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FOREWORD 

This report was prepared by FMC Corporation, Engineered Systems 

Division, Santa Clara, California, under Bureau of Mines Contract 

H0262052. The contract was initiated under the Federal Coal Mine Health 

and Safety Research Program. It was initially administered under the 

technical direction of Twin Cities Mining Research Center with Mr. Guy 

A. Johnson as the Technical Project Officer. Mr. Johnson was succeeded 

by Mr. Kenneth L. Bickel in September 1976. Mr. Ron Simonich was the 

Contract Administrator for the Bureau of MInes. 

This report is a summary of the work completed as part of this contract 

during the period June 1976 to January 1978. The report was submitted by 

the authors 27 January 1978. 
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EXECUTIVE SUMMARY 

This report describes a 19 -month program, under Bureau of Mines Contract 
H0262052, to design improve, fabricate, install, and in-mine test five types 
of automatic fire protection systems. One basic system was previously devel­
oped for use on mobile mining equipment under two other previous contracts. 

BACKGROUND 

Under Contract H0122053, FMC Corporation studied the severity and causes 
of fires on mobile mining equipment. On large vehicles in which the escape 
ladders pass near the engine area, significant operator hazards were 
identified. Such fires also resulted in loss of costly equipment and loss of 
production. At the conclusion of the study, a prototype automatic fire protec­
tion system was developed, installed, and in-mine tested for a short time 
on an ore haulage truck. 

Contract H0232059 provided for modification and validation testing of the 
system. Two versions of the fire protection equipment were installed on 
vehicles operating in open-pit mines. A series of planned fires and one 
accidental fire were successfully extinguished. 

The automatic system developed incorporates features not previously con­
sidered for use on commercial mobile equipment although used for military 
applications. Such features include multiple fire and flame sensors, auto­
matic test features, fail-safe logic, and thermal compensation. 

In the early 1970s, many mine operators installed manually actuated fire 
protection systems, due to more stringent regulations and because the cost of 
a basic system was low. In fire situations, however, operators often panicked 
and either did not actuate the systems or actuated them only after the fire had 
destroyed much of a vehicle. Mine managers who experienced large fire losses 
promoted further development of the automatic fire protection system into a 
variety of systems which would be applicable to other types of mining 
equipment. 

PHASE I, DESIGN, FABRICATION, AND FACTORY TEST 

Phase I work began with visits to five mines and selection of two mines of 
differing environments to participate in the program: Diamond Crystal 
salt mine in Louisiana and Jim Bridger coal mine in Wyoming. 

Five fire protection systems (Figure A) were identified and factory tested: 

• System I, the existing FMC/Bureau of Mines system, including thermal 
and optical detectors, stored-pressure dry-chemical cylinders, logic 
control, and ambient temperature compensation. 
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• 

• System II, the existing system but without optical sensors and ambient 
temperature compensation • 

• System III, identical to System II but incorporating a newly developed 
actuation device for conver sion of manual fire suppre s sion systems 
to automatic systems. 

• System IV, an alarm-only system including one or two sensors to pro­
vide an audible alarm without discharging an extinguishing agent. 

• System V, a self-contained, battery-powered system using point- source 
sensors and the actuation device used in System III. . 

Various items of mobile mine equipment were selected for installation of 
fire protection systems: front-end loaders, coal haulers, draglines, 
crane s, etc. 

PHASE II, INSTALLATION, MONITORING, AND DEMONSTRATION TEST 

During Phase II, the systems were installed on the selected equipment at 
the two mine sites, as listed in Table A. 

Table A AUTOMATIC FIRE PROTECTION SYSTEM INSTALLATION 

Fire protection system Jim Bridger coal mine Diamond Crystal salt mine 
(surface), (underground), 
Wyoming Louisiana ---

I FMC/Bureau of Mines Wabco 120 
(original de sign) coal hauler 

II Without optics and thermal Caterpillar 992 
compensation front-encl loader 

III Auton,atic/manual systen, Wabco 120 Euclid R35 truck; 
ash hauler Caterpillar 988 loader 

IV Alarm only Marion 8200 
dragline 

V Self-contained aut01natic/ Goodman 2500 cutter; 

manual system Galion l25A crane 

Diamond C ry-stal Salt Mine 

At the Diamond Crystal underground salt mine, all vehicles were equipped 
with manually actuated Ansul fire protection systems. Mine management 
reque sted that Systems III and V be adapted to the existing extinguishing 
systems, and that electrical power be constantly and directly supplied to 
the fire protection systems at all time s. Precautions against accidental 
discharge during maintenance activities were also required. 

The salt mine environment adversely affected all vehicles and equipment, 
especially electrical connections and control circuits. Some changes in 
component design were necessary during the test period for systems installed 
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on vehicle s routinely steam cleaned prior to maintenance. Three of the four 
systems were installed on such vehicles. The fourth system was installed 
on an electric undercutter which remained in the deeper, dry part of the mine 
and was not steam cleaned during the ll-month installation. The equipment 
installed on this vehicle required little maintenance. 

Many events were noted during 11 months of in-mine te sting. The following 
items are considered signficiant: 

• Nine system activations occurred; four were intentional. 

• An accidental fire in the truck starter motor completely burned the 
battery cable. The fire suppression system was manually activated, 
extinguishing the fire. 

• Maintaining adequate electrical power and durable connections, free of 
corrosion or disconnections, was a significant problem. 

• Continuous line -type thermal wire sensors required no maintenance 
during long-term tests. Several repairs of multiple connections 
and interconnecting wire on point-type thermal sensors were necessary. 

• Additional seals around the main control panel and the junction box proved 
effective after initial problems. 

• Visual indicators and other control panel components were seriously 
affected by corrosion. Protection was required for components of 
systems installed on vehicles which were routinely steam cleaned. 

Jim Bridger Coal Mine 

At the Jim Bridger mine, fire protection systems were installed on vehi­
cles similar to those used in previous contract work -- vehicles with op­
erator cabs 10 feet or more above the ground and with escape ladders 
passing near the engine area. A system was also installed on a Marion 
8200 dragline. Mine management agreed to purchase and install one manual 
Ansul system to permit proper evaluation of System III. Anticipated 
high winds and subzero temperatures at this large western surface mine 
nece s sitated careful placement of components and incorporation of 
temperature -compensation feature s. 

The following events recorded during the 10-month in-mine test were 
considered significant: 

• Teflon seals on the two stored -nitrogen-pres sure dry-powder 
chemical extinguishers failed to seal the SOO-psi pressure when 
subjected to shock and vibration. Special urethane seals were 
installed and we re effe cti ve. 

• Operator and mine employee awareness of systems and components 
was a significant factor in succe s sful equipment operation. 

• System I, installed on a coal hauler, required little maintenance. 
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• Vehicle electrical systeITls produced interference resulting froITl cross 
voltage. The fire control systeITl was ITlodified to obtain power directly 
froITl the battery on the ash hauler and loader. 

o Two inadvertent systeITl discharges occurred. 

FINAL TESTS 

In-ITline ITlonitoring concluded with deITlonstrations and/or discharges of each 
systeITl at each ITline. Test ITlonitoring events are sUITlITlarized in Table B. 

Table B SUMMARY OF MONITORING EVENTS 

v Replaced/re-Mine name t:: Total visits H'" Fire systerl1 Sensors failed 
.g including in-

~~ 
activations 

paired actuator 
or replaced .... ..,t:: device 

111 stallation mon oro 

" D.u Discharged Alarm - Car- Stored Quantity Type ::l itoring and ~;r-I v 
'" Vou 'U .~ .D"ro agent (in- no tridge pres -........ delTIonstration E~""'" <Jl t:: cludes dern- discharge puncture sure 

~ 0 ;:l C c. 
f:-< E z3~ onstration type type. 

DialTIond 
Crystal mine 11 5 3 6 5 4 N/A 2 Point 

JilTI Bridger 
lTIine 10 6 2 4 5 0 2 1 SmokE' 

Total 11 5 10 1 10 2 
4 2 3 -

1. Seven intentional during demonstration. 2. Five not connected for discharge. 

During deITlonstration tests, al1 systeITls responded to the test fire stiITlulus 
ITlore quickly in the warITler, underground salt ITline teITlperatures than 
in the cooler surface ITline teITlperatures. On underground vehicles, alarITls 
sounded within 10 to 15 seconds after fire was applied. On the surface, 
alarITls sounded within 30 to 60 seconds due to cooler aITlbient teITlperatures 
and high wind conditions. 

SysteITl I, with both optical and heat sensors, instal1ed on a coal hauler 
at JiITl Bridger ITline, alarITled instantly at detection of a flaITle, and dis­
charged iITlITlediately on therITlal sensing. On other systeITls, an audible 
alarITl and a red FIRE indicator were activated for 10 to 13 seconds before 
autoITlatic discharge. SysteITl IV provided only audible/visual alarITls in 
the operator's cab; no discharge was intended. 

After the deITlonstrations, all systeITls were returned to norITlal working 
order. 

CONCL USIONS 

After redesign and long-terITl test of the fire protection systeITls, the 
fol1owing conclusions were reached: 

• Operator faITliliarity with the systeITls enhances operational perforITlance. 
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• Automatic systems are well suited for use on large vehicles and where 
operator visibility of fire zones is impaired. 

• Durable, sealed electrical connectors and additional wire protection 
must be used in areas subject to abuse. 

• Systems with separate, isolated batteries exhibit fewer problems than 
systems using vehicle batteries. 

• No one type of sensor application was proved superior. Vehicle elec­
trical systems influence sensor selection. 

• The newly designed cartridge-puncture valve performed satisfactorily. 

• Various tests and checks can be made automatically when the system 
is connected through the master switch (during vehicle engine start) 
and manually at the operator l s discretion. 

• Trained personnel are needed to install and maintain the automatic fire 
protection systems. 

RECOMMENDA TrONS 

Several recommendations are offered: 

• Mine personnel normally assigned to work on mobile equipment should 
assist installation and repair of the systems to enhance their familarity 
with the unique hardware of the automatic fire protection systems. 

• Electrical connections and wires should be sized to meet the anticipated 
physical abuse normal in mining environments rather than electrical 
capacity requirements. 

• Automatic fire protection systems should be equipped with isolated 
power supplies (batteries) rather than coupled to existing vehicle 
batteries that cause interference. 

• Regular maintenance activities, stearn cleaning, and washing of mobile 
mine equipment with automatic fire protection systems that are direct 
and unswitched to a power supply should be controlled. 

• Controlled tests should be performed to show effects of shock and 
vibration on dry-powder chemical systems. 

• System controls and indicators should be protected from damage caused 
by environmental conditions or physical abuse. Switches, circuit break­
ers, audible devices, and pushbuttons should be guarded or contained in 
such a way as to prevent physical or corrosive damage. 

• Maintenance and monitoring of the automatic systems installed at the 
two mines should continue during an additional 24-month period. 
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I. INTRODUCTION AND SUMMARY 

1. 1 INTRODUCTION 

This report presents inform.ation regarding the expansion of previous work 

to prom.ote autom.atic fire protection system.s on m.obile m.ining equipm.ent. 

The objective of the 19-m.onth Autom.atic Fire Sensing and Suppression 

System.s program. was to design im.prove, fabricate, install, and test the 

durability of fi ve types of autom.atic fire protection system.s on m.ine equip­

m.ent in production operations. 

The autom.atic fire protection system. concept and prototype hardware was 

first developed under two previous Bureau of Mines contracts 1 also awarded 

FMC Corporation: 

., 1972 -1973, Contract H0122053, Im.proved Sensors and Fire Control 

System.s for Mining Equipm.ent 

• 1973-1974, Contract H0232059, System. Modification and Validation 

Testing of Fire Protection System.s for Mine Haulage Trucks. 

The first contract concentrated prim.arily on determ.ining severity and causes 

of fires in large, m.obile m.ine equipm.ent. It was determ.ined that significant 

hazards to operators existed on large vehicles in which escape ladders pass 

near the engine area, the prim.ary fire zone. Considerable losses in equip­

m.ent costs and production also resulted from. such fires. As a result of the 

study, a prototype autom.atic fire protection system. was developed, installed, 

and succes sfu11y short-term. tested on a 100 -ton-capacity ore haulage truck. 

1. Final reports are available through the National Technical Inform.ation 

Service (NTIS), 5285 Port Royal Road, Springfield, Virginia 22161. 

For Contract H0122053, specify Num.ber PB 232-406, May 1973. For 

Contract H0232059, specify Num.ber PB 234-577, April 1974. 
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The second contract effort invol ved reliability and durability testing of the 

system previously developed while the system was installed on operating 

equipment in open-pit mines. The original prototype system was installed 

for summer testing at the Cyprus Pima mine in Tucson, Arizona, the site 

of the first contract work. A second, improved version was installed for 

winter testing on a 100-ton truck at Erie mine in Hoyt Lakes, Minnesota. 

At both locations, the trucks were utilized for production operations to test 

the durability of the fire protection systems. A series of planned fires, 

initiated to demonstrate the effectiveness of the fire suppression systems, 

were successfully extinguished automatically. One accidental fire was also 

effectively extinguished. 

The automatic fire protection system developed during the two contracts 

incorporates features not previously considered for use on commercial 

mobile equipment but commonly used for military applications. 

The following features of the system are significant: 

e Multiple fire and flame sensors 

• Automatic test features and fail-safe logic 

• Thermal compensation. 

During the performance periods of the two Bureau contracts, manually 

actuated fire protection systems on mobile equipment became more popular, 

primarily as a result of new regulating standards 1 and the low cost of a 

basic system typically consisting of one dry-chemical container, a propellant 

cartridge, and a remote actuator. Field reports indicated, however, that 

fast fire situations caused sufficient operator panic so that the manual 

actuators were occasionally not activated during a fire or were activated 

too late to be of consequence. Complete vehicles were then lost to the fire. 

Mine managers experiencing these situations promoted additional development 

of the original automatic fire protection system, as well as alternatives 

that would produce a variety of fire protection systems for different units 

of mobile mine equipment. 

1. Code of Federal Regulations CFR 30, Part 75 (underground coal), Part 

77 (surface coal), Part 55 (surface metal and nonmetal mines), and 

Part 57 (underground metal and nonmetal mines). 
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Contract H0262052 was released 21 June 1976 to design, fabricate, and 

test five types of automatic fire protection systems; factory test each 

system; and install and monitor the systems for approximately 1 year 

on various units of equipment in mines with different environments. 

1.2 SUMMARY 

The major goals of Contract H0262052 were successfully accomplished in the 

two phases of program activity. 

During Phase I, visits to five mine s located two mines of different environ­

ments willing to participate in the program: Diamond Crystal salt mine, 

Louisiana; and Jim Bridger coal mine, Wyoming. Five fire protection 

systems were identified and factory te sted at the FMC Santa Clara, 

California, facilities. Each of the five systems, briefly, is characterized 

as follows: 

• System I 

The existing system including thermal and optical detectors, stored-

pressure dry-chemical-filled cylinders, logic control, and ambient 

temperature compensation. 

• System II 

The existing system but without the optical sensors and ambient temper-

ature compensation. 

• System III 

The existing system as in System II, but incorporating a newly developed 

actuation device for conversion of manual systems to automatic systems. 

• System IV 

An alarm-only system including one or two sensors to provide an audible 

alarm without discharging an extinguishing agent 

o System V 

A self-contained, automatic system using point-source sensors and the 

newly developed actuation device for conversion of manual systems to 

automatic systems. 

Major components of each system are pictured in Figure 1. 
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Figure 1 COMPONENTS OF FMC FIRE PROTECTION SYSTEMS 

Phase I activity also included selection of equipment for the systems installa­

tions at the two participating mines (see Table 1). Equipment units, one of 

which is shown in Figure 2, included the following: 

• Front-end loaders 

• Coal haulers 

• Trucks 

• Draglines or shovels 

• Mobile cranes 

• Underground electric undercutters. 

During Phase II, the systems were installed on the selected equipment at 

each mine site. Performance of the installed systems at each mine is 

summarized in the following paragraphs. 
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Table 1 AUTOMATIC FIRE PROTECTION SYSTEMS INSTALLATIONS 

Fire protection system Jim Bridger coal mine Diamond Crystal salt mine 
(surface), (underground), 
WyoITling Louisiana 

1 FMC/Bureau of Mines Wabco 120 
(original design) coal hauler 

II Without optics and thermal Caterpillar 992 
compensation front-end loade r 

III Automatic/manual system Wabco 120 Euclid R35 truck; 
ash hauler Caterpillar 988 loader 

IV Alarm only Marion 8200 
dragline 

V Self-contained automatic/ Goodman 2500 cutter; 
manual system Galion l25A crane 

Figure 2 DRAGLINE SELECTED FOR TESTING 
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1. 2.1 Installation, Monitoring, and Testing at Diamond Crystal Salt Mine 

All mobile vehicles at the 1, 700-foot-deep underground Diamond Crystal 

mine were equipped with manually actuated Ansul fire protection systems. 

Prior to this contract, mine management requested that the automatic fire 

sensing and discharge systems, Systems III and V, be adapted to the 

existing extinguishing systems. Management personnel requested that 

electrical power be constantly and directly supplied to the fire protection 

systems because fires are known to occur after engine shutdown or when 

the vehicle is unattended. Precautions against accidental system discharge 

also were necessary during maintenance activities such as welding and stearn 

cleaning. 

The salt mine environment was very severe on all vehicle s and equipment, 

especially where electrical connections, wires, lights, switches, and circuit 

board s are part of the system. Three of the four systems were installed on 

vehicle s that were routinely stearn cleaned prior to maintenance. This fact 

required some changes in component design during the test period. The 

fourth system, installed on an electric undercutter, survived the durability 

te sting with very little maintenance and rebuilding. The cutter vehicle 

stays in the deeper, dry area of the salt mine and was never stearn cleaned 

during the II-month installation. 

Many events were noted during the 11 months of in-mine te sting (see details 

in Technical Discussion, Section III). Significant events are summarized 

in the following paragraphs. 

Nine system activations occurred; 

the final demonstration fire tests. 

four activations were intentional during 

One unplanned discharge occurred while 

starting a truck; the cutter operator reported three activations, only one 

of which expelled dry-powder chemical. A bent puncture pin in the actuator 

device failed to pierce the pressurized cartridge during one occurrence; an 

open air line in the Ansul system, which expelled pressure before actuating 

the Ansul propellant cartridge, was responsible for the second; the automatic 

system actuated on the third unplanned occurrence, but for unknown reasons 

did not expel the extinguishing agent. No false discharges were reported 

on the crane and front-end loader. 
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The truck experienced an actual accidental fire in the starter motor that 

completely burned the battery cable. The smoke was readily visible to the 

operator in the relatively small vehicle, and he activated the manual control 

of the Ansul system. It was dete rmined that the automatic system did not alarm 

or activate because there was no sensor near the fire zone and there was in­

sufficient heat to alarm the 260
0

F set point of the automatic sensing system. 

Maintaining adequate electrical power and durable connections, free of 

corrosion or disconnections, was a significant problem throughout the 

te st. The two systems with self -contained batterie s survived better in this 

respect than the systems connected directly to the terminal posts of the 

vehicle batteries. All systems experienced some problems with batteries 

having less than 18 volts (DC) available when the engine was not running. 

The fire protection systems were, therefore, occasionally not operational 

in a standby mode. Low battery voltage was attributed to lengthy vehicle 

downtimes and poor battery condition. Diamond Crystal mine has recently 

initiated use of maintenance-free batteries in several vehicles. 

The continuous line -type thermal wire sensors gave no trouble C!uring the 

long-term tests. The multiple connections and interconnecting wire of the 

point-type thermal sensors required repair on several occasions due to 

mechanical damage or stearn, oil, or salt contaminating the connections. 

Additional seals around the main control panel and the junction box proved 

effective after initial problems in each. Contrary to occasional practice, 

openings for "breathing" of electrical boxe s proved fatal to electrical 

circuits at least three times. Three control panels had to be replaced after 

short duration in the harsh mine environment. 

Visual indicators and other items on the control panel were also seriously 

affected by corrosion. Audible alarms, lights, switches, pushbuttons, and 

circuit breakers required protection, especially on the three vehicles 

subjected to routine stearn cleaning (see Figure 3). No problems occurred on 

the automatic fire protection system installed on the cutter in the dry working 

area of the mine, even though salt dust accumulations were occasionally 

several inches thick on the components. 
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~ORROOEO NAME PLATE/ 
AND INDICATORS 

Figure 3 DAMAGE SUSTAINED BY ELECTRICAL CIRCUITS 

1. 2. 2 Installation, Monitoring, and Testing at Jim Bridger Coal Mine 

Except for the Marion 8200 dragline, the vehicles selected for installation 

of automatic fire protection systems at Jim Bridger mine closely paralleled 

those used in the earlier contracts where operators were located in cabs 

more than 10 feet above the ground and where the escape ladders passed 

near the engine area. No manual fire protection systems were installed on 

Jim Bridger equipment, but the mine management agreed to purchase and 

install an Ansul system to provide an evaluation of System III. 

Environmental conditions at this large western surface coal mine were not 

a predominant factor as in the underground salt mine, although anticipated 

high winds and subzero temperatures required careful placement of system 

components and temperature-compensation features. The enclosed operators' 

cabs were relatively clean, and use of additional seals around the control 

units and junction boxes was not required. 
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Many events recorded during 10 months of in-mine testing (see details 

in Section III) are summarized in the following paragraphs. 

The two stored-nitrogen-pressure dry-powder chemical extinguisher systems 

experienced valve leakage problems that required the manufacturer to 

fabricate special urethane seals. The original Teflon seals would not seal 

the SaO-psi nitrogen pressure when subjected to the shock and vibrations 

of mining vehicle activity. The problem was recognized during Phase I, 

but replacement valve seals did not arrive until midway through in-mine 

monitoring. 

Only one of the two commercial-variety smoke detectors used on the Marion 

8200 unit continued to operate satisfactorily after 10 months of testing. 

Both detectors were photoelectric sensors but of different construction: 

• The ceiling-mounted unit experienced excessive dust collection, false­

alarmed, and finally failed to operate. 

• The wall-mounted unit, with a vertical circuit board, performed well 

throughout the la-month test period. 

Operator and mine employee awarene s s of the various systems and compo­

nents was a factor early in the program. Systems were intentionally not 

connected for automatic discharge until mine personnel became familiar with 

display indicators and test features. Seal wires on the manual pushbuttons 

were often found broken until personnel became aware of the consequences. 

System I, which was installed on a 120-ton coal hauler, required little 

maintenance during the la-month te sting period. 

