.
At least 2 hours of standby operation with A.C. power off.

At least 15 minutes of standby operation with A.C. power off.
At least 4 hours of standby operation with A.C. power off.

SDEyp

Q2-31 Base alarm systems may provide the following service(s):

Monitoring of fire alarm signals. ~
Monitoring of fire trouble signals.

Monitoring of open or closed condition of sprinkler valves.

All of the above.

2 Ll

Q2-32 The feature in fire alarm systems which warns of potential or actual electrical
problems is known as:

Signal monitoring.
Sprinkler supervision.
Electrical supervision.
Trouble.

apwe

Q2-33 A class "A" supervised circuit has the capability to:

Only cause a "trouble" signal, if a fault occurs.

Cause a false alarm, if a fault occurs.

Cause a trouble signal and continue operating, if a fault occurs.
None of the above.

ad il o

Q2-34 A class "B" alarm initiating circuit has:

a. A continuous small supervisory current which is too low to energize the trouble or
alarm relays.
b. No end-of-line device.
c. A continuous small supervisory current which is adequate to energize the trouble
relay but not the alarm relay. =
d. None of the above.

Q2-35 Most approved initiating devices:

Have normally closed contacts which open on alarm.

Have normally open contacts which cause a short circuit on alarm.

Have double sets of contacts, one pair for trouble and one pair for alarm.
None of the above.

eoPFD
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Q2-36 If an open fault occurs in a supervised circuit, the supervisory current typically:

a. Drops to zero.

b. Increases, causing a false alarm.

c. Remains constant, but the fault causes a trouble signal.
d. None of the above.

Q2-37 A two wire reversal type remote signaling circuit:

a. Has the capability to continue operating with an open fault.
b. Signals an alarm by a reversing voltage but not current.

c. Signals an alarm by the transmitter causing a short circuit.
d. Is usually considered to be Class "B".

Q2-38 A class "A" initiating or indicating circuit is typically:

a. A two wire circuit.
b. A four wire circuit.
c. A circuit in which a few devices are polarized.
d. None of the above.

Q2-39 Class "A" remote signaling circuits:

a. Are most often the reversal signal type.

b. Are usually not used with coded base alarm systems.

c. Often make use of earth ground as an electrical conductor.
d. None of the above.

Q2-40 A series indicating circuit is usually:
a. Associated with A.C. powered indicating devices.
b. Associated with an A.C. powered control unit.

c. Protected from excessive current by a current limiting resistor.
d. All of the above.
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CHAPTER 3 - INSPECTION, TESTING, AND MAINTENANCE OF FIRE ALARM SYSTEMS

3.1 GENERAL MAINTENANCE

General maintenance procedures include peri-
odic testing and troubleshooting, cleaning,
repair, and replacement. Be sure all manufac-
turer's literature is available for each piece of
equipment and component in use, if possible.

When a component or device needs to be
repaired or replaced, check with the manufac-
turer's customer service department for
repair instructions or packing and shipping
instructions.

When contacting the manufacturer, be pre-
pared to give all pertinent information avail-
able regarding equipment model number, serial
number and the part numbers of any needed
replacement parts.

For most efficient maintenance and trouble-
shooting, combine tests with regular inspec-
tions. A summary of test frequencies for
alarm system equipment is included in Table
3-1.

When performing tests which cause sounding
of audible and/or visual signals, schedule the
tests so as not to cause disruption of normal
activities unless the tests are coordinated with
regular drills.

3.2 MAINTENANCE REFERENCE MATE-
RIALS

Because of the variations in equipment from
manufacturer to manufacturer and the numer-
ous types of circuits and devices in use, it is
important to have the following reference
materials available to personnel responsible
for servicing:

Schematic

o Wiring and

Diagrams.

Equipment

Complete, accurate wiring diagrams of
each type of device in use, of each circuit
as installed, and equipment schematic
diagrams.

3-1

o Manufacturer's Data Sheets.

The descriptive information in
manufacturer's data sheets on all
equipment in use and manufacturer's

instructions for any special testing and
maintenance.

o System Revision Information.

extensions or
fire alarm

Information on all
modifications to existing
systems.

o Tags.

Identification of wires removed from
terminals during repair or testing to insure
accurate reconnection. Improperly
connected wires may make a fire alarm
device or circuit ineffective or may
actually damage equipment.

3.3 MAINTENANCE OF COMMON COM-
PONENTS

In general, detectors are returned to the man-
ufacturer as a complete package for repair.
However, control units and annunciators are
large and interconnected with a number of
other system components and there should be
some attempt at local repair before shipping
the total unit to the manufacturer.

Some components are used in many types of
equipment, including fire detectors, control
units and annunciation units. The following
types of components can be replaced, adjusted
or repaired: Relays, Resistors, Capacitors,
Diodes, Transformers, Fuses/Circuit Breakers,
Control Panel Switches, Motors, Lamps/Visual
Indicators, Wiring, Meters.

3.3.1 RELAYS

There is no routine maintenance required for
relays; maintenance should be in response to a
symptom or suspected malfunction.



Visual inspection of all alarm equipment

Operational test of initiating and signaling circuits
for populated buildings

Operational test of initiating and signaling circuits
for unpopulated buildings

Operational test of manual fire stations, coded and noncoded

Operational test of sample spot type heat detectors
(All detectors tested in 5 year period)

Operational test of line type heat detectors
(Simulated test only of nonreusable type)

Operational test of smoke detectors
Operational test of IR flame detectors

Optical integrity test of UV flame detectors
if test feature is built in

Operational test of UV flame detectors
Operational test of waterflow detectors
Operational test of supervisory initiating devices
Operational test of indicating devices
Operational test of base system circuits

Operational test of base system Class A circuits with ground
and open faults

Operational test of base system transmitters
Operational test of major receiving equipment
Operational test of noncoded receiver modules
Operational test of signal recording devices
Operational test of engine driven emergency generators
Check rechargeable battery water level

Check rechargeable cell voltages

DAILY

WEEKLY

x

MONTHLY

X

X

QUARTERLY

ANNUALLY

SEMI-

TABLE 3-1. SUMMARY OF INSPECTION AND TEST FREQUENCIES FOR ALARM

SYSTEMS.
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Relay adjustment is a specialized skill and
requires some special tools and instruments.

The safest relay maintenance is direct
replacement with an identical relay. Keep a
spare relay of each type on hand and return
any relays with known defects to the equip-
ment manufacturer for reconditioning.

Relay contact cleaning requires a contact
burnishing tool. Clean contacts carefully to
avoid removing precious metal plating on the
contact surface. Move the burnishing tool
. against the contact surfaces in the direction
of the normal wiping action of the contacts.

Relay tests may help determine if the relay is
the source of the problem. Measuring coil
resistance with an ohmmeter will tell if there
is a broken wire to the coil or a burned out
coil (no continuity, infinite resistance).
Normal coil resistance varies from about 50
ohms for heavier duty relays to about 20
thousand ohms for very sensitive relays. Some
relays are constructed so the defective coil
can be removed and replaced with a new coil.
The type or catalog number of the relay should
indicate the coil resistance so the proper
replacement can be obtained from the equip-
ment manufacturer.

Replacing a coil usually involves removing the
relay cover, removing one or more screws to
remove the old coil, unsoldering coil connec-
tions, and mechanically removing the coil.
Installing the new coil is the reverse. Re-
adjustment of the relay operating points to the
equipment manufacturer's specifications is
usually necessary because of the mechanical
disassembly and reassembly required and the
possible minor change in coil resistance.

An ohmmeter check for continuity between
the relay frame and either coil terminal, using
a sensitive resistance scale (x 10,000 or
higher), will tell if insulation between the
relay coil and the relay frame has broken
down. A reading of continuity (any reading
other than infinity) indicates an abnormal con-
dition. Reinsulate any spot that shows signs of
arcing between the coil and the frame and
recheck for continuity. The ohmmeter check
does not simulate operating conditions and
should be considered only a partial check. The
ohmmeter may indicate no insulation break-
down when there is a definite breakdown at
the higher voltages reached during alarm sys-
tem operation.
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A continuity check of relay contacts can indi-
cate if contacts transfer when the relay is
alternately energized and deenergized. The
ohmmeter should be connected to the common
terminal of the relay contacts (usually marked
C) and the normally closed terminal (usually
marked NC) with the relay deenergized. The
resistance measured should be very nearly
zero or a fraction of an ohm maximum, on a x
1 resistance scale. Also with the relay de-
energized, the resistance measured between
common and normally open (usually marked
NO) should be infinite.

If the contact resistance also can be measured
with the relay energized (normal coil voltage
applied), the above readings should be
reversed, i.e., common to normally closed
should be infinite and common to normally
open should be zero or a fraction of an ohm,
maximum. If you do not get proper readings,
inspect the contacts for dirt, corrosion, or
other causes of poor contact. Obvious con-
tamination can be removed by inserting a
piece of thin cardboard or heavy paper
between the contacts, pressing the contacts
together, and pulling the cardboard or paper
out. Recheck contact resistance. If the
cleaning was unsuccessful, repeat the process
or send the relay to the equipment manufac-
turer for reconditioning. Contacts may also
be cleaned with a burnishing tool, but this
must be done carefully to avoid removing the
precious metal plating used on some contacts.

Adjusting contact pressure requires a sensitive
contact pressure gauge and special blade bend-
ing tools or smaller wrenches or screwdrivers.
Do not try to adjust contact pressure without
some training. Also, be sure you have the
equipment manufacturer's relay specifications.
Contact pressure should never be less than
about 6 grams, measured with a contact pres-
sure gauge.

Sealed relays cannot be cleaned, adjusted and
repaired, although continuity checks can be
made to see if there is « defect in the relay
that requires returning the relay to the equip-
ment manufacturer for repair.

332 RESISTORS

No periodic maintenance is required for resis-
tors. When a problem arises, a visual inspec-
tion for physical damage may tell if a resistor



is defective. Examples of physical damage are
cracked and discolored resistor bodies, broken
connections to circuit terminals and broken
resistor wires on adjustable wirewound resis-
tors. Cracked resistors and broken connec-
tions can be caused by physical blows. Dis-
coloration along with cracking of a resistor
body may be caused by excessive current
through the resistor and the resulting heat.
Overheating a carbon resistor changes its
resistance value permanently. Depending on
the precision required in the application, it
may be necessary to replace the resistor.

Wirewound resistors are frequently still func-
tional after physical or electrical abuse. How-
ever, adjustable wirewound resistors with a
broken resistance wire in the area where wire
segments are exposed for contact with the
adjustable sliding band will not function
properly. The exposed wires are frequently
broken when attempting to adjust the resist-
ance value without relaxing the contact pres-
sure of the sliding band first. These wires will
not accept conventional solder at normal
soldering temperatures; the resistor should be
replaced.

Adjustable resistors do not operate properly if
the sliding band is not tightened firmly after
final adjustment.

Open construction rheostats and potentio-
meters can oxidize or accumulate dust on
contact surfaces. For positive electrical con-
tact, keep contact areas clean. Clean only if
there is a problem because of poor contact of
the contact arm. Frequently, moving the
contact arm back and forth across the sup-
posed poor contact area restores good electri-
cal contact. If that does not work, apply a
mild solvent, such as alcohol or trichloro-
ethylene, with a clean cloth and move contact
arm back and forth. When cleaning, first note
the original adjustment so that it can later be
reestablished. Disconnect power before clean-
ing to avoid electrical shock or possible burns.

3.3.3 CAPACITORS

Electrolytic capacitors are often used in the
power supply section of low voltage DC con-
trol units and electronic smoke and fire detec-
tors. They have a limited life and their failure
can account for inadequate voltage quality to
electronic fire detectors from the main alarm

system power supply. Other capacitor prob-
lems depend on the type of system. Capaci-
tors are available in a wide range of quality.
Low quality and high temperature are causes
of shortened capacitor life.

Some capacitor tests can be made with an
ohmmeter, a DC voltmeter, or an ammeter in
series with a battery or other DC voltage
source (Figure 3-1). It is only necessary to
disconnect one end of the capacitor from its
circuit to test it.

All the capacitors normally found in an alarm
system can be tested the same way, but the
results are more reliable and easier to inter-
pret with larger values of capacitance. When
testing electrolytic capacitors, be sure that
the test arrangement applies voltage to the
test capacitor with the polarity indicated on
the capacitor; for nonpolarized capacitors,
polarity is not important.

If an ohmmeter, or a resistance scale of a
multimeter is used, the terminal marked "+" or
"positive" on the test meter may actually be
negative on the resistance ranges. Check the
meter output polarity with a second meter,
using a voltmeter range on the second meter.

Once polarity has been determined, the test
consists of connecting the ohmmeter, or com-
bination of DC source with voltmeter or am-
meter across the capacitor terminals while
watching the meter indicating needle deflect.
For a good capacitor, the needle will deflect
and return to its original position. Larger
values of capacitance cause the needle to
return slower.

Open capacitors--those with an internal
broken or loose connection--cause no deflec-
tion of the needle. To distinguish open capaci-
tors from small value capacitors, it may be
necessary to use the x 10,000 ohms resistance
scale (use a low voltage scale, 2.5 volts or a
low current scale, 1 milliampere or less, on
the alternate test arrangement).

Leaky capacitors--those which have a partial
short internally--cause the needle to not
return fully to the original reading. Some
leaky electrolytic capacitors can be "formed",
that is, by applying approximately the capaci-
tor's rated DC voltage in the proper polarity,
the leakage current gradually reduces to an
acceptable value. The diagram of Figure 3-1
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CAPACITOR

i
o
\,SWITCH

AMMETER OR
VOLTMETER

BATTERY

OR D.C.
v

POWER

=il

A. CAPACITOR TEST WITH AMMETER
OR VOLTMETER AND D.C. SOURCE

o+

NOTES:

CAPACITOR

bt
0
\SWITCH

OHMMETER

Y

+ -

B. CAPACITOR TEST WITH OHMMETER
(WITH INTERNAL D.C. SOURCE)

WITH ELECTROLYTIC OR POLARIZED CAPACITORS THE POLARITY OF

THE TEST SET-UP IS IMPORTANT FOR A GOQD TEST (POLARITY IS NOT

IMPORTANT FOR NONPOLARIZED CAPACITORS).

THERE MAY BE NO POLARITY

MARKINGS ON AN OHMMETER AND THE + AND - MARKINGS AT THE TEST WIRE
SOCKETS OF A MULTIMETER MAY REFER ONLY TO VOLTAGE AND CURRENT RANGES.
YOU MUST DETERMINE THE OUTPUT POLARITY OF THE TEST OHMMETER FOR A
GOOD TEST AND MAKE THE CONNECTIONS INDICATED.,

THE SWITCH SHOWN ONLY INDICATES THE NEED FOR A SUDDEN CONNECTION OF
THE CAPACITOR TO THE TEST CIRCUIT WHILE THE TESTER WATCHES THE METER

NEEDLE.

FIGURE 3-1. CAPACITOR CHECKING METHOD.

can be used for forming, using a DC source
approximately equal to the capacitor's rated
voltage and the meter set to a sensitive
current scale. As the capacitor forms and
leakage current reduces, it may be necessary
to switch to a microampere scale to see any
further decrease in leakage current. When
leakage has been reduced to approximately 1
microampere or less, the capacitor is formed
and useable. Replacement capacitors which
have been unpowered for a long time may need
to be formed. In equipment, electrolytic
capacitors form by applying normal equipment
power for a warmup period of about /2 hour.
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3.3.4 DIODES

Diodes are solid state devices used chiefly as
rectifiers, converting alternating current (AC)
to direct current (DC). Diodes are used in
alarm system power supplies and for charging
circuits for batteries. A typical charging
circuit which uses a diode bridge or full wave
bridge is shown in Figure 3-2.

To test or check the diodes in such a circuit,
disconnect the AC powe: and at least one side
of the battery. Disconnect the diodes from
the circuit to check them individually, if



possible. To test, make continuity checks with
an ohmmeter (or a resistance scale of a multi-
meter) or with a DC voltmeter in series with a
DC power source. Good diodes allow current
flow in one direction and not in the other.
Thus a check of individual diodes will show low
resistance in one direction and infinite resist-
ance in the other direction when checked with
an ohmmeter. Use a low resistance scale (x 1,
x 10 or x 100) for checking the low resistance
and a high resistance scale (x 10,000 or x
100,000) for checking the high resistance
direction. In addition to checking a diode's
forward and reverse resistance, compare the
diode with others of its type, using the same
meter and scale settings. Bad diodes can show
infinite resistance in both directions (open
diode) or low resistance in both directions
(shorted diode). Occasionally a diode will
exhibit characteristics which may appear nor-
mal, but which are quite different from others
of its type. Bad diodes and diodes with
nonstandard characteristics should be
replaced.

Diodes in a diode bridge may be packaged so
disassembly is impractical. In this case, in the
circuit of Figure 3-2, disconnect one side of
the transformer secondary winding to elimi-
nate the resistance of the transformer winding
shunting the diode bridge and disconnect one
end of capacitor F. The capacitor may be
leaky or polarized so as to affect readings
since diode checks are made with voltage of
both polarities.

Checking continuity from B to D with B con-
nected to the positive terminal of the test
arrangement shows infinite resistance if all
diodes are good. If some continuity does exist
(measurable resistance less than infinity), it
can be caused by at least two shorted diodes in
the diode bridge, both on the same side (right
or left in the diagram). See the table in
Figure 3-2 for proper resistance readings while
checking resistance between pairs of points in
the diode bridge. In general, low readings
where infinity readings are shown in the table
indicate that there are one or more shorted
diodes in the bridge. High or infinite readings
where low readings are shown in the table
indicates that there are one or more open
diodes in the bridge.

When a diode bridge cannot be disassembled
and one or more diodes are defective, replace
the bridge.

winding of the

B e e e s . =

3.3.5 TRANSFORMERS

The power supply of low voltage fire alarm
control units contains a stepdown transformer
to convert the incoming line voltage to a
lower AC voltage (usually 24 or 12 volts AC).
A typical power supply schematic diagram is
shown in Figure 2-9.

Line voltage control units also frequently con-
tain a stepdown transformer so lower voltage
rated internal components and external sound-
ing devices can be used.

Visual inspection for discoloration of insula-
tion caused by overloading and consequent
overheating of the transformer is the only
routine maintenance appropriate for the trans-
former. When operated within their rated
power range, transformers should be cool
enough to allow you to rest your hand on the
transformer. If the transformer is too hot or
there are other signs of equipment malfunc-
tion, check for voltage, current, short circuits
and foreign grounds on the circuit wiring and
for short circuits or defective components in
the control unit. Look at the control unit
manufacturer's schematic diagrams and
servicing instructions to do this properly.

The transformer may have no AC output volt-
age with normal input voltage applied and stay
cool. This normally means the transformer
has already been burned out. Make voltage
measurements at the transformer terminals
with no intervening fuses or other components
which, if defective, could affect the meter
readings. Discolored transformer insulation,
burned out fuses, short circuits, and/or other
defective components in the control unit are
signs that the transformer is burned out.

A frequent result of a transformer burning out
is an open primary winding of the transformer.
During a heavy current demand, the primary
transformer increases in
temperature, causing the wire to melt and
separate, stopping the flow of current and
opening the primary circuit.

Wire can also melt in the secondary winding,
but in a stepdown transformer, the secondary
winding is made of heavier gauge wire which is
usually better able to dissipate the excess
heat. Normal ohmmeter readings for a step-
down transformer might be several hundred
ohms for the primary (high voltage) winding
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and a few tens of ohms for the secondary (low
voltage) winding. There should be no con-
tinuity (infinite resistance) between either
primary terminal and either secondary
terminal.

After the transformer is removed from the
circuit, it can be checked with an ohmmeter.
A burned out or short circuited transformer
should be replaced. Contact the manufacturer
of the control unit for the replacement trans-
former so that the mounting and connecting
provisions, and voltage and wattage ratings
will be proper.

3.3.6 FUSES/CIRCUIT BREAKERS

If an alarm system is properly designed and
installed, fuses and circuit breakers require no
routine maintenance. When abnormal condi-
tions cause a loss in power to equipment, or
when there are problems that involve the
power source, check the fuses, fuse holders
and/or circuit breakers, and their termination
points.

Power problems are indicated when pilot lights
are out and audible devices do not sound
during tests. First check the continuity of
fuses and the tripped/untripped indicator on
circuit breakers. Whether status is visually
indicated or not, circuit breakers can be reset
by operating them to the off position and back
on. Keep a supply of spare fuses of each
current rating and type on hand.

3.3.6.1 FUSES

Use a table for cross referencing to other
manufacturer's equivalent types for fuse
replacement if the exact manufacturer's type
cannot be matched. Repeated blowing of
fuses indicates a problem exists which should
be cotrected. ‘DO-NOT REPLACE A FUSE
WITH A HIGHER CURRENT RATING FUSE,
EVEN AS A TEMPORARY MEASURE.
Damage to other components, excessive
heating and, possibly, fire can result.

Fuse bodies may be glass, fiber or ceramic.
The fuse element melts when overloaded with
excessive current. The fuse element can be
checked visually with glass fuses, but fuses
that have a nontransparent body must be
checked for continuity with an ohmmeter or
by putting in a replacement fuse. For fuses

“higher current.

showing no continuity (having infinite resist-
ance), replace them with fuses with the same
physical dimensions, current rating, and speed
of burn-out. Slow-blow fuses can be used
when a few seconds of high current, perhaps
double the normal current or greater, will not
damage the protected equipment. Normal
speed fuses burn out in an hour or less with a
current overload of 35%. Depending on the
exact type, fast-acting fuses burn out in one
second or a fraction of a second with slight
current overloads. Fast-acting fuses are used
to protect solid state equipment which cannot
tolerate even short duration excessive current
without damage to components.

To check tubular fuses mounted in spring clips,
use a proper size fuse puller to remove and
reinsert the fuse. Other tools (such as a
screwdriver) can cause electrical shock, injury
or electrical and physical damage to the
equipment.

With the fuse puller, check the spring clip
tension by pulling straight out on the fuse near
each end to see if the fuse is held firmly by its
holder. A loose fitting fuse holder can result
in heating of the fuse due to current passing
through the resistance created by the poor
connection. The added heating can cause the
fuse to blow at a lower current than its rating.
If the spring clip is not holding the fuse firmly,
turn off power at the main disconnect, remove
the fuse, and bend the fuse holder sides inward
slightly with pliers until the clip holds the fuse
firmly.

3.3.6.2 CIRCUIT BREAKERS

Most circuit breakers are enclosed modular
assemblies and spare parts are generally dif-
ficult to obtain. It is usually simpler to
replace the circuit breaker as a unit if it is
defective.

A defective circuit breaker usually fails in the
safe direction. It opens the power circuit at a
lower current than its rating rather than a
If a circuit breaker requires
frequent resetting and no circuit fault can be
found to account for the problem, measure the
current flow through the circuit breaker under
the conditions which cause the circuit breaker
to actuate. If this current is well below the
rating of the circuit breaker, the circuit
breaker is defective and should be replaced.
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Good wiring connections at terminals for fuse
holders and circuit breakers are especially

important. These connections carry larger
currents than other termination points and
poor connections here can result in discharged
or damaged batteries and intermittent opera-
tion of the equipment. Screw type connec-
tions should be snug, but not so tight as to cut
into the wire to the point of weakening the
wire. Be careful when disconnecting and
reconnecting wires. Do not cut into the
conductor when stripping off insulation,
especially with the smaller wire sizes. If
terminal screws have been overtightened and
cut into a conductor, cut off the damaged end
and carefully strip the insulation from the new
end with wire strippers adjusted to the wire
size being used. Form the new end to fit the
terminal screw with a pair of long-nosed
pliers.

3.3.7 CONTROL PANEL SWITCHES
Control panel switches are permanent assem-
blies, not intended to be repaired or main-
tained. During routine testing, they all should
be operated to wipe off contact oxidation and
test for proper function. Make arrangements
with building personnel and the fire depart-
ment, if necessary, before operating the bell
test, drill, and fire department disconnect
switches.

If a switch does not function properly, replace
‘it with an equivalent switch. Take special
care when replacing low voltage, low current
DC switches to be sure that the replacement
switch is rated for dry circuit application.

3.3.8 MOTORS

Motors are used in alarm equipment to drive
coding devices, paper tape recorder mecha-
nisms, some types of audible appliances, and
as timing devices in the time/date stamp on
paper tape alarm recorders.

For all motor replacement, check any gears or
geartrain driven by the motor for binding,
excessive wear, and proper lubrication. In
timing applications, clean and reoil gears with
watch oil whenever they are accessible for
service.

o Remove the brushes.

3.3.8.1 SPRING MOTORS

Many older coding devices are the spring-
wound escapement type which have their
tripping adjustments factory set. They should
not require readjustment. These devices
should be sparingly lubricated with watch oil
about every five years. Clean any rust spots
and oil the blue steel clock spring with watch
oil at the same time.

Be careful when working on clock springs to
avoid personal injury. Run the mechanism
until the spring is run down, check any speed
governor weights for firm mounting, and
tighten set screws for any loose weights.
Check mechanism function and restore it to
its normal position before final winding of the
spring.

In case of mechanical damage to an escape-
ment mechanism, return the mechanism, care-
fully packaged, to the manufacturer for repair
and adjustment.

3.3.8.2 DC MOTORS

More recently manufactured coding devices
and paper tape recorders are frequently driven
with small permanent magnet DC motors. If
the motor does not operate or its speed is
erratic and measurement with a voltmeter at
the motor terminals indicates that stable volt-
age is being supplied to the motor, usually the
motor brushes must be replaced.

The following describes brush replacement for
one motor type frequently used in alarm
equipment.

o Obtain the necessary tools for brush
replacement--a pair of nonmagnetic
tweezers (stainless steel, brass, etc.) and a
jewelers screwdriver.

o Remove the plastic or thin sheet metal
cover which protects the brush holder and
commutator assembly by unscrewing the
small cover screws. The cover may also be
stuck in place with varnish or other
sealant. Use the screwdriver to break the
cover loose from the motor housing.

They are about the
size of a short piece of pencil lead. Handle



them with tweezers. The two brush
holders are dielectric tubes, slotted at the
outer end to allow the (straight spring
wire) contact springs to hold the brushes in
place. Lift the springs gently, only enough
to move them out of their slots, and shake
the old brushes out of the holder onto a
piece of paper on a flat surface.

o Check sizes of new brushes. Compare the
length of an old brush with the length of a
new brush. If the old brushes caused the
motor malfunction, they should be worn
down 1/32 inch or more, compared to the
new brush length.

o Put in the new brushes. Blow the dust out
of the brush holders and drop the new
brushes in.

o Reposition the contact springs in the brush
holder slots.

o Test motor operation. If the motor does
not operate with normal voltage applied,
lift the contact springs slightly and allow
them to snap back. This will drive the
brushes into position in case something
prevented free movement of the brushes
into contact with the commutator. This
should cause the motor to operate.

o Replace the cover. Return the cover to its
original position, taking care not to pinch

any wires. Insert the cover screws and
tighten  them with  the jewelers
screwdriver. Do not overtighten the
screws.

If a DC motor must be replaced, first mark
the terminal polarity, before disconnecting
wires, to be sure the new motor is installed
right.

3.3.8.3 AC/DC HIGH SPEED MOTORS

Small universal AC/DC high speed motors,
which have brushes and commutators, are fre-
quently used to power sirens and vibrating
horns. If one siren or horn fails while others in
the same circuit work, the motor brushes and
commutator probably require service. The
brushes must be replaced and the commutator
may have to be turned down on a lathe to
eliminate low points caused by arcing.

3.3.8.4 SYNCHRONOUS AC MOTORS

Synchronous AC motors, frequently used in the
time/date stamp of paper tape recorders have
no brushes or commutators. Bearings are
generally lubricated for the life of the motor.
If the motor fails, it must be replaced.
Replacement involves removing 2 to 4 mount-
ing screws and unsoldering, or otherwise dis-
connecting, the two motor power wires.
Actual removal of the old motor may require
some disassembly of nearby equipment compo-
nents to clear the opening for taking the
motor out.

3.3.9 LAMPS/VISUAL INDICATORS

Fire alarm system lamps and visual indicators
are either incandescent, tungsten filament
lamps or light emitting diodes (LED's). Fila-
ment lamps have been used for many years;
LED's have only been used for alarm equip-
ment since the early 1970's. In some cases,
neon lamps may also be used.

3.3.9.1 FILAMENT LAMPS AND LED'S

The lamps and LED's used in alarm equipment
are usually rated for a higher voltage or
current than supplied. The light output is less
than the rated value, but the life of the lamp
or LED is greatly extended. In general,
replacement of LED's is required less often
than replacement of lamps.

Equipment with several lamps or LED's usually
has a lamp test feature. By pressing a
momentary switch, all the good lamps light;
bad lamps can be detected. If there is no lamp
test feature or to confirm the lamp test
results, both incandescent lamps and LED's
can be checked with an ohmmeter.

Remove the colored plastic or glass lens if
there is one. Some glass and most plastic
lenses are removed by pulling straight out with
the fingers. Some glass lenses are removed by
unscrewing them in a counterclockwise direc-
tion. Otherwise, check the manufacturer's
instructions to avoid lens damage. To remove
lamps, use a lamp removal tool available from
the lamp supplier or one made by cutting off a
1 to 2 inch piece of electrical insulating tubing
("spaghetti") of the proper inside diameter to
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fit snugly over the lamp. Most smaller lamps
pull straight out. Do not remove lamps with a
pair of long-nosed pliers or you will cause a
shattered glass envelope or a marred plastic
lens for an LED.

Make ohmmeter checks of incandescent lamps
on the x 1 or x 10 resistance scale. The
measurement between the two lamp terminals
or between the single terminal and the base
should be a few hundred ohms or less. If the
lamp filament is burned out, the resistance
reading will be infinite.

An ohmmeter check of an LED will show
infinite resistance in one direction and a few
tens or a few hundreds of ohms in the other
direction, depending on the meter scale used.
(The x 10 or x 100 scales are probably best for
this check.)

3.3.9.2 NEON LAMPS

Neon lamps, sometimes used as AC power
pilot lamps, cannot be checked at the low
voltages produced by an ohmmeter. If a neon
lamp does not glow, measure with a voltmeter
at its terminals to see if the lamp is receiving
voltage (usually 120 volts AC). If it is, replace
the lamp. Frequently, neon lamps have a
bayonet type base which requires that you
press in on the lamp, rotate it counterclock-
wise about one quarter of a turn, and pull out
to remove the lamp. The lens that covers a
neon lamp may be a permanent part of a lamp
and socket assembly. ‘If it is not, unscrew the
cover counterclockwise to remove.

3.3.9.3 TOTAL ASSEMBLY LAMPS

Some pilot lamp assemblies must be entirely
replaced if the lamp fails. These lamps may
have a self-locking feature, so that when the
assembly is installed, it is only necessary to
press it into a snug fitting hole in a metal
panel. When in position, the base snaps into
place. To remove, go to the back of the lamp
and compress the locking tabs with long-nosed
pliers and push the total assembly out from
the back of the panel.