The durability of electrical power connections was satisfactory, but vehicle 

interface circuits caused interference when the lights were on and the engine 

was not running. This problem was experienced with Systems I and II until 

modifications were incorporated to bypas s the master switch, thus routing 

24-volt DC power directly from the battery to the system (as was done with 

all Diamond Crystal systems). 
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Only two inadvertent systeITl discharges occurred. It was initially con­

sidered that the ash hauler truck with the autoITlated Ansul systeITl was 

activated and discharged without apparent operator awareness. It was 

thought that engine noise overrode the audible alarITl, and the dust condition 

generated by the dry-cheITlical powder systeITl discharge was unnoticed 

due to siITlilarity with the standard heavy dust conditions of surface ITlining. 

The yellow FAULT light indicated an open circuit breaker to the solenoid 

valve, an event that occurs when the systeITl is activated electrically. 

Investigation of the cause of the discharge revealed a broken seal wire 

on the ITlanual pushbutton indicating ITlanual rather than autoITlatic discharge. 

The second unplanned discharge, on the front-end loader, was reported as 

a partial discharge because only one of the two cylinders was eITlpty on 

inspection. The push-to-discharge ITlanual button was sealed properly, 

but the ITlanual operator lever on the solenoid valve appeared daITlaged. 

1. 2. 3 Final DeITlonstration Tests 

With the exception of the Caterpillar 992 front-end loader at JiITl Bridger 

ITline, which was not available for the tests, each systeITl at each ITline was 

deITlonstrated and/or discharged to conclude the in-ITline ITlonitoring efforts 

(Figures 4 and 5). 

Figure 4 FIRE TEST DEMON­
STRATIONS AT DIAMOND 
CRYSTAL MINE 
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The te st stimulus at each mine was flame and heat from a burning kero sene­

soaked cloth except for the dragline te sts in which smoke candle s were 

placed in a pan. 

All the systems responded more quickly in the 95 0 F ambient temperature 

of the underground salt mine than during 50 0 F temperatures and the high 

wind conditions at the surface installation. At Jim Bridger mine, System 

I, with optical sensors, alarmed instantly at the detection of the test fire 

flame, but discharge was not activated until thermal heating occurred in 

the ambient-temperature -compensated, 260 0 F set point continuous wire 

sensor. The 30-second response time was 50 percent better than that 

of System III, which does not incorporate temperature compensation. Fire 

alarms sounded on the underground vehicle s within 10 to 15 seconds after 

the test fire was applied. During the surface tests, the alarms required 

three to five times this length of time to sound. 

By the inherent design, System I, installed on a coal hauler, was the only 

system to discharge immediately on thermal sensing. The optical sensors 

gave immediate visual/audible alarm of the test fire flame, and, once the 

heat was sufficient, discharge was simultaneous with the new alarm. All 

other systems provided a 10- to 13-second visual/audible FIRE alarm after 

heat sensing and prior to automatic discharge. The smoke-candle tests on 

the dragline provided only a visual/audible alarm in the operator's cab, as 

System IV was not intended to discharge an extinguishing agent. Carbon 

dioxide extinguishing systems with pneumatic heat sensors had previously 

been installed by the mine personnel in areas where the smoke sensors were 

being trial tested. 

After the demonstrations, all systems were rebuilt and returned to normal 

working order. Some modifications, which were noted as desirable during 

the tests, were incorporated at this time. For example, a hinged guard 

was installed over the manual actuator buttons to prevent accidental manual 

actuation of the systems at Jim Bridger mine. 
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1. 3 COST GUIDE 

Component estimated price ranges are as listed in the following paragraphs. 

The estimated costs are for the basic unique elements and do not include 

installation labor costs nor costs for mmor installation hardware such as 

hoses, fittings, and special brackets. The estimated costs are based on 

1978 prices. Different purchase quantities account for the price range. 

For System I, one logic control panel with molded cable; four optical flame 

sensors with molded cables; one 16 -foot thermal sensor element with two 

cables; one junction box assembly; one temperature -compensation sensor 

with molded cable; and two high-pressure containers with valves, chemical, 

housings, and eight nozzles are required, at a cost of approximately $2,500 

to $5, 000. System I utilizes 24-volt DC vehicle power. 

For System II, one logic control panel with molded cable; one 16 -foot 

thermal sensor element or six point heat sensors; one junction box assembly; 

and two high-pressure containers with valves, chemical, housings, and eight 

nozzles are required, at a cost of approximately $2, 000 to $4, 000. System 

II utilizes 24-volt DC vehicle power. 

For System III, one logic control panel with molded cable; one 16 -foot 

thermal sensor element or six point heat sensors; one junction box assembly 

with relay; and one cartridge actuator device are required, at a cost of 

approximately $1,500 to $3,000. System III utilizes 24-volt DC vehicle 

power and the existing fire suppressiolil. system. 

In System IV, one logic control panel with 1I0-volt AC cord and two photo­

electric smoke sensors with 11 0 -volt AC connections are required, at a cost 

of approximately $500 to $1,500. System IV utilizes 24-volt DC vehicle power. 

For System V, one logic control panel with molded cable; one 16 -foot 

thermal sensor element or six point heat sensors; one junction box assembly 

with relay; and one cartridge actuator device are required, at a cost of 

approximately $1,800 to $3,500. System V utilizes self -contained 24-volt 

DC batteries and the existing fire suppression system. 
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II. CONCLUSIONS AND RECOMMENDATIONS 

2. 1 CONCLUSIONS 

The rede sign of the original automatic fire protection system and the multiple 

long-term testing of five different systems permit the following conclusions: 

• Operator familiarity with the systems enhances system performance 

by decreasing the number of accidental discharges. System reliability 

is thereby more easily evaluated. 

• Automatic systems appear more advantageous on larger vehicles or 

when operators and personnel cannot see or otherwise observe the 

fire zones. 

• Performance of battery power and other electrical connections were 

significant during tests in both mines. Durable, sealed connectors are 

required, as are rigid and flexibile conduits where exces sive mechanical 

abuse is evident. 

• Vehicles having separate, isolated batteries exhibited fewer vehicle 

interface problems, but will require special charging systems. The 

batteries were often discharged because the vehicle was out of service 

for extended periods. 

• Type of sensor application remains ·optional. The thermal-wire sensor 

experienced no problems; however, extreme care was exercised for 

added protection during installation. The point-type sensors are less 

expensive initially but provide service over a smaller area. Also, on 

one of three vehicles with point sensors, considerable maintenance 

was required. 

• Different vehicle electrical systems will influence sensor selection. 

Battery ground was through the master switch on both front-end loaders 

thus requiring isolation (float) fire sensing components, including the 

thermal sensors. Point sensors were used in these installations because 

the inherent condition of the outer sheath is ground on the continuous 

thermal-wire sensors. 
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• The stored-pressure, dry-powder chemical extinguishing system was 

unfamiliar to maintenance personnel. Rebuilding of components requires 

additional time in a relatively clean environment. The possibility of 

rebuilding a contaminated solenoid valve in the field is doubtful. 

• Although less time is required to refurbish manual discharge, 

cartridge -actuated fire protection systems, integrity of components 

must be checked periodically to assure adequate performance, espe­

cially where severe environmental conditions exist. Open pres sure 

lines, discharged systems, or packed dry-powder chemical were 

evident on several occasions. 

• The newly designed cartridge-puncture valve performed marginally 

during the long-term test. Tolerance adjustment during assembly was 

critical, solenoid power rating was considerable, and the puncture pin 

bent once during resetting. 

• The logic design permits making various tests and checks automatically 

(during vehicle engine start) when connected through the master switch 

and manually at the operator's discretion. Manual testing requires a 

conscious effort on the part of interested personnel or direction from 

a checklist. Whereas inadvertent failures of the manuC11, nonautomatic 

fire protection systems will likely be undetected, tracing fault areas 

on an automatic system is quickly accomplished by moving the test 

switch. Wire continuity, connections, and cylinder pressures are known 

immediately. 

• Trained persons are required for installation and maintenance of the 

automatic fire protection systems. Any periodic events that cause the 

yellow FAULT light to appear must be corrected by persons familiar 

with the system(s), who are able to interpret electrical schematics, 

who are qualified to handle pneumatically pressurized vessels, and who 

have access to and knowledge of a volt-ohmmeter. 

• Precautions taken during systems installations allowed for minor 

preventive maintenance or complete engine removal without disturbing 

the fire protection system components or causing added maintenance. 

Most wiring and plumbing was secured or routed to fixed structural 

members. Nozzles or sensors on engine covers experienced only a few 

disconnects and all were easily accessible. 
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2.2 RECOMMENDATIONS 

Several recommendations are offered as a result of experience gained during 

the redesign of the original system and the II-month in-mine testing of 

eight automatic fire protection systems: 

• Specific personnel normally assigned to work zones around the mobile 

equipment should be assigned to assist installation and repair of 

automatic fire protection systems on mobile vehicles. Responsible 

persons should also enact a training and information session, perhaps 

during regular safety meetings, to inform all operators and personnel 

of the unique features of the systems. 

• Local, state, federal, and other regulating or standards -generating 

agencies should become proficient in application and use of fire sensing 

and suppression systems on mobile mine equipment. Standards for the 

mining industry are vastly different from those established for other 

industries. Laws and standards should be carefully weighed against 

real needs before enactment. For example, not all IOO-ton ore haulage 

trucks have operator escape ladders passing the fire-prone engine 

areas. Nozzle placement, hose blockage, continuity tests, and fires 

during rollover are other factors to consider. 

• An evaluation of fire type and intensity relative to selection of an 

extinguishing agent and application of a system would guide designers 

and installers of fire protection systems. For example, I pound of dry­

powder chemical per square foot of surface area produces considerably 

different results if the fire is a pool of burning liquid, a foam seat 

cushion, a burning tire, or a pile of rubber hoses. 

• Electrical connections and wires should be sized to meet the anticipated 

mechanical abuse normal in mining environments rather than electrical 

capacity requirements. Environmentally sealed units requiring few 

disconnects are more likely to survive longer than systems having 

multiple disconnects. 

• Automatic fire protection systems with isolated battery supplies appear 

less troublesome than systems coupled to existing vehicle batteries. 

Recharging capabilities of the isolated battery must be maintained. 

Changing the three incandescent bulbs in the control panel to light­

emitting diodes (LEDs) would aid in reducing power consumption. 
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• Regular m.aintenance activities, steam. cleaning, and washing of m.obile 

m.ine equipm.ent with autom.atic fire protection system.s that are direct 

and unswitched to a power supply should be controlled. Consequences 

of accidental discharge during norm.al m.ine activitie s, which are other 

than true fire situations, should be reviewed. 

• A series of controlled tests should be perform.ed to show effects of 

shock and vibration on dry-powder chem.ical system.s. Both stored­

pressure system.s and cartridge system.s should be trial installed on 

m.obile m.ine equipm.ent and undisturbed for at least 12 m.onths. 

Positioning the containers in vertical, 45-degree, 90-degree, and 

l80-degree positions should also provide interesting and relative data. 

• The newly designed cartridge-puncture solenoid valve should be product 

im.proved to allow interchangeability of solenoid coils without tolerance 

buildup and interference. The puncture pin should be strengthened to 

avoid bending, and the relatively sm.all and easily dam.aged (1/8 NPT) 

threads should be avoided. 

• System. controls and indicators should be protected from. dam.age by 

environm.ental conditions or m.echanical abuse. Switches, circuit 

breakers, audible devices, and pushbuttons should be guarded or 

contained in such a way as to prevent dam.age. 

• Maintenance and m.onitoring of the autom.atic fire protection system.s 

installed at the two m.ine s should continue during an additional 24-m.onth 

period. A ledger should be m.aintained to record events as they occur 

on each vehicle system. so that the Bureau of Mine sand m.ine industry 

can becom.e better inform.ed of system.s perform.ance. 
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III. TECHNICAL DISCUSSION 

The contract for automatic fire sensing and suppression systems for 

mobile mining equipment involved the following objectives: 

• Design, fabricate, and factory te st five types of automatic fire 

suppre ssion systems. 

• Install the systems on various units of mining equipment at operating 

mines and monitor performance for 1 year. 

Designs of the systems were to be based on prototype hardware conceived, 

fabricated, and tested under Bureau of Mines Contracts H0122053 and 

H0232059. 

3.1 DEVELOPMENT OF VEHICLE FIRE SUPPRESSION TECHNOLOGY 

3.1.1 Bureau of Mines Contracts H0122053 and H0232059 

In June 1972, the Bureau of Mines released Contract HO 122053, Improved 

Fire Sensors and Control Systems for Mining Equipment, to perform the 

following tasks: 

• Study the fire problem on large mobile mining equipment in which the 

operator is positioned at least 10 feet above the ground. 

• Identify mine equipment most prone to fire. 

• Design an improved fire protection system. 

• Install and demonstrate the developed system. 

After visiting ten mines and seven truck manufacturers, analyzing 

returns of 303 questionnaires, and compiling data on 990 units of large 

mobile mining equipment, large haulage trucks were identified as the 

prime candidates for a fire protection system (see Figure 6). 

While haulage trucks represented 66 percent of the equipment units in the 

survey sample, they were involved in 76 percent of fires (see Table 2). 
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Figure 6 FI RE ON 100-TO N TRUCK 

34 



The trucks thereby experienced the greatest ratio of fire per unit of equip­

ment. Further analysis. summarized in Table 3. identified the most common 

cause s of fire on haulage trucks. 

Table 2 SURVEY RESULTS, NUMBERS OF EQUIPMENT FIRES 

Type of equipmcnt Number in Percen- Number of Percen-
sample tage of fire s tage of 

total total 
number number 

Trucks 655 66 134 76 

Shovels 182 18 33 19 

Other 153 16 9 5 

Totals 990 100 176 100 

1. Numbers include data collected from visits to mine pcrsonnel 
and from questionnaire responses. 

Table 3 CAUSES OF FIRE, LARGE HAULAGE TRUCKS 

Ratio: 
Fire 
Equipment type 

0.20 

o. 18 

0.06 

Fire cause Number of fires Percentage of total number 

Hydraulic fluids 49 37 

Electrical 22 16 

Mechanical 20 15 

Antifreeze and 
housekeeping 16 12 

Engine lubrication 
oil 16 12 

Fuel 11 8 

Total 134 100 

From the analysis results. the following design criteria were established 

for an automatic fire protection system: 

• Fire sensors must be reliable and as fail safe as possible. 

• One type of sensor must provide immediate warning of flash fires. 

• Some degree of redundancy should be included in case of sensor 

faulure. 

• The total system should incorporate a self-checking feature. and 

should monitor broken or disconnected wires. 
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• Use of sensors with rate-of-rise features will provide fast warning 

of fire and will diminish fire damage. 

• Indicators should visually relate the integrity of the system; e. g. , 

open wires, lost pressure, empty cylinders. 

• Automatic dry-chemical discharge, engine shutdown, and automatic 

application of brakes features are desirable only where safety during 

such events can be guaranteed. 

• Components should be de signed for severe service, shock, vibration, 

and temperature extremes ranging from -50oF to l30oF. 

• Only state -of-the-art components should be selected. 

• All system components should be reasonably priced and easily 

installed, maintained, repaired, and recharged. 

A first-prototype system of the truck fire protection system was 

assembled, fire-tested on a full-size mockup of a 100-ton truck, and 

then installed and successfully fire -te sted on an actual production vehicle 

at the Cyprus Pima mine in March 1973. The system tested consisted of 

the following components: 

• Two high-pressure cylinders containing 20 pounds of dry chemical 

and 500 psi of dry nitrogen 

• Four optical flame sensors and two thermal-wire heat sensors 

• Logic circuits to test wire continuity, delay discharge, and 

check cylinder pressure. 

"Fire Protection System" Patent 3,993,138 was issued 23 November 

1976 as a government-owned invention available for licensing in the 

United State s (and possibly in foreign countrie s). The patent include s 15 

claims, several of which have since been related to commercial radiation 

sensors that continuously pulse -te st the integrity of the optical detector 

system (e. g., Detector Electronics Corporation automatic optical 

integrity systems). 

Because of the limited exposure of the first-prototype fire protection 

system, a second contract, Bureau of Mines Contract H0232059, Truck 

Fire Protection Validation, was granted in June 1973 to conduct further 

development, technical improvements, and validation te sting of the 

36 



automatic fire protection system. The original system was reinstalled 

on the 100-ton truck at Cyprus Pima mine (copper), and 2,103 hours of 

operation were accumulated during 4 months of hot-weather testing when 

ambient temperatures reached 1 05 0 F. An improved system was also installed 

on another 100-ton truck at the Erie mine (taconite) in Hoyt Lakes, Minnesota, 

for 6 weeks of cold -weather testing in ambient temperatures as low as -3 7 oF. 

Successful testing and discharge demonstrations, including one discharge .. 

that automatically extinguished an accidental fire on the Arizona te st 

vehicle, concluded this program in April 1974. 

Change s from the original system incorporated into the improved system 

included the following: 

• Increase of dry chemical to 25 pounds in each pressurized cylinder. 

• Incorporation of molded electrical connectors for environmental 

protection of major components. 

• Elimination of the junction box by combining all electrical functions on 

a new printed-circuit board and connecting it to a multiconductor cable. 

• Adding an ambient temperature-compensation circuit to lower the sensor 

alarm set point in cold climates. 

• Deletion of the 615 0 F thermal wire sensor which was installed in the 

brake grid area; retention of engine area thermal wire with a 2600 F 

alarm set point. 

• Change in logic circuitry to allow complete automatic discharge, 

without delay circuit, if the optical flame sensors and the thermal 

sensor are in alarm simultaneously. 

The general arrangement of components on a truck is shown in Figure 7. 

Actual hardware and an interconnecting diagram are shown in Figure 8. 

3.1.2 Industry Acceptance of Fire Protection Systems 

Although automatic fire protection systems for mobile vehicle s date back to 

the late 1950s when such systems were te sted for use on military vehicle s, 

the initial effort to incorporate similar systems into mining equipment in 

the metal and nonmetal mining industries began in 1972. 
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BRAKE GR ID PROTECT! ON 
USBM CONTRACT H0122053 

ADD ITI ONAL AREAS 
OF PROTECTION 

FUEL/OIL TANK PROTECTION 

ENGINE AREA FIRE PROTECTION 
USBM CONTRACTS 

H0122053 AND H0232059 

Figure 7 SYSTEM MODIFICATION AND VALIDATION TESTING OF AUTOMATIC 
FIRE PROTECTION SYSTEMS FOR MINE HAULAGE TRUCKS 

Various sensors, extinguishing agents, and logic control systeITls have been 

trial tested, both individually and in cOITlbination with each other, to deterITline 

systeITls that will ITleet the established needs. Also, new cOITlponents and 

systeITls are being researched, tested, and developed. 

During the VietnaITl conflict, even the fast response of pressure and radiation 

(light) sensors could not detect land ITline and rocket penetration fires in fuel 

cells and adequately disperse the extinguishing agent (Halon 1301) in tiITle 

to quench the rapidly propagating fire. As a result of these probleITls, the 

wire-grid shield was developed for ITlilitary vehicle explosion suppression. 
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When placed around fuel tanks, the shield detects penetration and quickly 

starts the chain-reaction process that discharges the Halon. This system 

has proven effective, although the wire grids are bulky and occasionally 

maintenance -prone. Efforts are being made to substitute small, selective­

wavelength, infrared optical sensors for the grid shield. Two or four 

of the se sensors could potentially replace the wire grid shield s. 

The same mulitwavelength infrared optical sensor was cho sen as the optimum 

sensor for mobile mining equipment during Contract HO 122053. Because 

of increased costs, procurement lead times, and development risks, however, 

the unit was not approved. Two sensor type s were selected: 

• Photore sistance -type optical sensor s 

• Continuous-wire thermal sensors. 

The optical sensors selected are less expensive, but are prone to occasional 

false alarms. They provide fast (millisecond) detection of rapidly spreading 

fires. A 16-foot-long continuous -wire thermal sensor was used for re­

dundancy and detection of slowly growing fires. The two sensor types and 

the logic of their interconnection with other portions of the total system 

(i. e., thermal compensation, nitrogen-stored dry chemical, etc.) were 

succe ssfully demonstrated during Contracts HO 122053 and HO 232059. 

Various industrie s, particularly the mining and construction industrie s, 

commonly use mobile vehicles ranging in size from 35 to 170 tons capacity. 

Corresponding costs range from $50,000 to $500,000. Although a need 

exists with the se large expensive vehicle s for automatic fire sensing and 

extinguishing systems, the industries have been reluctant to install systems. 

The following factors contribute to this reluctance: 

• Many fires are extinguished by portable extinguishers when personnel 

are present and observe the fire in time. 

• Individual industrie s have a history of low incidence of fire. Many 

fires are unreported, however, and actual costs are frequently hidden. 

• Portable or fixed manual-release systems are less expensive and require 

less maintenance than the automatic systems, although the cost of an 

automatic system is approximately 1 percent or les s of the vehicle 

cost and the system offers protection regardless of operator actions. 
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• New legislation may change the need or requirements and make a 

purchased system noncompliant with regulations. 

• There are relatively few suppliers of automatic systems. 

Because several mines have experienced vehicle/equipment fires that have 

not been extinguished by onboard portable extinguishers or by fixed manually 

actuated systems, mine management has promoted further development 

of automatic systems. Operator panic during fire, although unpredictable, 

frequently is associated with the severity of a fire and poses a particular 

hazard to the operator. When a signigicantly fast-flaming fire occurs, 

operators abandon the vehicle, occasionally without actuating the manual 

extinguisher release (if one exists). The fire then grows to ignite secondary 

combustibles (i. e., tires and hoses), rendering the onboard extingishing 

systems useless (see Figure 9). 

Mine management has expressed particular interest in the continued 

development of automatic fire protection systems that can be applied to a 

variety of vehicles. 

3.2 PHASE I PROGRAM PLAN 

The required Phase I Program Plan (Appendix A) was submitted as part of 

the first monthly report, July 1976. This plan provided the details of the 

contract, a test schedule, and interconnection diagrams of the proposed 

five fire protection systems. The program schedule is shown in Figure 10. 

Not included in the Program Plan were letters of intent (Contract Re­

quirement Paragraph 1. 1) and firm commitments (Contract Requirement 

Paragraph 1. 2) from each of three test mines. Although several mines 

had been contacted by telephone prior to contract award and letters of 

intent had been received, contacting different mines was necessary be­

cause of changing interests among mine managers between initial contact 

and followup efforts. It thus was not feasible to include commitments 

from mines in the Program Plan 30 days after contract award. 