Some total assembly lamps are held in place
by a sheet metal spring clip, called a
"Tinnerman nut". During installation, the
lamp assembly is inserted through a hole in the
panel and the spring clip is pushed onto the
lamp assembly from the back of the panel

until the lamp is held firmly in place.
Removal is very difficult and may destroy the
spring clip. If there is adequate free access to
the back of the panel, it may be possible to
pry first one side and then the other side of
the spring clip away from the back of the
panel with a thin screwdriver until the lamp
can be removed from the panel. For final
removal, the wires must be disconnected. If
the spring clip has been destroyed when
removing the old lamp, replace it with a new
one. In catalogs, the spring clip would prob-
ably be categorized as hardware and listed as
a "Tinnerman nut." To be sure you have the
proper size, measure the diameter of the lamp
base at the point just behind the panel.

3.3.9.4 LAMP SOCKETS

If there is a panel light problem and the lamp
is good, the problem may be in the lamp
socket, especially if there is a rechargeable
battery and a charging circuit in the same
cabinet as the lamp. The battery charging
fumes may cause some corrosion or oxidation
to form on the contact surfaces in the lamp
socket. If the battery is the lead/acid type,
wipe out the inside of the socket with the end
of a paper towel slightly moistened with a
mild solution made of a teaspoonful of baking
soda in a cup of warm tap water. If the
battery is nickel/cadmium, use a mild solution
made of a teaspoonful of vinegar in a cup of
tap water.

A lamp should fit snugly into its base or
socket. If a lamp is loose, check for distorted
metal parts inside the lamp socket. Discon-
nect AC and DC power to the panel before
touching sockets. Restore metal parts in a
socket to their original condition with
tweezers or small long-nosed pliers. If neces-
sary, compare the defective socket with a
known good socket.

3.3.10 VWIRING

If original installation was made properly,
little maintenance should be required for the
wiring between fire alarm control units and
the various devices connected to them.

During installation, excess tension used in
pulling cables in conduit can cause cuts in the
outer jacket of the cable and actual breaks in
individual conductors. Cuts in the cable
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jacket may allow moisture into the cable and
cause a partial short circuit between conduc-
tors if their insulation is also damaged. Such
wiring faults cause more serious operating
problems on higher voltage systems. It is
sometimes necessary to replace a whole sec-
tion of cable, rather than spend time trying to
locate a fault.

After initial installation, the most frequent
wiring problems occur at the wire termina-
tions in the control units, at the initiating
devices, and at the indicating devices. These
are the points where wires are most frequently
disconnected for tests or replacing defective
equipment and the wires are damaged in
reconnecting to the terminals.

Screw terminal connections should be snug,
but not so tight that they cut into the wire.
Sometimes it is best to cut off a damaged end
and carefully strip the insulation from the new
end, with wire strippers of the proper size or
adjustment for the wire size being used. If a
solid conductor is cut into by the strippers,
even slightly, a future break may occur.
Future breaks can also occur due to vibration
or flexing of the wire at a weakened point.

When replacing a section of wire or cable, the
old wire or cable can be used as a "puller."
Mechanically connect the old section to the
new as firmly and neatly as possible and tape
the connection for smoothness so that, when
pulling the old section out and the new section
into the conduit, the lump formed by the
connection will not get caught in the conduit.
Be sure loops or tangles do not form as the
new section is pulled into the conduit.

3.3.11 METERS

Meters often are used to indicate supply volt-
age and charging current for rechargeable
batteries. In general, they are not high preci-
sion meters, so they are only serviced for
obvious malfunction such as sticking at a con-
stant reading.

To check meters, use a reasonably accurate
separate test meter with a scale similar to
that of the meter being checked. The test
meter is called the 'standard meter" in the
remainder of this section.

ettt i i o Y

Before connecting the standard meter, be sure
the scale is adequate for the voltage or
current to be used in the test. If a multimeter
is used as the standard meter, check the AC or
DC and current or voltage scale selections.
An example of judging the adequacy of a scale
for the purpose follows: To check a DC
voltmeter with a 0 to 30 volt scale being used
to read a normal voltage of 24 to 25 volts, if
you use a multimeter with 10 volt and 50 volt
DC scales as the standard meter, the 50 volt
DC scale is adequate; the 10 volt scale is not.
Both the standard meter and the tested meter
are subjected to the normal 24 to 25 volts,
which is off scale for a 10 volt scale, allowing
no direct comparison.

To check the voltage, connect the standard
meter to the same terminals as the meter
being checked. It should not be necessary to
disconnect any existing wires. The normal
voltage should appear on both meter scales.

Turn off the AC power to the power supply. If
there are no standby batteries, both meter
readings should drop to zero. If there are
standby batteries, the meter readings should
drop only slightly initially and continue to drop
very slowly as the batteries discharge. There
should be a fuse in one of the main battery
output conductors. Removing the fuse should
cause the meters to drop to zero.

The characteristics to be observed during
checking are:

o Obstruction of Meter Deflection.

The meter should read smoothly. There
should be no hanging-up, even
momentarily, at a reading different from
the standard meter reading.

o Accuracy.

Check the approximate accuracy of the
meter being checked, in comparison to the
standard meter, at the zero and normal
readings at least.

If the 0 volt readings do not match, both 0
volt readings should be adjusted to exactly
zero, while tapping the meter face to
remove friction effects. Usually a small
adjuster for zero adjustment, which can be



operated with a small screwdriver, is
located at the pivot point for the meter
needle. Make this adjustment before
comparing higher scale readings. At a
reading near full scale for the tested
meter, its reading should be within + 10%
of the standard meter reading. For
example, at a standard meter reading of 25
volts, the tested meter should read in the
range 22.5 to 27.5 volts.

o Friction.

Look for excessive friction in the meter
being checked. If, for instance, when the
voltage on the standard meter drops to
zero, the voltage indication on the meter
being checked drops only to 5 or 10 volts,
and then drops to zero when the meter
face is tapped, it indicates excessive
friction in the meter pivots. Look for
changes in a meter reading when tapping
the meter with a finger.

To make the meters deflect for a friction
test, disconnect AC power. Remove and
replace a battery fuse to cause the meters
to drop to zero and the return to their
normal reading. Be sure to restore AC
power and the fuse at the end of the test.

If a meter has one or more defects, return it
to the equipment manufacturer for repair or
replacement.

If there is only one meter on a battery charger
panel, it is usually an ammeter used to indi-
cate charge or discharge rate of the standby
battery. An ammeter on a power supply panel
indicates current being drawn from the power
supply. Ammeters for battery chargers are
frequently zero-centered meters which deflect
in both the plus and minus directions, indi-
cating whether the battery is discharging or
being charged and how great that current is.

Check the same characteristics for ammeters
as for voltmeters, but the method of con-
necting the standard meter to the circuit is
different. For comparison of readings, the
same current must flow through the standard
ammeter and the ammeter being checked
(Figure 3-3). Break the existing ammeter
circuit and insert the standard meter in series,
observing polarity, after first making sure that
the scale of the standard ammeter is ade-
quate.

The standard ammeter may be inserted into
the circuit by connecting its two terminals to
the fuse terminals and then disconnecting the
fuse from the circuit. Keep in mind that the
meter and meter fuse, if any, are now the only
overcurrent protection for the duration of the
test.

Compare the two ammeters for negative
deflection by disconnecting AC power while
the standby battery powers the alarm system.
Reverse the standard meter connections for an
accuracy check of negative deflections, if the
standard meter is not also zero-centered. If
the battery partial discharge is continued for
an hour or two, restoration of AC power will
cause a positive deflection of the two
ammeter needles to allow a comparison for
that part of the meter scales.

3.4 TYPICAL MAINTENANCE CHARAC-
TERISTICS OF CERTAIN EQUIP-
MENT

Equipment maintenance includes some main-
tenance of components plus maintenance of
the equipment as a complete assembly.

3.4.1 BUILDING ALARM SYSTEMS

Building alarm systems require maintenance
for the control and auxiliary units, alarm sig-
nal initiating devices and alarm indicating
devices.

3.4.1.1 LINE VOLTAGE CONTROL UNIT

Line voltage control units are probably the
least complex of the control unit types and
probably the most dangerous for the mainte-
nance person because of the electrical shock
hazard. Even if the operating voltage is only
120 VAC for the fire alarm function, the
separate power circuit usually provided for the
trouble function may be from a different
phase of the AC source, resulting in voltage
between the two power circuits of more than
200 VAC. The peak AC voltage, which is also
a measure of the shock hazard, would be
approximately 300 volts--enough to cause
injury or death if the terminals are touched by
hand or with uninsulated tools.

The line voltage control unit typically contains
most of the common components such as
relays, resistors, diodes, transformers, fuses,
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switches, lamps and wiring. See Section 3.3
for maintenance information for specific com-
ponents.

Testing of the complete panel should be per-
formed according to the manufacturer's
instructions.

CURRENT CUTOFF/TIMER. (For audible
signal devices.) Many line voltage powered
control units have a current limiting resistor
and a current cutoff device in the control unit,
connected in series with the audible signal
devices. The total resistance of the current
limiting resistor and the current cutoff device
is used to adjust the audible signal circuit out-
put voltage, under load, for the number of
audible signal devices actually used.

The cutoff device has two functions: (1) When
the audible signal devices sound, the resist-
ance portion of the cutoff device produces
heat which, in turn, heats a bimetalic thermo-
static element. The bimetalic strip bends as
its tempetature rises, and eventually it

POWER CONNECTED,

METERS SHOULD
DEFLECTION SLIGHTLY TO

AMMETER CHECKING METHOD.

mechanically unlatches an electrical contact
connected in series with the audible signaling
circuit. The audible signals stop sounding.
The cutoff acts as a timer. (2) When one or
more audible signal devices are removed from
service and the series circuit is restored with-
out resistance adjustment to compensate for
the reduced number, the current through the
cutoff device and the total circuit is exces-
sive. (A short circuit somewhere in the
audible signal circuit could also cause exces-
sive current.) Heating the bimetalic strip
occurs at a fast rate and the circuit opens in a
short time, depending on the magnitude of the
current. The higher the current, the faster
the current cutoff occurs. The cutoff device
acts as a circuit breaker.

A periodic test of the audible signaling circuit
checks the audible signal devices and the con-
trol unit contacts and cutoff device. For test
purposes, the audible devices should be oper-
ated until automatic cutoff occurs, if the
control unit contains a cutoff. During the
audible device operation, watch the cutoff
device for arcing at the contacts and for
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proper operation. If cutoff does not occur
within two to fifteen minutes, the test shouid
be discontinued and the cause investigated.

Occasional visual inspection of the resistor
and contacts and contact cleaning is desirable.
The visual inspection should include: (1) look-
ing for physical damage to the resistor body
and connecting wires due to excessive heat;
and (2) looking for deterioration of the con-
tacts because of humid or corrosive atmo-
sphere, excessive current, or improper contact
pressure. Heavy current with low contact
pressure can cause arcing and excessive con-
tact heating.

The part of the cutoff device most vulnerable
to permanent damage is the resistor. If the
resistor body is cracked or broken, if lead
wires are broken very close to the resistor
body, or if the resistor shows no continuity
(has infinite resistance) when checked with an
ohmmeter, the resistor must be replaced. If
the cutoff device cannot be disassembled, the
whole device must be replaced.

The final measure of acceptability of a com-
ponent is its proper function. Resistor body
deformation or heating until it glows is
acceptable if normal function is retained.

3.4.1.2 LOW VOLTAGE CONTROL UNIT

The low voltage control unit typically contains
a rechargeable battery and battery charger,
possibly housed in a separate cabinet. In some
cases the battery is replaced by a low voltage
power supply only.

The operating circuits are 6 to 48 volts, DC
powered, with most being 12 to 24 volts DC.
Recently manufactured control units, suitable
for medium to large buildings, are almost all
24 volts DC powered.

The common components in low voltage con-
trol units, which may require occasional
replacement or maintenance, are relays, resis-
tors, capacitors, diodes, transformers, fuses,
switches, lamps or LED's, meters and wiring.
In addition, a modular control unit will have
replaceable modules. The modules plug into
the main control unit assembly. The modules
vary in construction but usually contain solid
state devices mounted on one or more printed
circuit boards. Sometimes the modules are
sealed, but more often they can be disassem-

bled for repair. Each module may represent
one zone or a group of zones or it may
perform a nonzoned function such as one of
the following:

o Providing a time delay (such as shutting off
bells after 15 minutes)

o Providing output contacts for a remote
auxiliary function (such as fan shutdown)

o Power transfer (from commercial power to
standby power and back)

o Sounding a local trouble buzzer
o Control of audible signal devices

o Providing a reverse polarity alarm output
(for remote station connection)

Use the manufacturer's diagrams and servicing
information to narrow down any problems to a
small area. If a problem can be isolated to
one of these modules or if a problem appears
to be related to a zone module, the most
immediate repair is to replace the module. If
the module is not sealed, inspect it for a
condition such as an overheated resistor or
transistor, a poorly soldered connection, a
bent connector pin, or a malfunctioning relay.
Repair or replace the parts, resolder the con-
nection or straighten the connector pin. For
other conditions, more difficult to analyze,
replace the module. (Keep spares on hand.)

Any soldering that is performed, especially in
replacement of solid state devices on printed
circuit boards, must be performed with care
and in accordance with good commercial
soldering practice.

3.4.1.3 CODED CONTROL UNITS

Coded control units for building alarm systems
code the audible alarms using a spring motor
or electric motor driven code wheel to open
and close switch contacts in the audible signal
circuit. The distinctive pattern of sounds
produced identifies the type of alarm or the
type or location of the initiating device
causing the alarm.

If the code identifies a location (zone), the
actuated initiating device causes the alarm
relay for the zone to operate. The contacts of
the alarm relay close, activating the coding
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motor for the zone.

The coding contacts
actuated by the coding motor and wheel cause
the coded alarm.

A coded control unit has one or more coding
devices and one or more relays in addition to
the components of a noncoded control unit.

To test coding mechanisms, simulate an alarm
in each coded zone some time when normal
activities in the building would not be dis-
trupted. Alert the fire department to the
testing. Listen to the audible signal for each
zone to be sure that each coded signal is a
clearly readable pattern. Also check that the
coded signal is properly identified in the fire
department records.

For coding contact problems, see the contact
maintenance part for relays, Section 3.3.1.

For coding devices sealed in a modular assem-
bly, a malfunction requires module replace-
ment.

To replace a modular coding mechanism, or
"coder", unplug the module and plug in the
replacement. If it is an open construction
type coding mechanism, it may involve discon-
necting (and tagging for future reference) 4 or
more wires and removing 3 or 4 mounting
screws before the mechanism can be lifted
out. Carefully pack the removed mechanism
and return it to the manufacturer for repair.

To install the replacement mechanism, reverse
the steps used to remove it. Reconnect wires
to the correct terminals.

If coding problems are traced directly to the
coding wheel, they may be corrected if the
mechanism is not sealed. The code wheel on
many unsealed, selective coded or master
coded devices is made from a standard code
wheel by cutting out teeth on the perimeter of
the wheel. The remaining teeth determine the
signal pattern. If audible signals occur which
do not fit the desired pattern, it could be
caused by incomplete removal of teeth from
the code wheel. If necessary, smooth down
the areas where teeth were removed using a
small file to eliminate any undesired audible
signals.

Irregular sounding of audible signals in a
marchtime coded system could be caused by
irregular motor drive or by improper adjust-
ment of the coding contacts.

There are various types of code wheels and
methods of causing coded signals. For mainte-
nance of other types of coders and for coding
contact adjustment procedures, refer to the
manufacturer's instructions.

3.4.1.4 ANNUNCIATORS

Components of annunciators that may require
maintenance are lamps or other visual indica-
tors (LED's), relays, switches, wiring, diodes
and resistors.

Test the annunciator when the fire alarm
initiating devices are tested so alarm location
identifiers can be checked.

Some annunciators "lock in" the alarm indica-
tion. The indicator remains lighted after the
initiating device and fire alarm control panel
have been restored to the no-alarm condition.
For those types, confirm that the individual
zone indicators stay lighted after the
ipitiating device is restored and that the reset
switch at the annunciator panel, usually a
momentary switch, turns off the zone indica-
tor lamps. If there is an audible device at the
annunciator, be sure it operates with the
alarm and that it is turned off by the silencing
switch and the reset switch. The annunciator
of Figure 2-2 is a remote annunciator, for use
outside of a building, which uses incandescent
lamps.

3.4.1.5 RECORDERS

Recorders are usually found in a base alarm
system, rather than in a building alarm sys-
tem. However, a large building fire alarm
system may have a recorder to provide a
permanent record of each change of status for
all the devices in the system.

PAPER TAPE RECORDER (REGISTER). This
equipment (Figure 2-3) usually contains the
following common components: resistors,
capacitors, diodes, ~itches, motors, lamps
and wiring. The paper -~e recorder normally
also contains transistors a.. solenoids and may
contain integrated circuits and either printed
circuit boards or circuit boards with standoff
terminals or eyelets.

The older units may use transistor/capacitor
or relay/capacitor timing circuits to control
paper tape movement after the last pulse of a
signal and allow convenient reading of the

- signal; newer units may use an integrated
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circuit (IC) for this. Older units may use
terminal-to-terminal mounting of components
using standoffs or eyelet terminals; newer
units generally contain printed circuit (PC)
boards for component mounting. The older
units frequently use a heavy, high current DC
motor and worm gear drive to feed the tape
through the recorder; the newer units general-
ly use a lightweight low current DC motor
with more efficient pinion gears for speed
reduction. The oldest units have a spring
wound drive motor.

If some problem in recorder operation occurs,
such as a failure of the paper tape transport
mechanism or a failure to properly record
coded pulses, disassemble the recorder to
inspect circuit boards, mechanical assemblies,
and other components.

Disconnect all electrical cords from the
recorder and remove the roll of paper tape.
Remove the cover by removing one to four
screws, depending on the particular manufac-
turer.

Obvious defects to be looked for during an
inspection are: excessively worn gearing, dis-
colored insulation on solenoids and relay coils
from overheating, cracked and discolored
diodes and resistors, and discolored areas on
circuit boards indicating overheating of com-
ponents in the area. If there is a defect in one
of the common components, test and repair
following the instructions in Section 3.3.
Solenoid malfunction is indicated by distor-
tions in the code pulses on the paper tape or a
failure to produce the coded pulses. If sound
can be heard or some mechanical vibration can
be felt during reception of a coded signal, it is
usually a mechanical defect causing the mal-
function. Solenoids can be treated as relays
except that they have no contacts, their coil
resistance is lower and, since they accomplish
some mechanical action, friction can cause
sticking problems. Solenoid coil resistance
will usually vary in the range of a few ohms to
less than 50 ohms.

Inspection should include looking for signs of
solenoid shaft wear and missing parts such as
retaining rings. Solenoid action is character-
ized by abrupt motion and stopping, so forces
are high and can cause wear, breakage, and
distortion of mechanical parts. Generally,
when there are mechanical defects, cleaning,
light lubrication, and readjusting or replacing
distorted or broken parts are recommended.

If the recorder fails to operate, look for an
interruption of power, such as a blown fuse, an
open circuit breaker, or a broken wire in a
connecting cable to the recorder. The usual
means of electrically connecting the recorder
to the other signal receiving equipment is a
coiled, stretch cord with connectors at both
ends. Check this cord and its connectors for
broken connections with an onmmeter without
disassembling the recorder. Use the x 1
resistance scale, and check to see that all
functional connector pins show continuity to
the corresponding connector pin at the other
end of the cord.

If the cord continuity is good, check for volt-
age at the paper tape drive motor terminals
under signal receiving conditions. If there is
voltage, but the motor does not run, replace
the motor. If no voltage reaches the motor
under signal receiving conditions, there is
probably a defective component in the circuit
which controls the drive motor operation.

If there is a relay in the recorder control
circuit assembly that controls the running
time of the drive motor, motor running prob-
lems might be eliminated by cleaning and/or
burnishing the relay contacts.

Sometimes paper tape drive fails to move the
paper tape far enough after a signal is
received for the signal to be completely seen.
The amount of running time usually can be
adjusted using a variable resistor which is
accessible only when the recorder is partially
disassembled. Adjust running time with the
recorder connected to the equipment for sig-
nal receipt, the paper tape installed, and the .
recorder cover removed to allow access to the
adjustable resistor. The recorder should start
running when the first pulse of a simulated or
actual signal is received and continue until the
last pulse received is within view. If the
running time cannot be adjusted to satisfy this
requirement, there is probably a defective
capacitor in the timing circuit or a bad con-
nection to the capacitor. If the timing circuit
contains an integrated circuit timer, a defec-
tive integrated circuit can be the cause of the
timing problem.

If the paper tape drive runs too long after a
signal is received, the problem may be caused
by residual magnetism in the timing relay, if
present. Adjusting the relay to increase the
necessary holding force to keep the contacts
in the energized state can sometimes cure this
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problem, if such adjustment does not adversely
affect operation otherwise. Demagnetization
of the relay is another possible solution, if
demagnetizing equipment is available.

If the paper tape drive runs too long, and no
timing relay is present, the switching device
(transistor, integrated circuit or other solid
state device) is probably defective and must
be replaced.

Gear wear should affect only the paper tape
drive. If the actual wear is minor, cleaning
and lubrication with a grease recommended by
the manufacturer may be adequate to extend
gear life. Obtain a set of replacement gears
when wear is first noticed.

If a channel of a paper tape recorder fails to
record the incoming pulses (first confirm with
a voltmeter or other means that the signal is
arriving at the recorder), and the solenoid
appears to be normal (coil resistance is normal
and insulation is not discolored), look for
defective components in the solenoid drive
circuitry. Typical defects are a shorted diode
connected directly across the solenoid coil or
a shorted or open switching transistor.

Paper tape recorders accumulate paper dust
which can interfere with mechanical functions
of the recorder. Any time the recorder is
partially or totally disassembled for repair,
blow or wipe away the paper dust.

ALPHA-NUMERIC PRINTERS. Alpha-numeric
printers require specialized equipment for
maintenance. It is usually best to return the
equipment to the manufacturer for repair.

If the printer uses an inked ribbon, replace the
ribbon if it is damaged or worn or when the
printing becomes faint. Carefully follow the
manufacturer's instructions when changing the
ribbon. Check to see that the ribbon reverses
direction when it reaches the end, to avoid
damage to the new ribbon.

For any repairs to alpha-numeric printers that
are beyond the- scope of the manufacturer's
literature, return the printer to the manufac-
turer.

3.4.1.6 REMOTE SIGNAL TRANSMITTERS
Remote signal transmitters that are part of

the equipment installed in a building system
are actuated by electrical signals from the

building alarm system. The remote signaling
contacts are wired into a remote station sig-
naling circuit which terminates at a signal
receiving station, usually located in a base fire
station. Two basic types of remote signaling
transmitters are in widespread use:

REVERSAL SIGNAL TRANSMITTER. The
reversal signal transmitter consists of only a
relay and a power supply for the remote
signaling circuit. The power supply may have
a standby battery. It may also have a current
limiting feature to prevent power supply
damage if the remote signaling circuit (usually
a telephone line pair of conductors) is short
circuited. Without the current limiting fea-
ture, a short circuit can cause a very high
current and damage the transmitter relay con-
tacts, the power supply and/or battery, and
remote signaling circuit wiring.

A frequent symptom of a power supply prob-
lem for a reversal signal transmitter or
remote signaling circuit is failure of the
remote station to receive a full alarm signal.
If the transmitter operates properly, and the
alarm does not, the power supply current
limiting feature may have been adjusted to
limit the current to such a low value that the
alarm receiving equipment is unable to distin-
guish between alarm and trouble. The
receiver modules for each alarm connection
vary in the way they react to current near the
critical, change of indication, values so the
current for each one has to be adjusted.

For instance, suppose that 4 milliamperes of
current is considered to be normal for the
remote signaling line. For an alarm signal, the
current reverses direction and remains at
about 4 milliamperes. It may be that the
particular receiving module requires 4.5 milli-
amperes to cause an alarm signal. The
receiving module indication would change
from normal to trouble instead of changing to
an alarm indication.

To correct the problem, measure the current
under normal and alarm conditions and
increase the current limit setting to allow
about one milliampere more current to flow in
the normal and alarm conditions. If necessary,
the current may be increased to 6 or 8 milli-
amperes.

The retest to confirm proper function should
include operating with the standby battery
connected and AC power turned off to insure
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that the standby battery can supply the normal
and alarm currents. Otherwise, the alarm may
indicate trouble at the receiving module when
there is a power failure at the transmitting
location. If the standby battery is not ade-
quate, replace it with a higher voltage bat-
tery, one that meets the requirements, or
service it. '

Poor adjustment of the reversal relay contacts
and a poor choice of terminals used for
incoming power and outgoing reversal signal
can cause a serious problem. Refer to Figure
2-26 which is a reversal signal transmitting
circuit. If the reversal relay contacts are
wired as shown, the potential problem does not
exist, but if the reversal relay contacts are
reversed, with common terminals connected to
the power supply and the two jumpers con-
nected on the telephone line side instead of
the power supply side, the serious problem can
occur. When the power supply is connected to
the two common terminals, and an alarm con-
dition occurs, a direct short circuit on the
power supply results causing damage to power
supply components or even an electrical fire.
If the short circuited signal line power supply
is the same one that supplies the reversal
relay coil current, the sudden heavy electrical
load may prevent the relay from completing
the alarm signal switching action. It may
remain in the partially transferred, shorting
condition until burning wire insulation starts a
fire.

The short circuit is more likely to occur when
two single pole relays are used instead of a
double pole relay as the reversal signal trans-
mitter. With two single pole relays, the
likelihood of one relay operating before the
other is even greater, increasing the chances
for a malfunction.

To correct the problem, exchange the power
supply terminal pair for the telephone line
terminal pair so that the relay common termi-
nals are connected to the telephone line pair,
as shown in Figure 2-26. The relay contact
adjustment is no longer critical, and the threat
of damage and fire is eliminated.

CODED MCCULLOH FIRE ALARM
TRANSMITTER. These transmitters require
maintenance of the spring driven motors
(escapement mechanisms) and DC electric
motors. Coding contacts also require periodic
maintenance (cleaning) of the sort described
for relay contacts. (See Section 3.3.1.)

The coding contacts may require adjustment
at installation or later, when the code wheel is
changed or if the transmitter is disassembled
for other maintenance (Figure 3-4).

A set of McCulloh coding contacts consists of
several flexible metal blades (usually four)
held together to form a closed circuit and an
open circuit. Two of the contact blades
(usually the middle two blades) are electrically
common but are arranged to flex separately.
The separate flexing action is necessary in
vrder to obtain the separation of circuit
opening and grounding functions required for
proper signaling under normal and circuit fault
conditions. @ The open and ground contact
blades are staggered so that each code wheel
tooth will open the line, close the line and
then ground the line. This ideal adjustment
gives some safety factor to insure that the
coded signal will not be lost under any circuit
single fault condition and even some circuit
double fault conditions. An adjustment of the
contacts which gives some overlap of the
"open" and "ground" conditions will reduce the
amount of safety factor for receipt of a
readable signal under circuit fault conditions,
but a readable signal will still be produced.

The safety factor in the adjustment is perhaps
most important in the case of a long signaling
circuit line. Capacitance due to the long line
can cause considerable lag in operation of
relays in the signal receiving equipment. The
final measure of the quality of the coding
contact adjustment is the receipt of proper
signals by the remote receiving station with
the mode selector switch in "normal" and
"open" positions.

If the best possible coding contact adjustment
does not produce readable signals at the
receiver and the signaling line is long (perhaps
10 miles or more), it may be necessary to use
a double-spaced code wheel to allow for the
capacitance lag in relay operation and obtain a
readable signal (Figure 3-5).

Code wheels are frequently made from

phenolic or nylon. When new, the wheel has
its maximum number of teeth. When coding a
new transmitter or changing the code of an old
transmitter, keep the code wheel hub assem-
bled to the code wheel because the code wheel
is trued to the hub by the manufacturer.
Otherwise, the effective adjustment of the
coding contacts may change during a rotation
of the code wheel. If the code wheel is
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GROUND
LINE FEED ‘gJUSL SCREW

----------

A. BEFORE ADJUSTMENT

C. OPEN BLADE OPERATED

TIGHTEN ASSEMBLY SCREWS AT POINT
A TO INSURE GOOD CONTACT THROUGH
THE ASSEMBLY AND GOOD GROUND CON-
TACT TO THE MOVEMENT,

CHECK GROUND ADJUSTMENT SCREW IN
BRACKET D FOR TIGHTNESS. IT SHOULD
BE MORE THAN FINGER TIGHT. IF NOT,
REMOVE SCREW AND SQUEEZE SLOTTED
BRACKET TO TIGHTEN THREADS. REPLACE
SCREW PART WAY,

CRIMP GROUND CONTACT BLADE E AT POINT
X WITH A SPRING BENDER TOOL TO MAKE
IT PRESS AGAINST GROUND ADJUSTMENT
SCREW, THIS PUTS TENSION ON BLADE TO
HELP IT HOLD FINAL ADJUSTMENT,

CRIMP BLADE G AT POINT Y TO GIVE GOOD
cour?cr Pnegauns AGAINST CONTACT BLADE
H ABOUT GRAMS). IF TOO MUCH
PRESSURE IS USED AT THIS POINT, IT
WILL PUT UNNECESSARY DRAG ON THE MOVE-
MENT AND CUT DOWN THE NUMBER OF ROUNDS
AVAILABLE.

CUT FOUR TEETH FROM THE CODE WHEEL TO
GIVE A CLEAR SPACE, LOOSEN SCREWS B

AND C IN MOUNTING BRACKET AND ADJUST
CONTACT ASSEMBLY TO PLACE CONTACT

BLADE G ABOUT HALF DEPTH ON THE CODE
WHEEL. TIGHTEN SCREWS B AND C SECURELY.

CRIMP BLADE F AT POINT X SO THAT THE
BLADE IS ALMOST FULL DEPTH ON THE
CODE WHEEL. THIS GIVES GREATER AIR
GAP BETWEEN CONTACTS E AND F TO HELP
PREVENT ACCIDENTAL GROUNDS.

TURN GROUND ADJUSTMENT SCREW DOWN
TO BRING_THE GROUND CONTACT WITHIN
ABOUT 3/64TH INCH OF THE CONTACT
ON BLADE F,

0. §R2B¥CoperaTED

8. ADJUST BLADES F AND G AT POINT
Z, IF NECESSARY, TO GIVE THE
PROPER OPEN-GROUND-OPEN ACTION,
THEIR TIPS SHOULD BE WITHIN
ABOUT 1/64TH INCH OF EACH OTHER
AT POINT Z.

9, RUN CODE WHEEL. BLADES F AND
G SHOULD OPERATE ALTERNATELY
Io GIVE A CLEAR OPEN (ABOUT

/64TH INCH) AND A GROUND, THE
GROUND BLADE E SHOULD MOVE UP
SLIGHTLY AS IT IS PUSHED BY
BLADE F, THIS INSURES GOOD
GROUND CONTACT AND A WIPING
ACTION. DO NOT SET DEEP ENOUGH
TO CAUSE TOO MUCH DRAG ON THE
MOVEMENT,

10,  THE HOT SIDE OF THE LINE SHOULD
BE FED INTO THE CENTER CONTACT
AT POINT I, THE HOT SIDE CAN
BE DETERMINED BY OPENING THE
LINE AND TESTING TO GROUND.,

THE CENTRAL OFFICE SWITCH MUST
BE KEPT IN THE NORMAL POSITION
FOR THIS TEST BECAUSE WHEN THE
SWITCH IS MOVED TO THE OPEN
POSITION BOTH SIDES OF THE LINE
BECOME HOT,

11, WHEN A SHUNT SWITCH 1S USED
FOR SHUNT NONINTERFERING CON-
NECTION OF TRANSMITTERS SHOULD
BE CONNECTED TO THE BOTTOM
CONTACT LUG AT POINT J,

B SHOWS THE CONTACT ASSEMBLY IN THE
NORMAL ADJUSTED POSITION,

C SHOWS THE CONTACT ASSEMBLY OPERATED
BY A CODE WHEEL TOOTH TO GIVE AN OPEN
DASH ON THE RECORDER.

D SHOWS THE GROUND ACTION. A SLIGHT
OVERLAP OF OPEN AND GROUND ACTIONS
WILL STILL PRODUCE A GOOD SIGNAL,

FIGURE 3-4. MCCULLOH CODING CONTACT ADJUSTMENT.
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removed from the hub, replace it in the same
orientation as it was.

Code the wheel by removing one or two teeth
to separate each digit from the next digit of
the code and remove all remaining teeth at
the end of the code which are not needed. See
Figures 3-5 and 3-6 which show typical code
wheels as cut. Note that the digit 5 is repre-
sented by 5 teeth, 6 is represented by 6 teeth
and 4 is represented by 4 teeth in both cases
shown. The teeth may be removed using wire
cutters or a jig saw and smoothed afterwards
with a file or sandpaper. Be sure the stubs of

TEETH REMOVED
AT END OF CODE

DIGIT 4

NOTES:

removed teeth are not high enough to touch
the contact blades after the code wheel is
reassembled to its drive shaft, or false pulses
will be transmitted.

Some types of McCulloh code wheels and
coding contacts do not require adjustment or
maintenance, such as code wheels consisting
of printed circuit contacts on an insulating
disc. The initial setting of the code is made
by removing the foil contact strips from the
disc. The detailed adjustment and mainte-
nance procedures for any other types .of
McCulloh coding contacts must be obtained
from the manufacturer's data sheets.

START OF CODE

CODE REPRESENTED IS 5-6-4,
THOSE REMOVED TO OBTAIN THE DESIRED CODE.

DIGIT 5

DIGIT b

DOTTED TEETH ARE
ARROW ON

CODE WHEEL INDICATES DIRECTION OF ROTATION DURING CODE

TRANSMISSION,
ROTATION,

FIGURE 3-5.

3.5 GENERAL PROCEDURES--TESTING
AND MAINTENANCE OF CONTROL
AND AUXILIARY UNITS

3.5.1 FREQUENCY

All control and auxiliary equipment should be
visually inspected monthly for tampering,
damage and general condition. In buildings

NOTE SLANT OF TEETH RELATIVE TO WHEEL

MCCULLOH CODE WHEEL WITH DOUBLE TOOTH SPACING.

normally occupied, each initiating and sig-
naling circuit should also be operationally
tested monthly. Equipment in warehouses or
buildings not normally occupied should have an
operational test of each initiating and sig-
naling circuit quarterly. These tests should be
coordinated with sample tests of heat and
smoke detectors, manual fire stations, and
audible signal appliances so that duplicate
tests are not necessary.
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TEETH REMOVED
AT END OF
CODE

NOTES:

CODE REPRESENTED IS 5-6-4,
THOSE REMOVED TO OBTAIN THE DESIRED CODE.

START OF CODE

DIGIT 5

DIGIT b

DIGIT 4

DOTTED TEETH ARE
ARROW ON

CODE WHEEL INDICATES DIRECTION OF ROTATION DURING CODE

TRANSMISSION,
ROTATION,

FIGURE 3-6.

3.5.2 PROCEDURE

Visual inspections should include checking for
missing indicator lamps and lenses and physi-
cal damage. Moving and functional parts such
as cabinet locks, lenses, and meters should not
be painted and may require replacement if
painted.

Operational tests should either be combined
with periodic fire drills or all affected parties
must be informed prior to tests to avoid
disruption of normal activity and unnecessary
dispatching of fire vehicles.

Periodic operational tests should include a
realistic test of an alarm initiating device in
each zone. Proper operation of zone alarm
indicators should be noted. Proper operation
of audible signal appliances in each major
occupied space should be confirmed. Proper
operation of remote transmitters should be
confirmed by observation, if practical, as well
as by communication with receiver operating
personnel.

NOTE SLANT OF TEETH RELATIVE TO WHEEL

MCCULLOH CODE WHEEL WITH NORMAL TOOTH SPACING.

TROUBLESHOOTING
FAULTS

3.5.3 CIRCUIT

Circuit faults may occur in the connection to
the power source, in the initiating circuits,
and in the alarm indicating circuits. Locating
the fault depends on which of these is involved
and specifically if, in the case of initiating and
indicating circuits, the circuit is a &4-wire
Class "A", a 2-wire Class "B", or a series
normally closed circuit.

3.53.1 POWER CIRCUIT GROUND AND
SHORT

A ground fault in the power source wiring will
typically cause the building circuit breaker for
the fire alarm system to trip. The equipment
will continue to operate on standby battery, if
one is provided. If the battery is discharged or
if no battery is provided, the equipment
affected will be out of service and fire alarm
protection will be nonexistent. Because bat-
tery capacity is limited and complete dis-
charge should be avoided to prevent perma-
nent damage to the battery, repair the fault
immediately.
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START

trips.

AC power failure. Circuit breaker

Disconnect both ends of power
source wiring and tape equip-
ment ends of wire separately.

t

Check for continuity to conduit
from source end of power wires
using ohmmeter R x 1 scale.

v

‘

CAUTION NOTE:

Insure power is off
before touching wires.

Measurable low resistance con-
firms ground fault in wiring.

Infinite resistance rules out power source
ground as the cause of the power failure.

Separate circuit wiring in halves at
a convenient junction box, taping new
exposed ends. Check both halves of
each wire for continuity to conduit.

.

circuit wires.

Check for continuity between each power
circuit wire and each of the other power

Wire section which shows continuity
to conduit is the grounded section.
Redivide it in halves and check both
halves as before.

When grounded section is found,
examine wire and splices for bare
wire which could explain the con-
tinuity to the conduit.

|

Insulate bare wire with insulating tape
or insulate splice with wire connector
or insulating tape. Recheck continuity
to ground to confirm repair.

|

Reconnect disconnected wires and
restore power.

END

Measurable low resist-
ance for any reading
indicates short cir-

cuit between power cir-
cuit wires for which

Infinite resist-

ance readings rule
out power source
wiring as the cause
of the power failure.

low reading was obtained.

(1
See Figure 3-8 for
short circuit
troubleshooting.

Check equipment
for internal short
circuit or ground.

END

FIGURE 3-7. TROUBLESHOOTING CHART FOR POWER CIRCUIT GROUND FAULT.
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Figure 3-7 is a power circuit ground fault similar diagram for a short circuit fault in the
troubleshooting diagram. Figure 3-8 is a same wiring.

START

CAUTION NOTE:
Insure power is off
before touching wires.

Continuity between power circuit
wires indicates short circuit. =

v

Separate circuit wiring in halves
at a convenient junction box,
taping new exposed ends. Check
both halves for wire-to-wire con-
tinuity.

v

Section of wiring which shows
continuity between wires is the
short circuited section. Redivide
it in halves and check both halves
as before.

v

Continue dividing in halves until
short circuited section is found.
Examine wires and splices for
bare adjacent wires, which could
explain the short circuit.

v

Insulate bare wire with insulating
tape or insulate splice with wire
connector or insulating tape. Re-
check continuity between sepa-
rate power wires to confirm
repair of short circuit. -

v

Reconnect disconnected wires and
restore power.

END

FIGURE 3-8. TROUBLESHOOTING CHART FOR A SHORT CIRCUIT FAULT
IN A POWER CIRCUIT.
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3.5.3.2 POWER CIRCUIT OPEN

An open circuit fault in one of the lines
supplying the fire alarm system will cause
signs of power failure but circuit breakers or
fuses may show normal conditions. If the fire
alarm control unit has a power failure or
trouble signal feature, it will be activated,
indicating that a problem exists. Refer to
Figure 3-9 which is a troubleshooting chart for
this condition.

3.5.3.3 UNSUPERVISED INITIATING CIRCUIT

FAULTS
Faults in unsupervised circuits cause no
trouble signal, so troubleshooting is only
attempted after a problem occurs. The only

sign of a fault that may occur is a false alarm
or no alarm when conditions for an alarm
exist. A typical unsupervised initiating circuit
with two initiating devices is shown in Figure
2-35.

SHORT CIRCUIT. A short circuit between
initiating circuit wires causes a false alarm
because it simulates an alarm condition.
Initiating circuit wires otherwise become con-
nected to each other only during an alarm
through the closing of the normally open con-
tacts of an initiating device. See Figure 3-10
for troubleshooting information.

OPEN CIRCUIT. In the loop type initiating
circuit shown in Figure 2-35, an open circuit
fault condition might require two faults in
order to cause circuit malfunction, depending
on the fault location. If a broken wire occurs
at point D, both initiating devices continue to
operate normally. Due to the lack of super-
vision, there is no indication of the broken
wire. The open circuit is detectable only by
disconnecting the four initiating circuit wires
at the control unit or annunciator and
measuring the two loops for continuity with an
ohmmeter.

Some unsupervised initiating circuits are com-
posed of two parallel wires with normally open
initiating devices connected across them, as in
Figure 2-35, but with the circuit dead-ended
at the last device. In these circuits an open
circuit fault is immune to most practical
detection and troubleshooting methods, except
for periodic testing of initiating devices,
especially those which are electrically more
distant from the source.
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GROUND FAULT. One ground fault in an
unsupervised circuit would not cause a func-
tional problem. If the alarm system were
intentionally grounded at some point, for a
functional or safety reason, an additional cir-
cuit ground might cause a malfunction or
another circuit problem indication, such as a
blown fuse. Two circuit grounds on opposite
sides of the initiating circuit, such as at F and
G in Figure 2-35, would be a short circuit,
causing a false alarm.

Initiating circuit ground faults can be located
and repaired using the method of trouble-
shooting described for power circuits in Figure
3-7.

3.5.3.4 SERIES NORMALLY CLOSED
INITIATING CIRCUIT FAULTS

These circuits are one type of supervised cir-
cuit.

SHORT CIRCUIT. A short circuit fault on a
series normally closed circuit normally causes
no indication at the control unit or annuncia-
tor.

A short circuit between the two sides of the
initiating circuit loop would only bypass and
deactivate the devices beyond the short cir-
cuit without causing any change in the circuit
condition as seen from the source. The only
effective way of detecting the fault would be
periodic testing of initiating devices, especial-
ly those electrically distant from the source.
If a device does not work during this routine
test, test additional devices to determine if
only the one device tested or a whole section
of the circuit is defective. If a group of
devices distant from the control unit or annun-
ciator does not work, a short circuit fault
exists and its location is between the most
electrically remote operative device and the
electrically nearest inoperative device.

OPEN CIRCUIT. An open circuit fault on a
series normally closed circuit causes an alarm
to be indicated by the control unit or annun-
ciator. The two sides of the circuit loop of
Figure 2-33 normally are run together through
the same conduit and junction boxes, which
makes it practical to measure continuity as
instructed in Figure 3-11. In searching for the
fault, look especially for loose connections at
splices and at initiating device screw termi-
nals. Follow the troubleshooting steps in
Figure 3-11.

3-25



START

not tripped. Indicates "open"
power circuit fault.

AC power failure. Circuit breaker

T

t

Disconnect both ends of power

if necessary.

source wiring. Twist wires together
and connect to electrical ground
or to conduit with auxiliary wire,

:

end of wiring with ohmmeter.
Measure resistance from each
wire to electrical ground or to

ment is infinite is open wire.

Check for continuity at equipment

conduit. Wire for which measure-

!

i

One wire shows infinite resistance Loose splice(s)
to ground. Open junction boxes found. Correct
between power panel and equip- loose splices.
ment and inspect for loose splices Recheck con-
in wire of color showing infinite tinuity.

All wires show low resistance

to ground or conduit. This indi-
cates original problem was loose
connection at one of disconnected
terminals or elsewhere.

resistance. I I

Infinite resistance remains. At
approximate halfway point, con-
nect power circuit wires together
and to ground and recheck continuity
as before at equipment end.

Pull on wires individually at equip-
ment end until one to two inches
of added wire is obtained at equip-
ment end. Recheck continuity

as before after confirming ground
connection at power panel end

!

All wires show low resistance

is still good.

to ground. Open circuit fault
is in position between present
ground and previous ground.

r

All wires show low resistance

to ground. Reconnect wires with
power off. Tighten terminals.
Restore power and confirm normal
operation.

Open junction boxes in suspicious
section of conduit and inspect
for loose splices in wire of color
showing infinite resistance.

END

Loose splice(s) found. Correct
loose splice(s). Recheck continuity
as tested when last infinite resis-
tance reading was obtained.

i

All wires show low resistance

to ground. Reconnect wires with
power off. Tighten terminals.
Restore power and confirm nor-
mal operation.

Infinite resistance remains. At
approximate midway point of
suspicious section of conduit,

at a convenient junction box,
correct power circuit wires to-
gether and to ground. Separate
wires toward equipment end and
remove previous ground connec-
tion at that point. Check for
continuity from each wire to
ground.

END

Continue process until open sec-
tion is isolated and can be replaced
or repaired.

END

FIGURE 3-9. TROUBLESHOOTING CHART FOR POWER CIRCUIT OPEN FAULT.
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START

Continuous alarm, with all initiating
devices reset, indicates presence of a

short circuit.

Tag and disconnect initiating circuit
wires at control unit or annunciator.

y

With ohmmeter, check for continuity
between each initiating circuit wire and

wires.

each of the other

initiating circuit

\

Low resistance is measured
between plus (+) and negative (-)
initiating circuit wires(s).

Separate initiating circuit into
approximate halves at a convenient
junction box or at an alarm initiat-

ing device.

Check each half circuit for low
resistance between plus (+) and
minus (-) initiating circuit wires.

3

Continue dividing low resistance
half circuit into halves and check-
ing continuity until short circuit
can be located.

[

Check for and correct, if neces-
sary, any continuity observed
between wires and conduit near the
short circuit.

\

After repair of short circuit,
reconnect wires disconnected dur-
ing troubleshooting.

END

Infinite or high resistance between
plus (+) and minus (-) initiating circuit
wires.

Investigate possibility of internal short
circuit in control unit or annunciator
between plus (+) and minus (-) initiat-
ing circuit terminals.

END

FIGURE 3-10. TROUBLESHOOTING CHART FOR A SHORT CIRCUIT FAULT
IN AN UNSUPERVISED INITIATING CIRCUIT.
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START

False alarm indicates open initiating
circuit.

Silence alarm by operating alarm
silence switch. ' -

Disconnect initiating circuit loop at 2
control unit or annunciator.

Check continuity of circuit loop with

ohmmeter.
4
Open circuit confirms first Continuity of circuit loop sug-
diagnosis of open initiating gests looking for broken wire or
circuit. poor connection inside control
unit or annunciator.

\
Leave loop wires off terminals
in control unit or annunciator. END
Check continuity across loop

at a medium distance initiat-

ing device.

If measurement shows no con- If measurement shows con-
tinuity, open circuit break is tinuity, open circuit break
toward end of circuit loop. is toward source.

A
Continue continuity checks as
above moving halfway toward last
previous test point or toward end
of circuit in fault direction.

When break is found, repair open
circuit, reconnect wires discon-
nected and restore alarm silence
switch to normal position. Test a
distant initiating device.

END

FIGURE 3-11. TROUBLESHOOTING CHART FOR AN OPEN CIRCUIT FAULT
IN A SERIES NORMALLY CLOSED CIRCUIT.
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GROUND FAULT. A single ground fault on a
normally closed initiating circuit should not
cause a problem, but there might be a circuit
trouble indication at the control unit or annun-
ciator if ground fault detection is a feature of
the equipment. Even a single fault should be
corrected so that a possible additional fault
will not cause a serious defect in the alarm
system. Two ground faults result in a short
circuit between the two faults.

Follow these
ground fault:

steps for troubleshooting a

1. Tag and disconnect the initiating circuit
loop at the control unit or annunciator
terminals.

2. With an ohmmeter, check for continuity
between each end of the circuit loop and
an unpainted spot on the electrical conduit
or another ground, such as a cold water
pipe. Continuity confirms that at least one
circuit ground fault exists. An infinite
reading (no continuity) suggests looking in
the control unit or annunciator for the
ground fault.

3. At a point that is electrically about
halfway between the source and the end of
the circuit loop, break both sides of the
loop by disconnecting wires at a convenient
initiating device or junction box. Check
for continuity between each wire and
ground separately.

4. Each time continuity to ground is found,
move toward the ground fault at a new test
point halfway between the present test
point and the end of the circuit loop and
check as in Step 3 until the fault is found
and repaired.

5. Reconnect all disconnected wires and test
alarm using an initiating device farther
from the control unit or annunciator than
the repaired fault.

3.53.5 CLASS B INITIATING CIRCUIT
FAULTS

A Class B initiating circuit is shown in Figure
2-24. It is a supervised circuit in that an open
circuit fault is indicated at the control unit or
annunciator as trouble.

SHORT CIRCUIT. A short circuit between
two points on the same side of the circuit does
not harm system operation and is normally not
detected unless the short circuit also involves
one or more ground faults. A short circuit
between wires on opposite sides of the circuit
causes an alarm. A clue to this condition is
the fact that an alarm condition exists for an
initiating circuit, but inspection shows that
none of the initiating devices connected to
that circuit have operated. Follow these
troubleshooting steps:

I. Tag and disconnect the initiating circuit
loop at the control unit or annunciator
terminals.

2. Measure the initiating circuit resistance
with an ohmmeter. A value of 100 ohms or
less confirms a short circuit. The lower
the value, the closer to the source the
fault is located. A measurement equal to
the end-of-line resistor value or slightly
higher is normal and suggests looking in the
control unit or annunciator for the fault.
(Determine the proper value of the
resistor, usually 1,000 to 2,000 ohms, from
reference materials on the equipment.)

3. If resistance measured is low, confirming a
short circuit, move to a point that is
electrically about halfway between the
source and the end-of-line resistor for the
next resistance measurement. A very low
resistance, near zero, indicates the short
circuit is quite near the test point. A
resistance of 50 to 100 ohms indicates that
the circuit is a long one of smaller gauge
wire and that the short circuit fault is near
the end of the circuit. At each new test
location, break both sides of the circuit by
disconnecting wires at a convenient
initiating device or junction box. Measure
circuit resistance in the direction toward
the end of the circuit.

4. Low resistance measured from the second
location, less than 100 ohms, indicates the
short circuit is still farther toward the end
of.....ithe.....cireuits High resistance,
approximating the end-of-line resistor
value, indicates that the short circuit is
closer to the control unit.

5. Continue moving toward the short circuit,
dividing the circuit approximately in halves
each time, and repeat the measurement of
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resistance toward the end of the circuit
using the guidelines in Step 4 as the rule

for interpreting each succeeding
measurement.
6. When the fault is located, repair it,

reconnect the disconnected wires and

restore the circuit to normal service.

OPEN CIRCUIT. An open circuit fault in a
Class B circuit stops the supervising current.
The trouble relay at the control unit or annun-
ciator deenergizes and trouble indicators are
activated for the circuit. Initiating devices
closer to the control unit or annunciator than
the open fault may continue to function. De-
vices beyond the fault cannot operate. If an
open circuit fault occurs, turn off any audible
trouble signals by operating the trouble silence
switch. Continue troubleshooting by using the
following steps:

1. Tag and disconnect the initiating circuit
loop at the control unit or annunciator
terminals.

2. Measure the initiating circuit resistance
with an ohmmeter. An infinite reading (no
change in meter reading from the reading
with meter disconnected from the circuit)
confirms an open circuit fault. A
measurement equal to the end-of-line
resistor value, or slightly higher, is normal
and suggests looking in the control unit or
annunciator for the fault.

3. If the open circuit fault is confirmed, leave
the two circuit wires off their terminals,
taped separately. Move to a point that is
electrically about halfway between the
source and the end-of-line resistor for the
next resistance measurement. Choose a
convenient initiating device or junction box
and measure resistance across the two
sides of the initiating circuit. If the
measurement is still infinite, the open
circuit fault is still farther along the
circuit toward the end-of-line resistor. If
the measurement is now about equal to the
end-of-line resistor value, the open circuit
fault is between the present measurement
point and the source.

4. Move toward the fault to a point
electrically about halfway between the
present measurement point and the end-of-
line resistor or the source and measure
resistance across the circuit.
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5. Infinite readings indicate the open circuit
fault is toward the end-of-line resistor
from the new test point. Readings
approximating the end-of-line resistor
value indicate the open circuit fault is
toward the source.

6. Continue taking new readings, advancing
toward the fault. Look especially for loose
connections at splices and at initiating
device screw terminals.

7. When the fault is located, repair it,
reconnect wires at the control unit or
annunciator and restore alarm service.

GROUND FAULT. A single ground fault on a
Class B initiating circuit should not cause any
malfunction, but a circuit trouble indication
might be caused at the control unit or annun-
ciator if ground fault detection is a feature of
the equipment. Even a single fault should be
corrected so that a possible additional fault
will not cause a serious deficiency in the
alarm system. Two ground faults on opposite
sides of the initiating circuit cause a short
circuit between the two faults. Follow
troubleshooting directions described earlier
for a short circuit fault.

Troubleshooting for a single ground fault is
accomplished by the following steps:

1. Tag and disconnect the initiating circuit at
the control unit or annunciator terminals.

2. Check for continuity between each end of
the circuit and an unpainted spot on the
electrical conduit or another ground
connection such as a cold water pipe with
an ohmmeter.

3. Continuity confirms that at least one
circuit ground fault exists. An infinite
reading suggests looking in the control unit
or annunciator for the ground fault.

4. At a point that is electrically about
halfway between the source and the end-
of-line resistor, break both sides of the
circuit by disconnecting wires at a
convenient initiating device or junction
box. Check for continuity between each
wire and ground separately.

5. Each time continuity to ground is found,
move toward the ground fault at a new test
point about halfway between the present




test point and the last previous test point
or the end of the circuit in that direction
(source or end-of-line resistor).  Look
especially for wet, pinched, and damaged
wire.

6. When the fault is located, repair it,
reconnect wires at the control unit or
annunciator, and restore alarm service.

3.5.3.6 CLASS A INITIATING CIRCUIT
FAULTS

A Class A initiating circuit is shown in Figure
2-30. Supervision of the circuit is such that a
fault is indicated at the control unit or annun-
ciator as trouble and initiating devices con-
tinue to function.

SHORT CIRCUIT. A short circuit fault
between two points on the same conductor
would not affect system operation and would
not be detected unless the short circuit
involved one or more ground faults also. A
short circuit between two points on different
loops of the circuit (between the A and B loops
of Figure 2-30) causes an alarm indication at
the control unit or annunciator. The alarm
can be identified as a false alarm by the fact
that no initiating devices are actuated as a
result of an abnormal condition. Follow these
troubleshooting steps:

1. Tag and disconnect the initiating circuit
wires at the control unit or annunciator.

2. With an ohmmeter check for continuity
between the A and B loops. The two A
ends and the two B ends show continuity
with no fault present. Continuity between
A and B loops confirms a short circuit
fault. If there is no continuity between A
and B loops, look for a short circuit in the
control unit or annunciator. Note the color
coding of the wires for future reference.

3, If there is a short circuit, move to a point
electrically about halfway between the
source and the most distant initiating
device on the circuit for the next
continuity check with the ohmmeter. At a
convenient initiating device or junction
box, break the four wires at splices and/or
screw terminals and check for continuity
between A and B loops, both on the wires
leading back to the source and on the wires
leading toward the more distant initiating
devices. (Use the previously noted color

coding to identify wires.) If continuity is
found between A and B loops only toward
the more distant devices or only toward
the source, the disconnected wires may be
reconnected before moving to the next test
point. If continuity is found in both
directions, there are at least two short
circuit faults to be repaired, one in each
direction.

4, Each time continuity is found between A
and B loops, move in the direction
indicated by the continuity to a new test
point about halfway between the present
test point and the last previous test point
or the end of the circuit in that direction
(source or end-of-line resistor). Look
especially for pinched and damaged wires
and faulty initiating devices.

5. When the fault is located, repair it,
reconnect all disconnected wires, perform
a test using one of the distant initiating
devices on the circuit, and restore the
alarm system to service.

OPEN CIRCUIT. An open circuit fault in a
Class A circuit activates trouble indicators for
the circuit. Initiating devices on both sides of
the fault still operate and are capable of
causing an alarm. If an open circuit fault
occurs, turn off the audible trouble signals.
Continue troubleshooting by using the follow-
ing steps:

1. Tag and disconnect the initiating circuit
wires at the control unit or annunciator.

2. With an ohmmeter, measure the initiating
circuit loop resistances for both the A and
B loops. An infinite resistance reading on
either loop confirms an open circuit fault.
If continuity is found on both loops, this
suggests an open circuit fault inside the
control unit or annunciator and further
troubleshooting effort should be made in
that direction.

3. If an A or B loop open circuit fault is
confirmed, note the color coding of the
wires for future reference. Insulate the
bare ends of the initiating circuit wires
with tape. Move to a point that is
electrically about halfway between the
source and the most distant initiating
device on the circuit for the next
continuity check with the ohmmeter. At a
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convenient initiating device or junction
box, identify the A and B loops (color
coded). Check continuity of both loops
with the ohmmeter. If an infinite reading
is still registered for one of the loops (it
should be the same loop as before), the
open circuit fault is still electrically
farther from the source. If continuity is
now shown for both loops, the fault is back
toward the source.

4. Move in the direction of the fault to a new
test point about halfway between the
present test point and the end of the
circuit in that direction (source or most
distant initiating device).

5. Each time A and B loop continuity is
checked, an infinite reading indicates the
fault is further from the source. If
continuity is obtained for both loops, the
fault is toward the source. Continue
moving toward the fault, checking for
continuity and loose or broken wires,
especially at junction boxes and initiating
devices.

6. When the fault is located, repair it,
reconnect wires at the control unit or
annunicator, test the alarm system using a
distant initiating device on the circuit, and
restore alarm service.

GROUND FAULT. Ground fault detection is
frequently provided in control units with Class
A initiating circuits. A ground fault causes a
trouble indication or a ground fault indication
on control units having the ground fault detec-
tion feature. A single ground fault will not
cause a malfunction or deactivation of any
portion of the alarm system, but should be
corrected so that a possible additional fault
will not cause a serious deficiency in the
alarm system. Two ground faults on different
loops of the initiating circuit result in a short
circuit fault. First troubleshoot and repair the
short circuit fault, and then check for a
possible remaining ground fault.

Troubleshooting for a ground fault may be
accomplished by the following steps:

l. Tag and disconnect the initiating circuit
loops at the control unit or annunciator
terminals.

2. With an ohmmeter, check for continuity
between each of the four circuit wires and

an unpainted spot on the electrical conduit
or another ground, such as a cold water
pipe. If continuity to ground is found for
one end of a loop, continuity to ground
should also be found for the other end of
the same loop (unless there is also an open
circuit fault in that loop). If a ground fault
is indicated at the control unit but there is
no continuity to ground for the initiating
circuit, the ground fault may be in the
control wunit, annunciator, or indicating
circuit.

3. If a ground fault in the initiating circuit is
confirmed, insulate the bare ends of the
circuit wires with tape and note the color
coding of the wires for future reference.
Move to a point electrically about halfway
between the source and the most distant
initiating device on the circuit. At a
convenient initiating device or junction
box, separate the wires leading back to the
source from those leading to the more
distant devices by disconnecting them at
device terminals or at splices. Note color
coding for reconnecting properly. Check
again for continuity between each wire and
ground separately.

4. Each time continuity to ground is found,
move toward the ground fault to a new test
point about halfway between the present
test point and the last previous test point
or the end of the circuit in that direction.

Look especially for wet, pinched, or
damaged wires.
5. When the fault is located, repair it,

reconnect all wires, test the alarm system
by actuating an initiating device distant
from the circuit source, and restore the
alarm system to service.

3.5.4 INDICATING CIRCUIT FAULTS
Operating tests of indicating circuits to locate
and repair faults are best performed after
normal working hours to avoid disruption of
normal activities, unless tests are combined
with regular drills.

3.5.4.1 UNSUPERVISED CIRCUITS

Except for false alarms, symptoms of faults in
unsupervised circuits occur only during tests
of the alarm system. Therefore, test alarm
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systems with unsupervised initiating and indi-
cating circuits regularly.

SHORT CIRCUIT. A short circuit fault in an
unsupervised indicating circuit is very difficult
to detect by the usual test methods because
the normal circuit resistance is quite low. A
short circuit is just a low resistance in parallel
with the low resistance indicating devices.

Symptoms would be a blown fuse at the con-
trol unit or power supply during a routine
system test or fire drill and audible devices
that do not operate as loudly as usual.

If you suspect a short circuit fault, the follow-
ing troubleshooting steps may help locate the
fault:

1. There may be several indicating circuits
powered from one power supply or fuse in
the control unit. Separate the several
circuits from each other by tagging the
wires and disconnecting them from the
control unit terminals. It may be
necessary to make continuity
measurements to confirm that the wires
from each circuit are tagged separately.
Compare the resistance readings for the
indicating circuits using the x 1 resistance
range of the ohmmeter. If there is a short
circuit fault, that circuit should have a
lower resistance reading than the others.
Insulate the individual bare wires of the
circuit being checked with tape.

2. Determine how the circuit wires are routed
using the best available information you
may have to trace the wire or conduit
route. Move to a point electrically about
halfway between the control unit and the
most distant indicating device for the next
check. At a convenient initiating device or
junction box, separate the wires leading
back to the control unit from those leading
to the more distant indicating devices by
disconnecting them at device terminals or
at splices. Measure circuit resistance in
both directions. The short circuit fault
should be in the direction of the lower
resistance.

3. Move toward the fault to a new test point
about halfway between the present test
point and the last test point or the end of
the circuit in that direction (power source
or last indicating device). Separate the
wires toward the control unit from those

leading away from the control unit and
again measure the circuit resistance on the

x 1 scale of the ohmmeter in both
directions. The fault will be in the low
resistance direction.

4. Continue to move toward the fault, looking
for pinched and damaged wires and for
improper connections at indicating devices.
Make careful measurements at each new
test point, since the difference between
normal and abnormal resistance may be
only slight.

5. When the fault is located, repair it,
reconnect all wires, test the indicating
devices, and restore the alarm system to
service.

OPEN CIRCUIT. The effect of an open circuit
fault on an unsupervised indicating circuit
depends on whether the circuit is composed of
two loops, with each end of a loop connected
to the same terminal at the control unit, or of
two parallel wires, which start at the control
unit and terminate at the last indicating de-
vice. In the loop circuit, two open circuit
faults in the same loop would deactivate indi-
cating devices between the two faults. In the
two wire parallel circuit, one open circuit
fault near the control unit would deactivate
all the indicating devices. The only sign of an
open circuit fault is the failure of one or more
indicating devices during an alarm system test
or a fire drill. The following troubleshooting
steps will help locate the fault:

1. Operate the system test or drill switch at
the control unit and check operation of
each indicating device on the suspected
faulty circuit.