As scheduled, Bureau of Mines technical project personnel visited FMC within 

2 weeks of contract award to confirm all contract goals and procedure s. 
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Truck Fire 

Front-End Loader Fire 

Figure 9 TYPICAL VEHICLE FIRES IN WHICH PORTABLE OR MANUAL 
FIRE PROTECTION SYSTEMS FAILED TO EXTINGUISH THE FIRE 
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Figure 10 SCHEDULE OF PROGRAM FOR AUTOMATIC 
FIRE SENSING AND SUPPRESSION SYSTEMS 
ON MOBILE MINE EQUIPMENT 

3.3 MINE VISITS 
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Five mine site s and a Midwe st regional office of another large mine 

company were visited during the first 3 months of the contract. 

The first mine, visited 23 june 1976, was a large strip-mine operation 

(coal) in the northwestern section of the United States. Mine operators 

expected receipt of four new l20-ton coal-haulage trucks and were very 

interested in installing and te sting the FMC /Bureau of Mines automatic 
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fire protection systems. They also expressed strong concern for fire 

protection during vehicle rollover and improved fire protection and 

extinguishing of fires in bulk storage piles. 

Because contract compliance required installation of the automatic fire 

protection systems on many types of mobile mine equipment (not only 

trucks), a search for another mine site was conducted. 

On 24 June 1976, a second mine was visited. This mine was a large 

western, open-pit copper mine whose management had earlier expressed 

an eagerness to participate in the contract test effort. Again, fire protec­

tion of new trucks was the main interest, and other equipment was not 

offered. Installation assistance also was not available. This mine was 

therefore not considered as a potential test site. 

A third mine visit, 31 August 1976, was to a large northwestern strip 

mine. This mine had performed previous contract work for FMC and ex­

pressed strong interest in maintaining working relations by installing and 

te sting FMC /Bureau of Mine s fire protection systems wherever pos sible. 

Four mine vehicles, which satisfactorily met the contract goals, were 

offered for the long-term tests, as was a subcontract for a cost-sharing 

effort. 

A fourth mine visit, 30 September 1976, was to a previously committed 

underground salt mine in the southern United States. The unique 

applications and severe service needs anticipated at this mine provided 

the opportunity for evaluation of hardware durability. Mine management 

desired installation of a system on an electric under cutter that would 

require adding 24-volt DC battery packages, a power converter, and a 

charger. Management of this mine also expressed interest in having the 

systems active at all times, not connected to the vehicle master switch. 

The mine per sonnel agreed to provide the vehicle s and the labor as sistance 

required to install the fire protection systems on a cost-sharing contract 

basis. 
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The fifth mine visit, 4 December 1976, was to a large midwestern strip­

mine operation. The offer of a variety of equipment and the mine's geo­

graphic relationship to another candidate mine appeared to help satisfy all 

contract constraints (i. e., costs, time, etc.). 

During visits to this area, a regional office of another large coal mine 

company was visited, and similar interest in conducting the test demonstra­

tions was expressed. Because personnel of three of the mines visited 

previously had verbally expressed acceptance of the program and 

satisfactorily met all contract goals by offering equipment and instal-

lation assistance, negotiations with this mine company were not pursued. 

Contractual statements of agreement to participate in the installation and 

te sting of the automatic fire protection system were forwarded to each of 

the participating mines. 

3.4 MINE EQUIPMENT FOR SYSTEMS INSTALLATION 

The various units of mine equipment selected for installation of the contract­

developed automatic fire protection systems offer a range of applications 

of the basic technology gained during previous Bureau of Mines Contracts 

H0122053 and H0232059. Table 4 identifies the equipment selected at 

each candidate mine. 

Table 4 PLANNED EQUIPMENT INSTALLATIONS AT CANDIDATE MINES 

Fire protection systeITl Mine naITle, equipITlent 

DiaITlond Crystal salt JiITl Bridge r coal Third candidate 
(underground), New (surface), Rock ITline 
Iberia, Louisiana S?rings, WyoITling 

I FMC/Bureau of Mines Wabco 120 Michigan 380 
{orie:inal design} coal hauler wheel bulldozer 

II Without optics Caterpillar 992 Terex TS-24 
end loader tractor/scraper 

(point sensor) 
III Automatic/manual systeITl Euclid R35 truck Wabco 120 Kress coal hauler 

coal hauler 
Caterpillar 988 end 
loade r 

IV AlarITl only Marion 8200 Bucyrus-Erie 
dragline 9W, dragline 

V Self-contained autoITlatic/ GoodITlan 2500 cutte r 
ITlanua 1 s ys teITl Galion 125A crane 
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It was anticipated that each vehicle would require specialized installation, 

requiring minor modification of a given system. Significant aspects 

anticipated for each installation were as itemized: 

• Wabco 120 coal hauler 

This tractor /trailer vehicle is most similar to previous installations. 

• Michigan 380 wheel bulldozer 

Rear-engine application with less room and possibly higher-heat 

areas may require alteration of sensor location or alarm set point. 

• Caterpillar 988 and 992 front-end loaders 

Installation alterations similar to those required for the Michigan 

bulldozer may be needed. Furthermore, if the vehicle electrical 

negative ground is through the master switch rather than through the 

frame and if mine operators desire nonswitched fire protection 

systems, thermal point sensors must be used rather than the line -type 

thermal wire sensor. 

e Terex TS-24 tractor / scraper 

Having a dual-engine (front and rear), the Terex unit will require 

isolation of heat sensors to respond selectively to fire situations in 

each area. 

• Euclid R35 truck 

Possibly equipped with a postive ground, the Euclid 24-volt DC 

vehicle may require the addition of power inverters or a separate 

24-volt DC alternator. 

• Galion 125A crane 

The Galion I2-volt DC vehicle will require a system application 

similar to those for the Euclid and Kress vehicles. 

• Kress coal hauler 

The remote rear -engine configuration and 12 -volt DC electrical 

system of the Kress coal hauler result in application specifications 

similar to those for the Euclid and Galion vehicles. 

e Goodman 2500 cutter 

The Goodman electrically powered undercutter is used in an under­

ground salt mine with severe environmental conditions. Fortunately, 

the 1 IO-volt AC power available for lighting allows minor conversion 

for the 24-volt DC fire protection system. 
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o Marion 8200 dragline 

Two areas of the Marion dragline selected for early fire warning 

system installations are the large oil storage compartment and a 

power transformer. These areas are now equipped with heat sensing 

devices and carbon dioxide extinguishers; the durability and effect of 

photoelectric smoke sensors will be evaluated during the 12 -month 

test period. Sensors will be connected to the llO-volt AC alarm 

panel in the operator's cab. 

o Bucyrus -Erie 9W dragline 

An older -model, die s el-powered dragline with available power of 11 0 

volts AC, the Bucyrus-Erie 9W dragline will be equipped to evaluate 

different types of smoke detectors as an early fire warning system. 

3.5 DESCRIPTION OF AUTOMATIC FIRE PROTECTION SYSTEMS 

Five fire protection systems were developed for application on the various 

units of mine equipment. Technology employed in the performance of 

Bureau of Mines Contracts H0122053 and H0232059 was incorporated with 

the stated interests of mine operators in the redesign efforts. The re­

sulting systems are described in the following paragraphs. 

3.5. I System I (see Figure 11) 

System I is a cost-effective version of the previously developed system 

with thermal-wire and optical flame detectors, stored-pressure, dry­

chemical-filled cylinders, logic control, and ambient temperature compen­

sation. Two extinguisher cylinders are used to protect the engine,. 

transmission or motor generator, and fuel/oil tanks. The extinguishant, 

an ABC-type dry chemical using solenoid valves for discharge, is nitrogen 

pressurized. A pressure switch monitors the nitrogen pressure. 

The control panel assembly consists of an ON-OFF-TEST/RESET switch, 

audible and visual fire warning indicators, and a manual discharge button. 

The electronic control printed wiring assembly is inside the control box. 

The control panel switch is a three -position toggle switch. Down is OFF, 

midposition is ON, and momentary-up position is SYSTEM TEST AND 

RESET. The manual override discharge button initiates discharge of 

extinguishant even when the control panel power switch is off. 
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SYSTEM I - DUAL SENSOR, SEMIAUTOMATIC FIRE PROTECTION SYSTEM 

System Major Components/Features 

• Optical Sensing Element - Instant detection of flash fire in area pro­
tectedi provides quicker response than thermal wire alone. 

• Thermal Wire Sensing Element - High reliabilitYi highly resistant to 
actuation by false stimuli. 

• Thermistor Probe - Compensates for rapid changes in ambient tempera­
ture, improves system performance (cold weather environment on Iy). 

• Environmental Housings - Protect cylinders, valves from damage. 

• Logic/Control Unit - Warns operator, both visually and audibly, of 
dangeri utilizes output signals from both sensors to determine if flash 
fire or slower growing fire occurredi determines if system malfunction 
is present. 

• Cylinder and Solenoid Valve Combined - Stores pressure and powder 
together, el im inating powder caking problems. 

• Remote Discharge Switch - Allows manual discharge of system at 
ground level. 
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Normal system operation is initiated by the control panel ON -OFF switch 

or the truck master switch, provided the system ON -OFF switch is in the 

normal ON position and power is supplied through the truck master switch. 

During the first 3 seconds after initiation, electronic inputs to the thermal 

and optical detectors simulate a fire signal. All three indicator lights 

on the panel should illuminate during the integrity check. After 3 seconds, 

the system automatically returns to the green POWER ON condition if no 

malfunction is found in the system self-checking procedure. 

If an optical flame sensor detects a fire, the yellow FAULT /FLAME 

warning light on the control panel illuminate s and the audible alarm sound s. 

There is no automatic discharge of the dry-chemical powder for fires sensed 

only by the optical sensors. If only the thermal device senses a fire, the 

the red FIRE warning illuminate s and an audible alarm sound s. The system 

automatically discharges the agent after 10 seconds of delay, during which 

the driver may stop, turn off the engine, and test the system for malfunctions. 

Moving the control panel switch to TEST /RESET during the lO-second delay 

will reset the discharge delay to provide an additional 10 second s after the 

control panel switch is released from the test position. 

When optical and thermal wire sensors detect a fire simultaneously, the 

dry-chemical powder is discharged immediately to suppress the probable 

flash fire situation. Immediate discharge may also be manually initiated by 

striking the discharge button. It is not nece ssary that the control panel 

be in the ON position because electrical power is supplied directly by the 

battery. 

A remote system discharge switch, at the base of the ladder, permits 

manual actuation of the system without any fire signals, regardless of the 

position of the control panel switch or the truck's master switch. 

3.5.2 System II (see Figure 12) 

System II is designed to be essentially the same as System I, but without 

optical flame sensors and ambient temperature compensation. The normal 

~larm temperature is fixed at 260 0 F and does not decrease during low 
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SYSTEM II - SEMIAUTOMATIC FIRE PROTECTION SYSTEM 

System Major Components/Features 

• Thermal Wire Sensing Element - High reliability; highly resistant to 
actuati on by fa I se stim u Ii. 

• Logic/Control Unit - Warns operator, both visually and audibly, of 
danger; utilizes output signals from sensor; determines if system mal­
function is present. 

• Environmental Housings - Protects cylinders and valves from damage. 

• Cylinder and Solenoid Valve Combined - Stores pressure and powder 
together, eliminating powder caking problem. 

• Remote Discharge Switch - Allows manual discharge of system at 
ground level. 
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aITlbient teITlperatures as with SysteITl I. NorITlal operation procedures 

are identical to those for SysteITl 1. Because optical sensors are eliITlinated 

froITl the systeITl, however, the yellow indicator reads FAULT, rather than 

FAULT /FLAME. Additionally, SysteITl II always provides a lO-second 

delay for systeITl check prior to autoITlatic discharge. 

3.5.3 SysteITl III (see Figure 13) 

The probleITl of equipITlent operators being unable to activate ITlanual fire 

protection systeITls during the panic of flash fire proITlpted the developITlent 

of SysteITl III, a retrofittable systeITl designed to autoITlatically actuate a 

ITlanual systeITl. To obtain the desired autoITlatic systeITl discharge, point­

type or line-type therITlal sensors are used. The fire sensors electrically 

activate a newly designed solenoid valve which punctures a standard pressure 

cartridge (Ansul and Kidde). 

NorITlal operation procedures are siITlilar to those of System s I and III. In 

this case, however, the FAULT signal will also indicate that the solenoid 

val ve has been activated. 

3.5.2 SysteITl IV (see Figure 14) 

SysteITl IV is an alarITl-only systeITl that includes at least one sensor that 

provides both visual and audible alarITls without discharging a fire ex­

tinguishing agent. Photoelectric sITloke detectors are placed in the fire 

hazard areas of shovels and draglines. The SysteITl IV control panel is 

different froITl panels used in the other systeITls. NorITlal operation is to 

ITlove the toggle switch to the ON position so that the green power light 

indicates the presence of 110 volts AC. The ITloITlentary test position 

allows testing of the two reITlaining indicators: the red fire warning light 

and the audible alarITl. Visible sITloke activating the sITloke detectors will 

activate both the audible and visual alarITls. Because heavy dust can 

acti vate the systeITl, occasional cleaning of the detector photocell chaITlber 

is necessary. 

3.5.5 SysteITl V (see Figure 15) 

SysteITl V is a self-contained, battery-powered, autoITlatic fire detection 

systeITl that utilizes the new cartridge-puncture valve to activate existing 
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SYSTEM III - AUTOMATED MANUAL, CARTRIDGE/PRESSURE 

FIRE PROTECTION SYSTEM 

System Major Components/Features 

• Thermal Wire Sensor or Point Thermal Sensors - High reliability, 
highly resistant to actuation by false stimul i. 

• Remote Discharge Switch - Allows manual discharge of system at ground 
level. 

• Logic/Control Unit - Warns operator, both visually and aud ibly, of 
danger; utilizes output signals from sensor; determines it system malfunc­
tion is present. 

• Solenoid Actuator - Discharges automatically and activates existing 
manual system. 
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SYSTEM IV - FIRE WARNING SYSTEM ONLY 

System Major Components/Features 

• Logic/Control Unit - Warns operator via audible and visual alarm 
when any sensor detects a possible fire. 

Anyone type of the following sensors can function with the logic control unit; 

• Thermal Wire Sensing Element - High reliability, highly resistant to 
actuation by fal se stimul i. 

• Optical Sensing Element - Instant detection of flash fire in the area 
protected. 

• Smoke Sensor (Ion ization) - Detects products of combustion. 

• Smoke Sensor (Photoelectric) - Detects smoke particles in enclosed 
areas. 

• CO Sensor - Detects hazardous level s of carbon monoxide gas. 

LOGIC/CONTROL r ::::r:;CTRIC'1 
1-------, UNIT I ',ON,ZAT,ON n I I. SENSOR 

24VDC 

EXISTING 
BATTERY 

'>L/ I I 

HORN !-1- --\ I CO I 
I I . 
I L, SENSOR 

_---"".--- ______ J 

THERMAL 
WIRE 
SENSOR 

----------------~ 

- - - - - - - - - - - - - - -_/ 

\ 

I 
I 
I 
I 
I 
I 

EXISTING 
/' PORTABLE 

/ ~~S~':~O '\ 

( rn I , ,/ 
~-

Figure 14 SYSTEM IV MAJOR COMPONENTS 
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SYSTEM V - AUTOMATED MANUAL, CARTRIDGE/PRESSURE 

FIRE PROTECTION SYSTEM 

System Major Components/Features 

• Thermal Detector - High reliability; highly resistant to actuation by 
false stimuli. 

• Remote Discharge Switch - Allows manual discharge of system. 

• Logic/Control Unit - Warns operator, both visually and audibly, of 
danger; utilizes output signals from sensors, determi:!es if system mal­
function is present. 

• Solenoid Actuator - Discharges automatically and activates existing 
manual system. 

• Self-Contained Battery. 

REMOTE 
DISCHARGE 
SWITCH 

LOGIC 
CONTROL 

~ ______ ...j UNIT 

HORN 

Figure 15 SYSTEM V MAJOR COMPONENTS 
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manual extinguishing systems. It is essentially identical in function and 

operation to System III, but uses a different power source. Different 

battery-charging methods may be necessary if recharging during preventive 

maintenance is not feasible. 

3. 6 SYSTEM COMPONENTS 

The following paragraphs provide descriptions of technical design details 

of major components of the five fire suppression systems. 

3.6. 1 Control Panel Assemblies 

Two similar control panel assemblies were fabricated for use with 

four of the five systems. One assembly (Part Number 5130257) is used 

with Systems I and II, in which optical flame detectors and stored-pressure 

containers with commercial solenoid valve s are used. This panel is 

revised only slightly for System II. No optical flame detectors are used 

in System II, but the capability to use them is designed into the panel. 

A second panel design (Part Number 5130399) is used with Systems III and 

V in which the newly de signed cartridge -puncture solenoid valve is used. 

One solenoid output operates an external relay that activates the cartridge­

puncture valve. The second panel does not allow use of optical sensors or 

the ambient temperature compensation feature. 

Several vendor items were inve stigated prior to selection of a control panel 

housing that would be less expensive than that used in previous contracts. An 

off-the-shelf housing was sought which would provide the following features: 

• Cost effectiveness 

• Weather resistance 

• Ruggedness 

• Ready accessibility for servicing 

• A vail a bili ty • 

A modularly constructed housing of 16-gage aluminum was tentatively 

selected. After assembling one housing, however, the unit was found 

. deficient in the following areas: 

• The metal gage was not sturdy enough for the mining environment. 
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• The housing construction made sealing against the environment 

difficult. 

• Fasteners for assembly (#4 screws) were inadequate. 

Openings were easily observed at all corners of the housing. Nominal 

weight applied on the top and bottom panels allowed unreasonable flexing, 

further widening the gaps and potentially causing fractures of the fixed 

printed-circuit board. The small, nonlocking assembly fasteners also 

would break easily or vibrate loose in the activity encountered in normal 

mining environments. 

FMC then fabricated a housing that would overcome the deficiencie s in the 

16-gage unit. A simple, two-part box assembly was designed using 14-gage 

steel and #10 screws for assembly. The design allowed for reasonable 

sealing and easy servicing. Figure 16 depicts the housing assembly. 

Figure 16 CONTROL PANEL 
ASSEMBLY 
(FMC Photo 66542) 

Controls for the panel were selected 

for general ruggedness, visibility, 

price effectiveness, and straight­

forward operation. Standard auto­

motive oiltight lights (DiaLight), 1 

inch in diameter, were selected. A 

special lamp (General Electric Part 

Number C 7A), reportedly more re­

sistant to high levels of vibration 

and providing long service, was also 

obtained. 

A large pushbutton industrial switch 

(Allen Bradley Part Number SOOT­

FX6Al) for manually discharging the 

extinguishing agent was used to 

provide high visibility and long life. 

This switch is installed with a maintained-contact arrangement to allow it 

to lock into the discharge position without having to be held. 

56 



The pushbutton switch was further modified to accept a seal wire so that 

cursory inspection would indicate if it had been manually actuated. 

Letters on the front panel nameplate were embossed to maintain legibility 

through the service life of the system. 

To allow easy access for maintenance and repair, all components are 

mounted to the bottom half of the housing section (Figure 16). The display 

components are on the front, and the cable connector, fuse s, and audible 

alarm speaker extend from the rear. The printed -circuit card and power 

board assembly are housed within. An earlier design had located these 

items on the side; however, this arrangement caused tight and difficult 

assembly inside the housing. 

Figure 17 shows the panel display for Systems I, II, III, and V. The 

operator needs only two switches for system function, the OFF JON jTEST 

switch and the red discharge button. When the system is turned on, a 3-

second test of all functions follows. If the system is functional, the green 

POWER ON light will illuminate. If a malfunction exists, it will be indi­

cated by the yellow FAULT light. At any time the operator may initiate a 

system check by moving the OFF JON jTEST switch to the TEST jRESET 

position. The test will automatically continue for 3 seconds unless the 

switch is manually held in the TEST position. All lights and alarms are 

activated during a system check. 

Besides indicating a system malfunction during a system check, on System I 

the yellow indicator is a FAULT jFLAME light, indicating detection of flames 

by the optical sensors but only if the green POWER light remains simul­

taneously. The system will not discharge automatically, however, unless the 

thermal detectors also indicate a fire. Fire detection by both the optical 

and the thermal sensors of System I causes an immediate system discharge. 

Automatic system discharge in the other systems occurs 10 seconds after 

the red FIRE light indicates that the thermal sensors have detected a fire. 

Following discharge, the yellow FAULT light illuminates without the green 

POWER indicator and audible alarm. 
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INITIATES SELF-TEST FOR 
3 SECONDS (OR LONGER IF 
SWITCH IS HELD IN UP POSITION) 

POWER ON. 
TRIGGERS/INITIATES 
3 SECOND TEST OF 
SYSTEMS FUNCTIONS 
(LIGHTS ON; ALARM 
SOUNDS) 

POWER . 
MANUAL ELECTRICAL 
DISCHARGE SWITCH 
REMAINS FUNCTIONAL 

Front Panel 

GREEN LIGHT. 
SYSTEM IS FUNCTWNAL 

YELLOW LIGHT. 
FLAME -INDICATES DETECTION 
OF FLAME (SYSTEM Il AND ALARM SOUNDS 

FAULT -INDICATES SYSTEM NOT 
FULL Y FUNCTIONAL (GREEN LIGHT 
IS OFF AND ALARM DOES NOT SOUND) 

INDICATES SYSTEM DISCHARGE 

SEAL WIRE. 
INDICATES MANUAL 
DISCHARGE IF BROKEN 

5-AMP CIRCUIT BREAKER 

Rear Panel 

Figure 17 

PUSH RESET 

3-AMP UIT BREAKER 
(SYSTEMS III AND IV) 
INDICATES SYSTEM DISCHARGE. 
PUSH TO RESET 

CONTROL PANEL DISPLAY, SYSTEMS I, II, III, 
AND V (FMC Photos 66538 and 66540) 
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In all systems, audible alarms are also activated whenever fire or flame s 

are sensed. The operator may also manually discharge the fire suppres­

sion system by pushing the red button on the right side of the panel. 

Short circuits in the power supply may cause the green POWER ON light to 

go off. After correcting the circuit, pushing the 5 -ampere circuit breaker 

on the rear panel should reset the system. 

On Systems III and V, a 3 -ampere circuit breaker protects the intermittent­

duty solenoid valve from damage resulting from continuous application of 

voltage. Voltage is applied to the solenoid by a power contactor in the 

junction box, and the solenoid ground breaker returns through this circuit 

breaker. After the valve has punctured the carbon dioxide or nitrogen 

cartridge, the circuit breaker opens. The yellow FAULT light, without a 

green POWER light, then indicates the open solenoid circuit. 

The control panel assembly for System IV (Figure 18) consists of one alarm 

monitoring unit and as many as 10 remotely mounted smoke detectors. When 

any smoke detector senses smoke, a red FIRE indicator illuminates and an 

audible alarm sounds. The system requires 110-volt AC power for operation. 

POWER ON/OFF 

J_-+ __ GREEN LIGHT. 
POWER IS ON. 

Figure 18 CONTROL PANEL DISPLAY, SYSTEM IV (FMC Photo 66533) 
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A front panel OFF ION /TEST switch is provided to contro~ systeITl operation. 

A green POWER ON light indicates that the systeITl is on and AC power is 

available. When the switch is held in the ITloITlentary TEST position, the red 

FIRE light illuITlinates and an audible alarITl sounds, indicating that the 

ITlonitoring unit is functioning and that wiring to the sensors is intact. The 

systeITl should be te sted frequently and should norITlally reITlain in the ON 

position. The OFF position is provided to disable the fire protection systeITl 

after a sITloke alarITl has been noted or in the event of a sensor failure 

causing a continuous audible alarITl. 

Power is supplied to the sITloke sensors froITl the ITlonitoring unit. A 1-

aITlpere fuse on the front of the unit protects the wiring. A blown fuse will 

disable the systeITl and the POWER ON light will not light. An end -of -line 

power-ITlonitoring relay is located near the detector farthest froITl the 

controls to detect both a break in the power wiring, which disables one or 

ITlore detectors, and a break in the alarITl contact wiring. Because the 

te st switch conpects through the power -ITlonitoring relay, any wiring 

ITlalfunction will be indicated at the panel by failure of the FIRE light to 

illUITlinate when tested. 

The ITlonitoring unit is housed in a red 12- by 10- by 4-inch oiltight JIC 

hinged-cover enclosure with 1/2 -inch conduit openings for wiring to the 

reITlote detectors and the power source. 

3.6.2 Fire Extinguisher Cylinders and Valve AsseITlbly (see Rebuild 

Instructions, Appendix C) 

After a difficult search and lengthy negotiation for an appropriate cylinder, 

the Pre s sed Steel Tank COITlpany standard 20-pound carbon dioxide steel 

cylinder was ITlade available for use in SysteITls I and II. The cylinder is 

used as supplied, except that leakage probleITls required replacing the 3/4 

NGT threads with 1-1/16-12 threads with O-ring seat per MS33649-l2. 

Figure 19 pre sents vendor-·supplied construction details. 

Cylinders are filled with 25 pounds of ITlonaITlITloniUITl phosphate dry-cheITlical 

powder and pressurized to 500 psi with dry nitrogen. Pressurizing is 

accoITlplished by reversing the nitrogen flow through the solenoid valve 
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exhaust and down the siphon tube assenlbly. When tested, 98 percent of the 

25 pounds of powder was expelled in a 4-second period when no hoses or 

piping nlanifolds were attached. 

Use of a high-pressure cylinder allows custOnler selection and use of any of 

the several available dry-powder chenlical agents as well as any gaseous 

agents (e. g., carbon dioxide or Halonconlpounds). The cylinder is SOnle­

what overdesigned for containing dry chenlical at 500 psig, but its capability 

for containing CO 2' Halon 1301, and any dry chenlicals and its relatively low 

cost encourage its usage. A two-way, nornlally closed, pilot-controlled 

solenoid valve (ASCO Part NUnlberGS-HP-X8223B5) is used in conjunction 

with the high-pressure cylinders to allow autonlatic discharge of the 

extinguishing agent. A continuous-duty 24-volt coil (Part NUnlber 24/DC 

TPL-9735), located on the valve, allows a signal fronl the control box 

to lift the pilot valve off the pilot seat that in turn opens the 3/4-orifice 

nlain valve and discharge s the powder agent. The sanle valve is available 

with a nlanual lever for opening the pilot area (ASCO Part NUnlber 

GS-HP-X8223B5-MO-24/DC TPL 9735). 

Adaptation of the solenoid valve to the cylinder is acconlplished through a 

siphon tube. The connection of the pipe thread located on the top of 

the siphon tube with the solenoid valve pipe threads has been a source of 

leakage problenls at 500 psi, but effective use of Teflon tape has overCOnle 

the problenl. Use of 0 -rings throughout would seenlingly be the ideal solution; 

however, this would nlean a nlodification of the valve thread that is now 

supplied as a standard catalog itenl by the nlanufacturer. 

Additional snlall leaks past the nlain valve Teflon seal and the coarse valve 

body seat below the Teflon seal enlarge the leakage problenl. Machining this 

seat fronl about 250 nlicroinches to approxinlately 32 nlicroinches and re­

placing the Teflon seal with a softer nlaterial was investigated. Each of four 

tests conducted using Neoprene seal nlaterial on 32-nlicroinch finish has been 

successful in stopping the valve leakage. The ASCO valve supplier and ASCO 

engineers worked closely with FMC engineers to solve the leakage problenl. 

After two design changes, a new cast-urethane seat was fabricated and 

has proven extrenlely effective during testing. The ASCO valve (Figure 20) 
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replaces another valve used in work under previous contracts. The ASCO 

simplicity of design and use of fewer parts should result in less maintenance. 

One large nut (end cap of Figure 20) replaces four caps crews on the previously 

used valve; the operational pressure ratings and continuous-duty solenoids 

also were not features of the previous Bureau of Mines system. 

SOLENOID VALVE 

PISTON ASSEMBLY*, 
HOLE IN PISTON ASSEMBLY 
TO FACILITATE REMOVAL 

PISTON SPRIN~ 

AUTOMATIC SWITCH COMPANY (ASCo) 
GS-HP-X822385 24/DC TPL-9735 

Figure 20 ASCO VALVE ASSEMBLY 
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3.6.3 Cartridge ... Puncture Valve 

(Part Number 5130319) 

For Systems III and V, a new 

valve was needed that would allow 

automation of existing manual 

fire suppre s sion systems. 

As manufactui:!rl by Ansul and 

Kidde, such systems utilize a 

small pre s surized cartridge that 

either expels the fire suppression 

agent directly or activates a 

second, larger cartridge that 

expels the powder chemical 

agent (Figure 21). The valve 

would function by rupturing the 

cartridge diaphragm. 

1]-REMOTE: ACTUATOR 

~
' SAFETY'AEU[F VALVE 

r ' I 

DASH80ARD ACTUATOR 1J 
DRY CHEMICA .. a:.~ '; -EXPEllANT GAS 
TANK " ,~ CARTRIOOE 

~. 5;=.:~ .~'""" 

1 .. ",,,. 
~" 

Figure 21 EXISTING MANUAL 
FIRE SUPPRESSION 
SYSTEM 



The following criteria were established for the valve: 

• Seal manufacturer should be same as cartridge manufacturer, for 

component compatibility. 

• The cartridge must remain sealed until complete release is de sired. 

• Seal penetration force s must be adequate to puncture the manufacturer's 

seal (or that of another manufacturer, if one is substituted). 

• Valve must be highly durable and reliable for use on mining equipment. 

• Valve must be weatherproof. 

• Temperature tolerance should be within -400 F to 1250 F. 

• Components should be available off the shelf. 

Prior to initiating the design effort, a search was conducted to determine if 

the valve needed to accomplish the automation task was commercially avail­

able. None was located. An earlier FMC design concept (Figure 22) was 

then re-evaluated, and effort was directed toward establishing necessary 

requirements. 

Figure 22 

DIAPHRAGM 

PUNCTURE HAMMER 

SHOCK RESISTOR 
SPRING 

CARTRIDGE-PUNCTURE VALVE, 
INITIAL FMC CONCEPT 
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Several tests, as shown in 

Figure 23, were performed 

to determine the energy 

required to rupture the 

pre s sure -retaining diaphragm 

on the Ansul and Kidde car­

tridges. An Ansul manual 

actuator assembly was used 

to penetrate the cartridge. 

Because higher -than­

anticipated forces were 

encountered, the design being 

considered would require 

a larger solenoid. Shocks 

would also require a large 

retaining spring be used if 

the solenoid core were used 

to puncture the cartridge. 



Figure 23 CARTRIDGE SEAL PENETRATION 
TESTS 

The original concept was thus 

considered unfeasible. 

Co:mplete te st re sults and 

de sign considerations are 

docu:mented in Appendix C. 

Follow-up design efforts 

produced three valve varia­

tions. The first incorporated 

a spring -loaded puncture 

rod released by a s:maller 

solenoid (see FMC Drawing 

5130111, Appendix D). The 

valve design proved feasible, 

but not cost effective because 

approxi:mately 15 purchased 

parts and 15 :machined parts 

were required for the valve 

asse:mbly. 

A :mockup of a second valve design (Drawing 5130226, Appendix D) was 

tested for the following features: 

• Spring preload ability to repeatedly puncture cartridge seals 

• Spring release :mechanis:m ability to hold the drive penetration pin 

securely without excessive force and co:mponent wear 

• Solenoid perfor:mance equal to vendor rating and proper solenoid 

align:ment. 

Although te sts concluded that the requisites could be :met (see Appendix C), 

it also was apparent that :minor design changes would provide higher reli­

ability and greater cost effectiveness. 

A third design was, therefore, developed (FMC Drawing 5130319, Appendix 

D) to include the following features: 

• Use of a solenoid with 22-gage (AWG) coil wire to yield greater release 

forces at lower voltages 

65 



• Use of casting for valve body and cap to reduce number of machined parts 

• Insertion of plunger and spring from the top 

• Elimination of roll pin retention of plunger spring 

• Use of rib in cap to facilitate installation 

• Use of bronze bearing in tripper guide to reduce friction. 

The final de sign change re suIted in the following improvements ove r the 

original concept: 

• The number of purchased parts was reduced from fifteen to eight 

(including casting s). 

• The number of machined parts decreased from fifteen to three (including 

castings). 

• Approximate unit costs (lots of six) were reduced from $1,200 to $400. 

The final valve assembly (Part Number 5130320), to be used with Kidde 

cartridges, is essentially the same as that shown on FMC Drawing 5130319 

(AppendixD) except the plunger 

was changed to provide an adapter 

for mounting to the cartridge. 

Figure 24 picture s a completed 

cartridge -puncture valve. 

3. 6.4 Sensor s 

The five types of sensors 

de scribed in the following 

paragraphs are used on the 

various fire protection systems 

developed under this contract. 

Several are described in 

Appendix E. 

3.6.4.1 Optical Flame Sensors 

(System I only) 

Four Pyrotector Model 30-2013-9 

sensors were used in engine 

compartments of equipment during 

Fig ure 24 CA RT R ID G E -P UN C T U R E 
VALVE, FINAL DESIGN 
(FMC Photo 66530) 
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Bureau of Mines Contracts HOl22053 and H0232059 with good results. 

They were incorporated into System I for this contract. 

3. 6.4.2 Thermal Line -Type Wire Sensor (Systems I, II, III, and V) 

The Kidde thermal wire sensor (Part Number 896942) used for work under 

this contract is similar to those used in previous Bureau of Mines projects 

except that 16 feet was established as a universal length. Supplying standard 

lengths of the thermal wire will be more co st effective than supplying 

multiple lengths. 

3.6.4.3 Thermal Point Sensors (Systems III and V) 

Fenwal bimetallic switch-type heat sensors (Part Numbers 515309 and 

515311), activated at 225 of and 3250 F, are commonly available items 

offering both cost effectivene ss and durability. 

3.6.4.4 Ambient Temperature Compensation Sensors (System I) 

A thermistor (Fenwal Part Number JB3lJl) is mounted to allow relative 

comparison of ambient temperatures. The Kidde thermal wire alarm point 

(2600 F) is automatically adjusted according to the ambient temperature 

to allow faster re sponse during extremely low temperature s. For example, 

a negative 50 ~ ambient temperature adjusts the thermal wire sensor 

alarm point to lOOoF. 

3. 6.4.5 Smoke Sensor s (System IV) 

Two models of Pyrotector smoke sensors (Models 30-52TC and 3040-

RC-l20) were used in the engine room of the Marion 8200 dragline. One 

of each model was evaluated for long-term performance. Both are photo­

electric detectors that sense light scattered by smoke entering the de­

tection chamber. Other sensors, such as the Becon Mark II (ionization) 

sensor from Anglo American Electronics or ENMET and Dynamation gas 

detectors (Taguchi gas sensing elements), have proven feasible in recent 

Bureau of Mines efforts (Contract H02620l4, Mine Shaft Fire and Smoke 

Protection Systems) but were not viable candidate s for this effort due to 

higher cost and their application. 
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The vehicle s scheduled for smoke sensor installation were shovels and 

dragline s on which considerable ventilation, dust, and motor arcing occurs. 

On one older dragline, a diesel-powered motor-generator was the primary 

power source. Ionization detectors are more sensitive in these areas and 

have reportedly caused a number of false alarms. Therefore, visible-smoke 

(i. e., photoelectric) detectors were chosen for use in System IV. Although 

heavy dust conditions are known to occur around draglines and shovels 

and could cause false alarms with either photoelectric or ionization sensors, 

the dust was not considered as detrimental an influence as the effect of 

high ventilation and motor arcing on ionization sensors. 

Previous FMC/Bureau of Mines work with smoke detectors permitted eval­

uation of a variety of visible-smoke sensors. Although most units sold now 

incorporate light-emitting diodes (LEDs) as the light source (providing 40-

year rated life), Pyrotector was one of the first suppliers to offer the LED 

sensors in a variety of models. The units also are relatively inexpensive, 

and Model 3040RC includes a smoke-rate-compensation feature not found 

in other units. 

Model 30-52TC is a single -station, re sidential unit with LED indicators and 

test switches. Both models are powered by 110 volts AC and can be inter­

connected to provide alarms and continuity tests. 

Vendor-supplied data sheets and other detailed information, on several 

sensors selected for this contract, are included in Appendix E. 

3.6. 5 Molded Cable s 

Sample cables are shown in Figure 25. Specially molded cables are used in 

Systems I, II, III, and V in connections to ambient thermistors and optical 

sensors and to interconnect the main control panel to a remote junction box. 

The cables provide improved reliability in harsh mine environments, a 

definite requirement determined from problems encountered in previous 

Bureau of Mines contracts. 
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Figure 25 MOLDED CABLES (FMC Photo 66526) 

Connectors used on the cables are the same as those used by the military and 

have demonstrated ruggedness and durability in previous installations. A 

specially molded housing is fixed over the connector to provide a waterproof 

enclosure and resistance to environmental corrosion. 

The optical sensor cables and the main cable connecting the junction box and 

control panel are shielded to alleviate problems with electromagnetic inter­

ference. The molded cables are supplied by Cam-Loc, a Division of Empire 

Products. 

Other cable s used to interconnect the various components are l6-gage, heavy­

duty, flexible, and waterproof. Thermal insulation and lor flexible armor 

conduit was used in high-hazard areas. 

3.7 FACTORY TEST DEMONSTRATIONS 

The scheduled bench test demonstrations of developed hardware were 

conducted in December 1976, 6 months after start of contract work. 
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Three test arrangeITlents provided 12 static and two discharge deITlonstra­

tions of the developed systeITls. Figure s 26 through 28 show the three 

test arrangeITlents. The test agenda is described in Appendix F. 

Test Plan A deITlonstrated both SysteITl I, using optical fiaITle sensors and 

therITlal wire, and SysteITl II with therITlal wire only. Instant discharge 

occurred when both optical and therITlal sensors were in alarITl. 

Te st Plan B deITlonstrated SysteITls III and V using point-type therITlal 

sensors. 

Figure 26 

ILlIIIJIIIII 

Hili 

FACTORY TEST DEMONSTRATION 
SETUP I ALL SYSTEMS 
(FMC Photo 66253) 

Discharge occurred after 

the la-second delay 

period. Static tests 

deITlonstrated ITlanual 

discharge capabilitie s 

during both Plan A and 

Plan B. 

Test Plan C deITlon­

strated SysteITl IV 

utilizing the photoelectric 

sITloke detectors. 

3.8 PHASE II, INSTALLATION, MONITORING, AND DEMONSTRATION 

The following ITlajor tasks were scheduled for perforITlance during Phase II: 

• Install four fire protection systeITls in each of three ITlines. 

• Monitor the systeITl perforITlance for 12 ITlonths. 

• Conduct final deITlonstration te sts of all systeITls at each ITline. 

• Prepare a final report to record all activities during the contract. 

A contract ITlodification revised the above scope of work by deleting installation 

and tests atone of the three ITlines. The duration of the tests was also aITlended 

so that ITlonitoring of systeITl installations lasted 10 ITlonths at one ITline and 11 

ITlonths at the other ITline. The additional hardware, originally scheduled for 

use at the third ITline, was used to replace failed or daITlaged units at the two 

ITline s. 
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Test Plan A Demonstration Setup System Discharge 

Figure 27 FACTORY TES T I SYS TEMS I AND II 
(FMC Photos 66256 and 66257) 

Test Plan B Demonstration Setup System Discharge 

Figure 28 FACTORY TEST I SYSTEMS III AND V 
(FMC Photos 66260 and 66259) 
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Initial Phase II efforts completed tasks begun during Phase I. Negotiations 

with Diamond Crystal mine, one of the original and mo st concerned mine s 

in the program, proceeded well from contacts made during 1975 when the 

extended test program was proposed. All approvals and necessary insurance 

certificate s were received on 13 December 1976, and installation of the 

fire protection systems on Diamond Crystal equipment began on schedule, 

10 January 1977. 

The Jim Bridger coal mine was one of four mines contacted early in Phase I 

of the program. Management there offered the variety of mobile mine equip­

ment and the labor assistance necessary to install and monitor the automatic 

fire protection systems. Verbal approvals were received aLter telephone 

contacts and an August 1976 followup visit when the selected equipment was 

reviewed. The draft agreement was routed and approved with necessary 

insurance certificates, so that all legal paperwork was in order 9 February 

1977. 

Technical difficultie s experienced late in the Phase I effort involved the 

design, delivery, fabrication, and testing of hardware. The following 

unanticipated events re sulted in a shortage of complete hardware systems 

available for immediate installation on equipment units following the Phase 

I factory demonstration on 16 December 1976: 

• A manufacturer of integrated circuits changed the component circuit 

without changing the part number. The item, previously selected during 

Contract H0232059, was reordered and installed on all control panels 

under the current contract, but it did not function as intended. 

• During an inspection trip to one of the mines, a candidate equipment 

item was checked, and its model number and serial number were 

recorded. Citing this data, manuals were ordered from the manufac­

turer. In accordance with the manual, the automatic fire protection 

system was designed for 24 volts DC negative ground. When installation 

was complete, it was discovered that the unit of equipment actually 

had a positive ground. 

• Correction of pressure leaks in the vendor-supplied valves resulted 

in added activity to resolve the problem before installation could start. 
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• In the initial delivery of ITlOlded cables, the conductors were wired to the 

connector pins in error. These cables were returned and corrected 

by the supplier. 

• Redesign of the control panel occurred midway through Phase I. The 

apparent cost-effective, off-the-shelf, modular control panel did not meet 

the criteria for ruggedne ss. 

• Adaptation of a new cartridge -puncture valve required unanticipated 

design equal or superior to the more costly machining and welding 

configuration. 

Following resolution of the Phase I difficulties, four fire protection systems 

were installed on mobile mining equipment at each of two operating mines: 

Diamond Crystal salt mine in Louisiana and the Jim Bridger coal mine in 

Wyoming. 

Seven of the eight systems installed include fire suppre s sion as well as fire 

sensing. Of the seven, two systems utilize stored-pressure dry-chemical 

containers, and five systems are connected to existing manually actuated 

(cartridge) systems. All systems are equipped with fire control panels to 

allow te sting of the system and audible /visual fire alarms. 

3.8. 1 Installation of the Automatic Fire Protection Systems, 

Diamond Crystal Salt Mine 

The Diamond Crystal mine is a large underground salt mine on Jefferson 

Island near New Iberia, Louisiana. Located in the northernmost group of 

islands, said to contain the purest salt of the bed, the mine has a 30-foot­

diameter main shaft descending to 1,300 feet where offices and shops are 

located and mining operations are closely monitored. The salt is mined 

by the room and pillar method down to 1, 700 feet using conventional mining 

techniques. The rooms are approximately 120 feet wide and pillars are 

100 by 70 feet. Mobile mine equipment at the mine includes the following 

units: 

• Two Euclid R30 trucks 

• Two Euclid R35 trucks 

• Two Caterpillar 988 loader s 

• One Euclid 3-yard loader 
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• Three Goodman 2500 undercutters 

• Two loading rig s 

• Two Galion l25A cranes. 

Each vehicle is equipped with an Ansul manually actuated, fixed fire suppres­

sion system. Mine management requested that automatic sensing systems 

be added to the systems. The mine had sustained a complete 10 s s of a 

vehicle during a fire with only the manually actuated systems aboard. The 

manual system was not activated early enough to stop the fire. During this 

contract, four vehicle s were equipped with automatic sensing systems 

installed and connected to the fixed suppres sion systems to provide automatic 

discharge of dry-chemical agent. The vehicle s were monitored for 11 

months and discharge demonstrations concluded the program. 

The automatic fire sensing systems were installed during the week of 10 

January 1977 on one Euclid R35 truck, one Galion l25A crane, one 

Goodman 2500 electric undercutter, and one Caterpillar 988 loader. 

Mine management elected to have the electrical power bypass the master 

switche s on all vehicle s so that the fire suppre s sion systems would be 

active at all times. 

3.8.1.1 Euclid R35 Truck (Figures 29 and 30) 

The automatic system selected for the Euclid R35 truck was System III, 

which is described in Section 3.5.3 and shown in Figure 13. 

Installation of System III on the vehicle is depicted in Figure 31. Installation 

involved the following: 

• Protecting the heat-sensing wire from physical damage 

• Connecting for electrical power 

• Mounting the control panel, junction box, and valve. 

After installing all components, it was learned that the vehicle electrical 

system ground was positive and the system was not compatible with the 

negative -ground automatic fire sensing system. No explanation existed, 

because the vehicle maintenance manuals and drawings indicated the vehicle 

was designed for negative ground. 
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Figure 29 EUCLID TRUCK 
(Heat-Sensing Wire 
Under Engine Hood) 

Figure 30 MECHANIC INSTALLING 
FIRE CONTROL PANEL 
(Note System J unction Box 
Lower Center) 

Four alternatives were considered in the effort to lllake the fire sensing and 

suppre s sion systelll operational: 

• Change the vehicle to negative ground. 

• Add 24-volt batteries and an alternator to provide a 24-volt DC negative­

ground systelll separate frolll the vehicle positive systelll. 

• Modify the control panel to operate ungrounded and change the grounded 

heat-sensing wire sensor to isolated point-therlllal sensors. 

• Modify the control panel circuitry to work on po sitive -ground systelll. 