2. Check the circuit connections at any
device with intermittent or weak signals.
If a group does not work, check circuit
connections at the working and nonworking
devices at each end of the group. Make
sure that terminal screws are clean and
snug and that there are no broken wires at
the devices checked.

3. If the fault was not located in Step 2,
check the wiring between working and
nonworking devices, looking especially for
poor splice connections at junction boxes.

4. If all the indicating devices on a circuit do
not work, check for a blown fuse or poor
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connections at the control unit or at the
first indicating device on the circuit.

5. When the open circuit fault is found, repair
the fault and retest the indicating circuit
to confirm that all indicating devices work
properly.

6. In loop type indicating circuits, disconnect
the circuit wires at the control unit and
check continuity in both loops. If infinite
resistance is found in one loop, reconnect
circuit wires at the control unit, except for
one end of the infinite resistance loop.
Retest the indicating circuit as in Step 1,
and additional steps as necessary, to locate
and repair the fault. Retest continuity on
the previously open loop, reconnect the
loose wire at the control unit, retest the
indicating circuit and devices, and restore
the alarm system to service.

GROUND FAULT. A single ground fault in an
unsupervised indicating circuit may not cause
any symptoms unless the indicating circuit is
AC line powered. If the ground fault is on the
"hot" side of the AC circuit and the indicating
circuit is tested, a fuse or circuit breaker at
the control unit or at the power panel supply-
ing the alarm system will "blow". A ground
fault on the neutral side of the indicating
circuit causes no symptoms. Two ground
faults on opposite sides of the indicating cir-
cuit are also a short circuit. Troubleshooting
for the short circuit may be accomplished as
described earlier.

Troubleshoot for a ground fault using the
following steps:

l. Tag and disconnect the indicating circuit
wires at the control unit.

2. With an ohmmeter, check for continuity
between each circuit wire and an unpainted
spot on the electrical conduit or another
ground connection such as a cold water

pipe.

3. Continuity confirms that there is at least
one circuit ground fault. An infinite
reading suggests looking in the control unit
for the ground fault.

4. I a ground fault in the indicating circuit is
confirmed, insulate the bare ends of the
circuit wires with tape. Move to a point

electrically about halfway between the
control unit and the most distant indicating
device on the circuit. At a convenient
indicating device or junction box, separate
the wires leading back to the control unit
from those leading to the more distant
devices by disconnecting them at device
terminals or at splices. Check again for
continuity between each wire and ground
separately.

5. Each.time continuity to ground is found,
move toward the ground fault at a new test
point about halfway between the present
test point and the last test point or end of
the circuit in that direction. Look
especially for wet, pinched and damaged
wires.

6. When the fault is located, repair it,
reconnect all wires, test the indicating
circuit by operating the drill or test
switch. If all devices operate properly,
restore the alarm system to service.

3.5.4.2 SERIES
CIRCUITS

NORMALLY CLOSED

Series normally closed indicating circuits are
usually supervised and powered by the AC line.
Trouble indicators at the control unit indicate
a fault. Other symptoms of a fault are failure
of some or all indicating devices on the circuit
to operate and a blown fuse or circuit breaker.
Blown fuses and circuit breakers indicate
excessive current and are caused by short
circuit and ground faults. An open circuit
fault causes a trouble indication and all the
indicating devices fail to operate. To avoid
shock, disconnect AC power to the faulty indi
cating circuit before starting to disconnect
wires and make continuity measurements.

SHORT CIRCUIT. A short circuit fault near
the end of an indicating circuit may not
immediately actuate overcurrent devices
(fuse, circuit breaker or current cutoff/timer),
but will deactivate one or more indicating
devices at the end of the indicating circuit
away from the control unit. The fault is
located between the last working indicating
device and the first nonworking indicating
device.

If overcurrent devices are actuated and pre-
vent locating the fault, it may be necessary to
reset overcurrent devices, position someone
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near the indicating devices to tell which ones
operate, and operate the test or drill switch.
Repeat the test until the fault is located.

OPEN CIRCUIT. An open circuit fault causes
all indicating devices on the circuit to fail.
No fuses blow unless there is also a ground or
short circuit fault on the control unit side of
the open circuit fault. In that case, check for
and repair the ground or short circuit fault
first.

To locate and repair an open circuit fault on a
normally closed indicating circuit, the follow-
ing troubleshooting steps may help:

1. Disconnect indicating circuit wires at the
control unit.

2. Check continuity of circuit with an
ohmmeter. An infinite reading confirms an
open circuit fault. If there is continuity,
look for the open circuit fault in the
control unit.

3. Leave circuit wires off the terminals and
insulate them with tape. Move to a new
test point about halfway between the
control unit and the last indicating device
on the circuit. Check continuity with an
ohmmeter across the circuit at a
convenient indicating device or junction
box.

4, If circuit still shows no continuity, the
open circuit fault is toward the end of the
circuit. If the circuit shows continuity, the
open circuit fault is toward the control
unit.

5. Continue continuity checks as above,
moving toward the open circuit fault at a
new test point about halfway between the
present test point and the last test point or
the end of the circuit in that direction.
Look especially for loose connections at
splices and indicating device screw
terminals, for damaged wire, and for
defective indicating devices.

6. When the fault is located, repair it,
reconnect wires at the control unit, and
restore alarm service.

GROUND FAULT. Since series normally
closed indicating circuits are usually AC line
powered, during an alarm one side of the

circuit is grounded. Any additional ground on
the circuit may short circuit some indicating
devices, resulting in the symptoms of a short
circuit fault. Check for and repair the short
circuit fault first. Troubleshooting for a
ground fault may be accomplished by the
following steps:

1. Tag and disconnect the indicating circuit
loop at the control unit terminals.

2. With an ohmmeter, check for continuity
between each end of the circuit and an
unpainted spot on the electrical conduit or
another ground, such as a cold water pipe.
Continuity confirms that at least one
circuit ground fault exists. An infinite
reading (no continuity) suggests looking in
the control unit for the ground fault.

3. At a point that is electrically about
halfway between the source and the end of
the circuit loop, break both sides of the
loop by disconnecting wires at a convenient
indicating device or junction box. Check
for continuity between each wire and
ground separately.

4. Each time continuity to ground is found,
move toward the ground fault at a new test
point about halfway between the present
test point and the last test point or the end
of the circuit in that direction. Check for
continuity between each wire and ground
separately. Look for damaged or wet wire.

5. When the fault has been located, repair it,
reconnect disconnected wires, and test the
indicating circuit for proper operation of
all devices.

3.5.4.3 CLASS B INDICATING CIRCUIT

A Class B indicating circuit is shown in Figure
2-29. An open or short circuit fault in a Class
B indicating circuit causes a trouble indication
at the control unit. A ground fault may also
cause a trouble indication if ground fault
detection is a feature of the control unit.

SHORT CIRCUIT. A short circuit between
two points on the same side of the circuit does
not affect operation of indicating devices and
is normally not detected unless some other
fault is also involved. A short circuit between
two points on opposite sides of the circuit
causes an increase in supervising current.
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Trouble is indicated at the control unit. A
short circuit fault may be caused by pinched
or damaged wires or by a defective diode at an
indicating device. Turn off the trouble indica-
tion at the control unit and locate the fault by
following the troubleshooting steps below:

1. Tag and disconnect the indicating circuit
wires at the control unit terminals.

2. Measure the indicating circuit resistance
with an ohmmeter. Polarity of the
ohmmeter is important in this
measurement. If there is no short circuit
fault, the higher resistance reading
(obtained with the positive ohmmeter
terminal connected to the upper side of the
circuit in Figure 2-29), will approximately
equal the end-of-line resistor value.
(Determine the proper value of the resistor
from reference materials on the control
unit.) If this occurs, but other symptoms
indicate a short circuit fault, look in the
control unit for the fault. A circuit
resistance of 100 ohms or less confirms
that a short circuit exists. The lower the
value, the closer to the control unit the
fault is.

3. If resistance measured is low, confirming a
short circuit, move to a point electrically
about halfway between the control unit and
end-of-line resistor for the next resistance

measurement. At the new test location,
break both sides of the circuit by
disconnecting wires- at a convenient

indicating device or junction box. Measure
circuit resistance toward the end of the
circuit.

4. Low resistance, less than 100 ohms,
indicates the short circuit is closer to the
end of the circuit. High resistance,
approximating the end-of-line value,
indicates that the short circuit is closer to
the control unit.

5. Continue moving toward the short circuit
fault, dividing the circuit approximately in
halves each time and repeat the
measurement of resistance toward the end
of the circuit using Step 4 as the rule for
interpreting each succeeding measurement.

6. When the . fault is located, repair it,
reconnect the disconnected wires, restore
the indicating circuit to service and test it.

Be sure all indicating devices operate
properly.

OPEN CIRCUIT. An open circuit fault in a
Class B indicating circuit eliminates the cir-
cuit supervisory current, causing a trouble
signal at the control unit. Operating the test
or drill switch turns on any indicating devices
between the control unit and the open circuit
fault. Note which indicating devices operate
and examine the wiring for the fault. Look for
loose connections at splices and devices and
for damaged wire, then:

1. If none of the indicating devices operate,
the fault is either in the control unit or
between the control unit and the nearest
indicating device. Disconnect the circuit
at the control unit terminals and measure
circuit resistance twice, using both
polarities of the ohmmeter. If you do not
get an infinte reading, the open circuit is
probably inside the control unit. If the
open circuit fault is between the control
unit and the first indicating device, an
infinite reading with both polarities should
result.

2. If some indicating devices nearer the
control unit operate while others further
from the control unit do not, the open
circuit fault is located between the last
working and the first nonworking devices.

3. If all the indicating devices work, but
trouble is indicated at the control unit,
measure circuit resistance at the control
unit, using both ohmmeter polarities, with
the circuit wires disconnected from the
control unit. If an infinite reading is
obtained with one polarity and a low
reading with the other, the end-of-line
resistor may be damaged or disconnected.
It is usually located at or very near the
farthest indicating device on the circuit.

4. If one indicating device does not work and
there is no trouble indication, the device is
probably defective. An open circuit fault
in the internal diode or in the coil of the
device are likely defects.

GROUND FAULT. A ground fault in a Class B
indicating circuit causes a trouble indication
at the control unit if ground fault detection is
a feature of -the equipment; otherwise the
fault may not be noticed. Two ground faults
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on opposite sides of the circuit are also a short
circuit fault. Follow the short circuit trouble-
shooting steps and repair the short circuit
fault first.

Troubleshooting for a single ground fault is the
same as described for a ground fault in a Class
B initiating circuit except that for indicating
circuits, there is no annunciator.

3.5.4.4 CLASS A INDICATING CIRCUIT
FAULTS

Figure 2-32 shows a Class A indicating circuit.
If a single open or ground fault occurs, trouble
is indicated at the control unit and all the
indicating devices continue to operate. If
there are two faults or a short circuit fault,
indicating devices may fail to operate.

SHORT CIRCUIT. A short circuit fault in a
Class A indicating circuit causes a trouble
indication at the control unit, blown indicating
circuit fuses or circuit breakers, and indi-
cating devices to fail. Turn off any trouble
signals and begin troubleshooting:

1. Tag and disconnect the indicating circuit
at the control unit. Also, mark the wires
which are paired as the ends of the circuit
loops.

2. Measure continuity of the A and B circuit
loops to confirm loop identification.
Check continuity between A and B loops
using both polarities of the ohmmeter. If
continuity is shown for both polarities, the
short circuit fault is confirmed.

3. Move to a test point electrically halfway
between the control unit and the most
distant indicating device on the circuit. At
a convenient indicating device or junction
box, separate the wires leading to the
control unit from those leading away from
the control unit by disconnecting wires at
splices or at screw terminals. Again,
check continuity between A and B loops
both for the wires leading toward and away
from the control unit.

4, Each time continuity is found between A
and B loops, move in the direction of the
continuity to a new test point about
halfway between the present test point and
the last test point or the end of the circuit
in that direction (control unit or most
distant indicating device). Look especially

for pinched and damaged wires and for
initiating devices with faulty (short
circuited) diodes.

OPEN CIRCUIT. The only symptom of an open
circuit fault in a Class A indicating circuit is a
trouble indication at the control unit. Turn
off the trouble signals and begin trouble-
shooting.

1. Tag and disconnect the indicating circuit
wires at the control unit. Identify A and B
loops.

2. Measure the initiating circuit loop
resistances with an ohmmeter for both the
A and B loops. False readings will be
obtained if loops are not properly
identified. An infinite resistance reading
on either loop confirms an open circuit
fault. If continuity is found on both loops,
the open circuit fault may be in the control
unit.

4. If there is an open circuit fault in the
indicating circuit, note the color coding of
the wires for future reference. Insulate
the bare ends of the indicating circuit
wires with tape. Move to a new test point
electrically about halfway between the
control unit and the most distant initiating
device on the circuit. At a convenient
indicating device or junction box, identify
the A and B loops and check their
continuity with the ohmmeter. If an
infinite reading is still obtained for one of
the loops (it should be the same loop as
before), the open circuit fault is
electrically farther from the source. If
continuity is now shown for both loops, the
fault is toward the control unit.

5. Move in the direction of the fault to a new
test point about halfway between the
present test point and the last test point or
the end of the circuit in that direction
(control unit or most distant indicating
device).

6. Continue making continuity checks, moving
toward the fault for each check, as in Step

e Look for loose or broken wires,
especially at junction boxes and indicating
devices.

7. When the fault is located, repair it,
reconnect wires at the control unit, test all
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indicating devices on the circuit for proper
operation, and restore alarm service.

GROUND FAULT. Ground fault detection on
indicating circuits is frequently provided as a
feature in control units with Class A indi-
cating circuits. A trouble indication or a
specific ground fault indication at the control
unit would be the first sign of such a fault. A
single ground fault does not cause a malfunc-
tion or deactivate indicating devices but
should be corrected promptly so that a possi-
ble additional fault does not cause a defi-
ciency. Two ground faults on different loops
of an indicating circuit are also a short circuit
fault. First follow troubleshooting steps for a
short circuit fault.

Troubleshooting for a ground fault may be
accomplished in the following steps:

1. Tag and disconnect the indicating circuit
loops at the control unit. Identify A and B
loops.

2. Vith an ohmmeter, check for continuity
between each of the four circuit wires and
an unpainted spot on the electrical conduit
or another ground, such as a cold water
pipe. If continuity to ground is found for
one end of a loop, continuity to the same
ground fault may be found for all four
wires, depending on ohmmeter polarity
with respect to diodes in the indicating
devices. If there is a ground fault
indication at the control unit, but no
continuity to ground is found for the
indicating circuit, the ground fault may be
in the control unit, an annunciator, or an
initiating circuit.

3. If a ground fault is confirmed for the
indicating circuit, insulate the bare ends of
the circuit wires with tape. Note the color
coding of the wires for future reference.
Move to a point electrically about halfway
between the control unit and the most
distant indicating device on the circuit. At
a convenient indicating device or junction
box, separate the wires leading to the
control unit from those leading to distant
devices by disconnecting them at device
terminals or at splices. Note color coding
so that wires may later be reconnected
properly. Check again for continuity
between each wire and ground separately.

4. Each time continuity to ground is found,
move toward the ground fault at a new test
point about halfway between the present
test point and the last test point or the end
of the circuit in that direction. Look
especially for wet, pinched or damaged
wires.

5. When the fault is located, repair it,
reconnect all wires, test all the indicating
devices on the circuit and restore the
alarm to normal service.

3.5.5 WIRE PULLING

If wiring is in conduit and a circuit fault is
found, it may be necessary to pull a section of
wire out of the conduit and replace it with
undamaged wire. If the fault is in a short
section of conduit between two junction boxes,
remove the junction box covers and isolate the
damaged section of wiring by disconnecting it
at the two junction boxes. Attach new wire of
the same color coding as the old to one end of
the damaged section of wiring at one of the
open junction boxes. (The strength of the
mechanical attachment is important, as well
as its smoothness and small diameter.)

Pull the new wire into the conduit by pulling
on the unattached end of the damaged wiring.
When the new wire is in place, detach the
damaged wire and cut the new wire to the
proper length, allowing some slack. Test the
new wire to insure that there is no continuity
to the conduit and no continuity between con-
ductors before connecting it to the original
undamaged wiring.

If the junction boxes are far apart, if there are
bends in the conduit, or if the wire fits snugly
in the conduit, it may be necessary to apply
wire pulling compound to the wire as it is
pulled into the conduit to reduce friction.

3.6 FIRE ALARM INITIATING DEVICES

The most numerous components of an alarm
system are usually initiating devices. They
are throughout protected buildings and are
more exposed to physical damage than other
parts of the system.

3.6.1 MANUAL FIRE ALARMS

Manual devices are probably the most abused
initiating devices because they must be easily
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accessible to the personnel in the protected
building. Vandalism and painting of normal
devices along with other routine painting are
the most frequent problems.

Vandalism often results in breakage of a
replaceable element made of glass or fiber.
The element is not essential for proper func-
tion in many manual devices but may provide a
psychological deterrent to mischievous opera-
tion. Painting can interfere with smooth func-
tioning of the exposed moving parts, and pre-
vent operation of screws, locks and latches
used to open and reset manual devices for
testing.

3.6.1.1 NONCODED FIRE ALARM BOXES

Figure 2-12 is an example of a noncoded fire
alarm (manual pull) box. Single action and
double action devices are both used. The
single action device requires one action to
cause an alarm and a replaceable glass rod is
broken with each operation. The double action
device requires two actions to cause an alarm:
first, the glass window is broken; second, the
alarm lever is pulled. The glass elements in
these two examples are necessary parts to
retain all the design features. Both devices
can be tested without breaking the glass parts
by opening the device. Manual fire alarm
boxes may require loosening a. set screw or
operating a latch with a hexagonal (allen)
wrench, screwdriver, or key to open.

3.6.1.2 CODED FIRE ALARM BOXES

Figure 3-12 shows a coded fire alarm box.
Coding mechanisms are described in Section
2.2.2.2, "“Initiating Devices and Circuits."
Some comments on maintenance of coding
driven mechanisms are given in Section 3.3.8,
"Motors.! The device in Figure 3-12 uses a
replaceable glass rod, which can be replaced
without disassembling the box and is not
essential for proper operation. Resetting
requires % turn of an allen screw at the top,
allowing the front to swing down and providing
access to the mechanism. To reclose the
device, reverse the operation.

3.6.1.3 TESTING AND MAINTENANCE

Manual initiating devices should be visually
inspected monthly for physical damage due to
vandalism, accident, and painting. At this
time, count the devices to be sure that none

have been concealed or removed. Correct
deficiencies promptly. Test repaired units by
mechanical operation and transmission of local
and remote signals, without glass breakage.
Be sure to inform building and fire department
personnel that the test is to be performed.

Test all manual devices on a rotation schedule
so that all devices are tested semiannually.
Some devices should be tested each month, at
least one from each initiating circuit (zone) or
remote signaling circuit, in the case of coded
fire alarm boxes. Keep accurate records of
devices tested, their locations, anc¢ the rota-
tion scheme. Store a copy of building system
diagrams and test records in the control unit.

3.6.1.4 TROUBLESHOOTING

Troubleshooting for initiating circuit problems
was described for Control and Auxiliary Units.
If, during testing, proper signals are not
obtained, determine if the problem relates to
a circuit, a device or a control unit. If other
nearby devices in the same circuit work prop-
erly, the problem is probably in the device.

FIGURE 3-12. CODED FIRE ALARM BOX.
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In noncoded manual devices, the only electri-
cal causes of malfunction are the circuit con-
nections to the device and the switch. If an
exact replacement spare switch or complete
device is available, make an immediate repair
or replacement. Be sure the terminal connec-
tions are snug and that wires are not broken at
the terminals. Breaks can occur inside the
insulation. To check, tug slightly on each wire
near the terminal. If an immediate repair
cannot be made, tag the device as inoperative
and return as soon as possible to complete the
repair.

If the complete device is replaced with a new
one and the only defective component in the
old device is the switch, order a replacement
switch, repair the old device and keep it as a
spare. Always test repaired or replaced de-
vices and correct mistakes in reconnecting
wires or in analyzing the problem.

In coded manual devices, check the proper
functioning of the drive mechanism by oper-
ating the device and listening for constant
speed of the mechanism. Next, look at the
code wheel or cam for irregularities which
might explain any malfunction. Examine cir-
cuit connections to the device for loose or
intermittent connections. Look for absence of
a ground wire connection and check the con-
tinuity to ground for existing ground wires at
the coding device, if a ground connection is
required.

See Section 3.4.1.6, "Remote Signal Trans-
mitters", for information on other defects in
coding contact adjustment and cleaning.

3.6.2 AUTOMATIC FIRE

INITIATING DEVICES

ALARM

Most problems relating to automatic devices
are from painting and accidental damage.
Painting sensing devices slows or inhibits their
response to a fire.

Some damage results from vandalism, espe-
cially to the larger, more visible devices such
as smoke detectors. Even minor damage can
prevent internal parts from operating. All
these devices require routine inspection and
testing and some require periodic cleaning.

T L N e R S TR R s

SPOT TYPE HEAT ACTUATED
DETECTORS

3.6.2.1

Spot type heat detectors have a detecting
element or elements which respond to temper-
ature conditions at a single point or in a small
area.

FIXED TEMPERATURE DETECTORS. These
detectors are shown in Figures 3-13 and 3-14.
Other fixed temperature detectors are manu-
factured in the style of Figure 3-15. Spot type
fixed temperature detectors are mainly used
in unattended spaces to detect smoldering
fires which increase the temperature of a
detector above its design value, usually 135°F
-145°F or 185°F - 200°F. The higher temper-
ature devices are used in spaces which may
reach high temperatures under ordinary condi-
tions, such as boiler rooms, attics, or cooking
areas.

The device usually is actuated by melting or
fusing an element made of a fusible metal
alloy. Actuated devices usually can be
detected by visual examination.

In the devices of Figures 3-13 and 3-14, the
smaller diameter part in the center drops
away. In Figure 3-15, the dimple becomes a
hole when the detector operates.

LOW PROFILE HEAT
DETECTOR.

FIGURE 3-13.

Fixed temperature devices are often designed
for one time operation and the whole device
(Figures 3-13 and 3-15) or the element (Figure
3-14) needs to be replaced.
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FIGURE 3-14. REPLACEABLE ELEMENT
FIXED TEMPERATURE

HEAT DETECTOR.

COMBINATION FIXED
TEMPERATURE/RATE OF
RISE HEAT DETECTOR.

FIGURE 3-15.

RATE COMPENSATED DETECTORS. This
type of detector is shown in Figure 3-16. For
low rates of temperature change (up to 5°F
per minute), rate compensated detectors oper-
ate like fixed temperature detectors. For
higher rates of temperature change, the
detector anticipates the rise in temperature to
its set point and operates faster than the usual

fixed temperature detector. It automatically
resets and is reusable when the temperature
drops below its design value. There is no
difference in external appearance between an
actuated device and an unactuated device, so
that its status must be checked electrically.

FIGURE 3-16. RATE COMPENSATED
HEAT DETECTOR.

RATE OF RISE DETECTORS. These detectors
are found in the styles of Figures 3-13 and 3-
15. Rate of rise detectors cause an alarm
whenever the rate of temperature rise exceeds
about 15°F per minute. Heating causes an
increase in air pressure inside the detector. A
slow increase in pressure bleeds-off through a
breather valve while a fast increase operates a
bellows type diaphragm which operates the
alarm contact, causing a signal. The detectors
automatically reset after actuation and are
reusable. Actuation is not visually indicated.

COMBINATION DETECTORS. These detec-
tors are found in the styles of Figures 3-13 and
3-15. The combination detector contains both
fixed temperature and rate of rise elements.
If either element actuates, an alarm results.
The fixed temperature element is visible and
actuates only once. If the fixed temperature
element actuates, the whole device must be
replaced. The rate of rise element automati-
cally resets and is reusable.
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THERMOPILE DETECTORS. The detectors
use the thermocouple principle to cause an
alarm. One set of series connected thermo-
couples is exposed to the environment through
a transparent dome, and a similar set is
shielded inside the base of the detecting
element. If the detector is exposed to fire,
the exposed set experiences an increase in
temperature greater than that experienced by
the unexposed set. The thermocouples, each
composed of a welded junction of dissimilar
metals, generate a small voltage dependent on
their temperature. The hot, exposed thermo-
couples generate a higher voltage than the
cooler, unexposed ones. When the voltage
difference is great enough to cause an alarm,
the heat detector control unit is activated.
This type of detector acts as a rate of rise
heat detector which can effectively protect
large areas. Thermopile detectors automati-
cally reset and are reusable.

THERMISTOR DETECTORS. Thermistor type
heat detectors use semiconductor material
with a high negative coefficient of resistance.
The resistance of the thermistor drops rapidly
to a low value as its temperature increases
and causes an alarm signal. This device auto-
matically resets and is reusable. In its
simplest form, the thermistor acts as a fixed
temperature heat detector, though it may be
found as a rate of rise detector using addi-
tional circuitry.

TESTING AND MAINTENANCE OF SPOT
TYPE HEAT DETECTORS. Spot type heat
actuated detectors should be inspected month-
ly for physical damage and for painting.
Painting slows or inhibits the response of de-
vices to a fire. Replace any painted or
damaged devices. During the monthly inspec-
tion, note any new enclosed spaces and add
detectors if needed.

Test heat detectors semiannually on a rotation
schedule to insure that all devices will be
tested over a five year period.During the
semiannual tests, select at least one detector
from each initiating circuit (zone) for testing.
Nonreusable detectors with replaceable
elements can be tested by removing and re-
installing the element. Test and replace all
nonreusable detectors in a five year period.
The testing provides training opportunities and
improves the alarm system reliability.

Keep accurate records of devices tested, their
locations, and the rotation scheme so no de-
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vices are overlooked and so that others can do
the testing.

Spot type heat actuated detectors can be
tested using various sources of heat. If the
detector is located in a hazardous area which
may contain explosive fumes or other highly
flammable materials, use an explosion-proof
lamp.  For nonhazardous areas, the heat
source may be an infrared lamp, a hair dryer,
or a hot air gun. Be careful to avoid heat or
smoke damage to reusable detectors and to
the surroundings.

To test combination detectors which have a
nonreusable fixed temperature element, test
both the rate of rise and fixed temperature
features. First use a higher heat level for a
short period and direct it away from the
fusible fixed temperature element, if possible,
to actuate only the rate of rise element.
When an alarm occurs, allow cooling and reset
and then apply more gradual heat to actuate
the fixed temperature element.

TROUBLESHOOTING. See Sections 3.5.3.3
through 3.5.3.6 for troubleshooting of initi-
ating circuit problems. Troubleshoot special
circuits for thermopile or thermistor type
detectors according to the detector manufac-
turer's instructions. If .you do not obtain a
proper signal during a test, determine if the
problem relates to a circuit, a device, or a
control unit. If other nearby devices in the
same circuit work properly, the problem is
probably related to the device.

If it appears that the device is the cause of
the problem, follow these rules:

1. If the device caused no alarm during a
routine test, first make sure that the alarm
was not deactivated by the alarm silence
switch.

2. If a heat detector causes a continuous
alarm at the control unit, remove the
detector from the initiating circuit and
reestablish the initiating circuit
temporarily to see if the alarm condition
can be restored to normal. If so, replace
the detector and reconnect wires perma-
nently.

3. If a detector is defective but no replace-
ment is immediately available, remove the
detector, reestablish the initiating circuit,
and tag the location with information on



the type and rating of the replacement
required. Obtain and install the replace-
ment as promptly as possible.

After installing a new device, check the
wiring connections. Be careful not to test
the detector in a way that will destroy the
element. A replaced nonreusable detector
cannot actually be heat tested as a practi-
cal matter, but proper circuit function can
be tested by short circuiting detector
terminals with a screwdriver for normally
open detectors, by removing and re-
installing the replaceable element for
replaceable element detectors, or by
removing a wire for normally closed detec-
tors. If there is still a problem, check for
loose or intermittent connections at termi-
nals. Tug lightly on wires at the terminals
to check for firm connections and the
absence of any broken wires.

3.6.2.2 LINE TYPE HEAT ACTUATED
DETECTORS

A line type heat detector senses temperature
conditions along a line. The line type detector
may be formed into a rectangle or some other
shape to suit the area protected.

LINE TYPE FIXED TEMPERATURE
DETECTOR. One type of line type fixed
temperature detector uses a pair of steel
wires in a normally open circuit. The conduc-
tive wires are insulated from each other by a
thermoplastic material with a known melting
temperature. The wires are under tension and
are held together by a braided sheath or other
suitable covering to prevent mechanical
damage. At the design temperature, the insu-
lation melts, contact is made between the two
steel wires, and an alarm signal is initiated.
The melted section of cable must be replaced
after an alarm.

LINE TYPE RATE OF RISE DETECTOR. A
line type rate of rise detector consists of a
continuous loop of metal tubing (usually
copper), without branches, attached to the
ceiling of the protected area. There may be
as much as 1000 feet of tubing in the loop,
both ends terminating in an air chambper in the
detector unit. If a section of tubing experi-
ences a rapid increase in temperature, the air
in the tubing expands faster than it can be
exhausted through an adjustable vent in the
detector unit. Bellows type diaphragms in the

detector unit expand, making an electrical
contact which causes an alarm. The bellows
diaphragms are sometimes arranged to
mechanically actuate a coded transmitter in a
coded alarm system.

In a line detector system which must protect a
small space, among other larger protected
spaces, it may be difficult to expose enough
tubing to a possible fire in the small space to
obtain sensitivity. In that case a coil of
tubing, called a "rosette", is inserted in the
line where increased sensitivity is needed.

LINE TYPE THERMISTOR DETECTOR. A line
type thermistor heat detector has a stainless
steel capillary tube containing a coaxial
center conductor separated from the tube wall
by a temperature sensitive semiconductor.
Under normal conditions, a current, less than
that required for an alarm, flows in the cir-
cuit. As the temperature rises the resistance
of the semiconductor decreases, allowing more
current to flow and causing an alarm. This
type of detector acts as a fixed temperature
detector and is reusable.

TESTING AND MAINTENANCE OF LINE TYPE
HEAT DETECTORS. Line type heat detectors
should be inspected monthly for physical
damage and for painting. Painting slows or
inhibits detector response to a fire. Cable
with heavy layers of paint should be replaced.

Check for any changes in partitions or floor
plan since detector installation and rearrange
or add detectors or rosettes as needed.

Test the reusable line type detectors semi-
annually, using a heat source such as an
infrared lamp of 300 to 400 watts. Test
rosettes in a rate of rise tubing loop on a
rotation schedule so all rosettes in a system
are tested at least every five years. A rosette
in an average size rate of rise system should
respond to a 375 watt infrared lamp held 5

inches from it in less than 1 minute. Longer
exposure may discolor nearby painted
surfaces. Additional tests to confirm the

integrity of the tubing (no leaks or pinched
tubing) and proper adjustment of breather
vents should be done semiannually and prob-
lems promptly corrected in accordance with
the manufacturer's instructions.

Nonreusable line type fixed temperature
detectors are usually provided with a test
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switch at the end of the sensing cable. Oper-
ating the switch causes an alarm. Test the
detector with the test switch semiannually and
replace any damaged or faulty cable sections
promptly in accordance with the manufac-
turer's instructions. Measure and record loop
resistance semiannually.

Check the line type thermistor detector semi-
annually with an infrared lamp heat source. A
375 watt infrared lamp held 5 inches from the
tubing should cause an alarm in less than 1
minute. Longer exposure may discolor nearby
painted surfaces. Vary the location along the
tube for each test. Measure and record detec-
tor resistance semiannually and correct prob-
lems, such as damaged tubing, promptly in
accordance with the manufacturer's instruc-
tions.

TROUBLESHOOTING. Line type heat actu-
ated detectors are somewhat specialized with
different characteristics depending on the
manufacturer. Most troubleshooting should be
performed using the manufacturer's test kit
and instructions.

Line Type Fixed Temperature Detector. For
troubleshooting purposes, this detector can be
treated as either an unsupervised, Class B, or
Class A initiating circuit, depending on the
method of connecting the detector to the
control unit. Noticeable changes in semi-
annual resistance readings should be checked
unless there have been additions to the sys-
tem. Replace damaged cable sections in
accordance with the manufacturer's instruc-
tions.

Line Type Rate Of Rise Detector. If a
pneumatic tubing detector loop has no
rosettes, it is usually advisable to add at least
one rosette to simplify testing, unless the
total length of tubing in the loop is small. If
testing fails to produce an alarm, there may
be pinhole air leaks in the system or the air
vent at the main air chamber may bleed off
air too rapidly. Check for air leaks, using the
manufacturer's test kit and instructions. If
there are no leaks, adjust the vent to bleed off
air slower to increase sensitivity. Replace
tubing sections with leaks or crimps as the
manufacturer recommends, and retest. If
false alarms occur with rapid increases in
temperature due to weather, which are not
corrected by vent adjustment, look for an
obstructed vent. Clean the vent as the manu-

facturer recommends, if it is obstructed, and
test.

Line Type Thermistor Heat Detector. If a
section of thermistor tubing is pinched, the
other tube may be short circuited to the inner
coaxial conductor causing a continuous alarm
condition. Examine the entire length of the
tubing for damage if this occurs. Radical
changes in the semiannual resistance measure-
ments should be checked. Repair or replace
damaged sections in accordance with the man-
ufacturer's instructions. Perform other tests,
following the manufacturer's instructions.
After repairs, repeat the tests.

3.6.3 SMOKE ACTUATED DETECTORS

Smoke actuated detectors are ionization or
photoelectric type and spot, beam, or duct
design.

3.6.3.1 SPOT TYPE PHOTOELECTRIC
SMOKE DETECTORS

Most modern spot type photoelectric detectors
use the light reflection principle to detect
smoke. The diagram in Figure 3-17 shows a
typical arrangement of functional parts. A
pulsed light beam from a light emitting diode
(LED) with its associated optics is projected
across the interior of a blackened chamber
which may contain smoke to be detected. A
photocell, with its optics, looks toward the
projected beam along a line perpendicular to
the beam. When smoke enters the chamber,
the smoke particles reflect a small portion of
the light beam toward the photocell, which
provides a voltage to be amplified and causes
an alarm. The light source may be monitored
ahead of the smoke chamber and regulated to
prevent variation of the light intensity from
causing erratic detector behavior.

3.6.3.2 SPOT TYPE IONIZATION SMOKE
DETECTOR

A small amount of radiocactive material
ionizes the air inside a chamber, which is open
to the ambient air. A measured, small electri-
cal current is allowed to flow through the
ionized air. The small, solid particle products
of combustion which enter the chamber as a
result of fire interfere with the normal move-
ment of ions (current) and, when the current
drops low enough, an alarm results. A two
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FIGURE 3-17.

position switch to control sensitivity may be
provided. A detector of this type is shown in
Figure 3-18.

Modern ionization detectors have additional
means to improve stability and immunity to
atmospheric effects. A reference chamber is
vented to the outside only through a small
orifice which does not readily admit smoke
particles. Temperature, humidity, and pres-
sure changes are sensed by both the reference
chamber and the smoke chamber, and their
effects on alarm sensitivity are eliminated by
electronic balancing.

3.6.3.3 BEAM TYPE PHOTOELECTRIC
SMOKE DETECTOR

The projected beam type photoelectric smoke
detector uses a light source and a light sensing
photocell, similar to the spot type photo-
electric detector. In the beam type detector,
the light source and photocell are mounted
near the ceiling on opposite sides of the pro-
tected room. When smoke obscures the light
below a predetermined value at the photocell,
an alarm results. Sometimes the light path
between the source and the photocell is
shielded to prevent light blockage by solid
objects. Mirrors may be used to increase the

light beam path length and protect larger
areas or to give more effective protection of
an area.

3.6.3.4 DUCT TYPE PHOTOELECTRIC
SMOKE DETECTOR

The duct type detector operates on the same
principle and has the same internal construc-
tion as spot type photoelectric detectors. The
major difference between duct and spot type
detectors is the method of moving the smoke
into the detection chamber. The spot type
detector relies on convection of air in a room.
The duct type detector is intended for
detecting smoke in an air handling system. It
is mounted directly on the outside of an air
duct or nearby with a sampling tube extending
about three quarters of the way across the
inside of the duct. The sampling tube has
holes in it, directed upstream, for normal
airflow in the duct to produce a cross sec-
tional sample of air from the duct. The air
flows into the smoke detection chamber,
mounted on the outside of the duct, and back
into the duct through a return tube, having a
hole or holes directed downstream. As long as
there is airflow in the duct, a portion of that
air continuously flows through the detection
chamber. A gasket seal prevents ducted or
ambient air from entering the smoke detecting
chamber directly and diluting the air sample
taken from inside the duct.

The duct type detector may have a key oper-
ated test/indicator station. The duct detector
may also have more and heavier duty alarm
output contacts than the spot type detector
because the duct type detector is frequently
used for direct control of higher current elec-
trical devices, such as HVAC fans and
dampers, or fire door releases, rather than for
an alarm system, which has lower current
requirements.

3.6.3.5 DUCT TYPE IONIZATION SMOKE
DETECTOR

The duct type ionization detector operates on
the same principle and has the same internal
construction described earlier for spot type
ionization detectors. The major difference
between the duct and spot type detectors is
the method of moving the smoke into the
detection chamber. The spot type detector
relies on convection of air in a room. The
duct type detector is intended for detecting
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FIGURE 3-18.

smoke in an air handling system and is
mounted directly on the outside of an air duct
or nearby with sampling and return tubes
extending completely across the duct. Figure
3-19. shows a typical detector with sampling
and return tubes. Wide ducts which require
long tubes require tube support with brackets
or holes in the duct wall. The outer ends of
the tubes are sealed with rubber stoppers or
similar means. The inlet holes in the sampling
tube are directed into the airstream; the out-
let holes in the return tube are either directed
downstream, perpendicular to the airflow, or
adjusted for a particular airflow through the
detector or pressure difference between the
sampling and return tubes, depending on the
manufacturer's installation instructions.
Normal airflow velocity is usually 500 feet per
minute; the normal pressure difference
between sampling and return tubes is usally
one inch of water.

3.6.3.6 TESTING AND MAINTENANCE

Smoke actuated detectors should be inspected
monthly for physical damage and for painting.
Remove or mask the detectors when painting
because paint may prevent good electrical

Plug-in
@ Detector
) Assembly

“0" Ring

IONIZATION SMOKE DETECTOR.

contact at connectors and proper mechanical
fit.

Replace spot type smoke detectors which show
any of the following at the time of the month-
ly inspection: corrosion, paint, paint removal
(indicating  previous painting), physical
damage, exposure to grease or other deposits,
corrosive atmospheres, overvoltage surges or
lightning damage. In many cases, removed
detectors may be repairable by the manufac-
turer.

Before testing detectors which are connected
to auxiliary functions, such as release of a fire
extinguishing agent, release of fire doors, or

fan shutdown, disconnect or bypass the auxil-
iary functions (unless the test is specifically

intended to test these features). Notify the
fire department and persons where the audible
signals can be heard.

SPOT TYPE PHOTOELECTRIC SMOKE
DETECTOR. Most detectors of this type have
a built-in test feature. In some models, a test
light source actuated by a key operated test
switch or by holding a magnet near a built-in
reed switch causes light to reach the normally
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dark, smoke sensing, photocell in a quantity
approximating the light of an average smoke
test. In other detector models, the smoke
simulation is performed by inserting a reflec-
tive surface into the smoke chamber so that
actual source light is reflected to the smoke
sensing photocell. Test at least one detector
in each initiating circuit (zone) monthly.
Follow a rotation schedule so that all detec-
tors are tested semiannually.

SAMPLING
TUBES

SAMPLING CHAMBER
COVER
(IONIZATION DETECTOR

. LOCATED INSIDE
SAMPLING CHAMBER)

FIGURE 3-19.

Test failures or false alarms may result from
an excessive accumulation of dust or dirt
caused by an adverse environment. Blow out
the smoke chambers with low pressure air.
(Partial disassembly of the detector and dis-
connection of detector power, following the
manufacturer's instructions, are required.)

Since the photocell is normally dark, disassem-
ble and clean in a darkened area to minimize
the photocell recovery time after cleaning

CONDUIT OPENING
(with Plug)

CONTROL SECTION

ALARM LAMP

SENSITIVITY TEST
JACK

DUCT-TYPE IONIZATION

SMOKE DETECTOR.

before repowering the detector. Allow
approximately 30 minutes for recovery after
reassembly of the detector before recon-
necting power.

Disconnecting power by unplugging one detec-
tor may also disconnect power from the other
detectors further from the power source.
Local fire authorities may require special pre-
cautions during any extended testing period.

Special equipment which may be required for
cleaning consists of a low pressure air source
for blowing out dust and a suction cup for
chamber cover removal.

If the cleaning does not correct the false
alarms or failure to alarm, return the detector
to the manufacturer for repair.

SPOT TYPE IONIZATION SMOKE DETECTOR.
Test at least one detector in each initiating
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Follow a rotation

circuit (zone) monthly.
schedule so all spot type ionization detectors
are tested semiannually in accordance with

the manufacturer's instructions. Any detec-
tors which produce false alarms between semi-
annual tests or do not test satisfactorily
should be checked for sensitivity, following
the manufacturer's instructions and using test
equipment available from the manufacturer or
other sources. An aerosol synthetic smoke is
available from some manufacturers for testing
their detectors.

Unsatisfactory tests or erratic operation may
indicate a need to remove accumulated dust or
dirt. The frequency of cleaning should be
based on results of regular tests and local
conditions. Clean, check, and test operation
and sensitivity following the manufacturer's
instructions. For loose dust deposits, blow the
area with low pressure air after removing a
protective cover. For more stubborn deposits,
disassemble and clean using a liquid recom-
mended by the manufacturer. Recheck sensi-
tivity and adjust if necessary after cleaning
and thorough drying.

Some smoke detectors of this type produce an
electrical shock which may not be severe
enough to cause injury directly but could cause
a fall from a ladder. Some manufacturers,
because of such possible injury to personnel or
damage to the detectors, do not recommend
servicing by anyone other than factory trained
personnel. The customer service department
of most manufacturers can give advice on the
telephone for specific problems. Be prepared
to give the equipment model number and other
pertinent information.

BEAM TYPE PHOTOELECTRIC SMOKE
DETECTOR. Check each detector semi-
annually. Usually simulate smoke by holding
pieces of clear filter material furnished with
the detector, in front of the lens. For
instance, one thickness should not cause an
alarm while three thicknesses should cause an
alarm. Check the manufacturer's instructions
to be sure this method is appropriate.

The beam type photoelectric smoke detector
is probably more rugged than the other detec-
tors discussed. The most frequent problems
are burned out light sources and dirt or paint
on lenses and filters which can cause false
alarms. These problems should be discovered
during monthly inspections and corrected

promptly. Clean the lenses semiannually just
before the regular operating test. Disconnect
power to prevent alarms during lens cleaning,
wipe the sensor lens and any filters or mirrors
used and the projector lamp surface with a
soft damp cloth.

Check the light beam to be sure it is directly
centered on the sensor unit after cleaning. If
necessary, remove filters and align the pro-
jector lamp, using adjustment screws provided
on the projector unit. If mirrors are used, the
alignment process is more difficult, so be
careful during cleaning not to disturb their
adjustment. Reassemble all removed parts
before testing.

DUCT TYPE SMOKE DETECTOR. Duct type
smoke detectors usually are tested with simu-
lation type tests, using a key operated test
switch at the detector or at a remote
test/indicator location, if installed. Frequent-
ly, reset of a detector requires momentary
removal of power, either by using the key
operated test switch or a switch at a central
control panel. In testing duct mounted detec-
tors, the length of time to activate each
detector will vary. A typical response time is
10 seconds, but some detectors may require 30
seconds or more to activate.

Check the manufacturer's instructions before
doing any cleaning, checking, operation or
adjustment.  Establish a routine cleaning
schedule, based on local dust, dirt and HVAC
filter conditions. Start with annual cleaning
of the smoke chamber, sampling tubes and
holes and increase or decrease the frequency,
depending on performance results. A low
pressure air hose should be adequate for most
cleaning.

Refer to earlier paragraphs on spot type
photoelectric and ionization smoke detectors
for additional detail to apply to the respective
duct type smoke detectors.

3.6.3.7 TROUBLESHOOTING

PHOTOELECTRIC  SMOKE DETECTOR.
Photoelectric detectors are usually arranged
to give a trouble signal for light source fail-
ure. Beam type smoke detectors with incan-
descent light sources require more frequent
light source replacement than LED's. Base
personnel can replace lamps, following the
manufacturer's instructions. Spot type detec-
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tors with LED light sources should be returned
to the manufacturer for repair.

False or continuous alarms usually indicate
that cleaning is needed. Continued unsatisfac-
tory results after cleaning indicate that fac-
tory repair is necessary. Keep spare devices
on hand for immediate replacement.
failed units to the manufacturer promptly.

IONIZATION SMOKE DETECTOR. False, con-
tinuous or erratic alarms or failure of ioniza-
tion detectors to actuate after the factory
recommended routine inspection and cleaning
have been performed indicate that factory
repair or repair by a factory trained techni-
cian is necessary. Schooling and test equip-
ment are available from some manufacturers
for training and assisting installers and service
personnel. Defective devices should be
returned to the factory.

3.6.4 FLAME ACTUATED DETECTORS

Flame actuated detectors are optical devices
which "look at" the protected area. They
generally react faster to a fire than nonoptical
devices.
3.6.4.1 INFRARED FLAME DETECTORS
Infrared (IR) flame detectors respond directly
to the infrared, modulated (flickering at 5-30
cycles per second) radiation from flames. To
minimize responses to nonfire sources of
radiation, the sensor design usually incorpo-
rates a delayed response, selectable in the
range of 3 to 30 seconds. Thus, alarms are
caused only by sustained, flickering sources of
infrared radiation. Figure 3-20 shows two
typical infrared flame detectors.

The infrared flame detector is ineffective for
smoldering or incipient fires. It is used where
possible fires would develop quickly (fuels such
as combustible gases and liquids or loose
cotton fiber) and it is capable of protecting a
large area, if mounted high on a ceiling or wall
(30 to 50 feet).

The sensitivity of infrared detectors to a fire
is affected by the distance of the device from
the fire. For example, if the distance is
doubled, the required fire for detection must
be four times as large. In order to maintain
immunity to possible nonfire sources of
alarms, longer response delays (10 to 30

Return :

seconds) are usually selected for low ceiling (8
feet) mounting. Shorter delays, in the range 3
to 10 seconds, are used when detectors are
mounted on higher ceilings. For high hazard
areas, the detector can be mounted on a low
ceiling and a low delay setting used to obtain
sensitivity and fast response. Shields to elim-
inate possible false alarm sources from the
field of view of the detector are sometimes
used, especially in a high sensitivity applica-
tion of the device.

FIGURE 3-20. INFRARED FLAME
DETECTORS.
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Some detector models designed for fast
response do not have the "flicker" discrimina-
tion feature, but instead have two sensors with
different spectral responses. These sensors
are used to distinguish between an actual fire
and other sources of infrared radiation.

Glowing ember detectors are nondiscriminat-
ing and fast acting. Ambient light levels must
be maintained below 20 foot candles. Place-
ment and shielding are important for this type
to avoid false alarms due to incandescent
lamps and sunlight.

3.6.4.2 ULTRAVIOLET FLAME DETECTORS

The ultraviolet (UV) flame detector is
extremely fast and is used in high hazard
applications, such as aircraft maintenance
areas, munitions production, and other areas
where flammable or explosive liquids or solids

QUARTZ
WINDOW

FIGURE 3-21.

are handled or stored. The detector responds
to ultraviolet radiation not visible to humans.
Figure 3-21 shows some typical UV detectors.

The detector and circuitry may be in a single
housing or in separate housings. They act
together as a normally open switch which
becomes momentarily closed, causing an
alarm, when UV radiation enters the detector
viewing window. Response time is typically
less than 25 milliseconds for an intense UV
source. Some models have a built-in short
time delay (3 seconds, nominal) to minimize
responses to lightning and other momentary
events.

Frequently, separate relay contacts are pro-
vided for immediate and delayed alarm out-
puts, adjustable up to 30 seconds. A visual
indicator, visible through the viewing window,
usually indicates detector actuation.

OPTICAL SHIELD UV SENSOR

TEST LAMP

Optical Integrity System

ULTRAVIOLET FLAME DETECTORS.
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A test feature designed into some detectors
allows for checking the optical integrity of the
device. A small UV source inside the detector
housing is shielded from directly illuminating
the sensor. Local or remote operation of a
test switch deactivates alarm circuits and
illuminates the test lamp. Its rays pass out
through the viewing window, strike a mirrored
surface at the edge of the opening and return
through the front window to the sensor.
Detector response to the test indicates that
the window is clean and that the sensor and
electronic circuits are operational.

The UV detector is capable of use in explosive
atmospheres and some models have swivel
mounts for directing them at specific hazards.
Various models have angular fields of view
ranging from 90 to 180 degrees. Sensitivity is
usually factory set for the application.

3.6.4.3 TESTING AND MAINTENANCE

Flame actuated detectors should be inspected
monthly for physical damage, accumulation of
lens deposits, and painting. A spot of paint on
a lens can block the detector's view of a
critical area of the protected space. Remove
or protect the detectors when painting.

INFRARED DETECTORS. In Figure 3-20, the
dark spot or dome at the bottom center of
each infrared device is the lens. Detector
lenses must be kept clean to insure the
earliest possible detection of a fire. Test at
least one detector in each initiating circuit
(zone) monthly. Follow a rotation schedule so
that all detectors are tested semiannually.

A small soldering iron, held 6 inches in front
of a glowing ember type detector, can serve as
a heat source for testing. A 250 watt infrared
heat lamp several feet from the detector can
serve as a flame substitute in testing an
infrared flame detector.

Be sure that auxiliary functions of the flame
detection system are deactivated before
testing unless these features are intentionally
being tested. Inform the fire department and
persons who would hear the alarm.

False alarms or failure to detect during a test
may be from environmental factors or aiming
of the detector. During the monthly inspec-
tion, check that detectors are not blocked and
that lenses are shielded from direct rays of

the sun and other normally occurring infrared
sources.

If a detector has a clean lens but fails an
operating test, make adjustments and/or other
field maintenance, following the manufac-
turer's instructions. Obtain field service by a
factory trained technician or return the equip-
ment to the manufacturer for repair.

ULTRAVIOLET DETECTORS. Keep UV detec-
tor lenses totally clean. A gradual buildup of
contaminants frequently found in high hazard
spaces (oil, gasoline, petrochemicals, salt and
dust) blocks UV radiation. A layer thin enough
to be undetectable to the human eye can cause
a UV detector to be completely blind. Clean
lenses according to the manufacturer's
instructions.

Test models of UV detectors with the built-in
optical integrity test feature during the
monthly inspection. Clean and retest detec-
tors which fail the test.

False alarms and failure during a test may be
related to environmental factors or aiming of
the detector. During the monthly inspection,
check that detectors are aimed to protect the
intended areas, that detectors are not blocked,
and that lenses are shielded from direct rays
of the sun and other normally occurring UV
sources, such as welding equipment.

Perform an operational test on at least one
detector in each initiating circuit (zone)
monthly. Follow a rotation schedule so all
detectors are tested semiannually. UV sources
for test purposes are available from some UV
detector manufacturers. Be sure that auxilia-
ry functions of the detection system are de-
activated before testing unless these features
are to be tested. Notify the fire department
and persons who would hear the signals.

If a detector has a clean lens but fails an
operational test, make adjustments and/or
other field maintenance, following the manu-

facturer's instructions. Obtain field service by
a factory trained technician or return defec-

tive equipment to the manufacturer for repair.
3.6.4.4 TROUBLESHOOTING
Erratic alarms and failure to detect flames or

simulated flames during tests are the most
frequent problems of flame detectors. A
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failure to detect is usually caused by an
accumulation of oil, paint, or dust deposits on
a lens or by an object blocking the detector's
view of the flame. Clean the lens as soon as
possible when a problem occurs and aim the
detector so it has an unobstructed view of the
area. High speed detectors, intended for use
in low ambient light conditions, may become
desensitized from overexposure to ambient
light. Follow the manufacturer's recommen-
dations in controlling ambient conditions.

Spurious or erratic alarms are caused by direct
or indirect sources of infrared or ultraviolet
rays which appear as a flame to the detector.
Ember detecting infrared detectors may
respond to incandescent lamps or to sunlight
striking an object. Some reflective sources
which may flicker like a flame and cause
infrared alarm signals are sunlight reflections
from lakes, puddles, windows, venetian blinds,
machinery, and passing cars and trains. Some
direct light sources which may cause spurious
infrared alarms are flickering neon signs or
lamps and headlights on moving vehicles.
These light sources should be shielded from
the view of infrared detectors.

The main sources of spurious alarms for ultra-
violet detectors are welding and cutting oper-
ations within view of the detectors.

SPRINKLER WATERFLOW ACTUATED
DETECTORS

3.6.5

Sprinkler waterflow detectors are generally
pressure actuated or vane actuated. Pressure
switches are used on both wet and dry pipe
sprinkler systems. Vane switches are widely
used on wet pipe sprinkler systems. They
cannot be used on dry pipe systems because
the mechanical shock of the initial rush of
water into the pipe could damage the vane and
mechanism.

Dry pipe system alarms tend to be slow acting
because it takes time to lose sufficient air
through a fused sprinkler to trip the system.
Various methods are used to speed up dry pipe
systems. Wet pipe system alarms have a
different problem. Fluctuating water pressure
frequently causes flow into a sprinkler system,
equalizing the sprinkler system pressure with
the supply pressure. Such surges of water or
of pressure cause spurious waterflow alarms if
some method of slowing down the switch
response to the surge is not used. Various
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retarding techniques are used, some associated
with the waterflow detector and some with
the sprinkler piping.

PRESSURE INCREASE TYPE
WATERFLOW DETECTOR

3.6.5.1

Numerous styles of this type of waterflow
pressure switch are found in wet and dry pipe
systems. (Figure 3-22 shows one style.) The
usual arrangement for switch actuation
includes a sealed accordion-like bellows which
is assembled to a spring and linkage. The
spring compression or tension controls the
pressure setting of the switch and may be
adjustable and/or factory set to the desired
pressure. As water or air pressure in the
bellows increases, it expands, providing motion
against a spring. The linkage converts the
bellows motion into the desired motion to
actuate the electrical switch. If the pressure
switch is used on a wet pipe system, it is
usually mounted at the top of a retarding
chamber, which reduces the speed of pressure
buildup at the switch.

There are also waterflow pressure increase
detectors which incorporate a pneumatic
retarding mechanism within the detector
housing. The retard time is adjustable to a
maximum of 90 seconds with usual settings in
the range 20 to 70 seconds. The retarded
switch would be connected to the alarm port
of a wet sprinkler system alarm check valve.
The usual pressure settings for these switches
are in the range of 8 to 15 psi.

3.6.5.2 PRESSURE DROP TYPE WATER-
FLOW DETECTOR

Pressure drop type detectors can be used in
wet pipe sprinkler systems equipped with a
check valve (alarm check or swing check)
which holds excess pressure on the system side
of the check valve. These detectors are most
frequently used where a water surge or
hammer causes false alarms with other types
of waterflow detectors.

The construction of pressure drop detectors is
similar to that for pressure increase detectors.
The switch for a pressure drop detector is
arranged to actuate on a drop in pressure and
there is no retarding mechanism or chamber.
A typical switch of this type would be adjusted
for some normal operating pressure in the
range 50 to 130 psi. The alarm pressure would
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be adjustable to 10 to 20 psi below the normal
pressure.

3.6.5.3 VANE TYPE WATERFLOW DETEC-
TOR

A vane type waterflow detector, used only in
wet pipe sprinkler systems, is shown in Figure
3-23. The vane, a flexible, almost flat disc is
made of corrosion resistant material. The
detector is assembled to the pipe by drilling a
hole in the wall of the sprinkler pipe. The
vane is rolled-up to form a tube and inserted
into the pipe through the hole. Once inside
the pipe, the vane springs open, almost cover-
ing the inside cross section of the pipe. The
whole detector assembly is clamped to the
pipe with one or two U-bolts. Gaskets and
other sealing devices prevent leakage of water
out of the riser pipe and into the detector
housing. Operation of a sprinkler causes water
to flow in the system, moving the vane. A
mechanical linkage connects the vane to an
adjustable retarding device in the detector.

The retarding device, which is usually a pneu-
matic dashpot, actuates the alarm switch or
switches and/or signal transmitter, if the vane
is still deflected at the end of the adjustable
delay period. The retarding device prevents
spurious alarms by delaying the mechanical
actuation of the alarm switch(es) and/or trans-
mitter to allow the vane and retarding mecha-
nism to return to their normal positions after
momentary water surges. The retarding de-
vice setting is usually in the range of 30 to 45

seconds, though the maximum setting may be
as high as 90 seconds.

3.6.5.4 PRESSURE PUMP/PRESSURE DROP
TYPE WATERFLOW DETECTOR

The pressure pump type waterflow detector is
usually used in large sprinkler systems and
those with inadequate water pressure to
reliably operate one of the other types of
waterflow detectors. Figure 3-24 shows a
fixed pressure waterflow detector, with pump
(another name for the same device).

This type of detector has a pump, pump motor,
and control unit as an integral unit, arranged
for strap mounting to the sprinkler system
riser. The device provides a waterflow alarm
signal, a low system water pressure super-
visory signal, and excess pressure in the sys-
tem to prevent surges in the supply pressure
from opening the alarm check valve and
causing operation of the water motor gong or
other alarm indicator.

A typical installed detector of this type is
adjusted to maintain the system pressure at 25
to 50 psi above the supply pressure. A slow
leak at the alarm check valve or anywhere in
the system will cause the system pressure to
drop slowly. When the pressure decreases to 2
psi below the preset value, a pressure switch
closes, causing the pump start pumping water
from the supply side to the system side of the
alarm check valve at a rate of about | gallon
per minute. Note that this is too low a rate to

FIGURE 3-22. PRESSURE INCREASE TYPE WATERFLOW DETECTOR.
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maintain pressure if a sprinkler opens or to
deliver a significant amount of water to a fire.
If the total of system leaks amount to less
than 1 gallon per minute, the pressure switch
opens and the pump stops when the preset
pressure is reached. If the leak is greater than
1 gallon per minute, the system pressure con-
tinues to drop, even with the pump running. If
the system pressure decreases to 4 psi below
the preset value, a trouble pressure switch,
which is closed at the normal pressure, opens
to indicate that there is a system leak greater
than 1 gallon per minute. This is a mainte-
nance condition requiring repair. A trouble
contact is also operated if the pump is
switched off with the key-operated control
switch. If the system water pressure con-
tinues to decrease to 6 psi below the preset
value, an alarm pressure switch (open at the
normally maintained pressure) closes, signaling
a waterflow alarm.

Some fixed pressure waterflow detectors of
this type have an additional pump protection
pressure switch which disconnects pump power
when the supply pressure drops below about 14
psi. This additional switch prevents running
the pump dry if the water supply is shut off or
there is a break in the supply pipe.

3.6.5.5 ELECTRONIC PRESSURE DROP
WATERFLOW DETECTOR

The electronic pressure drop detector is often
used in sprinkler systems which must maintain
a high excess system pressure over supply
pressure (resulting from fluctuations in supply
pressure or use of an excess pressure pump)
that would delay actuation of a vane type
waterflow detector. It is normally mounted to
the riser pipe with a flexible, rugged hose
connection to the system side of the check
valve for pressure sensing. Figure 3-25 shows
a detector of this type with its cover open.
The device requires a pressure drop of 5 to 20
ounces per square inch continuing over a
period of at least three seconds to signal an
alarm. A pressure drop at a slower rate or of
shorter duration causes no alarm. A slow
pressure drop to 15 psi or less causes a trouble
signal indicating that there is a system leak
and low supply pressure. Pressure increases do
not cause an alarm, but an overpressure con-
dition (200 psi) causes a trouble signal.
Trouble signals are also caused by opening the
detector's metal cover, supply voltage outside
the normal range, and an internal circuit fail-

ure that would interfere with proper function-
ing.

VANE TYPE WATERFLOW
DETECTOR.

FIGURE 3-23.

3.6.5.6 TESTING AND MAINTENANCE

Waterflow actuated detectors should be
inspected monthly for physical damage and for
paint on information plates and labels.
Replace or repair damaged devices immedi-
ately. Clean or replace painted plates and
labels. Correct other deficiencies promptly.

During the monthly inspection, note any new
sprinkler risers so additional waterflow alarms
can be considered.

Test some sprinkler system waterflow detec-
tors each month. Follow a rotation schedule
so that a group of buildings in a large installa-
tion is tested each month and a complete
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FIGURE 3-24. FIXED PRESSURE WATERFLOW DETECTOR WITH PUMP.

cycle of tests of all waterflow detectors for
all buildings is completed quarterly. When
detectors are connected to a base alarm sys-
tem, tests should include checking for clearly
identifiable signals received at the alarm
headquarters.

WET PIPE SPRINKLER SYSTEM WATERFLOW
DETECTORS. Test wet pipe sprinkler system
waterflow devices by causing a flow of water
equal to that from one sprinkler by opening
the inspector's test valve fully. This valve is
usually near the end of the sprinkler system on
the opposite side of the building from the
system riser. For sectional waterflow detec-
tors, the inspector's test valve is usually on
the opposite side of the section of the building
from the riser. The inspector's test valve is
left open to allow full flow until an alarm is
indicated at the local control unit or, if con-

nected to the base alarm system, until a clear
alarm is received at the alarm headquarters.
One person with radio or telephone communi-
cations at the test valve and one person at
each alarm receiving location are usually
needed for testing.

The delay between the start of full flow and
receipt of the alarm signal should be between
15 to 90 seconds for retarded signals. Detec-
tors which sense a pressure drop should
respond in less than 15 seconds. If the alarm
has not been received after water has been
flowing for three minutes, stop the test and
determine the cause of the problem (see
Section 3.6.5.7, "Troubleshooting"). The test
is sometimes continued longer as a trouble-
shooting method, but not as a matter of rou-
tine testing.
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FIGURE 3-25.

ELECTRONIC PRESSURE
DROP WATERFLOW
DETECTOR.