During a May followup visit by FMC personnel, the two alllllleter wires and 

the two battery cables were reversed, re sulting in a functional negative­

ground electrical systelll and a cOlllpatible autolllatic fire protection systelll. 

The other alternative actions were elilllinated because of the additional labor 

and the unique parts that would have been required. 
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THIS DRAWING IS FOR ILLUSTRATION 
ONLY. ACTUAL EQUIPMENT MAY VARY 
IN APPEARANCE OR DETAIL DESIGN. 

FIRE SUPPRESSION 
SYSTEM (EXISTING) 

HEAT 
SENSING 
WIRE 

JUNCTION BOX 

-"{-----!JI-':.~-I-- CARTRIDGE PUNCTURE 
VALVE 

Figure 31 ARTIST'S CONCEPT, SYSTEM III INSTALLATION 
ON EUCLID R35 TRUCK 

The l6-foot-long heat- sensing wire mounted under the engine cover 

(similar to Figure 35) was protected from physical damage by welding 

1-1/2- by l-1/2-inch angle guards to the cover near the wire. Electrical 

disconnects also were installed on each end of the looped sensing wire 

to allow complete removal of the hood from the vehicle for ease of 

maintenance tasks. 

Electrical power connections were direct to the battery cable terminals after 

a supply of appropriate, uncorroded terminal strips could not be located 

elsewhere. New clamps were installed on the cables and the positive side 

was fused with a 30-ampere, in-line automative fuse and fuse holder. These 

relatively unprotected and weak electrical power connections later proved 

a major source of problems. 
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The control panel was welded to 2- by 2-inch angles which were then 

welded to the operator's cab. This welding also proved a problem because 

warping of the 14-gage control panel cover later opened the housing seal, 

permitting salt dust and moisture (from stearn cleaning) to enter the 

circuit. 

The junction box (J -box) was mounted under the vehicle instrument panel, 

and the cartridge puncture solenoid valve mounted on the vehicl~ instrument 

panel along with the Ansul chemical containers. Silicone seal was eventually 

used around all seal joints of the control panel and J -box to assure integrity 

of internal components. 

3.8.1.2 Galion l25A Crane (Figures 32 through 36) 

Automatic fire sensing System V was selected for the mobile crane. This 

system is described in Subsection 3.5. 5 and is shown in Figure 15. SYbi:em 

V is essentially identical to System III, but with an integral electrical 

power supply. The power supply was necessary on the l2-volt crane to 

make it compatible with the inherent 24-volt DC fire protection system 

voltage. 

Figure 32 GALION CRANE 
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Figure 33 FIRE CONTROL PANEL 
INSTALLATION ON CRANE 

Figure 35 ELECTRICIAN INSTALLING 
HEAT -SENS ING WIRE 
UNDER ENGINE COVER 
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Figure 34 CARTRIDGE-PUNCTURE 

SOLENOID VALVE 
ON CRANE 

Figure 36 ALTERNATOR/REGULATOR, 
24 VOLTS DC, INSTALLED 
ON CRANE 



Figure 37 depicts the installation of System V on a Galion 125A crane. 

THIS DRAWING IS FOR ILLUSTRATION 
ONLY. ACTUAL EQUIPMENT MAY VARY 
IN APPEARANCE OR DETAIL DESIGN. 

MANUAL ACTUATOR 
(EXISTING) 

~~HEAT 

SENSING 
WiRE 

Figure 37 ARTIST'S CONCEPT I SYSTEM V INSTALLATION 
ON GALION 125A CRANE 

To reduce the necessity for periodic recharging and maintenance of the 

isolated batteries, a separate alternator/regulator was installed. 

A Brushless alternator, Niehofe Model A32-6, operating with 24/32 volts 

and 30 ampere s, and incorporating an integral silicon transistor regulator, 

was purchased locally for this purpose. A new pulley and additional belt 

were assembled to a special bracket and mounted on the side of the engine. 

Originally, two 32-ampere-hour Delco 349 batteries ($24 each) were 

furnished. Subsequently, the larger, maintenance-free, MF batteries 

without filler caps were used. 
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The series-connected, isolated batteries were placed in a protective ITletal 

box, and separate 30-aITlpere in-line fuses were used on the wires to 

the alternator. Cost for the alternator, pulley, and belt totaled $123. The 

installation has eliITlinated all need to recharge the power supply. 

An alternate approach for eliITlinating recharging the batteries was suggested 

but was not adopted because of higher costs, lack of cOITlponent availability, 

and ITline environITlent. This approach considered adding a 12 -volt DC to 

1l0-volt AC inverter which in turn would power a 24-volt DC battery 

charger. 

Heat-sensing wire was selected for the installation (in lieu of point sensors 

shown in Figure 15) because of the siITlilarity of the engine cover ITlounting 

to that on the truck. Use of the wire would also ITlaintain a balance of 

sensors at the ITline; i. e., two vehicle s would utilize the heat-sensing wire 

and two would utilize individual point sensors. 

Physical protection for the heat-sensing wire was again in the forITl of 

1-1/2- by l-1/2-inch angles welded to the hood. Rather than using dis­

connect plugs to ease reITloval of the hood, extra wire was coiled and 

secured to the vehicle. 

The control panel was bolted (not welded) near the operator on 2- by 2-inch 

angle brackets welded to the vehicle. No warping of the panel occurred froITl 

the bolted installation. 

The junction box was located near the oil reservoir on the right side of the 

vehicle, and the cartridge -puncture valve was placed on the saITle 

ITlounting post as the ITlanual actuator for the Ansul fixed fire suppression 

systeITl. 

3.8.1.3 GoodITlan 2500 Cutter (Figures 38 through 43) 

The presence of an AC trailing cable on the cutter vehicle ITlade it necessary 

to also install SysteITl V on the GoodITlan 2500 cutter. The installation is 
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depicted in Figure 44. The isolated batteries on this vehicle again were 

the small Delco 349 units, rated at 32 ampere -hours. As with the crane, 

the larger MF-type batteries were later installed. 

Figure 38 GOODMAN 2500 CUTTER 

Figure 39 EXISTING FIRE 
SUPPRESSION SYSTEM 
ON CUTTER VEHICLE 

81 

Figure 40 GOODMAN ELECTRIC 
CUTTER 



Figure 41 HEAT SENSOR 

Figure 43 

IN HYDRAULIC HOSE 
AREA 

CONTROL PANEL ON 
CUTTER (Note System 
Battery Box Lower Right) 
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Figure 42 CARTRIDGE-P UNCTURE 
SOLENOID VALVE 
ON CUTTER (Note Manual 
Actuator Below Valve) 

The lID-volt AC power available 

on the cutter powered a 24-volt 

DC, 5-ampere power supply that 

maintains a trickle charge on the 

two l2-volt, series-connected 

batterie s that operate the fire 

protection system. This power 

supply alone was incapable of 

powering the 2D-ampere solenoid 

load of the cartridge -puncture 

valve. A 3D-ampere fuse in the 

battery box was used to protect 

the battery power wire against 

short circuits. 

The smaller Delco 349 batterie s 

were estimated as capable of 

.,. powering the automatic fire 



protection Systems III and V for 5 days (i. e., standby approximately 0.2 

ampere) and Systems I and II for 2-1/2 days (i. e., O.4-ampere load) 

depending on the amount of usage of the system. Longer-than-anticipated 

vehicle downtime and extra testing of the fire systems prompted mine 

personnel to install the larger automative-type MF batteries. 

THIS DRAWING IS FOR ILLUSTRATION 
ONLY. ACTUAL EQUIPMENT MAY VARY 
IN APPEARANCE OR DETAIL DESIGN. 

'-'CONTROL PANEL 

Figure 44 ARTISI'S CONCEPT I SYSTEM V INSTALLATION 
ON GOODMAN 2500 CUTTER 

Six parallel-loop-connected, bimetallic, thermal-switch sensors were 

installed in the following locations on the cutter: 

• Cable reel housing 

• Motor and reservoir area 

• Hydraulic pump and hose area. 

The cost-effective, rate -of-rise -type point sensors appeared better suited to 

a compartmentalized vehicle such as the cutter than the continuous -heat­

sensing wire. The point sensors are set to alarm at 22SoF except where 

high heat zone s warrant a 32SoF set point. 
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The control panel was mounted near the left side of the vehicle near the 

operator. The battery box and cartridge -puncture solenoid valve were 

similarly located. 

3.8.1.4 Caterpillar 988 Loader (Figures 45 through 47) 

A modification of automatic fire sensing System III was selected for installa­

tion on the Caterpillar 988 loader (see Figure 48). This high-priority 

production vehicle is similar to the unit that was completely destroyed 

by fire at the mine. 

Modifications were made in the fire control panel to "float" the ground path 

to be compatible with the loader master switch in the negative lead of the 

battery. The floating ground circuit of the fire control panel and the isolated 

thermal-point sensors allow automatic fire protection with the vehicle power 

(master switch) in the OFF position. 

Figure 45 FRONT-END LOADER 
VEHICLE 

Figure 46 MECHANIC INSTALLING 
JUNCTION BOX IN 
OPERATOR' S CAB (Note 
Center Control Panel and 
Solenoid Valve on Right 
of Photo) 
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Figure 47 HEAT SENSOR 
MOUNTED TO ENGINE 
COVER OF FRONT-END 
LOADER (Note Wire Dis­
connect to allow Removal 
of Engine Cover) 

THIS DRAWING IS FOR ILLUSTRATION 
ONLY. ACTUAL EQUIPMENT MAY VARY 
IN ",rDEARANCE OR DETAIL DESIGN. 

MANUAL ACTUATOR 
(EXISTING) 

Because the ground jacket of the outer 

shield of the therITlal-wire sensor is 

incoITlpatible with the switched-ground 

vehicle, six point sensors were installed 

in the following areas of the vehicle: 

• Two on the engine hood, with 

disconnects on each side (to ease 

ITlaintenance) 

• Two high and aft near the radiator 

• Two low and forward over the 

transITlis sion. 

As before, parallel-loop connections 

were used to allow for continuous 

ITlonitoring and systeITl functioning even 

if a pair of wires were broken. (The 

broken wires would provide a yellow 

FAULT indication but the systeITl would 

function in case of fire. ) 

JUNCTION BOX 

HEAT SENSING 
WIRE OR 
POINT SENSORS 

FIRE SUPPRESSION 
SYSTEM (EXISTING) 

CARTRIDGE 
PUNCTURE 
VALVE 

Figure 48 ARTIST'S CONCEPT I SYSTEM III INSTALLATION 
ON CATERPILLAR 988 FRONT-END LOADER 
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The norITlallyopen, rate -of-rise sensors close at 225 of and 325 of to 

signal a fire alarITl. A short circuit in the sensor electrical circuit will 

also provide a fire signal, however. 

The loader installation specified that the fire systeITl 24-volt power be 

supplied directly froITl the terITlinal posts of the battery, being first routed 

through the systeITl junction box ITlounted behind the operator and then to the 

control panel bolted to 1-1/2 - by 1-1/2 -inch angle brackets forward and over­

head on the cab structure. The cartridge-puncture valve was ITlounted to the 

cab and pluITlbed in series with the existing ITlanual fire suppression systeITl. 

At the cOITlpletion of approxiITlately 12 ITlan-days of installation effort, 

two systeITls (crane and cutter) were operational but were not connected for 

autoITlatic discharge. A trial operating period was desired to prove the 

systeITl integrity and to correct placeITlent of sensors, heat ranges, and 

false alarITls. The desire to instruct all operators in the use and awareness 

of the systeITl was another reason to delay connection of the autoITlatic 

discharge systeITls. 

The cOITlpletion installation of the fire protection systeITl on the loader was 

delayed because of the unavailability of the high-priority production vehicle 

for installation activity. 

3.8.2, Installation of the AutoITlatic Fire Protection SysteITls, 

JiITl Bridger Coal Mine 

The JiITl Bridger ITline is approxiITlately 35 ITliles east of Rock Springs, 

WyoITling. The l85-ITlillion-ton coal reserves on the 17, 500-acre facility 

are split into two seaITlS that extend over an area 4,000 feet wide and 

10 ITliles long. The upper deadITlan seaITl, averaging 15 feet in thickness, 

is separated froITl the lower deadITlan seaITl, averaging 12 feet in thickne s s, 

by a nOITlinal 20-foot parting. Mining takes place froITl the outcrop to 

a depth of approxiITlately 200 feet. Mobile ITline equipITlent at the ITline 

includes the following units: 

• Ten Wabco 75C trucks with 120-ton bottoITl-duITlp coal hauler 

trailers 

• Four Wabco 75C trucks with rear-dUITlp ash hauler trailers 
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• Two Bucyrus-Erie 195-B shovels with l8-cubic-yard dippers 

• One Caterpillar 992 front-end loader 

• One Page 732 dragline with l8-cubic-yard bucket 

• One Marion 8200 dragline with 70-cubic -yar.d bucket. 

Each iteITl of ITlining equipITlent is equipped with portable dry-cheITlical 

fire extinguishers and the draglines are equipped with fixed C02 fire 

suppression systeITls protecting the transforITlers and oil storage areas. 

The ITline vehicles have experienced fires in the past and ITlanageITlent is 

aware of the hazard s and costly repair, replaceITlent, and production los ses 

that fires represent. This contract provided for equipping three ITlobile 

vehicle s with autoITlatic fire sensing and suppre s sion systeITls and equipping 

a dragline with an autoITlatic alarITl systeITl. The four selected vehicle s 

were ITlonitored for 10 ITlonths and discharge deITlonstrations of the autoITlatic 

fire protection systeITls concluded the prograITl in NoveITlber 1977. 

The autoITlatic fire protection systeITl installations were perforITled during 

the week of 14 February 1977 on one Wabco coal hauler, one Wabco ash 

hauler, one Caterpillar 992 loader, and one Marion 8200 dragline. All 

systeITls were initially installed according to previous contract guidelines 

except for the Caterpillar loader. The loader was ITlodified in a ITlanner 

siITlilar to the ITlodification of the Caterpillar loader at DiaITlond Crystal 

ITline by using point heat sensors and obtaining 24-volt power directly irOITl 

the battery, thus bypas sing the ITlaster switch. 

3.8.2.1 Wabco l20-Ton Coal Hauler Truck (Figures 49 through 53) 

The autOITlatic fire protection systeITl selected for this vehicle was SysteITl I 

which is described in Subsection 3.5. 1 and illustrated in Figure 11. Figure 

54 depicts installation of SysteITl I on a Wabco 120 -ton truck. 

Installation proceeded using criteria established froITl previous work on 

large off-road vehicle s as follows: 

• The four optical flaITle sensors were ITlounted high and away froITl 

ITlud-slinging tires and under the engine hood and A-fraITle to observe 

the exhaust and turbo -charger areas. 
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• The 16-foot-long heat-sensing wire was arranged in a looped-circuit, 

U ..;shape, with legs extending forward over the exhaust m.anifolds, then 

routed under the A-fram.e at the rear of the engine. 

• The two stored-pressure cylinders containing dry-chem.ical extinguishing 

agent were m.ounted on the right front corner of the platform.. 

• Four nozzles from. one cylinder are the 180-degree fan pattern type that 

are pointed to divide the flow of extinguishing agent to half above and 

half below the exhaust m.anifolds in the engine area. Two of the four 

nozzle s from. the second cylinder are the sam.e 180 -degree fan type and 

point to split equal flow over the transm.is sion. The rem.aining two units 

are 360-degree cone-shape nozzles, one each pointed to the oil reservoir 

and diesel fuel tank that are saddle m.ounted to the rear fram.e. 

• The junction box, rem.ote switch, and am.bient tem.perature probe sensor 

were installed on the left fender near the ladder. 

• The control panel was m.ounted to the roof of the operator's cab. 

Figure 49 PRESSURIZED CON­
TAINERS WITH DRY 
POWDER CHEMICAL 
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Figure 50 120-TON COAL HAULER 
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Figure 51 JUNCTION BOX MOUNTED 
INSIDE FRONT FENDER 

Figure 53 REMOTE ACTUATOR NEAR 
LADDER (Note Ambient 
Temperature Sensor at Left 
S ide of Switch) 

Figure 52 JUNCTION BOX AFTER 
SEVERAL MONTHS OF 
PROD UCTIO N (Note Optical 
Flame Sensor Above Box) 

As with previous fire system installa­

tions involving routing of hoses and 

wires, and, consequently, possible 

added maintenance for removal or 

replacement when servicing the 

vehicle system, all items were fixed 

to frame members or vehicle 

components not normally removed 

or serviced. The engine, transmis sion, 

hydraulics, or electrical vehicle 

systems can be serviced and repaired 

without disturbing components of the 

fire protection system. 

The solenoid valve s of the system 

were not connected for automatic 

discharge until a reasonable trial 
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period proved satisfactory system integrity and failure to false alarm. 

Operator awareness was also a consideration for not immediately connecting 

the system for automatic discharge. 

THIS DRAWING IS FOR ILLUSTRATION 
ONLY. ACTUAL EQUIPMENT MA.Y VARY' 
IN APPEARANCE OR DETAIL DESIGN. 

CONTROL 
PANEL 

JUNCTION BOX 

Figure 54 ARTIST'S CONCEPT I SYSTEM I INSTALLATION 
ON WASCO 120 TRUCK 

The fire protection control panel stopped functioning after being installed 

for approximately three working shifts; however, power had been applied 

for only 5 to lO minute s. Return of the panel to FMC and subsequent 

repair determined that failure was a result of faulty as sembly when a 

component (regulator) was being resoldered for isolation. Excess solder 

on the collector of transistor QlOl caused a short circuit. Although laboratory 

testing after assembly confirmed satisfactory operation, shipping to the 

mine and vibration after installation apparently accelerated the problem. 

3.8.2.2 Caterpillar 992 Front-End Loader (Figures 55 through 59) 

Difficulty was again experienced with vehicle availability, and the fire 

system installation on the Caterpillar loader was not fully completed during 

the February visit. System II, used for this installation, is described in 

Subsection 3.5.2 and illustrated in Figure 12. Figure 60 depicts System 

II installed on Caterpillar loader. 
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Figure 55 INSTALLING FIRE PROTECTION SYSTEM ON FRONT-END LOADER 

Figure 56 CONTROL PANEL 
WITH SHIELD OVER 
MANUAL ACTUATOR 

Figure 57 WELDER REPAIRING 
CRACKED MOUNTING 
BASE OF CYLINDER 
HOUSING 
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Fig'Ure 58 WIRING JUNCTION BOX 
UNDER PLATFORM 

THIS DRAWING IS·FOR ILLUSTRATION 
ONLY. ACTUAL EQUIPMENT MAY VARY 
IN APPEARANCE OR DETAIL DESIGN. 

CONTROL PANEL 

Figure 59 DRY-CHEMICAL DIS­
CHARGE MANIFOLD ON 
ENGINE COVER (Note 
Heat Sensor on Firewall 
Near Platform) 

JUNCTION BOX 

Figure 60 ARTISrS CONCEPT, SYSTEM" INSTALLATION 
ON CATERPILLAR 992 FRONT-END LOADER 
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The Caterpillar 992 vehicle, designated by the mine for installation of an 

FMC /USBM automatic fire protection system, was out of service the 

entire week because of a damaged engine, and availability immediately 

after repair was unlikely because of production scheduling. Seventy-five 

percent of the vehicle was disas sembled. Because of the engine maintenance 

and repair priority, Fe bruary installa~ion of the automatic fire protection 

system was limited to welding brackets in the cab to mount the control 

panel and fabrication of several brackets for future installations of the 

two fire suppression cylinders that contain the dry-chemical agent. 

The vehicle electrical system was similar to that of the Caterpillar 988 

vehicle at Diamond Crystal mine (i. e., the 24-volt DC negative ground is 

through the master switch); therefore, the ungrounded, thermal point-type 

sensors were used rather than the l6-foot, grounded, heat-sensing wire. 

Also, the fire protection system was connected directly to the battery 

to be active at all times, as with Diamond Crystal vehiCles. 

During the 13 June visit, the remaining components were installed: 

• Six thermal point sensors surround the engine and transmission areas. 

• Rather than mounting two sensors directly on the engine hood as at 

Diamond Crystal, thus requiring disconnect plugs to remove the hood and 

servicing the engine, all sensors were mounted on the vehicle frame. 

• Two stored-pressure cylinders, each containing 30 pounds of ABC 

dry-chemical extinguishing agent, were mounted to the operator's 

platform. The four nozzle s from each cylinder were mounted on the 

engine hood. Three nozzles are l80-degree fan type pointing toward 

the engine with discharge flow divided over top and bottom. The third 

nozzle points forward into the transmission area. Two 3/4-inch hose 

connections must be removed to disconnect the nozzle manifold and 

remove the hood. 

• The junction box was installed to the frame under the right platform and 

the control panel was bolted to 1-1/2- by l-1/2-inch angle brackets 

welded to the instrument panel in the cab. This was the only installation 

where the control panel was mounted in a near-vertical position. The 

unique position was necessary because of space limitations and 

restrictions for drilling or welding to the certified ROPS cab structure. 
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• The remote actuator switch was mounted to the left rear corner of the 

vehicle. 

As with all automatic fire protection systems, the solenoid coils were left 

off the extinguisher cylinder valves immediately after installation so that 

the system could operate over a trial period without po s sible nuisance alarms 

causing false discharges. During this period, proper temperature ranges, 

sensor locations, or circuit problems would be corrected as necessary. 

Also, operators and mechanics could become familiar with the components 
• 

and accidental discharges could be avoided. 

3.8.2.3 Wabco l20-Ton Ash Hauler (Figures 61 through 65) 

The automatic fire sensing system for this vehicle was System III which is 

described in Subsection 3.5.3 and illustrated in Figure 13. Installation of 

System IlIon a Wabco l20-ton truck is depicted in Figure 66. 

Figure 61 ASH HAULER VEHICLE 
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Figure 62 FIRE CONTROL PANEL 
IN OPERATOR'S CAB 
(Note Manual Actuator 
on Door Post) 

Figure 64 HEAT -SENS ING WIRE 
DETECTOR IN ENGINE 
AREA 

95 

Figure 63 DRY-CHEMICAL CON­
TAINERS OF ANSUL AlaI 
MANUAL FIRE SUPPRES­
S ION SYSTEM 

Figure 65 CARTRIDGE-PUNCTURE 
SOLENOID VALVE AND 
JUNCTION BOX (Note 
Manua I Actuator 
Cartridge Lower Center 
Photo) 



THIS DRAWING IS FOR ILLUSTRATION 
ONLY. ACTUAL EQUIPMENT MAY VARY 
IN APPEARANCE OR DETAIL DESIGN. 

HEAT SENSING WIRE 

,-_CARTRIDGE PUNCTURE VALVE 

Figure 66 A RT 1ST IS CON C E P T,S Y S T EMili INS TAL LA T ION 
ON WASCO 120 TRUCK 

Except for having electrical power routed froITl the 24-volt DC batterie s 

through a ITlaster switch, thereby providing an autoITlatic 3-second test during 

engine start, the systeITl is identical to tho se used on the truck and crane 

vehicles at the DiaITlond Crystal ITline. It is an overheat alarITl warning systeITl 

connected to an existing, fixed, ITlanually activated fire protection systeITl. 

The control systeITl will autoITlatically activate discharge of dry cheITlical 

fire suppression agent 10 to 13 seconds after audible/visual FIRE alarITl. 

A ITlanual fire suppression systeITl had not already been installed, as at 

DiaITlond Crystal; therefore, ITline ITlanageITlent agreed to purchase and install 

a systeITl so that the Bureau of Mine s propo sed te st effort could be 

accoITlplished. 

All cOITlponents of the autoITlatic fire sensing systeITl were installed and 

functioning during the February installation; however, the ITlanual fire 

suppression systeITl had not arrived and could not be installed and 
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interconnected for autom.atic discharge. However, because the design policy 

was to install the autom.atic system. for a trial period without connecting 

for autom.atic discharge, lack of the m.anual system. was not im.m.ediately 

significant. 

The heat-sensing wire, junction box, and control box were m.ounted in 

identical positions as in the coal hauler. The new cartridge-puncture 

solenoid valve was located inside the left front fender next to the junction 

box and near the anticipated location of the rem.ote m.anual actuator. 

The Ansul Al 01-30 m.anually actuated fire suppre s sion system. was received 

and installed during June. All required hose and fittings for the two dry­

chem.ical containers, two actuators, and eight nozzles were purchased and 

nece s sary brackets were m.ade to install the fire suppre ssion system.. The 

hose from. the autom.atic actuator device was then connected to the actuator 

hose of the Ansul fire suppression system.. The dry-chem.ical containers 

and nozzle assem.blies were located and positioned identically to the coal 

hauler vehicle. One m.anual actuator was located in the cab and another at 

ground level near the ladder. 

3.8.2.4 Marion 8200 Dragline (Figures 67 through 71) 

Figure 67 FIRE CONTROL PANEL 
IN DRAGLINE OPERATOR1 S 
CAB~ 

Figure 68 INSIDE OF CONTROL 
PANEL 
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Figure 69 SMOKE DETECTOR 
OVER OIL STORAGE 
AREA (Mounted Flat) 

Figure 71 SMOKE DETECTOR 
OVER TRANSFORMER 
(Mounted Vertically) 

Figure 70 DUST COLLECTED 
IN SMOKE DETECTOR 
OVER OIL STORAGE 
AREA 

The large dragline vehicle was 

equipped with CO 2 extinguishing 

and pneuTIlatic heat-sensing 

systeTIls to protect the oil 

storage area and transforTIler. 

Early alarTIl of a fire situation area 

was considered equally iTIlportant for 

this vehicle as for others, thus allow­

ing an opportunity to evaluate smoke 

detectors of System IV. See Sub­

section 3.5.4 and Figure 14 for a 

complete system description. 

Figure 72 is an artist's concept of 

System IV installed on a 

dragline vehicle. 
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THIS DRAWING IS FOR ILLUSTRATION 
ONLY. ACTUAL EQUIPMENT MAY VARY 
IN APPEARANCE OR DETAIL DESIGN. 

Figure 72 ARTIST'S CONCEPT, SYSTEM IV INSTALLATION 
ON M8200 DRAGLINE 

The two photoelectric smoke detectors are interconnected to a control panel 

in the operator's cab. Early'warning of smoke from the oil storage 

or transformer areas will provide an audible and visual alarm. The smoke 

detectors are not interconnected for automatic discharge of the existing 

CO 2 fire extinguishing system because manual actuator s are readily avail­

able throughout the vehicle. Should the vehicle be unattended during a possible 

fire, thus not presenting a personnel hazard, the existing backup (but slower­

re sponse) heat sensors will automatically discharge the CO 2 system. 

Each sensor is connected directly to IIO-volt AC electrical power, to each 

other, and to the fire control panel. One Pyrotector Model 30-52TC 

smoke detector is vertically mounted (as is a wall-mounted unit) over the 

transformer, whereas a Model 30-40RC detector is mounted horizontally 

over the oil storage area similar to a ceiling-mounted unit. No special 

precautions were taken during installation except for the required power 

lines being contained in flexible metal conduit. 
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The smoke detectors were mounted to standard, residential-type electrical 

boxes that were welded to the structure supporting the C02 nozzles and 

heat sensor s. This mounting later proved unsatisfactory, and the horizontally 

mounted detector became contaminated with dust. The vertically mounted 

detector performed well throughout the lO-month testing period. 

At the completion of approximately 16 man-days of effort, the systems on 

the coal hauler, ash hauler, and dragline were operational but not connected 

for automatic discharge until a trial operating period proved satisfactory 

system integrity, correct sensor location and heat ranges, and system 

failure to false alarm. The front-end loader required another 3 man-days 

for completion of component installation. Another 2 man-da,"s were 

required of the mine personnel to install the Ansul AlOl-30 manual fire 

protection system. 

3.8.3 Monitoring of the Automatic Fire Protection Systems 

Monitoring of the automatic fire protection systems at Diamond Crystal 

mine and at Jim Bridger mine was accomplished by weekly telephone calls 

to mine personnel cognizant of the installations and/or by special trips 

by FMC personnel to the mine to inspect each system and to make repairs 

where necessary. A summary of several events occurring during the 11-

month monitoring period at Diamond Crystal and the lO-month period at 

Jim Bridger is shown in Table 5. 

Table 5 SUMMARY OF MONITORING EVENTS 

Mine nalne 
<!) 

.::~ Fire system 
<.-< ~ activations 
<-<01 

Replaced/re­
paired actuator 
device 

Sensors failed 
or replaced 

Total visits 
including in­
stallation mon 
ito ring and 
dernonstration 

0 0 h_;; Discharged 
~? ~ agent (in-

Alarm - Car- Stored Quantity Type 

Diarrwnd 
Crystal mine 11 

Jim Bridger 
mine 

Total 

10 

5 

6 

11 

r 1 'v §c-c. cludes dem-
% 8 ~ onstration 

3 6 

2 4 

5 

no tridge pres-
discharge puncture sure 

type type 

5 4 N/A 

5 o 2 

4 2 

1. Seven intentional during demonstration. 2. Five not connected for discharge. 
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2 Point 

Smoke 
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As mentioned in Subsection 3.8. 1, it was anticipated that appearance of a 

fire control panel would cause interest and some questions among the various 

operators of the mine equipment. The systems were, therefore, not activated 

for automatic discharge until the mine personnel became more aware of the 

system function. The manual PUSH-TO-DISCHARGE button on the control 

panel was sealed with a shear-wire so that accidental system activations 

could be identified over those activations caused by shock or vibration. 

Of twenty total system activations, seven were intentional as the result of 

the final demonstrations, seven were readily identified, and only six were 

unidentified. In all but one of the six unidentified activations, the seal 

wires were found broken on the manual PUSH-TO -DISCHARGE button, 

indicating probable activation by inadvertent manual discharge. The one 

unexplained activation that caused the dry-chemical agent to discharge 

occurred when the operator was starting the diesel engine. A stray 

voltage transient is tentatively considered at fault. 

3.8.3.1 Monitoring Activities, Diamond Crystal Mine 

Monitoring of four automatic fire protection systems contiuued from the 10 

January 1977 installation until the final demonstration tests conducted 

10 November 1977. 

As shown in Figure 73, many significant events were identified. The 

following additional details are supplied for understanding of the chart: 

• Use of modified Systems III or V indicate there was some change to the 

system as presented in Section 3. 5 before the system was installed on a 

vehicle. Generally, the modifications involve bypassing the master 

switch or a change in sensor selection. 

• Monitoring interruption was caused by a re -evaluation of the contract 

goals. Telephone contacts were maintained, but events either did not 

occur or were insignificant to report. 

• In May and again in October, a yellow FAULT light on the loader indicated 

probable wiring error during installation or repair. The six thermal point 

sensors require 16 electrical connections with a pair of wires; four are 

disconnect plugs and the others are in sealed conduit fittings. An open 

circuit at one connection was the primary cause for the FAULT condition. 
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• Manual activation without discharging dry chemical occurred during June 

on the truck when an operator admittedly bumped the PUSH-TO­

DISCHARGE button. No chemical was expelled because a,. hose on the 

series -connected Ansul actuator was found disconnected, allowing 

pressure to escape before discharging the system. Check valves on 

systems with multiple actuators are recommended. 

• A control panel malfunction during June on the Euclid truck is related to 

the mine electrician-corrected control panel of August. After the 

accidental manual discharge in June, the replacement control panel 

(May) did not function properly and an inve stigation was initiated. After 

determining the problem was related to the control circuit, another 

control panel was installed. This panel incorporated a l!Z-ampere 

circuit breaker in the solenoid output which was insufficient to 

discharge the valve until the mine electrician installed the proper 3-

ampere circuit breaker. 

• An electrical fire occurred on the te st vehicle truck Z September 1977 

in the starter motor area. The smoke was observed by the driver who 

activated the Ansul fire suppre ssion system. A telephone inve stigation 

and analysis of the incident are recorded in Appendix G. 

• A system discharge occurred on the truck in October during starting. 

This problem is unexplained except that it may be an extension of 

repeating nuisance alarms during low-voltage conditions. 

• Although the control/logic systems have performed well when 18- to 3Z­

volt DC power is available, the electronic circuit has experienced a 

low-voltage problem when available power is less than 18 volts •. Also, 

low crossover (inductive) voltage causes signals to appear when main 

power is off. 

• Erroneous signals appeared several times during the 11 months of 

monitoring. Initial investigation revealed that extensive design analysis 

and test would be required to find the problem and additional shop 

and engineering labor would be necessary to correct the existing units. 

Further action was not taken because the problems appear minor and 

non-hazard-producing, and occur only when power is below the design 

tolerance of the system. They are not repeatable and have not occurred 

during other known low-voltage conditions. Unfortunately, it appears 

customary that mine vehicle electrical systems do not receive the 
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extent of preventive maintenance that the mechanical portions of the 

vehicle receive (i. e., engines, transmissions, differentials, tires, 

etc.). Broken electrical terminal strips, frayed cables, broken or 

damaged connectors, open wires, open cells on lead-acid batteries, 

and loose connections are some conditions that often are not corrected 

until some resulting mechanical failure occurs~ 

• A vehicle collision involving the crane during July de stroyed much of the 

vehicle, the automatic fire sensing system, and the Ansul fire suppre s­

sion system. The cartridge -puncture valve, control panel, and main 

cable required replacements, as well as both Ansul dry-chemical 

containers. 

• System activation was reported on the cutter vehicle in April and again in 

June. A telephone investigation and analysis are recorded in Appendix H 

for the June incident. 

• A bent pin was found in the activated cartridge -puncture solenoid valve 

of the crane during an August inspection trip. The pressurized cartridge 

was not punctured because the pin was lodged in the seal-thread groove. 

A stronger pin shaft was sugge sted to prevent bending. 

• The left front sensor on the Caterpillar 988 loader was repaired 

twice during the II-month monitoring period and again prior to the 

demonstration. It was initially located in a vulnerable po sition near 

the rear tire. 

The preceding paragraphs and the appendixes provide several highlights of 

the monitoring period for the automatic fire protection systems at Diamond 

Crystal mine. The following statements summarize this activity: 

• Only after adequate sealing is performed are the electrical control 

panels capable of surviving the mine conditions when subjected to 

stearn cleaning in a salt dust environment. All sensors performed well 

when protected from physical damage. 

• Low-voltage conditions cause abnormal system operation. A reliable 

power supply to maintain 18 to 32 volts DC is' very important. The 

manual PUSH-TO -DISCHARGE buttons should be adequately guarded from 

accidental actuation. 
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• Electrical and ITlechanical ITlaintenance should be perforITled by several 

per sons cognizant of each systeITl de sign. Maintenance proved difficult 

initially because only one electrician perforITled the installation. After 

several ITlonths of telephone calls, correspondence, and visits, other 

per sons becaITle faITliliar with and were able to trouble shoot the systeITls. 

3.8. 3.2 Monitoring Activitie s, JiITl Bridger Mine 

The four fire protection systeITls installed on equipITlent at the JiITl Bridger 

ITline were ITlonitored for 10 ITlonths, froITl the 14 February 1977 installation 

until the final deITlonstration te sts 15 N oveITlbe r 1977. 

As shown in Figure 74, ITlany events were identified several of which warrant 

additional explanation: 

• The control panel on the coal hauler was replaced in January because of 

a faulty solder connection following ITlodification of the circuit to float 

the ground path. The control panel on the loader was replaced in 

October because of a circuit board failure. SITlall aITlounts of coal dust 

entering the loader panel ITlay have caused electrical shorts between 

the printed-circuit traces. 

• Nitrogen pressure in the two coal hauler valves with FMC -fabricated 

Neoprene seals was closely ITlonitored. The seals were ITlade to replace 

factory-supplied Teflon seals that slowly leaked pressure. The AutoITlatic 

Switch COITlpany, ITlanufacturer of the 3/4-inch, two-way, pilot-operated 

valve, elected to inve stigate alternate ITlaterials other than Neoprene 

because of possible bonding failures under high-pressure conditions. No 

leakage froITl the Neoprene-sealed valves occurred during the period 

February to June. 

• Low pressure was noted in the coal hauler valves (with Neoprene seals) 

during the SepteITlber visit and new factory-supplied cast urethane valve 

seals were installed. Although the cylinder pressure was low (360 to 

400 psig), the yellow FAULT light had not yet appeared and the systeITl 

would have provided effective discharge in event of a fire. 

• Periodic illUITlination of red /yellow indicator lights on the coal hauler was 

reported during June. Correction of a vehicle electrical short in the 

tranSITlission shift systeITl resolved ITlost inadvertent alarITls, but inductive 

voltage or transients occasionally cycled the systeITl through a test 

condition. 
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• The vehicle lighting circuit was found to influence perforITlance of the 

autoITlatic fire protection systeITl during visits in SepteITlber and 

October, both on the ash hauler and on the coal hauler. The probleITl 

occurred only when the engine was off and the lights were on. Low 

voltage caused the fire alarITl systeITl lights to illUITlinate diITlly and the 

systeITl to sound a weak audible alarITl. As with the siITlilar occurrence s 

at DiaITlond Crystal ITline, no further action was taken to resolve this 

interITlittent and unpredictable probleITl because it is apparently ITlinor 

and non-hazard-producing and occurs only when power is below the 

design tolerance of the systeITl. 

• The power connection of the ash hauler vehicle was ITlodified during 

October to connect directly to 24-volt DC power at all tiITles rather 

than routing through the ITlaster switch. This procedure has initially 

eliITlinated the inductive low voltage froITl the light circuit as discussed 

earlier. 

• An engine failure occurred 18 August 1977 on the ash hauler, and repair / 

ITlaintenance of the fire systeITl was liITlited. Brief inspection of the fire 

systeITl revealed that the fire control panel was turned off and the 

cartridge -puncture valve was activated. The seal wire was broken froITl 

the ITlanual actuator, indicating inadvertent or accidental ITlanual 

discharge. 

• IlluITlination of a yellow FAULT light 17 October 1977 on the ash hauler 

also iITlplied a systeITl discharge because the vehicle had recently 

been connected to release the extinguishing agent. It was again 

confirITled, during inspection, because the seal wire was broken, that 

the ITlanual activation discharge button had been depressed. 

• The pressure-leaking Teflon seals of the solenoid valves were replaced 

with the new urethane seals on the Caterpillar front-end loader during 

June. These seals continued to hold pressure until the discharge 

deITlonstration tests in NoveITlber. 

• A ITlanual activation of the fire protection systeITl on the loader was 

explained during an August safety ITleeting when uninforITled operators 

ITlentioned conducting periodic trial to deterITline whether or not the 

systeITl worked. The power switch on the fire control panel includes 

a ITloITlentary-test position that operators are encouraged to use; 

however, the PUSH-TO-DISCHARGE button on the saITle panel is active 
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at all tiITles and should be depregsed only in case of a fire. It is sealed 

with a "tattle -tale" wire that has been found broken on nUITlerous 

investigations. Adding a hinge guard over the button ITlay relieve the 

accidental bUITlping probleITl. The original ITlanual discharge concept 

was for a single "push" action on the part of the operator who ITlay already 

be in a panic situation. Most ITlanual systeITls ITlust be activated by first 

pulling a pin which requires three driver actions (i. e., grab, pull, push) 

rather than one. Field reports indicated panicked drivers don't activate 

systeITl at all, push the button to activate the systeITl without pulling the pin 

(thus not activating the systeITl), or pull the pin but do not push the button. 

It is difficult to predict operator perforITlance during flash fires or panic 

situations. It would appear that fewer actions and less thought to 

accoITlplish a specified goal is desirable but siITlplicity ITlust be weighed 

against consequences such as accidental or inadvertent discharges, 

especially with new or uninforITled personnel. 

• The ASCO valve solenoid coils on the loader vehicle were replaced twice: 

once during August after 2 ITlonths of installation when they were ITlis sing 

and again during October when they were found with electrically opened 

circuits. The ITline personnel reported they had disconnected power 

after feeling hot coils. 

• Dust caused false alarITls in Model 30-40RC sITloke detector ITlounted 

horizontally over the oil storage area of the dragline during May, June, 

and August. Clean air purged the sensor and reITloved the alarITl in 

June. The unit was reITloved and cleaned, and the electrical box was 

sealed during subsequent false alarITls. It was deterITlined tha t the circuit 

boards and optical paths of such detectors shOUld be ITlounted vertically 

so as not to collect dust. 

The foregoing paragraphs provide several highlights of ITlonitoring the 

autoITlatic fire protection systeITls at the JiITl Bridger ITline. A SUITlITlary 

would include the following conclusions: 

• Operator and personnel awareness of fire protection systeITls and 

consequences of false discharges will result only froITl proper training 

and direct as sociation with the new hardware. Except for the low-voltage 
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interference problem, and one failed control panel in the loader, 

the electronic circuits of all systems functioned adequately in the mine 

environment. 

• A reliable power supply to maintain proper voltage is very important. 

The guarded PUSH-TO-DISCHARGE buttons provide protection from 

accidental bumping but require additional operator thought during 

critical or panic situations. 

• Stored-nitrogen-pressure, dry-powder fire suppression systems can be 

adequately sealed during the shock and vibration conditions of mine 

equipment. Repairing and rebuilding such systems is not as convenient 

as repairing and rebuilding the cartridge systems, but a degree of 

additional safety is available such as continuous pressure indication and 

circuit continuity. Additional safety features help to maintain functional 

fire protection systems, whereas otherwise they may be assembled in 

error or damaged during production and not be functional. 

• Electrical and mechanical maintenance should be performed by several 

persons cognizant of each system design. In lieu of having several 

mine personnel knowledgeable and readily available to correct incidental 

system faults, a local and readily available fire equip-rnent supplier or 

service agent could be contracted to perform repair functions. 

3.8.4 Test Demonstrations 

A major contract objective was to conduct discharge tests to demonstrate 

the automatic features of each fire protection system. This demonstration 

would allow mine personnel to observe the functional performance of each 

system onboard the test vehicles. The demonstrations were scheduled at 

the Jim Bridger mine 8 November 1977 and at Diamond Crystal mine 10 

November 1977 (see Appendix I). 

Minor schedule changes were necessary because of nonavailability of test 

vehicles and travel connections. 

• Tests at Diamond Crystal mine were conducted on 9 and 10 November 

1977, allowing for more repair and possible maintenance than with the 

original schedule. 

• Tests at the Jim Bridger mine were conducted on 15 and 16 November, 

also to allow more time than the original I-day plan. 
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Successful fire dem.onstrations were conducted on all test vehicles except 

for the Caterpillar front-end loader at Jim. Bridger m.ine. This vehicle 

experienced m.assive pin and joint failures and was undergoing repairs in the 

shop during the scheduled te st week. Fire sensor system.s on the other 

seven vehicles were activated by flam.e, heat, or sm.oke from. the fire of a 

die sel- soaked cloth or from. sm.oke candle s. 

Maintenance was required on four of the seven fire protection system.s on 

the test vehicles prior to the dem.onstrations. Com.plete rebuild of the 

existing m.anually actuated fire suppression system.s which were connected 

to the autom.atic sensing system.s was required on two vehicles. Three 

vehicles required m.aintenance and repair of the fire protection system. 

power supplies. Low or dead batteries existed in two test vehicles, and 

broken power connections were found on another vehicle. 

Except for System. I, with the four optical flam.e sensors and tem.perature­

com.pensation circuit, the fire alarm. response tim.es were greatly affected by 

the am.bient tem.perature in the fire zone as well as the wind velocity. This 

problem. appears m.ost significant on the surface vehicles on '.',hich fires m.ay 

not be detected because of cold weather and strong crosswinds. 

During the underground tests, relatively high am.bient tem.perature (90 to 
o 

100 F) and token air velocity perm.itted the heat-sensing system.s to respond 

to the flam.ing torch fire in 8 to 12 seconds. When sim.ilar tests were conducted 

outdoors, where 50-m.ph wind gusts and lower am.bient tem.perature (40 to 

60 oF) existed, the fire alarm. response tim.es ranged from. 30 to 60 seconds. 

3.8.4.1 Diam.ond Crystal Mine Fire Test Dem.onstrations 

Figure 75 shows several highlights selected from. the underground fire 

dem.onstration tests at Diam.ond Crystal m.ine. Additional inform.ation regard­

ing specific vehicle tests follows. 

The following persons attended all or part of the underground fire test 

dem.onstrations at Diam.ond Crystal m.ine: 

Richard Sieferm.an, Mine Manager 

Gus Gustafson, Mine Superintendent 
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Carrol Lopez, Mine ForeITlan 

Ken Bickel, Bureau of Mines Technical Project Officer 

Larry SchITleltzer, Bureau of Mines 

Dave Johnson, Bureau of Mines 

Ralph Stevens, FMC 

Mike Cosgrove, FMC. 

Veh ic Ie/equipment 
arId model 

Crane 

Galion 125A -
Truck 

Euclid R35 

Front -end loader 

Cat 988 

Culter 

Goodlllan 2500 

Figure 75 

3.8.4.1.1 

Type 01 fire protection Repair/maintenance Environmental conditions Test remarks 
system prior to test 

Automatic 
sensing 
(audible 
visual alarm) 

System V Ansul System Underground, 900F Ves 
(modified) isolated repaired and low low R. H. and air 

24 VDC power baUeries "jlnlperettl velocity, large room 

stlpply atld bypasses neOlr maintenance shop. 

master switch Fire was diesel rag 
on stick. 