DRY PIPE SPRINKLER SYSTEM WATERFLOW
DETECTORS. Dry pipe sprinkler systems have
an alarm test valve at the sprinkler riser in
the trim piping which allows water from the
supply side of the dry pipe valve to exert
supply pressure on the pressure increase type
waterflow detector. The alarm test valve is
frequently a small lever type valve, but may
be a globe valve. It should be permanently
tagged as the "alarm test valve" to expedite
future testing.

The regular trip test (Chapter 5) of a dry pipe
sprinkler system to check the operating condi-
tion of the sprinkler system can also be used
to test the waterflow detector and alarm
system if the tests are coordinated. However,
It is not practical to trip test the dry pipe
valve for every alarm system test. Do not
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open the inspector's test valve at the end of a
dry pipe sprinkler system for an alarm system
test unless a trip test is desired.

3.6.5.7 TROUBLESHOOTING

The most frequent problem associated with
waterflow detectors is a failure to receive an
alarm signal within the alloted time. One
method for troubleshooting is manual actua-
tion of the waterflow detector to simulate the
action produced by an actual waterflow. For
detectors with a signal retarding device, this
initiates the timing sequence. If the alarm
signal is still not received within a reasonable
time (less than 90 seconds), and the mechani-
cal action of the retarding device and switch
or transmitter is normal, the problem is a
circuit problem. (See troubleshooting for cir-
cuit problems.) If the signal is properly
received with manual actuation of the detec-
tor, the original problem may be associated
with the mounting of the detector (misalign-
ment causing vane rubbing on the inside of the
pipe) or with a defective sensing element in
the detector (defective bellows in a pressure
switch). Correcting misalignment may require
draining the system, removing the waterflow
vane switch, and redrilling the hole on an axis
perpendicular to the pipe axis. If a pressure
switch bellows is defective, usually the com-
plete pressure switch must be replaced.

Defective retarding mechanisms usually can
be replaced as a unit. Symptoms of defective
retarding mechanisms are: failure of retard
time to change smoothly with changing adjust-
ment; failure of retarding mechanism to cause
any delay; and failure of the mechanism to
cause or allow switch or transmitter actua-
tion. If these symptoms occur, the retarding
mechanism should be replaced and the defec-
tive unit returned for repair.

Individual alarm switches in waterflow detec-
tors can usually be removed and replaced.

Investigate a trouble indication on a waterflow
detector zone as a detector related problem
before troubleshooting the initiating circuit.
Frequently, removing the detector cover oper-
ates a trouble indicating switch. Electronic
waterflow detectors also cause trouble indi-
cations for other abnormal conditions, such as
pressure or supply voltage outside their normal
ranges.

3-56




3.7 SUPERVISORY ALARM INITIATING
DEVICES

Supervisory alarm initiating devices cause a
signal at the supervisory control unit and/or
remote receiver when an abnormal fire pro-
tection system condition occurs.

3.7.1 VALVE POSITION SUPERVISORY
DEVICES

In general, supervised valves are never closed
unless a sprinkler system or section of it
requires maintenance. These valves control
the main flow of water to a system or section
of a system. Valves which control waterflow
to a waterflow detector or valves in a sprin-
kler header room or fire pump room which are
normally closed may also be supervised.
Supervisory devices for normally open valves
cause a supervisory signal when the valve is
closed no more than two turns or 20 percent of
its total travel. Supervisory devices for
normally closed valves cause a supervisory
signal when the valve is opened no more than
two turns or 20 percent of its total travel.

3.7.1.1 OUTSIDE SCREW AND YOKE (OS&Y)
VALVE POSITION INDICATOR

OS&Y valves are frequently supervised.
Figures 2-13 and 2-14 show two typical OS&Y
valve supervisory devices. Figure 3-26 depicts
a typical OS&Y valve with supervisory switch
in place. The switch and its housing are firmly
attached to the valve yoke. The spring loaded
switch operating lever or plunger rests in a
smoothly tapered notch in the valve stem.
When the valve is operated, the stem moves
toward the pipe (closing) or away from the
pipe (opening). As the stem moves, the switch
lever or plunger moves up the incline at the
edge of the notch and the switch is actuated
before the lever or plunger is out of the notch.
Switch actuation causes a supervisory signal at
the control unit and/or remote receiver.

3.7.1.2 POST INDICATOR VALVE (PIV)
POSITION INDICATOR

Figure 3-27 shows a PIV position indicating
switch mounted on the PIV. A PIV is usually
located outside the building and a length of
underground conduit and cable connects the
switch with the building supervisory system.

A wall mounted PIV has the valve handle and
indicator switch extending outside the building

with the valve itself inside the building. Like
the OS&Y position indicator switch, the PIV
position indicator switch is a lever operated
switch. (Figure 2-17 shows an unmounted
switch.)

WALL MOUNTED
JUNCTION BOX

ALARM
CHECK VALV

FLEXIBLE WATER- &
PROOF CONDUIT

E)

AIN

SUPERVISORY
SWITCH

SWITCH LEVER (REST-
ING 1§ VALVE STEM
NOTCH

SECTION A-A
FIGURE 3-26. OS&Y VALVE POSITION
SUPERVISORY SWITCH'
INSTALLATION.

The PIV spring loaded lever rests against the
side of the open/shut indicator, called a
target. As the valve is operated--using a
special handle or wrench on the square oper-
ating nut at the end of the indicator post--the
target moves. The switch lever follows that
movement. The switch is adjusted to cause a
supervisory signal before the operating nut has
rotated two turns from the normal position or
20 percent of its full travel.
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3.7.1.3 BUTTERFLY VALVE POSITION

INDICATOR

A butterfly valve is sometimes used to control
the supply of water to sprinkler systems.
Figures 2-18 and 2-19 illustrate some fre-
quently used types and methods of mounting
position indicating switches on butterfly
valves. The distinguishing feature of a butter-
fly valve that affects its supervision is that its
moving parts are concealed in a housing. The
supervisory device usually has a lever or
plunger extending through an opening in the
housing to sense valve operation.

3.7.1.4 NONRISING STEM VALVE POSITION
INDICATOR

Nonrising stem gate valves are installed
underground and controlled from the surface
by a wrench or key. If it is included in a
supervisory signaling system, it normally
requires an underground length of conduit and

cable connecting the building system with the
underground valve switch outside the building.
The housing of the device is made of a non-
corroding material such as brass. The switch
itself (Figure 2-20) is a magnetically operated
sealed reed switch. When the valve is in its
normal position, a magnet is adjacent to the
reed switch. As the valve is operated, the
magnet moves away from the reed switch.
When the valve wrench or key has rotated two
full turns, the magnet is far enough away from
the reed switch to actuate it. Switch actua-
tion causes a supervisory signal at the control
unit and/or remote receiver.

3.7.1.5 TESTING AND MAINTENANCE OF
VALVE POSITION SUPERVISORY
DEVICES

For efficiency, valve position supervisory de-
vices are normally tested when other devices
in the same location are being tested. They
should be tested annually. Test the valve by
turning its handle two turns or 20 percent of
its range from its normal position. Check
local indicating device operation and remote
signals while the valve is in this position. If
all signals are normal, restore the valve to its
normal position, turn off local signals, and
check for restoration of remote signals.
Obtain telephone or radio communications
with the remote receiving location before
starting tests which include remote signaling.

3.7.1.6 TROUBLESHOOTING

The usual defect discovered during testing is a
failure of local and remote signals to operate
when the valve handle is turned two turns.
When this occurs, operate the valve handle
slowly beyond the two turns. If switch
operating parts are visible, check them during
valve operation. Look for loose mounting
bolts, improper switch adjustment, or
improper installation.

Valve position indicating switches actuated by
a groove cut in a valve stem are frequently
damaged by improperly cut grooves. If the
groove is not gradual or tapered enough, the
valve stem movement may bend the lever or
plunger of the switch. In some cases the
damaged part can be repaired, but generally
the most reliable repair is replacement of the
complete device and reworking the stem
groove. Undamaged parts of the removed
device can be used as spare parts.
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If adjustment and the groove in the valve stem
are normal, look for broken wires and
improper connections at the valve position
switch terminals. Always restore the valve to
its normal position after testing or repair and
check with the remote receiving location to
confirm that signals indicate conditions are
normal.

3.7.2 WATER

DEVICES

LEVEL  SUPERVISORY

The water level in sprinkler system reservoirs
must be maintained within certain limits and
there are usually automatic controls for main-
taining the desired water level. Water level
supervisory devices cause a supervisory signal
when the water level is not maintained
between the desired high and low limits.
3.7.2.1 FLOAT
INDICATOR

ACTUATED LEVEL

A float actuated level indicator is illustrated
in Figures 2-21 and 3-28. The device is
mounted outside on the rigid wall of a tank
and a float and lever arm extend into the tank
through a hole in the tank wall. A gasket seals
the edges of the hole to the device. The float
is held up by the water in the tank and the
lever arm follows the up or down motion of
the float as the water level changes. The
lever arm ‘is pivoted at the wall of the tank,
and the end of the lever away from the float is
arranged to operate a switch or two switches
(one for high and one for low levels) when the
float moves outside of normal limits. Some
float actuated devices use a chain connection
to operate the switch rather than a lever.

3.7.2.2 PRESSURE
INDICATOR

ACTUATED LEVEL

The pressure actuated level indicator switch is
physically very similar to the bellows operated
pressure switches used for waterflow detec-
tion shown in Figure 3-22. As the water level
changes in a reservoir, the water pressure at
the level supervisory switch also changes. The
switch can be adjusted to actuate when pres-
sure indicates a low water level or high water
level. The switches may be two separate
devices with different pressure settings or a
single device which causes a signal for pres-
sures outside of the normal range. The device
is usually connected to piping near the bottom
of the reservoir.

3.7.2.3 ELECTRONIC LEVEL INDICATORS

Electronic level indicators usually read the
conductivity of water to cause an electrical
signal. One arrangement uses long parallel
electrodes which become immersed in the
water if it rises above a desired level. When
the electrodes are in the water, current flow
through the water, between the electrodes, is
sensed by the associated electronic circuitry.
This type of device is most frequently used to
signal high water level and seldom used for
fire protection water reservoirs.

3.7.2.4 TESTING AND MAINTENANCE OF
WATER LEVEL SUPERVISORY
DEVICES

Water level supervision devices are sealed
with gaskets and switch contacts are usually
made of precious metal. They seldom need
repair or replacement. Terminal connections
and mechanical linkages should be inspected
annually and cleaned or tightened as neces-
sary. When inspecting, simulate a supervisory
signal from the device. Manual operation of
float levers or switches confirms integrity of
signaling circuits and critical working parts.
Short circuiting device terminals with a
screwdriver in a normally open circuit or
opening a normally closed circuit confirms
circuit integrity.

If the device to be inspected is located on an
elevated tank, follow proper safety procedures
during inspection.

If a water level supervisory device fails,
replace only the defective part if possible.
Mounting an entire device may involve drain-
ing the reservoir.

When opening a sealed housing, be careful not
to lose screws or other small specialized parts
and not to damage gaskets. On reassembly,
tighten cover screws firmly but do not over-
tighten causing gasket damage or making
future inspection difficult.

3.7.2.5 TROUBLESHOOTING

To troubleshoot water level supervisory de-
vices, purposely cause an abnormal water level
and note the performance of the water level
detector.

If a float lever does not move with changing
water level, operate the lever manually. If
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FIGURE 3-28. INSTALLATION OF WATER LEVEL AND WATER TEMPERATURE

SUPERVISORY DEVICES.

the lever operates smoothly, the float may be
leaky and full of water and it should be
replaced. If the lever does not operate
smoothly, clean the linkage and service it
according to the manufacturer's recommenda-
tions. If float and linkage operation appears
to be normal, and switch actuation simulation
(by short circuiting switch terminals in a
normally open circuit or by disconnecting a
wire in a normally closed circuit) causes a
supervisory signal, the switch is defective and
should be replaced.

3.7.3 ELECTRIC FIRE PUMP SUPER-
VISORY DEVICES

Electric fire pump supervisory devices detect
two abnormal electric fire pump conditions:
electric power off and pump running. The
power must be on for the pump to be ready for
use. If the pump is running, the abnormal
condition signal indicates that the sprinkler
system is operating and requires more water
than can adequately be supplied by other
sources. (See Chapters % and 5 for more fire
pump information.)
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3.7.3.1 PUMP POWER FAILURE INDICATOR
The pump power failure indicator is an AC
relay that is energized when pump power is
available. When power fails, the relay de-
energizes, causing a supervisory signal. For
this feature, the power to energize the relay
comes from a point ahead of the pump con-
troller switch that energizes the pump. When
pump power fails, the normally energized
relay deenergizes, causing a supervisory signal
at the supervisory control panel which has its
own power supply.

3.7.3.2 PUMP RUNNING INDICATOR

The pump running signal may be initiated by a
set of contacts designed into the pump con-
troller for that purpose or by an added relay.
The relay is energized by the same power that
runs the pump, so that when power is switched
on by the controller to run the pump, the

normally deenergized relay is energized
causing a supervisory signal.
3.7.4 ENGINE DRIVEN FIRE PUMP

SUPERVISORY DEVICES

Engine driven pumps are supervised for pump
power failure and pump running as well as
several other abnormal conditions not super-
vised for electric pumps.

3.7.4.1 PUMP POWER FAILURE INDICATOR

Even though the. pump is engine driven, it
requires electrical power to start the engine.
This power is normally supplied by a recharge-
able battery charged by an AC powered bat-
tery charger. The readiness of the battery to
start the engine depends on a constant supply
of AC power. The power is supervised in the
same way as for an electric fire pump.

3.7.4.2 PUMP RUNNING INDICATOR

The pump running indication for an engine
driven pump is usually provided by contacts
designed into the pump controller. Sensing of
pump running is accomplished by a centrifugal
switch at the engine. Actuation of that switch
causes relay action at the controller and it is
contacts of that relay which are used for
supervisory signaling. If the pump starts to
run, the relay actuates causing a supervisory
signal.

3.7.4.3 ENGINE MALFUNCTION INDICATOR

A fire pump engine controller normally has
separate supervisory signal initiating contacts
for several conditions which are symptoms of
®engine malfunction. These conditions may be
individually supervised or their associated con-
tacts may be connected to provide a single
engine malfunction supervisory signal. Condi-
tions indicated include: failure of the engine
to start, low oil pressure, high water tempera-
ture, overspeed, and others. All these super-
visory signals are initiated by individual relay
actuation in the engine controller. Actuation
of each controller relay is caused by a sensor
and associated electronic circuitry at the
engine. The sensors, electronic circuitry and
relays in the controller are parts of modern,
engine equipment whether or not there is a
supervisory signaling system.

In newer equipment, a failure to start condi-
tion is sensed by electronic counting of crank-
ing cycles. In older equipment it is sensed by
the rise in temperature of a starter current
sensor. Low oil pressure is sensed by a bellows
type pressure switch. High water temperature
of cooling water is sensed with a thermostat.
Overspeed (indicating engine governor failure)
is sensed with a centrifugal switch which may
be the same switch used for a pump running
indication.

The sensing of a malfunction condition causes
a supervisory signal and shutdown of the
engine to avoid engine damage.

3.7.4.4 HAND-OFF-AUTOMATIC (HOA)
SWITCH POSITION INDICATOR

The pump engine controller provides several
modes of control selected by a multi-position
switch on the controller panel. In the "off"
position of the switch the engine will not run.
In the "hand", "manual", "on" or "test" (the
label varies with different manufacturers)
position of the switch, the engine starter is
activated and the engine starts, if other condi-
tions are normal. When the switch is in the
automatic or normal position, the pump starts
automatically when demand pressure condi-
tions require it and it may be arranged to shut
off automatically at the end of a timed
period--usually about six minutes--if water
demand conditions no longer require the pump
to run. Some pumps are arranged for auto-
matic starting and manual stopping only. -
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If the HOA switch is in any position other than
automatic (normal), it causes relay actuation
in the controller which causes a supervisory
signal.

3.7.4.5 FUEL LEVEL INDICATOR

A float actuated switch in the fuel tank causes
a supervisory signal when almost empty.

3.7.4.6 TESTING AND MAINTENANCE OF
FIRE PUMP SUPERVISORY DEVICES

Fire pump supervisory devices which can be
tested without risk of engine damage should be
tested annually. To test, cause an abnormal
condition, if practical, and note the signals
received at the building supervisory control
panel and at the remote signal receiving loca-
tion.

PUMP POWER FAILURE INDICATOR. For
both electric and engine driven fire pumps,
test by operating the disconnect switch
supplying power to the pump or engine. This
should not be confused with any separate dis-
connect switch supplying power to a smaller
jockey pump. Turn the disconnect switch to
the "off" position, note the proper receipt of
signals, restore the switch to the "on" position,
and note the restoration of signals to their
normal condition.

PUMP RUNNING INDICATOR. Actuate the
pump running supervisory device by running
the electric or motor driven fire pump. The
pump may be manually switched on or the
water pressure at the pump controller can be
reduced to the "pump on" pressure by releasing
water at the test cock, usually provided at the
controller. Reclose the test cock after the
pump starts. Confirm the proper receipt of
signals, wait for the pump run timing period to
expire--usually 5-7 minutes--and confirm
restoration of signals to their normal condition
when the pump stops. To stop the pump, if a
pump timer is not installed, turn the HOA
switch to the "off" position and then to the
"automatic" position.

If both HOA switch supervision and pump
running supervision are provided on the same
initiating circuit, conduct the pump running
test by bleeding off water pressure at the
controller test cock, not by operating the HOA
switch. If pump running supervision is tested
by switching the HOA switch to the "hand",
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"on" or "test" position, it may not be possible
to determine if the signal was initiated by the
pump running or by the HOA switch position
supervisory device. Otherwise, the HOA
switch supervisory signal and the pump running
signal on the same circuit cannot be distin-
guished.

ENGINE MALFUNCTION INDICATOR. The
engine malfunction conditions of low oil pres-
sure, high water temperature, and overspeed
must be simulated. Actually causing the con-
dition would risk engine damage. To simulate
malfunction conditions, short circuit or jump
the individual sensing switches, one at a time.
See the engine controller manufacturer's
installation and operation manual for the
proper terminals to jump for simulation.
There is usually a delay provided for actuation
of the low oil pressure signaling relay so that
momentary drops in pressure do not cause a
supervisory signal. When simulating low oil
pressure, maintain the jumper connection for
20 seconds or more.

. The failure to start condition is usually simu-

lated by disconnecting the wire which controls
the fuel solenoid and operating the HOA
switch to the "hand", "manual" or "test" posi-
tion. This causes the starter to crank the
engine, but the engine will not start due to a
lack of fuel. After approximately six cranking
cycles the "failure to start" signal should be
initiated. If HOA switch position is supervised
on the same circuit with engine failure to
start, cause engine cranking by bleeding off
water pressure at the controller test cock.

HAND-OFF-AUTOMATIC (HOA) SWITCH
POSITION INDICATOR. Operation of the
HOA switch to the "off" position should cause
a supervisory signal indicating that the switch
is in a position other than "automatic" or
"normal". Operation of the switch to the
"hand", "manual" or "test" position should also
cause this same supervisory signal, but HOA
switch supervision may be connected to the
same circuit (zone) as the pump running signal.
Operating the HOA switch to the "hand",
"manual", or "test" position causes the engine
to run and causes a pump running signal. The
HOA switch supervisory signal and the pump
running signal on the same circuit would not
be distinguishable.

FUEL LEVEL INDICATOR. Simulate a low
fuel condition by jumping the float switch




terminals. Consult the engine controller man-
ufacturer's manuals to see which terminals to
jump.

3.7.4.7 TROUBLESHOOTING

Consult the engine controller manufacturer's
manuals for recommendations in troubleshoot-
ing the built-in sensors and relays. Service
added-on relays for supervising pump power
failure and electric pump running according to
the earlier section on relays in this chapter.
Usually, troubleshooting will involve locating
the relay associated with the particualar sig-
nal that failed, removing that relay and
adjusting, repairing or replacing it.

3.7.5 TEMPERATURE

DEVICES

SUPERVISORY

Temperature supervisory devices are used to
avoid freezing water for fire protection sys-
tems.
3.7.5.1 LOW AIR TEMPERATURE INDICA-
TOR

Wet pipe sprinkler systems are used only in
heated buildings because sprinkler pipes other-
wise would freeze in cold weather. A low air
temperature device may be located in each
cold area of a building where the earliest
freezing of pipes is expected if heating fails.
The usual temperature settings used are 40°F
and 45°F. Ina shipping dock area, which often
may have doors open, usually the lower (40°F)
setting is used. The 45°F setting is for spaces
which are normally kept at a higher tempera-
ture. The devices may be adjustable thermo-
stats or they may be sealed factory-set
thermostats. Figure 2-15 is a photograph of
an adjustable device frequently used.

3.7.5.2 LOW WATER TEMPERATURE
INDICATOR

Low water temperature devices are usually
installed in outdoor water reservoirs. They
are usually sealed factory-set thermostats.
They may also have a high temperature setting
in the same device. The most frequent low
temperature setting is 40°F. The high tem-
perature setting, if provided, is usually 140 °F,

Figure 3-28 shows a temperature sensing de-

vice as installed through the wall of a reser-
voir.

3.7.5.3 TESTING AND MAINTENANCE OF
TEMPERATURE SUPERVISORY
DEVICES

Temperature supervisory devices should be
tested annually Both the sealed and adjust-
able low air temperature devices may be
tested by spraying with an aerosol coolant
spray often used for testing of electronic parts
and circuits. The adjustable devices may be
tested by an alternate method if the adjust-
ment range of the thermostat includes the
room temperature existing at the time of the
test. The original setting is first noted, and
the adjustment is changed toward the existing
room temperature. A low temperature super-
visory signal should result when the adjust-
ment passes the existing room temperature.
Confirm the proper receipt of signals and
restore the thermostat adjusment to its origi-
nal setting.

It is usually impractical to perform a complete
test of a low water temperature supervisory
device because the device is submerged and
the sensing element is inaccessible. If the
sensing element can be removed from the
housing, it can be tested with coolant spray as
described for the low air temperature device.
Otherwise, test the circuit up to the device
terminals by short circuiting the terminals for
a normally open device or removing a wire
from a terminal for a normally closed device.
This simulates a temperature supervisory sig-
nal. At test time, the terminals should be
inspected and cleaned of any corrosion. Check
tightness of terminal screws.

3.7.5.4 TROUBLESHOOTING

Temperature devices which do not respond to
the test should be replaced and the defective

device returned to the manufacturer for

repair.

3.7.6 AIR° PRESSURE SUPERVISORY
DEVICES

Air pressure supervisory devices are bellows
actuated pressure switches as described in
Section 3.6.5.1. Usually the air pressure
supervisory devices are adjusted to actuate at
lower pressures than the water pressure
sensors.
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DRY PIPE SPRINKLER AIR PRES-
SURE INDICATOR

3.7.6.1

Both high and low air pressures are usually
supervised for a dry pipe sprinkler system.
One device with a high and a low setting is
used. The low setting is 5 to 10 psi above the
lowest safe system air pressure to avoid
unintentional tripping of the dry pipe valve.
That lowest safe air pressure is determined by
the dry pipe valve design and the water supply
pressure, including surges. The high air pres-
sure setting for the supervisory device is
usually 18 to 20 psi above the low pressure
setting.

The meaning of a low air pressure supervisory
signal is that the normal means of maintaining
air pressure has failed and must be corrected
soon or the dry pipe valve will trip. A high air
pressure signal means that the pressure switch
controlling the compressor has failed to turn
off and damage to the compressor may result
if power is not immediately disconnected.
Manual control of the compressor would be
required until the switch is repaired.

3.7.6.2 HEAT ACTUATED DEVICE (HAD)
AIR PRESSURE INDICATOR

Heat actuated devices are pneumatic devices
frequently arranged in a system which is
slightly pressurized. An almost constant low
pressure of a few ounces per square inch is
maintained by a small compressor so that an
air leak in the system can be detected. The
low air pressure switch is usually factory-set
at a pressure slightly below the normal start-
ing pressure for the compressor.

3.7.6.3 PRESSURE TANK AIR PRESSURE
INDICATOR

A pressure tank air pressure supervisory de-
vice causes a signal for air pressures outside
the normal range in a pressure tank type water
reservoir. Similar to the high/low air pressure
switch for a dry pipe system, it is usually
mounted on the reservoir tank wall.

3.7.6.4 TESTING AND MAINTENANCE OF
AIR  PRESSURE  SUPERVISORY
DEVICES

Test air pressure supervisory.devices annually
when other devices in the area are being
inspected or tested. Test pressure sensors for

dry pipe and HAD systems carefully. Dropping
the air pressure to obtain a low pressure signal
can cause unintentional tripping of a dry pipe
valve or other associated sprinkler system.

DRY PIPE SPRINKLER AIR PRESSURE
SUPERVISORY DEVICE. Before testing, cal-
culate the approximate air pressure for
tripping the dry valve so an unsuccessful test
can be stopped before that pressure is
reached. Note the water pressure on the
supply side of the dry valve and add approxi-
mately 20 psi to that reading to allow for
possible pressure surges during the test.
Divide that pressure by five (or actual ratio
between supply water pressure and system air
pressure for the particular valve) to obtain the
lowest safe air pressure. A more precise
figure should be on the manufacturer's instruc-
tion sheets for the dry valve. Note whether an
accelerator or exhauster is provided for the
dry pipe system.

Slowly bleed air from the system side of the
dry valve fast enough to register on the gauge,
but not so fast as to risk tripping the dry
valve. Use the small globe valve or lever
valve provided for the purpose. Keep the rate
of pressure drop quite slow if an accelerator
or exhauster is installed. At some pressure,
the air maintenance compressor should start.
Note that pressure, shut off the compressor
power, and continue bleeding off air. A low
air pressure supervisory signal should be
initiated 2 to 5 psi below the compressor
starting pressure and at least a few psi above
the lowest safe air pressure calculated above.

During the test, check the supply water pres-
sure gauge occasionally for any increase in
pressure which could affect the lowest safe air
pressure previously calculated. If water pres-
sure changes, recalculate the low air figure so
that the test can be discontinued before that
pressure is reached.

When the low air pressure supervisory signal is
obtained, note the air pressure reading for
future reference, close the bleed-off valve and
restore compressor power. Be sure the super-
visory signal restores to a normal indication
when the air pressure is back within its normal
range. Note the pressure at which the com-
pressor shuts off.

A high pressure supervisory signal -is..often
difficult to obtain in a dry pipe system since it
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requires bypassing the pressure switch con-
tacts which cause the compressor to shut off
when normal pressure is reached. Usually the
easiest way to do this is to jumper the switch
terminals. To avoid electrical shock, turn off
compressor power first, jumper the terminals
and then restore power. The high air pressure
supervisory signal should be obtained when air
pressure reaches 5 to 15 psi above the normal
compressor cut-off pressure. If the pressure
relief valve opens, relieving the excess pres-
sure, before the supervisory signal occurs,
check if the compressor control settings and
the low pressure supervisory signal setting
were correct. Discontinue the high pressure
test if other settings were proper. Shut off
compressor power, remove the jumper, and
restore compressor power. Bleed off system
air pressure until restoration of the high pres-
sure signal to normal (if it was obtained)
occurs. Close the bleed-off valve.

HEAT ACTUATED DEVICE (HAD) FOR AIR
PRESSURE SUPERVISION. HAD systems are
often used as the fire detectors for deluge
sprinkler systems or other special hazard fire
extinguishing systems. Test HAD air pressure
supervisory devices very carefully or the
associated fire extinguishing system may be
actuated, causing water damage and disruption
of normal activities. Mechanically deactivate
any associated fire protection system using
the manufacturer's recommended method
before starting the test.

Locate the test plug in the HAD header block
(it is usually a hexagonal headed plug). Loosen
the plug only slightly to allow a slow leak of
air from the HAD system. Observe the pres-
sure drop on the gauge usually supplied for this
purpose, and note the pressure at which the
low pressure supervisory signal occurs. When
the air pressure maintenance compressor
starts, note the pressure and whether or not
the pressure continues to drop. It may be
necessary to turn off compressor power or
increase the rate of air loss to cause the
pressure to continue to drop and reach the low
pressure supervisory signal setting. After
obtaining the signal, tighten the test plug and
restore compressor power. Test for air leaks
at the test plug with soapy water or other
bubble solution, and retighten the plug if nec-
essary. Confirm that the low pressure signal
restores to a normal indication, and reactivate
any associated fire protection system.

PRESSURE TANK AIR PRESSURE
SUPERVISORY DEVICE. Test this device the
same way the air pressure supervisory device
for a dry pipe sprinkler system is tested. Test
for low pressure actuation of the device by
releasing air from the tank to obtain the low
pressure setting. It may be necessary to shut
off power to the air maintenance compressor
to permit an uninterrupted pressure drop.
Test for high pressure actuation of the
supervisory device by jumpering the
compressor control switch terminals which
normally open when normal pressure is
reached. Install and remove the jumper with
compressor power off to avoid electrical
shock. Restore compressor power with the
jumper on to increase pressure and obtain the
high pressure signal. Remove the jumper when
the high pressure signal is obtained. Release
air again to restore normal pressure to the
tank. Confirm that supervisory signals restore
to their normal indication.

3.7.6.5 TROUBLESHOOTING

The most frequent cause of failure in pressure
supervisory devices is misadjustment of the
pressure switches at installation. If pressure
switches have operated properly in the past
and records are kept of the pressure settings
obtained during previous tests, a failure to
obtain approximately those same readings
indicates either a circuit problem or device
failure. (See Section 3.5.3 for circuit
troubleshooting.) A device failure usually
requires replacing the device, adjusting the
new device to the old settings, and returning
the defective device to the manufacturer for
repair. Have the manufacturer adjust the
pressure set points to the requirements of the
application, if known.

3.7.7 OTHER SUPERVISORY DEVICES

Other supervisory devices may be encoun-
tered. They will usually be designed for
unusual situations which do not allow the use
of the more common supervisory devices. The
principles of operation are generally the same
as those discussed, but physical mounting pro-
visions or other details may vary.

Figure 2-23 shows a supervisory device for
sprinkler control valves which is used only
when the standard OS&Y or butterfly valve

3-65



supervisory devices cannot be used. If the
valve handle is rotated to close the valve,
tension on the waterproof cable looped
through the valve handle pulls out a plug from
the device and breaks the normally closed
supervisory circuit. A similar device, used in
normally open circuits, uses a magnet and reed
switch.

3.7.7.1 TESTING AND MAINTENANCE OF
OTHER SUPERVISORY DEVICES

Test other supervisory devices annually by
creating or simulating the abnormal condition,
confirming the receipt of supervisory signals,
restoring the condition to normal, and
confirming restoration of supervisory signals
to their normal indication.

3.7.7.2 TROUBLESHOOTING

Determine first whether the failure is a
circuit or a device failure. Electrically
simulate the device actuation by short
circuiting device terminals for normally open
circuits or by disconnecting a wire for
normally closed circuit. If signals are properly
initiated by simulation, the device in question
is defective. If the problem still exists, the
circuit is defective and further tests are
requir;ed to locate the fault. (See Section
3.5.3.

3.8 ALARM INDICATING DEVICES
Alarm indicating devices are the lights or
sounding devices that indicate a fire alarm or
abnormal condition. These lights and sounds
may also provide information about where the
signal originates.

3.8.1 VISUAL ALARM INDICATORS

There are various types of lights for visual
alarm indicators.