System III NOlie (same as above) Ves 
(modified) b'ypasses 
master switch 

System III Repaired fuse, (same as above) Ves 
valve wire 
one thermal sensor 

System V Replaced bulb, re- (same as above Ves 
Imodified) bypa"e. paired frayed wire, except temp. was 

master switch 
II jumpered" dead near 1000F at 
batteries face) 

IN-MINE DEMONSTRATION SUMMARY, 
DIAMOND CRYSTAL MINE 

Galion Crane (F igures 76 and 77) 

Automatic Automatic 
delay prior discharge 
to discharge 

Ves V.s 
nO-13 
sec) 

Ves Ve. 
(10-13 
sec) 

Ves Ves 
nO-13 
sec) 

Ves Ves 
ClO-13 
sed 

• 

Other 

Quick alann no 
sec) and good 
aiJent dispersion, 
yellow FAULT light 
remained indicat-
ing di$charged 
system 

(same as above) 

hame as above) 

(same as above) 

Figure 76 FIRE TEST 
ON MOBILE 
CRANE 

Figure 77 AUTOMATIC DISCHARGE 
OF DRY-CHEMICAL 
FIRE SUPPRESSANT 
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Inspection of the crane and automatic fire sensing and suppre ssion system 

revealed that several deficiencies required correction prior to the test. 

Operating the manual actuator would not release the pin of the cartridge­

puncture valve. Also, open pressure lines were observed with the Ansul 

fire suppre s sion system. 

The vehicle had been sitting idle for 6 or 7 days because of a damaged engine. 

Power was applied to the fire protection system much of this time. Although 

the circuit tested satisfactorily, when manual discharge (electrically) was 

attempted, insufficient power was available to release the pin of the car­

tridge -puncture valve. The battery voltage was only 15.5 volts. Also, 

several assembly errors were made in the Ansul fire suppre s sion system 

during repair after the August collision and vehicle damage. The two dry­

chemical containers were not interconnected, and one container was empty. 

After the low batteries were jumpered with 24-volt DC power, the cylinders 

were filled with dry chemical, and the re sidual oil was cleaned from the 

engine area, a trial test (without discharge) was conducted to determine 

approximate time to alarm the sensing circuit. The demonstration 

followed the trial te st. The die sel-soaked cloth made a reasonably sized 

fire, approximately 8 to 10 inches long on the stick with the plume extending 

14 to 18 inches high. The fire was positioned near the engine and under the 

heat sensors. The sensing system observed the heat within 10 seconds and 

after the designed 10- to l3-second delay, during which time the audible 

alarm was sounding and the red FIRE light was illuminated, dry-chemical 

fire suppression agent was automatically discharged. A thick cloud was 

expelled into the large room as the dry-chemical discharge covered all 

fire zones in the vehicle very well. 

3.8.4.1.2 Euclid Truck (Figures 78 and 79) 

The truck vehicle and the fire control system required no maintenance prior 

to testing, and a successful fire test was performed. The heat source, fire 

sensor response time, circuit delay, and discharge followed the same 

sequence as for the crane. 
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Figure 78 FIRE TEST ON EUCLID 
TRUCK 

Figure 79 START OF DRY-CHEMICAL 
DISCHARGE ON EUCLID 
TRUCK 

3.8.4.1. 3 Goodman Cutter (Figures 80 and 81) 

The test crew traveled to the working sections of the mine to test the under­

cutter vehicle. Temperature at the lower mine level was near 100oF, 

approximately 10 degrees hotter than encountered during the other three tests 

which were conducted at the 1, 300-foot level and nearer the intake air shaft. 

The fire control panel indicated satisfactory performance when first tested, 

but, as with the crane, the cartridge-puncture solenoid valve would not 

discharge when manually activated. A voltage measurement indicated zero 

voltage across the batteries, indicating the control panel was being powered 

only by the small charging circuit which was insufficient to power the 

solenoid valve. Also, a relatively small wire connecting the batteries in 

series broke easily from corrosion. The spare 24-volt batteries were again 

used to jumper the dead batterie s and allow conduct of the demonstration tests. 

Excessive residual grease was cleaned from the cable reel area where a 

thermal point sensor was located. The torch fire was applied and, after 

5 to 10 seconds, the audible/visual FIRE alarm occurred. After the 10-

to l3-second fire control system delay, the dry chemical was released 

automatically. 
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Figure 80 CUTTER AT FACE 

Figure 81 FIRE IN CABLE REEL 
AREA ON CUTTER 
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3. 8.4. 1.4 Caterpillar Front-End 

Loader (Figures 82 

and 83) 

The loader was fire tested 

Thursday, 10 November, after 

the other te sts were conducted 

9 November. 

When first inspected, the fire 

protection system did not respond 

to the 3-second test, indicating 

there was no power available. 



Broken wires were found at the battery connections and a new fuse and fuse 

housing were installed. The fire system now tested but resulted in a 

yellow FAULT light. 

Figure 82 FIRE TEST IN ENGINE AREA 

Figure 83 DISCHARGE OF DRY-CHEMICAL SUPPRESSANT 

Another test indicated than no voltage was reaching the cartridge -puncture 

solenoid valve and a power wire was found disconnected from the terminal 

strip TS2-8 lead for the solenoid valve. Once reconnected, the yellow FAULT 

light disappeared and only the green POWER light remained after the 3-second 

te st, indicating the fire system was functional. After the left forward 

thermal-point sensor was replaced for the third time, the fire torch was 

ignited and the test proceeded as before. 
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The fire tests were successful in the following respects: 

• Sensors responded to the heat stimulus. 

• The logic and control system translated the fire signal. 

• An audible/visual alarm occurred. 

• The cartridge -puncture valve actuated release of a pressurized car­

tridge to discharge dry-chemical fire suppression agent. 

Mine personnel expressed interest in continuing to monitor and test the auto­

matic fire protection systems. Mine personnel, operators, and electricians 

have become familiar with each of the systen~s during the ll-month test 

period and could offer the Bureau and the mine industry additional informa­

tion about the fire protection systems over a longer period. 

3.8.4.2 Jim Bridger Mine Fire Test Demonstrations 

The following persons attended all or part of the fire test demonstration at 

the Jim Bridger Coal Mine: 

Jerry Ross, Mine Superintendent 

Larry Largent, Mine Safety 

Ken Bickel, Bureau of Mines Technical Project Officer 

Larry Schmeltzer, Bureau of Mines 

Ralph Stevens, FMC 

Larry Hall, Becker Fire Equipment Company. 

Figure 84 shows several highlights selected from the surface te sts. Three of 

the four automatic fire protection systems installed were tested Tuesday, 

15 November 1977. The fourth vehicle was unavailable for fire demonstra­

tion because of extensive repairs in the bucket linkage and structure. 

Except for the strong, gusty, cold winds and blinding dust which were major 

deterrents while conducting the outdoor tests, all demonstrations were 

performed without incident. As with the Diamond Crystal tests, a diesel­

soaked cloth on the end of a 3 -foot-long stick was the fire stimulus to actuate 

the sensor systems on the coal hauler and ash hauler, Commercial smoke 

candles were used to stimulate the photoelectric smoke detectors on the 

dragline. 
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Vehicle/equipment Type of nre protection Repair/maintenance Environmental conditions Test remarks 
and model system prior to test 

AlltomaUc Automatic Automatic Other 
sensillg ~elay prior discharge 
(au~ible to ~lscharge 
visual) 

Truck System I None 30-50 MPIvI wind Ves No Ves Stron9 cold wind result-

Wabco, 100 ton {except cleaned 9l1Sts, blinding dust, (optical flame (instant dis- ed in 30-45 second 
40-S00F, low RH, test delay lor thennal alarm. coal hauler optica I flame detectors) 
conducted outside in 

detector II saw" charge upon 
Good i'lgel1~ dispersion, 

p:Hk area, fire was flame) them,al yellow FAULT light 
diesel r>9 on stick 

alann) 
remained indicating dis-
charged system. 

Truck SystEm III Prior inadvertant (same as above) Ves Ves Ves Same as above, except 

Wabco ash hauler (modified) bypasses manual discharge (10-13 sec) alann delayed longer 
required system to be ('" 45-60 sec) master switch refilled and reset 

I 

Dragline System IV None High ventilation, minor Ves N/A No One or two smoke 

Marioll 8200 dust, 50-600 F, low (Not connect- sensors responded; 
RH, test conducted In-

ed to CO2 
other (mounted flat) 

inside motor roomi smoke filled with dust and 
candles provided sy~tem) 

inoperative 
stimulus 

Front-end loader System 1/ Refilled and recharged N/A N/A N/A N/A N/A 

Cat 992 one cylinder after 
(modified) bypasses IIpartial discharge" 

VEHICLE NOT AVAI,LA8LE FOR TrT NOVEM8Y 15-16, 19r mastei switch and uses 
point sensors 

Figure 84 IN-MINE DEMONSTRATION SUMMARY, JIM BRIDGER MINE 

Additional details regarding specific vehicle tests follow. 

3.8.4.2. 1 Wabco Ash Hauler (Figures 85 and 86) 

Figure 85 FIRE DEMONSTRATION 
ON ASH HAULER 
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The ash hauler vehicle was 

previously reported as having 

a yellow FAULT light appearing 

on the control panel which was 

confirITled during inspection. 

The lead seal on the ITlanual 

pushbutton of the control panel 

was ITlissing and the wire was 

broken. Also, the 3 -aITlpere 

circuit breaker was open, 

indicating the fire control 

systeITl was actuated electrically, 

presUITlably by accidental ITlanual 

discharge because of the broken 

seal wire. The cartridge -puncture 



pin of the solenoid valve was down, the pressurized cartridge was 

punctured, and the Ansul fire extinguishing system had been discharged. 

Figure 86 DRY-POWDER CHEMICAL, CLOUD AFTER DISCHARGE 

After refilling the Ansul fire suppresion system and a succes sful dry run of 

the diesel-covered flaming torch actuating the thermal sensing system, the 

fire demonstration was performed despite extremely high winds and token 

heat source application of the flaming torch. 

After what appeared to be an unusually long time of torch application 

(approximately 60 seconds), the sensor responded. After the l3-second 

delay, the extinguishing system was automatically discharged. The dry 

chemical covered the affected areas well, in spite of the strong crosswinds. 

3.8.4.2.2 Wabco Coal Hauler (Figures 87, 88, and 89) 

The fire control system on the coal hauler truck was found ON and the system 

tested properly, indicated by a green POWER light after the 3-second test. 

The driver expressed no complaints of erroneous operation. After a brief 

instruction to position the vehicle and clean mud from sensors and nozzles, a 

mechanic held the flaming, diesel-covered cloth torch to the thermal wire. 

The optical flame sensor re sponded immediately to the visible flame s; and 
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after the heat sensor responded (approximately 30 seconds), the automatic 

discharge occurred without a l3-second delay. The system design provides 

for instant discharge, if both flame and heat are observed simultaneously. 

The powder chemical covered the engine, transmission, oil tank, and fuel 

tank very well despite the strong winds. 

Figure 87 FIRE TORCH IN ENGINE AREA OF COAL HAULER 

Figure 88 AUTOMATIC DISCHARGE OF FIRE PROTECTION SYSTEM 
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Figure 89 DRY-POWDER CHEMICAL CLOUD DISPERSING AFTER DISCHARGE 

3.8.4.2.3 Marion 8200 Dragline (Figures 90 and 91) 

Figure 90 SMOKE TEST AT 
TRANSFORMER AREA 
OF DRAGLINE 

Figure 91 SMOKE TESTS AT OIL 
STORAGE AREA OF 
DRAGLINE 
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The fire control panel in the cab of the dragline tested properly, indicating 

both smoke sensors were connected and powered (note that the test function 

does not actually test the LED light source or photocell). The exterior LED 

on each smoke sensor could not be observed as being illuminated, and the 

te st switch on the smoke sensor over the transformer area did not actuate 

the alarm. Five smoke candles were used to test the two smoke sensors: 

• Two candles in a pan 10 feet away provided no alarm at the transformer 

sensor, probably because of high ventilation and subsequent dilution. 

• One candle in a cup 6 to 8 inches from the sensors produced an alarm 

at the transformer sensor. 

• Two candles in individual cups at a distance of 4 inches produced no 

alarm from the oil storage sensor. 

The smoke sensor over the oil storage area was considered inoperative after 

large volumes of dense smoke failed to alarm the system, indicating this unit 

(Model 30-40RC) should be replaced with the same sensor as mounted 

vertically at the transformer (Model 30- 52TC). 

As with the outdoor tests, ventilation air in the pressurized interior fire zone 

was considerable and the smoke did not accumulate for any appreciable 

duration. 

3. 8.4.2.4 Front-End Loader 

The loader fire control system was reported to have had a partial discharge 

the previous month. When tested, the yellow FAULT light remained after 

the normal 3-second test. Both cylinder gages were inspected; the right 

cylinder read zero and the left cylinder read 500 psi as required. 

After recharging and reconnecting (electrically) the valve and pressure gage 

connectors, the control panel reverted to a green POWER light indicating the 

fire system was ready for test. Cause for only one cylinder discharging may 

have been a broken manual operator lever discovered during valve rebuild. 

The fire tests on the coal hauler and ash hauler were considered successful, 

although the lower temperature and strong crosswinds characteristic of the 

strip-mining operations prevented the relatively small fire stimulus from 
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providing sufficient heat to quickly activate the heat sensor. By contrast, 

the optical sensors on the coal hauler (Fire Protection System I) detected 

the flames immediately and caused an instant alarm. Approximately 30 

seconds later, the system performed an automatic di~charge. System III 

(without optics or ambient temperature compensation) on the ash hauler 

required almost twice as long to detect the fire stimulus of the torch and 

automatically activate the l3-second delay feature before discharge. These 

results indicate that in actual production, in cold, windy conditions, a much 

larger fire is required before heat sensors alone will respond. Integration 

of ambient temperature compensation (to lower the alarm set point of the 

thermal sensor) and use of optical flame sensors will improve the fire 

control system response time and allow the dry chemical to be discharged 

onto a smaller and more controllable fire. 

Once the fire stimulus was detected, the following events occurred: 

• Audible /visible alarms were initiated on the control panel in the 

operator's cab. 

• Electrical signals were automatically provided to either of the two 

solenoid valves on pressurized dry-chemical containers of the coal 

hauler or to the cartridge-puncture solenoid valve of the ash hauler. 

• Effective coverage of dry-chemical extinghishing agent resulted over 

the affected areas. 

Smoke detectors on the dragline performed with only 50 percent effectiveness 

because one of the two detectors did not respond to the smoke stimulus. 

3.9 SUBJECT INVENTIONS 

This contract provided for modification of an automatic fire warning and 

suppression system first developed under U. S. Bureau of Mines Contracts 

HO 122053 and HO 232059. Continuous monitor circuits, ambient temperature 

compensating fire sensors, and fail-safe logic circuits are part of U. S. 

Patent 3,993,138 issued from the previous work. No subject inventions 

resulted from USBM Contract H0262052. 
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Appendix A 

PROGRAM PLAN AND SCHEDULE 

I. PURPOSE 

Development .and long-term in-mine testing of several auto­

matic fire protection systems are required to verify the 

system design, component reliability and performance 

characteristics in various mining environments. 

Prototype hardware of an improved fire protection system 

was briefly tested under USBM Contracts H0122053 and 

H0232059, July 1972 - April 1974. Since that time, indus­

try has suggested that an added long-term in-mine evalua­

tion be made and simplified systems be made available 

that are applicable to the majority of mining equipment. 

II. FIRE PROTECTION SYSTEM DESCRIPTIONS 

FMC will design, fabricate, and test the following types 

of systems: 

• FMC/USBM SYSTEM I 

Existing FMC/USBM system that includes 

thermal and optical detectors, stored 
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pressure dry powder filled cylinders, logic 

control, and ambient temperature compensa­

tion. 

• FMC/USBM SYSTEM II (Without Optics) 

Existing FMC/USBM system without the optical 

sensors and ambient temperature compensation, 

• AUTOMATED MANUAL SYSTEM III 

Existing FMC/USBM system without optical 

sensors or ambient temperature compensation 

but with new valve concept to adapt to 

existing manual suppression systems. 

• ALARM-ONLY SYSTEM IV 

An alarm-only system that includes one or 

a combination of sensors that provide 

visual and audible alarm without discharg­

ing a fire extinguishing agent. 

• AUTOMATED MANUAL SELF-CONTAINED SYSTEM V 

A self-contained, battery-operated automatic 

fire detection system with cost-effective 

point-source sensors and new valve concept 

to adapt to existing manual suppression system. 
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Although dry powder chemical is identified as the extin­

guishing agent in Systems I and II described above, any 

of the FMC stored pressure systems can use Halon 1301, 

C02' or other gaseous agents. Engine rooms of drills, 

shovels, or draglines are examples of areas to use gas­

eous extinguishing agents. 

FMC will also refine previous design efforts to allow 

rapid vacuum filling of dry powder cylinders. 

III. SYSTEM QUANTITIES AND MINE SITES 

Three mines have expressed interest in test and evaluation 

of automatic fire protection systems. Other mines will 

be contacted for cooperative participation if workable 

agreements do not materialize with the existing three mines 

contacted. The proposed systems as they relate to the 

tentatively selected mine equipment at various mine sites 

are shown in Table 1. 

IV. DESIGN AND TEST SCHEDULE 

A total of 12 systems (including spares) will be designed, 

fabricated, bench-tested, installed on mine equipment, 

and long-term tested in operating mines. The 20-month 

program is divided into two phases; a Phase I report con­

cludes and summarizes the first 6-month Design, Fabrication, 

and Bench-testing. The 12-month Installation and In-Mine 
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Validation Test phase concludes with a discharge demonstra­

tion. A draft final report is to be submitted within 30 

days after completing the discharge demonstrations. An 

additional 30 days is allowed for USBM approval and FMC 

publication of the final report. Figure 1 summarizes the 

proposed schedule. 

At the option of the participating mine company and USBM, 

FMC recommends that the system be allowed to remain on 

the mine equipment indefinitely for continued use, eval­

uation, and monitoring by USBM or MESA. 

FMC will visit each of the three mines early in the pro­

gram to select exact mine equipment; identify mounting 

locations and dimensions; monitor temperature, vibration, 

and shock conditions; and confirm all test and monitoring 

contractural arrangements. 

Visits will follow FMC bench tests, at which time the 

systems will be installed on selected equipment. 

Two "repair and rebuild" visits are scheduled to each 

location during the 12-month monitoring period, with 

another visit scheduled at the conclusion of the program 

to demonstrate the discharge capabilities of each system. 

Simulated fire conditions are scheduled to activate the 

automatic alarm and discharge circuit of the systems. 

Color slides and black and white photographs will document 

both phases of the program and the final demonstration 

discharge. 
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Reproduced from 
best available copy. 

TASK 

PHASE I 

DESIGN, FA8RICATE, AND 
BENCH TEST 

• Program Plan 

• Visit Mine Sites (t,leasure 
equipment, thermal check, 
shock, contractual data.) 

• Purchase Long-Lead Items 

• Design System I 
(Cost reduce all items, seleet 
alter.nate components, test 
ASCO valve, prepare drawin'ls, 
make modular circuit.) 

• Design Systcm II 
<Remove optics frol!! above 
circuit, make chart of thermal 
wire length versus temperature 
versus resistor value of cir-
cuit to adapt var;ous-Iength 
thermal wire clements.l 

• Design' System III 
<Develop solenoid discharge 
for manual FPS, ""rchase 
Kidde and ANS UL manual 
systellis for kst.) 

• Design System IV 
Design interface packages for 
Becan Mark II, Dynamatian 
Co., PYl'Otector a,ld Edison 
Optics, AAE CO2' 
Interfaces will contain audible, 
visual, and power package.> 

• Design System V 
(Select point sensors, wire 
cables; put circuit ill 
brick fonn; include remote horn 
and light.l 

Purchase Items 

Fabricate Items 

Elench Test 

Install in Mines (trip) 

Monitor Trips 

Demonstration Test 

Final Report 
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Appendix B 

REBUILD INSTRUCTIONS FOR STORED-PRESSURE 
EXTINGUISHING SYSTEMS I AND II 

I. VALVE REBUILD 

ASCO Valve GS-HP-X8223-B5 

24/DC TPL-9735 or GS-HP­

X8223B5-MO 24/DC TPL-9735 

(see also vendor-supplied data 

sheet, ASCO Bulletin 8223, Form 

V-5580, dated 1972, FMC Drawing 

5110262, and Figure 1. 

1. 1 Valve Disassembly 

Starting situation assumed to be 

following system discharge or 

leak-down when valve is assem­

bled on pressure cylinder. 

Certain steps are necessary for 

safe removal of the valve from 

the cylinder. Secure cylinder in 

case of accidental discharge of 

pressure and extinguishing agent. 

Wear safety glasses at all times 

and perform rebuild in ventilated 

area. Prior to removal of valve 

from cylinder, make absolutely 

certain that no pressure exists in 

cylinder by opening the main seat 

of valve identified as PISTON AS­

SEMBLY. This can be done safely 

by operating manual operator(MO) 

by turning lever 180 degrees 
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DISC Nut! :: . ,1 .. /)::>-.. 
DISC RETAINEf' ~y' i / /'(C1'i ~ 

DISC Iw., ,':"') 
PISTDN:!Y;J' f./ -" .. ~ 

PISTON U -cu \::, l ·t:/.... 
ISEE NOTE 2.1 

BACK UP RIN 
NOTES: 
1. IT IS NOT NECESSARY TO REMOVE 

VALVE SEAT FOR NCP:.1AL MAINTENANCE. 
2. Of'ION END OR MOUTH 0, U - CUP MUSi 

FACE INWARD TOWAPD SEAT. 

SOLENOID VALVE 
AUTOMA TIC SWITCH COMPANY CASCO) 
GS-H?-X82238S 24/DC TPL-9735 

Figure 1 ASCO VALVE ASSEMBLY 



clockwise (MO valve only), applying 24-volt DC power to solenoid, or 

physically pushing the main seal (PISTON ASSEMBLY) off its seat by in­

serting a tool from the exhaust port. CAUTION Extinguishing agent may 

discharge; secure cylinder in open, ventilated area and point outlet away. 

If pressure exists, extinguishing agent left in the cylinder will be expelled 

rapidly. Do not rely on gages to determine that all pressure has been 

expelled from the cylinder. (Only trained personnel, knowledgeable of the 

effects of stored pneumatic pressure and extinguishing agents, should atfempt 

re build of the valve s). If time permits, another method which allows agent 

to remain in cylinder and keeps the valve from becoming contaminated is 

to loosen the 3/4 NPT threads from the siphon tube and cylinder. 