3.8.1.1 ZONE ANNUNCIATOR LAMPS

Zone annunciator lamps are described in

Section 3.3.9. Figure 2-2 is a photograph of an
annunciator which uses incandescent lamps.

3.8.1.2 FLASHING EVACUATION
LAMPS

ALARM

Evacuation alarm lamps are usually installed
with an audible device. The lamp is a tungsten
type. The flashing feature is sometimes
created by pulsating the power source for only
the lamp at the control unit or by a thermo-
static or solid state flasher built into the
evacuation alarm lamp assembly. The lamp
assembly with built in flasher does not provide
supervision of the operability of the flasher
and a defective flasher is not detected until a
test or alarm occurs.

3.8.1.3 ROTATING EVACUATION
BEACONS

ALARM

Rotating beacons provide a flashing light. The
power source is constant during an alarm and,
instead of a flasher, the beacon assembly
contains a motor and gear drive which rotates
a set of reflectors around a centrally located
lamp.

3.8.2 AUDIBLE ALARM INDICATORS
Audible alarm indicators are electromagnetic
devices which produce sound when energized.
3.8.2.1 BELLS

A bell consists of many of the same parts as a
relay and operates on the same principle. The
bell contains an electromagnet composed of a
coil and core. The core is magnetized when
the coil is energized with electric current. A
pivoted, spring-loaded armature is attracted
to the core when the core is magnetized. As
the armature moves toward the core, a set of
contacts connected in series with the power
source is interrupted by the armature
movement and power is disconnected from the
coil. The spring returns the armature to its
original position, closing the contacts and
restoring power to the coil to start a new
cycle.

A bell clapper is attached to the armature and
physically arranged so that it strikes a gong
with each cycle of vibration. The clapper may
be a pivoted lever type or a plunger type. In
the plunger type, the plunger becomes the
moving core of a solenoid when the coil is
energized, otherwise the operation is similar
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to the pivoted lever type.
shown in Figure 2-8.

A typical bell is

In single stroke bells, the contacts are elimi-
nated. The electromagnet prevents full
rebound of the clapper after the gong is struck
until power is removed. Each new application
of power causes a single full stroke of the
clapper. Single stroke bells are frequently
used in coded building alarm systems.

3.8.2.2 HORNS

Some horns operate like bells. There is an
electromagnet with its coil and core, and the
armature which is attracted to the core is the
vibrating diaphragm that causes the noise. A
set of contacts connected in series with the
power source is operated by the vibrating
diaphragm just as the contacts were operated
by the armature in the bell. Figure 2-8 shows
a typical horn of this type.

Other horn designs use a motor driven cam to
vibrate the diaphragm.

3.3.2.3 CHIMES

Chimes operate very much like the single
stroke bell. In chimes, the moving part is a
plunger which also acts as the core of a
solenoid. When power is applied, the plunger
moves to strike a flat rectangular plate and
rebounds enough to allow the plate to continue
to vibrate. When power is removed and
reapplied, the plunger strikes the plate again,
one time for each power application. The
chime is not as loud as the other audible
devices so it is popular for hospital use and for
some coded building alarm systems. Figure 2-
8 shows a typical chime.

3.8.2.4 SPEAKERS

Speakers are becoming increasingly popular
for alarm use because of their versatility.
They can reproduce any desired sound within
reason. In multi-story building alarm systems,
speakers may be used to reproduce a siren
type sound alternating with a recorded
message which gives evacuation instructions.

Speakers are electromagnetic devices also.
There are many speaker designs but one of the
most common is the permanent magnet
speaker. The speaker coil is cemented to the
center of the speaker cone. The coil is

located within the magnetic field of a perma-
nent magnet. Sound is reproduced by supply-
ing a varying alternating current to the
speaker coil from an amplifier. The alter-
nating current causes the coil to produce its
own varying magnetic field which alternately
opposes and reinforces the fixed magnetic
field of the permanent magnet. The coil
experiences a varying magnetic force which
causes the core to vibrate at the frequency of
the alternating current and with an amplitude
proportional to the amplitude of the alter-
nating current.

3.8.2.5 TESTING AND MAINTENANCE OF
ALARM INDICATING DEVICES

Test alarm indicating devices monthly with
the monthly inspection. When convenient, the
test may be combined with a fire drill. Test
by operating the drill switch or the test switch
at the control unit or by actuating an
initiating device. If the test switch or an
initiating device is used, notify the remote
alarm headquarters because remote signal
transmitters and other auxiliary features will
be actuated by such a test.

While there is an alarm condition, check all
the indicating devices and note any that fail to
operate properly. Audible devices should pro-
duce loud, clear, consistent tones and coded
system codes should be clearly readable.
Visual devices should be bright and steady or
pulsating, as intended.

Test annunciator lamps by operating a "lamp
test" switch, if it is provided. Otherwise,
cause an alarm and a trouble condition on each
zone. It is usually convenient to cause these
conditions at the control unit initiating circuit
terminals.

3.8.2.6 TROUBLESHOOTING

When a single indicating device fails to
operate, it is usually defective. If a group of
devices fails to operate, the fault is usually a
defective circuit. Circuit troubleshooting was
discussed earlier in this chapter in the section
about maintenance of control and auxiliary
units (Section 3.5.3).

ZONE ANNUNCIATOR LAMPS. When
annunciator lamps fail to function, it is either
because the lamp is defective or the lamp is
not making proper contact with the lamp
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socket. See Section 3.3.9 for methods of
checking lamps and sockets.

FLASHING EVACUATION ALARM LAMPS.
Check lamps from a flashing lamp assembly
which fail to function using information in
Section 3.3.9. If the lamp is good but still
fails to function in the assembly, check that
voltage from the control unit is present at the
assembly terminals. If voltage is present,
replace the flasher and return the defective
flasher to the manufacturer for repair or
replacement.

For lamps connected to control equipment
which supplies a pulsating voltage for signaling
an alarm, failure of good lamps to flash or
light at all indicates a failure of the pulsating
power source in the control unit. Proceed
with troubleshooting or return of equipment to
the manufacturer.

ROTATING EVACUATION ALARM BEACONS.
If a rotating beacon fails to light but voltage
is supplied, it indicates lamp replacement is
necessary. (See Section 3.3.9.) If the lamp
lights, but the reflector assembly fails to
rotate, a motor or gearing failure is the
probable cause. Unless a solution is obvious,
return the complete assembly to the
manufacturer for repair.

BELLS. Defective bells usually
contact cleaning or gong adjustment. (Some
bell designs do not provide for gong
adjustment.) Clean contacts with a burnishing
tool, a common repair tool for relays. If the
bell buzzes but does not ring, adjust the gong.
Bells that allow for gong adjustment have a
gong with an off-center mounting hole so that
rotation of the gong around the mounting bolt
moves the inner surface of the gong rim closer
to or away from the bell clapper or plunger.
Only slight adjustment should be necessary.

require

If no sound is obtained after contact cleaning,
check continuity of the bell coil. Infinite
resistance indicates a burned out coil or a
broken wire. Replace the coil if practical or
return the bell to the manufacturer for repair.

HORNS. Horns which fail to operate or
produce adequate sound wusually require
adjustment. A small screw adjustment is

usually provided for volume adjustment. Make
the adjustment while power is applied so that
the desired volume can be determined during
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the adjustment. Check the manufacturer's
material to locate the adjustment screw. If
horn  volume is still inadequate or
intermittent, clean contacts with a burnishing
tool, such as used for relay contacts. Some
disassembly of the horn is necessary to reach
the contacts.

CHIMES. Chimes are single stroke devices
that only produce the conventional chime
sound when subjected to a pulsating voltage.
Unsatisfactory chime performance may be the
result of application of a nonpulsating voltage
rather than a defective chime. If a chime
does not perform properly with a pulsating
power source, check coil continuity with an
ohmmeter and replace the coil if there is no
continuity. If the coil shows continuity and
there is some plunger motion when power is
applied, the problem may be because of dust
or dirt or wear between moving parts. Dis-
assembly of the parts, cleaning, and reassem-
bly may cure the problem. The parts may be
lightly lubricated, if recommended by the
manufacturer,

SPEAKERS. If a speaker rattles during an
alarm, mounting screws may be loose.
Intermittent performance may indicate loose
connections at terminal screws. Tighten
mounting and terminal screws firmly. Fuzzy
sound may be due to a damaged cone. Return
speakers with damaged cones to the
manufacturer for repair. Failure of a speaker
to operate may indicate that its coil is
defective. Check coil continuity and, if found
to be infinite, return the speaker to the
manufacturer for repair.

3.9 CONNECTION OF BUILDING ALARM

TO BASE ALARM SYSTEM

To have continuous monitoring of building
alarm systems without having individual per-
sonnel continuously on duty at the buildings,
many military bases have a base alarm system
with individual alarms throughout the base
connected to transmit signals to a central
location.

3:9.1 SIGNALS TRANSMITTED TO BASE

ALARM HEADQUARTERS

The types of signals transmitted to the base
fire alarm headquarters are usually limited to
the following:

3-68




o Fire Alarms (waterflow, automatic fire
detection, manual and evacuation signals).

o Sprinkler Supervisory such as closed valves,
low temperature and fire pump signals.

o Building Fire Alarm System Trouble such
as circuit problems and power off.

Other types of alarm signals are not usually
transmitted to the fire alarm headquarters to
avoid possible confusion of signals which could
reduce the effectiveness of fire protection.
Burglar alarm signals, industrial process sig-
nals, and environmental control system signals
are usually transmitted to a separate location.
Some sophisticated multiplex systems transmit
all the above types of signals to one location
with fire alarm related signals taking first
priority and causing different, easily distin-
guishable audible and visual indications at the
receiving console.

3.9.2 CONNECTION TO NONCODED BASE
ALARM SYSTEM

Noncoded base alarm systems are usually the
reversal signal or the direct wire type. Both
types require a pair of telephone type wires or
one wire and an earth ground connection.
Reversal signal transmission is discussed in
Chapter 2, under "Base Alarm System Compo-
nents)" and earlier in this chapter (Section
3.4.1).

Direct wire signal transmission requires a way
to change the signaling circuit resistance at
the transmitter end so that current changes at
the receiver can be interpreted as trouble,
normal, and alarm conditions. The power
source for direct wire signaling circuits is
usually located at the base fire alarm head-
quarters. The wires may run overhead or
underground between transmitter and receiv-
er, and there is a separate transmitter/receiv-
er pair for each connection to the base sys-
tem. The receiver is usually a plug-in module
in a receiver rack or cabinet.

3.93 CONNECTION TO CODED BASE
ALARM SYSTEM

Coded base alarm systems may be McCulloh,
municipal or multiplex types. Signal transmis-
sion and wiring for McCulloh and municipal

types between coded transmitters and the
receiver are similar. A pair of wires and an
earth ground connection connect the transmit
ter with the base signaling circuit. The pair of
wires connects the transmitter into the series
loop circuit which terminates at the receiver.
The ground connection provides the Class A
capability to transmit and receive signals with
one fault on the circuit. Consult NFPA
Standard 72B for further detail on the various
municipal transmitter tripping methods and
wiring from building systems to municipal
transmitters.

Various multiplex system designs place differ-
ent requirements on the interconnecting
wiring. Most designs require shielded cable
between remote locations and the receiver.
Figure 2-25 is a block diagram of a typical
multiplex system.

3.9.4 BYPASSING BASE ALARM CONNEC-
TION FOR BUILDING ALARM
SYSTEM TESTING

To facilitate testing alarm systems in build-
ings without causing unnecessary alarm signals
at the base fire alarm headquarters, building
alarm systems frequently have a switch for
deactivating the building connection to the
base system. Operating the switch to the
bypass position usually causes a trouble indica-
tion at the building control unit as a reminder
to reactivate the connection to the base sys-
tem when tests are completed. Because of the
possibility of leaving a building system discon-
nected from the base system, some local
authorities do not allow the use of bypass
switches.

3.10 BASE ALARM SYSTEM EQUIPMENT

The method of connecting alarm systems or
devices to the base alarm system depends on
the number or density of signal initiating de-
vices in a building or area as well as the type
of base system. If many initiating devices are
located in a building, they are usually part of a
building system. If initiating devices are
further apart, such as one device per building,
there may be no building system.
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CONNECTION
ALARM SYSTEM

3.10.1 TO BUILDING

Building alarm systems have a control unit
where all wiring for the system terminates.
Building systems are connected to the base
alarm system by an auxiliary alarm relay or
relays in the control unit. This relay may act
as the remote signal transmitter (as in current
reversal base systems), may cause actuation of
a transmitter (as in McCulloh or municipal
transmitter base systems), or may cause a
change in state which is interpreted as an
alarm by a base multiplex system.

When there is a building system, one fire
alarm transmitter for the building is actuated
by the building control unit. There may also
be a separate transmitter for the building
supervisory devices actuated by a supervisory
auxiliary relay in the supervisory control unit.
The supervisory control unit functions may be
performed by the fire alarm control unit.

3.10.2 DIRECT CONNECTION TO FIRE
ALARM AND SUPERVISORY
DEVICES

Individual coded initiating devices are fre-
quently connected directly to the base alarm
system, not to a building system, particularly
in the case of McCulloh coded base alarm
systems. The coded initiating device may also
have switch contacts which are connected to
cause an alarm in a building system or simply
to cause sounding of one audible device near
the initiating device. Direct connection of
initiating device transmitters to the base
alarm system is usually used when there are
only one or two initiating devices in a building.
A typical application of this type may have
two sprinkler waterflow transmitters and a
sprinkler supervisory transmitter in a ware-
house connected to a base alarm system
McCulloh signaling circuit. The two water-
flow transmitters may each ring a local bell to
alert occupants and to localize the cause of
any alarm.

3.10.3 BASE ALARM SYSTEM CIRCUITS
3.10.3.1 TELEPHONE TYPE WIRING

Telephone type wiring circuits are
characterized by central offices where all the
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telephone line pairs for areas near the central
office are routed and any permanent
connections between the individual pairs are
made. Modern telephone type wiring is also
underground and is maintained by a civilian
telephone company or a military branch
specializing in communications.

NONCODED REMOTE STATION. A noncoded
remote station has individual receiver modules
for each fire alarm or supervisory transmitter.
A pair of telephone wires, or one wire and a
ground connection, connect each transmitter
with each receiver module. That pair of
telephone wires is dedicated for the transmis-
sion of signals from only that one transmitter
to its remote station receiver module.

CODED CENTRAL STATION. A coded central
station typically uses the McCulloh coded
signaling method. A McCulloh signaling
circuit is a loop, both ends of which terminate
at the receiver. A number of transmitters,
typically 10 to 25, is connected to each
signaling circuit.

Each transmitter has its normally closed
coding contacts connected in series with the
loop. Each transmitter and the central station
have an earth ground connection independent
of the telephone type wiring. The circuit is
electrically a loop, but is physically formed
from conventional telephone line pairs.

MULTIPLEX. In a multiplex type base alarm
system, each building protected by the system
typically has one or more data gathering
panels with signal initiating circuits con-
nected. Each data gathering pannel is typical-
ly connected to the multiplex receiver with a
voice grade shielded pair of telephone wires.
See the block diagram of Figure 2-25.

3.10.3.2 PLANT TYPE WIRING

Plant type wiring is independent from
telephone facilities, including central offices,
and is also usually maintained by the user
organization. Plant type wiring is totally
dedicated to the use of the base alarm system
and has its own conduit and junction boxes.

CODED MUNICIPAL. A coded municipal base
system is electrically very similar to the
coded McCulloh system. However, the trans-
mitter for the municipal system is usually
located outside the building and is connected
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to the building system by a pair of wires which
either supply energy from the building system
for starting the transmitter (local energy trip)
or form a shunt across the transmitter tripping
coil and start the transmitter when the shunt
circuit is broken (shunt trip) with energy from
the alarm headquarters through the municipal
circuit.

CODED PROPRIETARY. A coded proprietary
base system is usually wired like the coded
central station base system with the
differences described under "Plant Type
Wiring".

CODED MULTIPLEX. A coded multiplex base
system is wired like the multiplex system
described under "Telephone Type Wiring" with

the differences described under "Plant Type
Wiring".

3.10.3.3 RADIO FREQUENCY TYPE

The radio frequency type base system is
similar to the municipal type system. The
individual radio call box transmitter is not a
part of the building system, but is a part of
the base system and is located outside the
protected building. There is wiring between
the radio call box and the building system to
trip the radio call box transmitter and
maintain the rechargeable battery in the radio
call box, if provided. There may be an
interface panel in the building to provide the
special features required by the radio call box
and the functions usually provided by a
building alarm system control unit. In addition
it provides charging current for the radio call
box battery, individual zone actuation of the
radio call box, and supervision of
interconnecting wiring between the interface
panel and the radio call box.

The wiring between the building system and
the radio frequency transmitter consists of at
least a pair of wires for the fire alarm func-
tion and usually one additional wire for each
additional coded function, such as individual
fire alarm zones or supervisory signals. The
link between the transmitter located near the
building and the base fire alarm headquarters
is radio frequency transmission instead of the
wire used in the municipal type system.

3.10.3.4 TESTING AND MAINTENANCE OF
BASE ALARM SYSTEM CIRCUITS

Test the base alarm system circuits monthly
under normal circuit conditions. Test Class A
base alarm system circuits--those with the
capability of continued operation with one
fault on the circuit--quarterly under fault
conditions.

The McCulloh circuit test with faults should
be performed as follows:

I. Ground the signaling circuit at a
transmitter, using the device ground.
Confirm ground detection at alarm
headquarters.

2. Have receiver monitoring personnel
operate the circuit conditioning switch for
circuit operation with a ground, if
conditioning is not automatic.

3. Actuate a transmitter on each side of the
ground fault separately and confirm that
received codes are clear and identifiable.

4. Remove the ground fault from the circuit
and confirm that a normal circuit condition
is indicated at the receiver.

5. Have receiver monitoring personnel
operate the circuit conditioning switch for
normal operation if conditioning is not
automatic.

6. Disconnect one wire of the signaling
circuit at a transmitter. Confirm open
fault detection at the receiver.

7. Have receiver monitoring personnel
operate the circuit conditioning switch for
operation with an open fault if conditioning
is not automatic.

8. Actuate a transmitter on each side of the
open fault separately and confirm that
received codes are clear and identifiable.

9. Reconnect the disconnected wire, confirm
indication at the receiver of circuit return
to normal, and have receiver monitoring
personnel operate the circuit conditioning
switch for normal operation.

Tests for municipal type signaling circuits and
other wired circuits should follow the same
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principles described for McCulloh circuits.
Radio frequency required tests are conducted
automatically each day in approved systems.
Perform other tests according to equipment
manufacturer's instructions.

3.10.3.5 TROUBLESHOOTING

Base alarm system receivers usually give
automatic indication of a fault and the type of
fault. Locate the fault the same as for Class
A initiating circuits. Sometimes it is
unnecessary  to follow the detailed
troubleshooting method if you remember that
a transmitter which does not complete a cycle
can cause a ground or open fault by stopping
with signaling contacts in the grounded or
open condition.

Review recently received signals on the cir-
cuit that has the fault to identify the last
transmitter to operate before the fault
appeared. Also check to see if all code
sequences of that signal were complete.
Check that transmitter to see if the coding
cam is in its normal position. If not, rewind
the spring motor or check the power supply for
the transmitter. When power for the trans-
mitter is restored, the code sequence should
run to completion and remove the circuit
fault.

3.10.4 TRANSMITTERS
3.10.4.1 NONCODED TRANSMITTERS

Noncoded transmitters almost always consist
of one or two relays arranged to reverse
voltage and current on a pair of wires to the
base alarm headquarters or to change
resistance in the remote signaling circuit.

The reversal relay arrangement is discussed in
Section 3.4.1.6, "Remote Signal Transmitters".
Relays are discussed in Section 3.3.1. The
transmitting arrangement which causes a
change in resistance has relay contacts which
short circuit an end-of-line resistor or a por-
tion of it so that a change in current can be
detected at base alarm headquarters and
interpreted on the basis of current value. The
desired current values for different conditions
are specified by the receiving equipment
manufacturer.
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3.10.4.2 CODED CENTRAL STATION TYPE
TRANSMITTERS

Coded central station transmitters are
described in Section 3.4.1.6, "Remote Signal
Transmitters".

3.10.4.3 CODED MUNICIPAL TYPE TRANS-
MITTERS

A coded municipal transmitter is functionally

similar to the coded central station
transmitter except for the methods of
actuation. Municipal transmitters are actu-

ated by power supplied from a building alarm
system control unit (local energy trip type
transmitter) or by removing a shunt across the
transmitter tripping coil, usually, by relay
action at the building alarm system control
unit (shunt trip type transmitter). The electri-
cal energy for tripping the shunt trip type
transmitter is supplied through the municipal
signaling circuit from the fire alarm head-
quarters. Municipal transmitters with a
manual alarm feature (master boxes) can be
actuated manually as well as electrically
(described above). Municipal pull boxes, which
are actuated only manually, may also be
connected to municipal type circuits.

3.10.4.4 CODED MULTIPLEX TYPE TRANS-
MITTER

The coded multiplex transmitter is the data
gathering panel. A description of its operation
is in Section 2.3.2, "Base Alarm System
Components,” in the section on signal
transmitters.

3.10.4.5 CODED RADIO FREQUENCY TYPE
TRANSMITTERS

Coded radio frequency type transmitters
(radio call boxes) function in base alarm
systems the same as municipal type
transmitters do in a municipal type base alarm
system. A fire alarm in a building system
connected to a radio call box causes the radio
call box to transmit a coded alarm signal to
the base fire alarm headquarters. The coded
signal contains information on the type of
alarm (fire, trouble, or supervisory), the zone
affected, and low battery information, if the
battery charge is low.

The radio call box is usually also capable of
manual actuation to transmit police and
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ambulance call signals. Radio call boxes
which are actuated only manually may also be
a part of a base system. Tampering, tilting, or
knocking down a radio call box causes a
tamper signal. A test signal is transmitted
automatically once a day, controlled by an
internally set ‘clock, or manually by service
personnel.

Batteries for modern radio call boxes are
usually rechargeable. Full charge capacity
operates the transmitter for six months. The
battery may be continuously charged by a
charger in the building or may be routinely
removed for recharging and replaced with a
fully charged battery.

3.10.4.6 TESTING AND MAINTENANCE OF
TRANSMITTERS

Test manual and automatic transmitters
quarterly. For efficiency these tests may be
combined with tests of circuits and other
devices.

The test includes initiating an alarm to cause
the transmitter to actuate in its normal
manner. For transmitters that have more than
one mode of actuation, such as manual and
electrical, test both modes. For radio fre-
quency transmitters which transmit several
types of signals, transmit each signal. Actua-
tion of automatic fire alarm transmitters
should result from the condition sensed by an
initiating device rather than electrical or
mechanical simulation at the transmitter.
When several transmitters are located in one
building, be certain not to overlook any trans-
mitters during the tests.

3.10.4.7 TROUBLESHOOTING

Troubleshooting and other maintenance
procedures for reversal (noncoded) and
McCulloh (coded central station) transmitters
are discussed in Section 3.4.1 under "Remote
Signal Transmitters." The material on the
coded McCulloh fire alarm transmitter also

applies to coded municipal and coded
proprietary transmitter types. The coded
multiplex and coded radio frequency

transmitters vary considerably for the various

manufacturers. Consult the manufacturer's
information  for  troubleshooting  these
transmitters.

3.10.5 SIGNAL RECEIVING DEVICES

Signal receiving devices are described in
Chapter 2 and in Section 3.4.1.

3.10.5.1 TESTING AND MAINTENANCE OF
SIGNAL RECEIVING DEVICES

Test major base alarm system receiving
equipment daily. Some local authorities
require testing major equipment during each
duty shift. Individual noncoded receiver
modules are adequately tested if receipt of
signals is noted during quarterly transmitter
tests. Coded radio frequency type receivers
are tested each time a transmitter sends its
daily automatic test signal.

Daily tests of coded central station, munici-
pal, and proprietary receiving equipment
should include receipt of normal transmitted
signals from one transmitter connected to
each signaling circuit. Signals transmitted
during routine servicing and testing of building
alarm and fire protection equipment satisfy
this requirement for the signaling circuits on
which they occur.

Coded multiplex type receivers are in almost
constant communication with the data gather-
ing panels of the system. The
interrogate/response action between the
receiver and data gathering panels usually
occurs one or more times a minute.
Additional tests should be performed if
recommended by individual equipment
manufacturers at recommended intervals.

3.10.5.2 TROUBLESHOOTING

Follow the manufacturer's recommendations in
troubleshooting receiver problems. Individual
component maintenance and troubleshooting is
described in Section 3.3 for relays, capacitors,
diodes, resistors, and other components
frequently found in receiving equipment.

3.10.6 SIGNAL RECORDING DEVICES

Signal recording devices are described in
Chapter 2 and in Section 3.4.1.

3.10.6.1 TESTING AND MAINTENANCE OF
SIGNAL RECORDING DEVICES

Test signal recording devices daily. An actual
or simulated signal from a transmitter
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satisfies this requirement. The recording
medium (paper tape in most cases) must move
smoothly through the recorder. Printing
should be dark enough so there is no trouble
interpreting the information. Inspect ink
ribbons for signs of wear.

OTHER MAINTENANCE

1. Clean ink residue from idler rollers and
working parts daily, if necessary.

2. Do not change adjustments except where
necessary for proper operation and as
recommended by the manufacturer.

3. Rewind prewound drive mechanisms as
necessary. Check daily.

4. Maintain an adequate supply of paper tape.
Replace expended rolls of tape with full
rolls when tape on a roll drops below that
necessary for three complete coded fire
alarm signals. Maintain tape alignment to
avoid breakage.

5. Manually advance ink ribbons on seldom
used printers to avoid faint printing due to
dried out ribbon.

6. Maintain time stamp settings to the proper
time.

3.10.6.2 TROUBLESHOOTING

If printing or inked markings are not dark
enough, replace ink ribbons or ball point type
cartridges. Signs of ribbon wear may indicate
that the ribbon is old, or ribbon movement is
not smooth, or that the ribbon is not reversing
at the end of each pass through the printer.

3.10.7 POWER SUPPLIES

Normal and emergency power supplies for base
alarm system related equipment are described
in Section 2.3.2.

3.10.7.1 TESTING AND MAINTENANCE OF
BASE ALARM SYSTEM POWER
SUPPLIES

Other testing of base alarm system equipment
provides for adequate testing of equipment
power supplies. Operate engine driven
generators weekly for one hour. During the

e e

one hour weekly running test, the generator
load should be the same equipment usually
driven by the generator under emergency
conditions. After generator warmup, check
temperature gauges for proper temperature
control by thermostats. Check fuel supplies.
Test automatic start features by shutting
down the normal power sensed by the starting
device. Perform other tests according to the
generator manufacturer's instructions.

Check water levels for rechargeable cells
weekly and add distilled water for any cells
with low water levels. Wipe moisture from
tops of cells; clean corroded terminals of lead
acid cells with a wire brush and mild baking
soda solution. Be careful not to spill cleaning
solution on cell caps or into cells. Dry the
terminals after cleaning and coat them with a
thin film of protective lubricant recommended
by the battery manufacturer. Terminal con-
nections should be clean and tight.

Measure individual cell voltages and record
them monthly so deteriorating cells can be
discovered before there is a system malfunc-
tion.

Perform equalize charging of battery accord-
ing to battery and/or charger manufacturer's
instructions for the particular application.

To avoid possibly serious electrical shock
during testing and cell cleaning, avoid touch-
ing earth ground and cell terminals simulta-
neously. Wear a rubber apron, gloves and
goggles during these activities to avoid shock
and chemical burns.

3.10.7.2 TROUBLESHOOTING

Follow equipment manufacturer's recommen-
dations for troubleshooting emergency gener-
ator and battery charger problems. Failures
are unlikely if recommended tests and mainte-
nance are performed. When battery problems
are suspected, perform routine cell measure-
ments, inspect water level, and confirm that
interconnections between cells are clean and
tight. Cell measurements will help in locating
cells which are below standard performance.
Further inspection may reveal a maintenance
deficiency. Replace cells which show incon-
sistent or substandard cell voltage after cor-
rection of maintenance deficiencies.
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SELF-STUDY QUESTIONS - CHAPTER 3

Instructions: Select the correct answer(s) for each of the following questions.

Q3-1 To make servicing of fire alarm equipment as easy as possible, it is important to have
the following reference materials readily available:

a. A dictionary.

b. Schematic diagrams and manufacturer's data sheets.
c. The appropriate basic electronics repair manual.

d. A telephone book.

Q3-2 The equipment manufacturer's customer service department:

a. Is a place to contact only when all repair attempts fail.

b. Should be called immediately when the equipment fails.

c. Can tell you the equipment serial number if you describe the equipment.

d. May be able to give helpful repair suggestions on the phone or send data sheets if
you can give identifying model and serial numbers.

Q3-3 When numerous wires are removed from terminals at one location, it is good practice
to:

a. Try to remember which wire came from each terminal.

b. Make up a poem to remember the order of the wire colors.

c. Tag each wire with the terminal number it came from.

d. Remove all the wires first and tag each wire with the terminal number of the
nearest empty terminal.

Q3-4 Large items of equipment, when in need of repair:

a. Should be returned to the manufacturer as soon as possible.

b. Should be repaired in place, if possible, to avoid the problems associated with
removal and shipping.

c. Visually are too complicated to even attempt to disassemble for inspection of
components.

d. Are usually easier to remove in one piece than to analyze and disassemble.

Q3-5 Relay contacts should be:

Cleaned monthly with a burnishing tool.

Adjusted with long nosed pliers when you think they are not operating properly.
Burnished by moving the tool perpendicular to the normal contact wiping action.
Maintained only when a symptom of a problem arises.

o
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Q3-6 Resistors:

a. Should be inspected for physical damage when a problem arises.

b. Should be periodically inspected to make sure they are operating without
overheating.

Do not need replacement if their value has changed only 40% due to overheating.
Can more easily be repaired than replaced.

a0

Q3-7 Adjustable wire wound resistors:

With a broken wire can usually be repaired with solder.

Should be cleaned periodically with hydrochloric acid.

Are often damaged by attempting adjustment before loosening the sliding band.
Are cleaned most effectively if cleaned with alcohol while still hot from use.

80P

Q3-8 Electrolytic capacitors:

a. Are usually nonpolarized.

b. Are immune to deterioration from disuse.

c. Can be "formed" by applying voltage of the opposite polarity to that marked on
the capacitor.

d. None of the above.

Q3-9 To check individual components of a circuit with an ohmmeter, it is best to:
a. Turn on power to the circuit.
b. First disconnect wires which might affect readings.
c. Use a high resistance scale to check values near zero.
d. All of the above.

Q3-10 The usual function of a diode is to:

Allow current flow in one direction.

Provide high resistance to alternating current.
Provide high resistance to direct current.

To reverse the direction of direct current flow.

a1 Sl

Q3-11  In checking an ordinary stepdown transformer with an ohmmeter:

It may be necessary to disconnect 5 wires.

There should be no continuity between primary and secondary windings.
Measure primary and secondary voltages at the terminals.

All of the above.

Ok
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Q3-12

Q3-13

Q3-14

Q3-15

Q3-16

Q3-17

If a fuse has blown twice:

BOw.p

Replace it with one of slightly kigher current rating.

Short circuit the fuse terminals and look for signs of overheating.
Look for an electrical problem that could cause excessive current.
None of the above.

Enclosed switches in alarm equipment should:

Be disassembled, cleaned and lubricated quarterly.

Not be operated routinely, because each switch only has a limited number of
operations in its lifetime.

Be operated during routine testing.

None of the above.

Small D.C. motors, when not functioning properly, often require:

PRy

Operation with reversed polarity for a few minutes.
Disassembly and cleaning of the reduction gears.
Replacement of brushes.

All of the above.

Synchronous A.C. motors used in timing applications:

SN

Usually require no servicing other than brush replacement.
May require lubrication of bearings with 10W-40 motor oil.
Can usually be repaired by lightly sanding the commutator.
None of the above.

Small universal A.C./D.C. high speed motors are sometimes used:

R o

<

In vibrating horns.

In timing applications.

In continuous duty applications because of the absence of brushes and
commutator.

All of the above.

The following visual indicators cannot be checked with an ohmmeter:

g

Incandescent (tungsten filament) lamps.
Light emitting diodes (LED's).

Neon lamps.

None of the above.
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Q3-18 The most frequent problems with interconnecting wiring between control units and
initiating and indicating devices occur:

At junction boxes.

At the wire terminations.

In the long straight sections of conduit.
At right angle bends.

SO T

Q3-19 In checking a voltmeter, you notice that the meter always returns to a reading just to
the right of zero when the voltage is zero. Tapping the meter lens causes the needle
to vibrate and settle to the same reading. The most likely problem is: -

Friction in the bearings.

An obstruction to normal meter deflection.
The need for battery replacement.

The need for zero adjustment.

D

Q3-20 To check an ammeter, the standard ammeter for comparison readings should not be:

Connected in series with the meter being tested.
Connected in parallel with the meter being checked.
Similar in scale to the meter being checked.

More accurate than the meter being checked.

eoup

Q3-21  The risk of personal injury from electrical shock is greatest in servicing:

Line voltage control units.
12 volt D.C. control units.
48 volt D.C. control units.
12 volt A.C. control units.

SOE®

Q3-22 The current cut-off device in a line voltage control unit acts as a:

Relay and a buzzer.

Resistor and a relay.

Relay coil and contact.

Circuit breaker and timer. %

S0 e

Q3-23 The replaceable modules in a modular control unit may: "

Control audible signal devices.

Transfer power from the commercial source to standby.
Provide a reversing output voltage for remote signaling.
All of the above.

P e
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Q3-24

Q3-25

Q3-26

Q3-27

Q3-28

Q3-29

In a coded building alarm system, extra momentary sounds from the audible signal
devices may be caused by:

o i ol

A loose wire supplying power to the coder.
Irregular speed of the coder drive motor.
Incomplete removal of code wheel teeth.
All of the above.

If a paper tape register continues to run long after a coded signal is complete, the
defect may be:

ey T

A defective capacitor in the timing circuit.
Residual magnetism in the timing relay.

Solenoid shaft wear.

A short circuited diode across the timing relay coil.

An alpha-numeric printer that uses an inked ribbon has been printing very faintly.
Before changing the ribbon you should:

a.
b.

C.
d.

Check to see the ribbon reverses its direction of travel when it reaches the end.
Check to see that the ribbon is threaded according to the manufacturer's
instructions.

Refer to the manufacturers instructions for proper procedure.

All of the above. '

A reversal signal transmitter consists of:

A motor, a code wheel and contacts.

A digital device which transmits a digital code.
A relay and a power supply.

None of the above.

If a properly adjusted McCulloh transmitter does not produce readable signals at the
receiver, the cause may be:

*0 v

Excessive capacitance.

The spacing of the code wheel teeth.

A lag in relay operation at the receiver.
All of the above.

An open fault in a power circuit usually causes:

et | i g

A blown fuse or circuit breaker.

An indication of power failure.

A low voltage D.C. alarm system to become inoperative.
None of the above.
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Q3-30 An open circuit fault in an unsupervised initiating circuit may cause:

The circuit to become inactive.

A trouble signal at the control unit.
A false alarm.

None of the above.

a0y

Q3-31 A short circuit fault in a series normally closed initiating circuit causes:

A false alarm.

A trouble signal. .
The circuit to become inactive.

The circuit beyond the fault to become inactive.

Sl oy

Q3-32 Manual fire alarm devices should not be painted because:

Paint interferes with movement of working parts.
The paint may cause a short circuit.

The paint used may not be U.L. listed.

All of the above.

sen0ge

Q3-33 For a practical periodic test of the electrical function of a manual device, it is
necessary to:

Break the glass or fiber retainer.

Remove the device from the wall to short circuit the terminals on the back.
Open the device with an appropriate tool.

None of the above.

SoFe

Q3-34  Automatic fire detectors must not be:

Tested.

Painted.

Touched with bare hands.
None of the above.

o 3

Q3-35 Fixed temperature detectors with fusible elements should be heat tested:

Every five years.

Only when an inspection shows a possible defect.
Every year.

Quarterly.

S Re
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Q3-36

Q3-37

Q3-38

Q3-39

Q3-40

Q3-41

Rate compensated detectors are:

a. A type of smoke detector.

b. Visually checked for actuation.

c. Reusable.

d. Similar in appearance to a rectangular metal box.

Rate of rise detectors usually operate on the principle of:

a. Differential expansion of metals with temperature.

b. Increasing air pressure with increasing temperature.

c. Generation of electricity at a bond of dissimilar metals.
d. Melting of a eutectic alloy at high temperature.

A thermistor type heat detector operates on the principle of:
a. Melting plastic allowing two wires to touch.

b. Pneumatic tubing causing contacts to close when heated.
c. D.C. voltage generated by a thermocouple when heated.
d. None of the above.

After installing a new fusible element heat detector, test it immediately by:
a. Applying heat slowly with a lamp or hot air gun.

b. Removing the fusible element if it is removable.

Cc. Rubbing the detector vigorously with your hand.

d. Tapping it lightly with a screwdriver handle.

Line type rate of rise detectors may make use of:

a.. Rosettes.

b. Thermoplastic material.

c. Differential expansion of metals.
d. None of the above.

Photoelectric smoke detectors may operate on the principle of:
a. Light obscuration by smoke.
b. Light reflection by smoke.

c. Light being blocked or partially blocked by smoke.
d. All of the above.
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Q3-42

Q3-43

Q3-44

Q3-45

Q3-46

Q3-47

Ionization smoke detectors can detect smoke by:

The ions in the smoke causing an increased current between two high voltage
plates.

A radioactive source ionizing the smoke causing an increase in current.

The solid smoke particles interfering with current flow in air ionized by a
radioactive source.

The obfuscation of reticular ionization.

The main difference between spot type and duct type smoke detectors is:

ad 8 ok

The arrangement of electronic parts.

The method of powering the detector.

The method of moving smoke into the detector.
All of the above.

A spot type photoelectric smoke detector may need:

a.
b.
C.
d.

Periodic cleaning of the smoke chamber with detergent.
Occasional removal of dust with low pressure air.
Replacement of an LED at the job site.

Recovery in bright light after cleaning.

Beam type smoke detectors may require such servicing as:

o e

Replacement of a light source LED at the job site.
Cleaning of lenses and mirrors.

Immersion of filters in mild hydrochloric acid.

All of the above.

Optical flame detectors can distinguish flame from nonflame light sources by using:

Ay

Flicker discrimination.

The optical integrity lamp inside the detector.

Precision spectral analyzing circuits in combination with flicker frequency
validation.

All of the above.

Sprinkler waterflow is often detected by:

a
b.
(e
d

An increase in pressure.

A drop in pressure.

The waterflow causing mechanical movement of a vane inside the pipe.
All of the above.
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Valve position switches cause a supervisory signal when:

. The valve handle is operated two turns.
The valve handle is operated beyond 20% of its range from its normal position.

A plunger or lever moves out of a notch in the valve stem.
All of the above.

apTp

Pump supervisory signals usually are initiated by:

Sophisticated sensors in the controller cabinet.
Heat sensors in the controller cabinet.

Relay contacts in the controller cabinet.

None of the above.

an e

Tank temperature sensors should be checked:

a. Never.
b. Annually.
Cc. Biannually.

d. Bisexually.






CHAPTER 4 - AUTOMATIC SPRINKLER AND STANDPIPE SYSTEMS

4.1 AUTOMATIC SPRINKLER SYSTEMS

Automatic sprinkler systems automatically
distribute water upon a fire in sufficient quan-
tity either to extinguish it entirely or to
prevent its spread. All sprinkler systems have
three basic components: (1) a water supply,
(2) a piping network to carry the water, and (3)
sprinklers which distribute the water.

4.1.1 SPRINKLERS

Sprinklers are essentially nozzles placed at
intervals along the piping network to distrib-
ute a uniform pattern of water on the area
being protected. To attain maximum efficien-
cy, the stream of water must be broken into
droplets. A deflector, which is a part of the
frame of the sprinkler, breaks up the water.

4.1.1.1 AUTOMATIC SPRINKLERS

Automatic sprinklers are listed and approved
by certified testing laboratories for specific
applications based on orifice size, deflector
design, frame finish, and temperature rating.

o Orifice Size.

Sprinklers have orifices ranging in size
from 1/4 inch to 1/2 inch diameter in 1/16
inch increments, and 17/32 inch.

o Deflector Design.

Deflectors designs give different patterns
of water distribution and allow the
sprinkler to be placed in various positions,
e.g., upright, pendent or sidewall (Figure 4-

o Frame Finish.

Sprinkler frames may be plated for
aesthetic purposes or they may be coated
for protection purposes. For example,
sprinklers intended for use in corrosive
atmospheres are either lead or wax coated.

4-1

o Temperature Rating.

Automatic sprinklers are normally held
closed by heat sensitive elements which
press down on a cap over the sprinkler
orifice and are anchored by the frame of
the sprinkler. The heat sensitive elements
are designed to release at different
temperatures, depending upon the
application. Sprinklers are color coded to
identify the range of temperature rating of
the fusible element (Table 4-1). Color
identification is not required for plated
sprinklers, ceiling sprinklers or similar
decorative types.

STANDARD PENDENT

STANDARD UPRIGHT

OLD STYLE

FIGURE 4-1. SPRINKLER DEFLECTOR

STYLES.
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MAXIMUM AMBIENT TEMPERATURE TEMPERATURE SPRINKLER
CEILING TE!(\gll’:I)ERATURE R/(\(;I'FI)NG CLASSIFICATION COLOR CODE
100 135-t0-170 Ordinary Uncolored
150 175:10.225 Intermediate White
225 250 to 300 High Blue
300 325 to 375 Extra High Red
37 400 to 475 Very Extra High Green
475 500 to 575 Ultra High Orange

TABLE 4-1. SPRINKLER TEMPERATURE RATINGS.

There are basically four types of release
mechanisms for automatic sprinklers: (1) fu-
sible link, (2) frangible bulb, (3) frangible
pellet, and (4) bi-metallic element.

o Fusible Link Sprinklers.

The fusible link automatic sprinkler (Figure
4-2) is kept in the closed position by a two-
piece link held together by a solder with a
predetermined melting point. The soldered
link is between two levers which are
arranged between the cap, over the orifice
and the top of the sprinkler frame. When
the solder in the fusible link melts, the
levers pull the two-piece link apart and fly

DEFLECTOR SCREW
FRAME

FEMALE LEVER

| ROLLER KEY

[

MALE LEVER °
LINK PLATES

away from the sprinkler. This allows the FIGURE 4-2.  FUSIBLE LINK AUTO-

pressure in the piping network to push the
cap off the orifice and the sprinkler to
discharge water.

o Frangible Bulb Sprinklers. o

The frangible bulb sprinkler (Figure 4-3)
has a small bulb made of glass between the
orifice cap and sprinkler frame. This bulb
is partially filled with a liquid. The rest of
the space in the bulb is occupied by an air
bubble.

In a fire, the heat causes the liquid to
expand and compress the air bubble. As

the air bubble compresses, the pressure o

increases inside the bulb causing the bulb
to shatter and allowing the pressure in the
piping network to push off the orifice cap.

4-2

MATIC SPRINKLER.

Frangible Pellet Sprinkler.

The frangible pellet sprinkler (Figure 4-4)
has a rod between the orifice cap and
sprinkler frame. The rod is held in place
by a pellet of solder under compression.
When the solder melts the rod moves out of
the way of the orifice cap which is pushed
off by the water pressure in the piping
network.

Bi-Metallic Element (On-off) Sprinkler.

The bi-metallic element sprinkler (Figure
4-5) uses a disc made of two distinct




FIGURE 4-5.

FRANGIBLE BULB AUTO-
MATIC SPRINKLER.

FIGURE 4-3.

PENDENT SPRAY SPRINKLER
MODEL E

CONVENTIONAL SPRAY SPRINKLER
MODEL E

EJECTION=™|
ASSIST
SPRING
DO NOT
REMOVE!

SIDEWALL SPRAY SPRINKLER
MODEL E

UPRIGHT SPRAY SPRINKLER
MODEL E

FIGURE 4-4. FRANGIBLE PELLET

AUTOMATIC SPRINKLER.

BI-METALLIC ELEMENT
AUTOMATIC SPRINKLER.

DRY PENDENT AUTO-
MATIC SPRINKLER.

FIGURE &4-6.




metals as a heat sensitive element. When
the sprinkler is off, the disc maintains
pressure on a piston assembly. When the
temperature reaches the rating set point,
the disc flexes and opens, releasing
pressure on the piston assembly and
allowing a small amount of water to bleed
out of the piston chamber faster than it
can be replaced through a restrictor. The
pressure from the water in the piping
system pushes the piston down and allows
the sprinkler to discharge water.

When the temperature of the sensitive
element is reduced, the element returns to
its normal position and allows water to
pass through the restrictor, filling the
piston chamber and forcing the piston into
the waterway which stops the flow of
water from the sprinkler. 'This sprinkler,
therefore, can automatically cycle on and
off as necessary, for example, should a fire
rekindle.

4.1.1.2 DRY PENDENT SPRINKLER

A dry pendent sprinkler (Figure 4-6) is used
when pendent sprinklers must be placed on dry
pipe systems or in wet pipe systems when the
area to be protected is subject to freezing and
the piping network is in a heated area. (See
Section 4.1.2 for a description of dry pipe and
wet pipe systems.)

The dry-pendent sprinkler is a standard auto-
matic sprinkler fitted with a tube within an
attached pipe. The tube holds the water
sealing elements in place against a water tight
seal at the top of the pipe. When the sprinkler
is activated, the tube drops down to a pre-
determined position and releases the elements
through the tube and out the open sprinkler.

4.1.1.3 OPEN SPRINKLERS

Open sprinklers (Figure 4-7) consist of only a
sprinkler frame and deflector. These are used
on special sprinkler systems, such as deluge or
rapid reaction systems.

4.1.1.4 WATER SPRAY NOZZLES

Water spray nozzles (Figure 4-8) are used for
special application of water in various pat-
terns; e.g., wide or narrow angle, long throw
or flat patterns. The different patterns may

OPEN SPRINKLERS.

FIGURE 4-7.

be achieved by either internal or external
deflection of the water stream, depending
upon the type of nozzle.

4.1.2 TYPES OF SPRINKLER SYSTEMS
4.1.2.1 WET PIPE SYSTEM

The wet pipe sprinkler system is the most
common type. This system has automatic
sprinklers attached to a piping network with
water under pressure at all times. When a fire
occurs, individual sprinklers are actuated by
heat and water flows from the sprinklers
immediately. A wet pipe system is generally
used when there is no danger of the water in
the pipes freezing or when there are no special
conditions that require a special purpose sprin-
kler system.

The wet pipe sprinkler system may have an
alarm check valve. (Figures 4-9 and 4-10).
This device is used to maintain a constant
pressure on the sprinkler piping network
above, considered to be "Jdownstream'" of the
valve.

When there is a fire, the flowing water causes
the clapper assembly inside the alarm check
valve to open and allows a portion of the
water to flow through a port in the alarm
check valve which is, in turn, connected to an
alarm device. To prevent false alarms, a
retard chamber is usually placed in the piping
between the alarm check valve and the alarm
device.

Uy



FIGURE 4-8.

4.1.2.2 DRY PIPE SYSTEM

In a dry pipe system, the pipes normally con-
tain either air or nitrogen under pressure
instead of water. Dry pipe systems are used in
areas where water in the pipes is subject to
freezing.

A dry pipe valve (Figure 4-11) acts as a
control between the water supply and the air
under pressure in the piping network. The dry
pipe valve must be in a heated enclosure
because pressurized water is at the underside
of the dry pipe valve. A small amount of
water, called priming water, is also inside the
dry pipe valve itself. This water is to insure a
tight seal of the clapper and to keep the
rubber gaskets pliable.

The valve is usually made so that a moderate
air pressure holds back a much greater water
pressure,

There are several types of dry pipe valves.

WATER SPRAY NOZZLES.

DIFFERENTIAL DRY PIPE VALVE. The dif-
ferential dry pipe valve (Figure 4-12) has a
large clapper (air side) which bears directly on
a smaller clapper (water side). The differen-
tial between the areas of the two clappers is
approximately 6 to 1. Therefore, relatively
low air pressure can hold back a much larger
water pressure. For example, 20 psi air pres-
sure can withhold 120 psi water pressure.

To eliminate an accidental trip of the valve
and false alarms, air pressure should be at
least 20 psi greater tham the calculated trip

_pressure of the dry-pipe valve, based on the

highest normal water pressure of the supply
system.

When there is a fire, the heat actuates the
sprinkler(s) and allows air to escape from the
piping network, reducing the system air pres-
sure. As the system air pressure is reduced,
the differential is destroyed and the water
pressure below the dry pipe valve opens the
clapper, allowing water to flow through the
piping network to the open sprinkler(s).
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Differential dry pipe systems have an inherent
time delay between the actuation of a sprin-
kler and the application of water to the fire.
This delay is due to the time needed to bleed
the air from the piping network and deliver
water from the dry pipe valve to the opened
sprinkler(s). The time delay can be shortened
by adding one of the following quick opening
devices to the dry pipe system.

o Accelerator.

The accelerator (Figure 4-13) allows air
from the system's piping to enter the
intermediate chamber in the dry-pipe
valve, destroy the differential, and open
the clapper.
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o Exhauster.

The exhauster (Figure 4-14) opens and
exhausts air from the piping system faster
than through the sprinklers, destroying the
differential sooner.

LOW-DIFFERENTIAL DRY PIPE VALVE.
Occasionally, the water supply to dry pipe
valves has debris. With a differential dry pipe
valve (Figure 4-15), the high velocity of water
entering the system when the valve trips can
carry the debris into the system and may plug
the system piping or the sprinklers. If debris
in the water is a problem, the low-differential
dry pipe valve may be useful.
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The clapper in the low-differential dry pipe
valve is only sightly larger on the air side than
on the water side and the air pressure in the
system is maintained approximately 15 to 20
psi greater than the water pressure. Because
the sprinkler system piping contains air pres-
sure about equal to the water pressure, only a
slight amount of water is diverted into the
branch lines which do not have operated sprin-
klers after the dry pipe valve opens.

With either a differential or low-differential
dry pipe valve, an automatic air maintenance
device (Figure 4-16) must be used to maintain
air pressure and prevent accidentally tripping
the dry pipe valve. Also, an automatic drain
or high-water-level alarm is required for the
priming water level so the water does not
accumulate. (If there is too much water, the
dry pipe valve cannot operate.)
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MECHANICAL OR LATCHED-CLAPPER DRY
PIPE VALVE. The mechanical dry pipe valve
has system air pressure against a small disc,
diaphragm, or clapper (Figure 4-17). An
arrangement of levers, links, and latches on
the valve clapper provide the closing force on
the water clapper.

AUXILIARY DRY PIPE OR AIR CHECK
VALVES. An auxiliary dry pipe valve or air
check valve system may be used when un-
heated areas have 20 or more sprinklers, or
are located remote from the water supply
connection to the building. These valves oper-
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DIFFERENTIAL DRY PIPE VALVE.

ate the same as the standard dry pipe valve
except an alarm device is not necessarily
provided since the alarm is actuated by water-
flow in the wet pipe system.

4.1.2.3 ANTIFREEZE SYSTEMS

Occasionally, buildings protected by wet pipe
sprinkler systems have small areas which are
subject to freezing. If this area requires
twenty sprinklers or less, an antifreeze system
may be used (Figure 4-18).
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The antifreeze system uses an antifreeze solu-
tion, generally consisting of water and a water
soluble liquid, such as glycerine or an alcohol
glycol with a high flash point and high boiling
point.

The proportions specified in Table 4-2 give the
required reduction in freezing temperature
without producing a combustible mixture.

In systems which have connections to potable
water supplies, do not use antifreeze solutions
other than chemically pure glycerin (U.S.
Pharmacopoeia 96.5% grade) or propylene
glycol.

4.1.2.4 SHUT-IN-WINTER SYSTEMS

A control valve is shut and the system is
drained during the winter months. The valve
is reopened in the summer months. This is not
a recommended method of protection, al-
though a few of these systems exist.

4.1.2.5 WATER DELUGE SYSTEMS

A water deluge system (Figure 4-19) is used
where there is an extra hazard, such as areas
where flammable liquids or propellants are
handled or stored, or where there is a possibil-
ity that a fire might grow faster than ordinary
automatic sprinklers can control. The systems
are also often used in aircraft hangars where

ceilings are unusually high and where drafts
may deflect the direct rise of heat so that
ordinary sprinklers directly over the fire would
not open promptly but others, at some dis-
tance away, might open without having any
effect on the fire.

In the water deluge system, all sprinklers
connected to the piping network are open and
the water supply is controlled by a water
deluge valve (Figures 4-20 and 4-21). The
deluge valve remains closed until a fire is
detected.

MECHANICAL DETECTION SYSTEMS. Fire
protection systems can be operated either
manually or automatically. Automatic opera-
tion occurs upon a signal generated by a fire
detecting device. This signal can be either
mechanical or electrical.

Mechanical types of detection are pneumatic
or hydraulic and are described below. Electri-
cal devices are described in the section on
associated alarm systems for each type of
system. One of the most common types of
detection systems, used with a mechanical
release, is based on the principle that heated
air expands. This system uses an air tight,
hollow chamber, called a heat actuating de-
vice (HAD), which is usually made of brass.
Its purpose is to absorb the heat from a fire
and, in turn, heat the air inside the chamber.
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To Be Used if Public Water Is Connected to Sprinklers

SPEC. GRAYV. FREEZING
SOLUTION AT POINT
MATERIAL (BY VOLUME) 60°F ot
Glycerine = 50% Water 1.133 -15
C.P. or U.S.P. Grade 40% Water 1.151 -22
30% Water 1.165 -40
Hydrometer Scale 1.000 to 1.200
Propylene Glycol 70% Water 1.027 +9
60% Water 1.034 -6
50% Water 1.041 -26
40% Water 1.045 -60

Hydrometer Scale 1.000 to 1.120 (Subdivisions 0.002)

Suitable for Use if Public Water Is Not Connected to Sprinklers

Diethylene Glycol 50% Water 1.078 -13
45% Water 1.081 -27
40% Water 1.086 -42

Hydrometer Scale 1.000 to 1.120 (Subdivisions 0.002)
Ethylene Glycol 61% Water 1.056 -10
56% Water 1.063 -20
51% Water 1.069 -30
47% Water 1.073 -40

Hydrometer Scale 1.000 to 1.120 (Subdivisions 0.002)

Calcium Chloride Lb CaCl, per
80% "Flake" i gal of Water

Fire Protection Grade 2.83 1.183 0
Add corrosion inhibitor 3.38 1242 -10
of sodium bichromate 3.89 1.237 -20
1/4 oz. per gal. water 4.37 1.258 -30
4.73 1.274 -40
4,93 1.283 -50

*C.P. - Chemically Pure
U.S.P. - United States Pharmacopoeia 96.5%
**Free from magnesium chloride and other impurities

TABLE 4-2. ANTIFREEZE SOLUTIONS.
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FIGURE 4-20. DELUGE VALVE (VIKING
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12. LATCH
I1.'HINGE PIN

As the air is being heated, an increase in
pressure is created. This pressure increase is
conveyed by 1/8 inch tubing from the heat
detecting devices to the release mechanism.

Inside the release mechanism, a diaphragm is
connected to a system of levers. Also, ahead
of the diaphragm is a smaller vent which acts
as a compensating device for normal tempera-
ture fluctuations. The 1/8 inch tubing is
connected between the vent and the
diaphragm.

During a fire, the heat produces pressures
which exceed the bleeding capacity of the
vent. When this happens, the diaphragm
moves and causes the levers to operate,
mechanically activating the system (Figure &4-
22).

As more HAD's are attached to the detection
system, the pressures developed by a fire in
the detectors near the fire would be absorbed
by the detectors located outside of the fire
area, impeding operation. To eliminate this
adverse feature, detectors are divided into
groups of limited numbers. Each group has a
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separate line of air tubing connected to the
release mechanism and is separated from
other groups by a mercury check. Each
mercury check has its own individual pressure
setting and compensating vent (Figure 4-23).

When pressure from the detection system
presses against the column of mercury in the
inlet well of the check, it pushes the mercury
out of the way and allows the pressure to pass
thorugh the manifold passage to the
diaphragm.

The pressure is prevented from entering the
tubing from other groups of detectors by the
mercury in the wells of the other checks.

To overcome the pressure from the outlet side
requires at least twice the pressure than would
be required at the inlet side.

TUBING |
TO RELEASE
FROM HAD's A

[] #aDerOUP

5 COMPENSATING
VENT

DRESSURE SIGNAL

FROM HADE

H.AD GROUP
COMPENSATING
VENTS

MANIFOLD
PASSAGE _ (D

HORIZONTAL PASSAGE

SEPARATION OF H.A.D. GROUPS BY MERCURY CHECKS.

Another type of mechanical detection system
uses fixed temperature detection devices
which are standard automatic sprinklers. This
system is called a pilot heat system and may
be operated either pneumatically, with air or
other gases, or hydraulically, with water.

The pneumatic system uses a % inch air line
which is attached directly to the enclosing box
of the release mechanism. Inside the enclos-
ing box is one or two HAD's which are con-
nected to the compensating vent on the
diaphragm. The enclosing box, the pilot line,
and the heat detectors are all at the same
pressure, which is usually 8 psig.

In a f{fire, the heat actuates one of more
sprinklers. This causes the pressure in the
pilot line and enclosing box to suddenly drop.
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The pressure in the heat detectors cannot
escape fast enough through the compensating
vent and therefore presses on the diaphragm
which trips the release mechanism.

(Manufacturers use a wide variety of mechani-
cal, pneumatic, hydraulic, and electrical de-
vices for fire detection and, in general, each
manufacturer provides his own particular com-
plete combination of fire detection, water
control valve release and supervisory equip-
ment. Check manufacturer's data for specific
details.)

Deluge valves have a clapper assembly inside
the valve to prevent water from entering the
piping network downstream of the valve. The
clapper of the deluge valve is held closed
either mechanically or pneumatically, depend-
ing on the type of deluge valve.

When a fire occurs the fire detecting device
transmits a signal to the deluge valve which
causes the clapper to open and allows water to
flow simultaneously from all sprinklers on the
piping network.

The deluge system, similar to the dry pipe
system, has a time delay between detection
and discharge of water, due to the time
required to operate the valve and fill the
piping network with water.

To reduce the delay, the deluge system may be
pre-primed by providing water in the piping
network downstream of the deluge valve. To
prevent the water from escaping from the
open sprinklers, pre-prime plugs (Figure 4-24)
are placed on the sprinklers. The caps blow
off the sprinklers at approximately 20 psi,
after the deluge valve opens and allows the
high pressure water to enter the system.

FIGURE 4-24. SPRINKLER PRE-PRIME
PLUGS.

4.1.2.6 PRE-ACTION SYSTEM

A pre-action system differs from a deluge
sprinkler system only in that it has normally
closed automatic sprinklers. When the fire
detecting device is actuated, the water con-
trol valve opens and admits water to the
piping system. The system then acts the same
as a wet pipe system; individual sprinklers are
operated by heat. The advantage of the pre-
action system is that the probability of inad-
vertent water discharge is minimized since
both operation of the detection system and
automatic sprinklers is necessary to effect
discharge.

Occasionally, pre-action systems are incor-
rectly referred to as dry pipe sprinkler sys-
tems. While it is true that the pre-action
system piping does not contain water, the
term dry pipe system refers to the type of
sprinkler system and the type of water control
valve which operates this sprinkler system.
Actually a pre-action system uses a deluge
valve or a modified dry pipe valve for opera-
tion of the sprinkler system. Since automatic
sprinklers are used on the piping network, the
term '"pre-action system" was coined to
describe this type of sprinkler system.

There are two types of pre-action sprinkler
systems: supervised and unsupervised.

A supervised pre-action system has air intro-
duced into the system piping at a pressure of
approximately 5 psi. This slight air pressure
on the system piping "supervises'" the piping to
detect leaks. The pressure switches used for
detection of low air pressure on the "super-
vised" system should record in "inches of
water" rather than "pounds per square inch."
An unsupervised pre-action system is not mon-
itored continuously.

4.1.2.7 COMBINED SYSTEM

A combined system (Figure 4-25) is a special
purpose arrangement using two modified dry
pipe valves connected to tripping devices and
piped in parallel to supply water to the same
sprinkler system.

The piping network is filled with air under

pressure. When a fire is detected, an

exhauster at the end of the system opens and
The sys-

releases the air within the system.
tem then operates the same as a pre-action
system. However, if the detection system.
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fails, the combined system acts the same as a
dry pipe system and allows water to be
admitted to the system when sprinklers open
and discharge the air in the piping network.

4.1.2.8 RAPID REACTION WATER SUPPRES-
SION SYSTEMS

In some cases, it may be necessary to get
water to an area in less than one second. (For
example, areas where rocket and ammunition
propellants are stored and handled.)

Basically there are two types of rapid reaction
water suppression systems: (1) an explosive
operated deluge valve, or (2) a pilot operated
nozzle system.

EXPLOSIVE OPERATED DELUGE VALVE.
The explosive operated deluge valve (Figure 4-
26) links the clapper latch in the deluge valve
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FIGURE 4-25. COMBINED SYSTEM
HEADER ARRANGEMENT.

valve directly to an explosive device, called a
squib. When a fire is detected, the squib fires
and unlatches the clapper, allowing the instan-
taneous flow of water. These systems usually
use the "pre-priming" technique so that water
is discharged from the nozzles almost as soon
as the explosive squib is fired.

PILOT OPERATED NOZZLE SYSTEM. In the
pilot operated nozzle system (Figure 4-27), the
nozzles are attached to a piping network
which is constantly filled with water under
pressure. The nozzles are kept in the closed
position by a poppet which obstructs the
waterway between the piping network and the
orifice of the nozzle. Upon detection of a
fire, the pressure in the pilot line is released
by the actuation of a solenoid valve. The
water pressure in the piping network pushes
the poppet back and allows the water to
immediately flow through the nozzle.

4.1.2.9 LOCAL ALARMS FOR SPRINKLER
SYSTEMS

Sprinkler systems which are installed in
accordance with the National Fire Protection
Association's Standard for the Installation of
Sprinkler Systems (NFPA No. 13) have a local
alarm at the riser. They may also have alarms
connected to a building or base alarm system
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