1. 2 Siphon Tube Removal 

Using a 16-inch crescent wrench or equivalent, remove siphon tube (with 

straight-thread O-ring seal) and valve assembly as a single unit from the 

cylinder. DO NOT separate the valve body from the siphon tube or the 

mating threads (3/4 NPT) will be difficult to reseal. 

1. 3 Disassembly and Component Replacement 

Secure valve and siphon tube in vise and completely disassemble the valve 

and replace all gaskets, O-rings, and seals. Refer to Figure lor vendor­

supplied data sheet, ASCO Bulletin 8223, for enlarged view of parts. 

1. 4 Cleaning 

Thoroughly clean all powder from val ve body, val ve parts, and siphon tube. 

A light dusting is insufficient. Use bristle brushes (tooth brushes) to remove 

powder from threads, corners, crevices, etc. Use probes (wire or ice pick) 

to clean ports or other hard-to-reach areas. Use evaporative spray solvent, 

clean cloth, and compressed air to remove all powder from seals and seats. 

1.5 Reassembly 

Reassemble valve parts into valve, making certain seats and springs are 

positioned properly. Tighten all nuts or screws securely. 

1. 6 Protection 

Plug inlet and exhaust ports with protective 3/4-inch plastic plugs and tape 
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manual operator lever (if equipped) in closed position at 9:00 o'clock (viewed 

with solenoid above and vertical to valve body and siphon tube) to prevent 

accidental opening. 

II. EXTINGUISHING AGENT (DRY CHEMICAL) MANUAL FILL METHOD 

2.1 Valve and Siphon Tube Removal 

Valve and siphon tube assembly must be removed from cylinder. 

2. 2 Weighing 

Either (a) separate 25 pounds of dry chemical fire -extinguishing agent (any 

type) or (b) place cylinder on scale, record empty weight, and add 25-pound 

weight to determine when sufficient quantity of chemical has entered cylinder. 

2.3 Filling 

Insert funnel into cylinder neck and pour 25 pounds of powder into funnel, 

using a standard flour scoop and a screwdriver or rod to vibrate and loosen 

powder through funnel. 

2.4 Sealing 

When cylinder is filled with 25 pounds of dry powder cheITlical, seal neck 

tightly from humid environments with 1-1/16-12 UNC O-ring plug. 

III. POWDER (DRY CHEMICAL) EXTINGUISHING AGENT, 

VACUUM FILL METHOD 

3. 1 Valve and Siphon Tube Assembly 

Valve and siphon tube assembly must be removed from cylinder. 

3.2 Weighing 

Either (a) separate 25 pounds of dry cheITlical fire -extinguishing agent 

(any type) or (b) place cylinder on scale, record empty weight, and add 

25 -pound weight to determine when sufficient quantity of cheITlical has 

entered cylinder. 
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3.3 Filling 

Insert bulk filler adapter (with vacuum line attached) over neck of cylinder. 

Place funnel into adapter and make certain a tight seal is maintained between 

adapters, cylinder, and funnel. Attach vacuum line to standard household 

vacuum. Turn on vacuum and scoop powder into funnel to fill cylinder with 

25 pounds of powder. Shaking, tapping, or probing powder during vacuum 

filling will facilitate flow of agent into cylinder. (Electric vibrator attached 

to supply funnel will aid powder flow. ) 

3.4 Sealing 

When cylinder is filled with 25 pounds of dry powder chemical, seal neck 

tightly from humid environments with 1-1/16-12 UNC O-ring plug. 

IV. INSTALLATION OF SIPHON TUBE ONTO CYLINDER 

(Valve mayor may not be preas sembled in siphon tube) 

4.1 General 

Assembly of the pressure switch and pressure gage on the siphon tube may 

or may not be performed prior to assembly of the siphon tubp. to the cylinder. 

Caution should be exercised using tools during assembly or damage could 

occur to the switch and/or the gage. 

4.2 Preparation 

Remove protection cap(s), plug(s), or tape if installed on cylinder or siphon 

tube. Apply cup grease to siphon tube a-ring. With hand over cylinder 

threads, invert cylinder and tap to loosen powder chemical. Turn cylinder 

upright again and clean powder from neck seat. 

4. 3 Alignment 

With cylinder in VERTICAL position, insert the siphon tube (with clean and 

greased a-ring attached) into the center of the 1-1/16-12 UNC cylinder neck. 

Align with center as accurately as possible. 

4.4 Filling 

Resistance may be noticed as the tube enters into the powder. While 

straddling the cylinder, and with a gloved hand, apply body weight downward 
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onto 3/4 NPT threads of siphon tube (or onto solenoid valve if preassembled). 

Clockwise rotation of the hex portion of the siphon tube will facilitate powder 

penetration and start of threads. 

4. 5 Torquing 

When the 1-1/16 -12 UNC straight threads of siphon tube reach the cylinder 

neck threads and while still applying pressure, use 14- to 16 -inch cresent 

wrench on siphon tube in clockwise direction to start threads. Torque to 

bottom out siphon tube onto cylinder. A strap wrench around the cylinder 

will aid in keeping it from rotating during final torque. 

4.6 Sealing 

Seal siphon tube tightly from humid environments with a 3/4 NPT cap. 

Also plug small NPT holes in siphon tube if the pressure gage and switch 

are not installed. If pressure gage, switch, and valve are already asembled 

to siphon tube, only the exhaust port need be secured. Keep cylinder ver­

tical; do not place in horizontal position or in any other position that would 

cause powder to flow upward into the valve. 

v. NITROGEN PRESSURIZING 

5.1 Pressure 

The valve and cylinder containing 25 pounds of dry chemical powder must be 

filled with 500 psig dry nitrogen (at 70 0 F). Filling pressures may vary 

according to Table 1 depending on ambient tempe rature. 

Temperature eF) -50 -30 -10 10 30 50 70 90 110 

Pressure (psi) 380 400 420 440 460 480 500 520 540 

Table 1 FILLING PRESSURE 
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5.2 Preparation 

Make certain the nitrogen supply tank and cylinder to be filled are secured 

in vertical position and will not tip over. Supply tank should have 1000 psi 

full-scale gage on supply line side. Purge air hose to remove any dust in 

line. 

5. 3 Thread Plug Removal 

Remove protective thread plug from exhaust port of solenoid valve and 

insert Schrader fill valve (Number 798) and adapter (see Drawing 5110262). 

5.4 Connections 

Attach supply hose (with Schrader fill valve connector Number 2755) to 

Schrader fill valve stem. Make certain all line connections are secure. 

5.5 Valves 

Open nitrogen supply valve (NOT REGULATOR VALVE). Supply pressure 

gage of new suppy cylinder will read approximately 3, 000 psi. Air hose gage 

should still show zero. Open Schrader fill valve by turning hex nut counter­

clockwise (stem will become shorter). 

5.6 Pressurizing 

Turn pressure regulator valve stem slowly clockwise (inward) until supply 

line gage reads approximately 500 psi. Air hose will stiffen and noticeable 

sound and gage movement on cylinder valve gage will indicate powder -filled 

cylinder is being pressurized. 

5. 7 Pressure Balance 

When gage on powder-filled cylinder reads 500 psi (or pressure-temperature 

relationship according to chart), close Schrader fill valve securely and tap 

solenoid valve body to seat main valve to secure internal pilot and main 

valves following pressure balance. Close main valve on nitrogen supply 

cylinder. 

5.8 Pressure Bleed 

Disconnect Schrader fill valve connector (Number 2755) from Schrader fill 

valve stem (Number 798). Residual pressure from supply line should leak 

out quickly~ 
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5.9 Expelling Excess Pressure 

The next step is very iITlportant because, if perforITled poorly, powder will 

enter the solenoid valve cavities and ITlain seat resulting in pressure leaks. 

Pressure between the ITlain seat of the solenoid valve and the Schrader fill 

valve (NUITlber 798) ITlust be expelled rapidly so that no powder is pulled up 

the siphon tube. Place deep socket or vise grips over Schrader fill valve 

and engage the steITl hex nut being careful not to engage the hex on the bottoITl 

of valve also. Quickly open Schrader fill valve by turning ratchet vice grips 

or other speed wrench counterclockwise in a 720-degree continuous ITlotion. 

The sITlall voluITle of nitrogen pressure between the solenoid valve ITlain seat 

and the Schrader fill valve will be expelled and, due to the now existing 

internal pressure differential in the solenoid pilot valve, the ITlain valve 

seat will close. ReITlove the Schrader full valve and adapter. 

5. IO Safety Precautions 

Insert 3/4 NPT plug into solenoid valve outlet as safety precaution in case 

of accidental discharge while handling. Apply soap solution over all valve 

connections and around all threads to check for leaks. Loosen safety plug 

and fill exhaust cavity of solenoid valve with water to check for leaks. When 

no leaks occur, blow ITloisture froITl solenoid valve, replace safety plug, and 

ITlark fill date on tag. Connect tag to neck of cylinder. 
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Appendix C 

CARTRIDGE-PUNCTURE VALVE 
TEST RESULTS 

C' No: 58B- 120-0eO 

Date: 8-18-76 

Rcq 13}': R. ~lu1der 

Phone: 3777 

Dlv/PIt: [SD 

Specific:Jlion: 

Part Name: Ansul N5L Cilrtri dgc 

He<l! No: 

Size: 

Mfgr: 

MI\Tr:nrfl.lS 
lAoon/\ 1 (lilY 
lEST r1lI'OIlT 

PatiNo: 

Lot Sizc: 

P.O. No: , 
Rce. N::: 

No. Tes! Pes: 

obtain pressure to burst diaphragms on vEssel versus stroke diaphragm 
and also gas pressure at end of test. Call Hudy r·lu'lder before testing. 

InformC'ltion Desired: 

L(lb No: 

76413~5 

o Conformance of M.Jt,nial to Speciiication o Process Analysis, Bath/Panel Conformance 
o Conformance of Certification to Specification o Other-Explain 

Rf'!slllts: 9-10-76 

OBJECT: 

Determine the force and displacement required to rupture a diaplll'agm on gi:.S filled 
cartridges. 

TEST PROCEDURES: 

The cartridges were tested by mounting them to a pressure gage and placing this 
1 · 1 1E: asscmb y In u oad frame. A force was then applied to the diaphragm until rupture 

occurred. Figure 1 shOl'/s the test configurution. 

TEST RESULTS: 

Test results arc given in Tuble 1 LInd force versus displ(lccment plots are given in 
Figure 2. 

*Application rate O.P/min. 
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Conlinll<ltion Shvcl 

TABLE I TES1 RESULTS 

illU. GAS CflfnB1DGE_ Rt,TING (lbs. '-

1 Nitrogen 900 

2 Nitrogen 900 

3 CO2 1,BOO 

*Readings taken at conclus'ion of each test. 

**Readings taken after pl'essure was relcClscd. 

tit--
Rick Br01tn 

rb 

137 

MATEr.ll'lt !> 
tAllOw,lonV 
TEST IlEI'OflT 

1·IAXH1U~ FORCE 

61.4 

63.0 

87 

L"h r~o: 

764855 

Page 2 of 2 

(lbs. ) PRESSURE-I;~ 

200 ** 

1,220 

850 



~ Press"", 

1'·----·· ------, Pressure Gauge 

Load frame 

Vendor Cont ro 1 
I/cad 

Gas Filled Cartridge 

Note: All three bottles were tested in the same manner. 

Figure 1 DIAPHRAGM RUPTURE TEST SETUP 
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'ntNorricc 

To R. Stevcml 

,,~ J. Mantel 

Enajile,~rcd Sy~.t()rns Division 
S~nta Clara 

Dato October 29, 1976 

co M. Cosgrove 

6ubJecl Z!!OP TEST OF ANSUL PRESSURIZED 
CAR'fRI DeE mTH DI1'1rIlRl\GN TU.JPT(JRING 
MECHlINISH TEST DATE: OC'f 20, 1976 

Object: To detel~ine if certain energy levels would 
rupture the diaphragm sufficiently for gas 
release. 

Test set-up: Attached sketch SKl02076J~~ (Photos 
also available in file) 

'1 TEST 

Ansul Cartridge (~4 or ~ 5) '<Ii th General manufacturing 
seals - 10.oz's (wgtl C02 gas 

Total wcig"ht of cartridge and plunger mechanism = 1.283 lb 

DROP DISTANCE 

~ 

.779' 
1.559' 

'2 TEST 

Inches 

9.35" 
18.7 

KE-lb. ft. 

l.0 
2.0 

Remarks 

Cylinder diaphragm cleanly 
ruptured - both drops 

Ansul Cartridge (N5L) - 21.75 oz's (wgt) N2 gas 

DROP DISTANCE 

~ 
.667 

Inches 

8 

KE-lb. ft. 

1.35 

Remarks 

Full circle penetration 
occurred but, exiting g.s 
sound led the writer to 
sunpcct limited dept!; pen­
etration only. 

As a result of these tests, and including a reasonable factor of 
safety, the design goal for the plunger spring mechanism should be 
approximately 1.75-2.25 lb.-ft. 

~~ 
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ANS UL CARTRIDGE 
WITH SEAL RUPTURE 
PLUNGER F 

CARTRIDGE 
GUIDE AND 
PROTECTIVE 
PIPE 

DROP 
DISTANCE 

SK102076JRM 

TEST SETUP TO DETERMINE 
ENERGY TO RUPTURE CARTRIDGE SEAL 
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Appendix E 

VENDOR INFORMATION, SENSORS 

The Sentinel® 
SMOKE DETECTOR 

3040RC ·3041RC SERIES 

INSTALLATION INSTRUCTIONS 
103- 40 

GENERAL 

The Sentinel 3040RC Series Smoke Detectors 
Models 3040RC and 3041RC, are rate compe~­
sated fixed sensitivity devices designed for 
connection to any manufacturers listed compat­
ible control unit. The 3040RC models are also 
equipped with a 1350 F heat detector. All 
models are also suitable for releasing device 
service. 

The detector will respond when smoke in the 
chamber reaches the fixed sensitivity setting 
typically 1.5% per foot, or when smoke in- ' 
crease within the chamber exceeds a predeter­
mined rate - between 0.05% to O. 1% per foot 
per minute. 

The detection chamber of the Sentinel is a laby­
rinth assembly which permits free access of 
smoke. A light beam from an LED (light emit­
ting diode) with a 40 year rated life is project­
ed across the chamber into a light catcher. 

A recessed photosensing device with associated 
optics is located perpendicular to the light beam 
and it sees no light in the "no smoke" condition. 
Smoke particles entering the chamber cause 
light from the light beam to scatter on to the 
photos en Sing device, decreasing its resistance 
and providing voltage for amplification to the ' 
"alarm signal" level. 
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SYSTEM CONNECTION 

NOTE 
DETECTOR OPERATING VOLTAGE RANGE 
MUST MATCH POWER SUPPLY OUTPUT 
VOLTAGE. 

Each detector contains one set of Form A 
(SPST) alarm contacts for connection to the 
alarm initiating circuit, and two sets of Form C 
(DPDT) alarm contacts for annunciation, door 
holder /release service, fan shut down elevator 
by-pass, etc. 

The detector locks in on alarm and has a lock 
in alarm/trouble light (LED) on the outer sur­
face of the housing which illuminates in the 
event of alarm or trouble signal. Detector re­
set is achieved by momentarily interrupting 
power to the detector. Supervision of power 
is necessary and is accomplished by installing 
an End of Line Relay Assembly 2040 or its 
equivalent. The E.O. L. Relay Assembly con­
tacts are closed when energized and are wired 
in series with the alarm loop. Power failure 
or a break in the power loop deenergizes the 
E. O. L. Assembly causing the relay contacts 
to open. This results in a trouble signal at the 
control panel. 

5004-30A 



LOCATION 

The 3040RC Series should be mounted on the ceiling 
not less than 6 inches from a side wall. Exact detec­
tor location shall be determined by an evaluation 
based on engineering judgement supplemented if poss­
ible, by field tests. For additional information on 
detector location and spacing, coni:.:1.ct the National 
Fire Protection AssoCiation, 470 Atlantic Avenue, 
Boston, Mass., 02210, and request a copy of NFPA 
No. 72E, the Standard on Automatic Fire Detectors. 

INSTALLATION 

The detector is provided with a separate steel mount­
ing plate whier, attaches to standard 4 inch square or 
octagonal electrical boxes, with box size as required 
by the National Electrical Code for the number and 
size of conductors used. A prewired plug-in conn­
ector attached to and protruding through the mounting 
plate affords easy connection to system wiring. 

To mount: 

- Connect pigtails from mounting plate connector 
to system wiring observing the color code shown 
in Figure 4. 

- Loosen, but do not remove the electrical box 
screws. 

- Attach the mounting plate to the electrical box 
by engaging the appropriate keyslots in the 
mounting screws. Turn the plate clockwise to 
achieve the desired detector orientation and 
tighten the mounting screws. 

- Attach the detector to the mounting plate by 
inserting the guide pins into the holes on the 
mounting plate. Press the detector so that the 
snap lock feature fastens the detector to the 
mounting plate. 

To Remove: 

- Insert a screwdriver 1/2 inch into the slot 011 

the side of the detector housing and turn or 
pry down. This will disengage the snap lock and 
the male and female ends of the connector. Re­
moval instructions are indicated 011 the face of 
the detector. 

TESTING 

The 3040RC Series has a built in test feature so each 
unit can be functionally tested without generating 
smoke. Applying a magnet to the area of the alarm/ 
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ELECTRICAL BOX 

INSTALLATION DIAGRAM 

AC (BLK. HI (8.9) l DC fRED + (8.91 
LWHT. NEUT. (4. slj ~LK - (4.SlJ 

C 

9 

1 VIOLET 

6 VIOLET } 
ALARM 
CONTACTS 

7 BLUE--+--<l l<d--t---.: }~~::'~~AC 
3 ORANGE 

10 YElLOW ACCESSORY 
ALARM 

12 f;HTIBLU ---::L CONTACTS 

2 WHTIORG kr--+--<l, 

" WHTIYEL ",-+----'1 

WIRING DIAGRAM 



DETECTOR CAP REMOVAL 

= 
ELECTRICAL SPECIFICATIONS 

Model 3Q40RG-6 304ORC·12 3040RC·24 3040RC·120 
3Q.11P.C-6 3041RC·12 30~1 RC-24 3041RC·120 

Voltage &-9VDC 12·16VDC 22·27VDC 120VAC 

Typical 
Current 
@25'C .OO5A .000A .000A .035A 

Start Up 
Current 
(Approx. 
2min.) .025A .025A .025A .035A 

Current. 
Alarm .OSSA .000A .035A .035A 

Current, 
EOL Relay 
Assembly 06CA .03SA .025A .010A 

Contact Rating: 
All smoke detectors: 2A, 30VDC. a.SA; 125VAC 
EOL assembly: 1'\, 30VOC, a.SA; 125VAC 

Dimensions: 
All smoke detectors: 6" dia. x 2J;~N deep 
EOl assembly: ~,~" x 1]/." x 1 1,4'" 

MODELS AVAILABLE 

Part No. 

3040RC 

3041RC 

~O 

11-1186 

20-3391 

Ococ:rlptlon 
Smokl3 detector with 
135'F neat delector 
Smoke deiector without 
heal detector 
Er.d -of-line 
Relay As.;ttmbly 

Separate basoplate 
for en 3C4CRC detectors 
JUlIPcr plug for use with 
pr& w;r~d bascp:a18 to vent,. 
s~':l!em wiring 

Voltage 

Specify 6. 12. 24VDC 
or 120VAC 

Specify 6. 12, 24VDC 
or 120V,\C 

Specify 6, 12. 24VDC 
or 120VAC 

All 

All 

trouble light will operate a reed switch which illum­
inates a test LED within the unit's optical enclosure. 
Illumination of the test LED reflects light onto the 
smoke cell duplicating the condition which occurs 
when smoke enters the detection chamber. 

MAINTENANCE 

While no regularly scheduled maintenance is necess­
ary, periodic cleaning of the detection chamber may 
be required when detectors are located in abnormally 
dirty or dusty environments. 

CAUTION 

DISCONNECT POWER TO THE 
UNIT BEFORE CLEANING. 

The plastic cap on the external end of the detection 
chamber snaps out and may be rtmoved with a suction 
cup allowing full access to all parts of the detection 
chamber. A low pressure air line may be used to 
blowout the detection chamber. 

NOTE 

The smoke detection photocell normally sits in dark­
ness. When the chamber cap is removed for clean­
ing, the photocell is e:ll.-posed to light. Photocells 
undergo a temporary shift in characteristic when 
exposed to high light levels. Because photocells 
have a "memory", the detector should be allowed to 
recover for about 30 minutes after cap replacement 
before the unit is repowered. 

In the event a detector needs to be temporarily re­
moved from the system, normal system operation 
may be continued by using jumper plug 20-3391 to 
complete the power loop dnd maintain the normally 
closed accessory alarm contacts at the particular 
detector location. 

SPECIAL CONSIDERATIONS 

- The 3040RC Series light source is an LED with 
a rated 40 year life. Detectors should be re­
turned to supplier if service is required. 

- Start up current consumption of each detector 
should be considered when planning power 
supply requirements. 

- Do not install detectors in areas where ambient 
temperatures will exceed 100 OF. 
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PVRolECloR 
INCORPORATED 
333 LINCOLN ST, HINGHAM, MASS. 02043 

TEL 6177493466 

SMOKE DETECTORS 
SMOKE/HEAT DETECTORS 

30-52 SERIES 
TWX 710 348 0163 

NE"V LED 

Srv10~{E DETECTOR 

by Py~oUEclfoR 

U.L. LISTED - UL 168 
FIRE TESTS IN ACCORDANCE 

WITH UL 167 

COMPLIES WITH LATEST 
BUILDING CODES & STANDARDS 

5 YEAR WARRANTY 

GENERAL 
Pyrotector's new Photoelectric Smoke Sentinel Smoke 
Detectors are highly sensitive, self-contained devices de­
signed to operate from ordinary household power, 
120VAC. The Sentineilltilizes solid state components and 
an LED Light Source for extra long life. The LED is fully 
regulated. They alarm when smoke entering the detector 
reaches obscuration of less than 1% per foot. 

The Pyrotector Smoke Sentinel Smoke Detector is avail­
able for wall or ceiling mounting. 

The 30-52 series detectors are equipped with pigtails and a 
quick disconnect plug for mounting directly to any 
standard electrical box. 

The 30-53 series detectors are equipped with a nine foot 
line cord for plugging into a regular household receptacle. 

See MODELS AVAILABLE chart for many variations of 
both the 30·52 and 30-53 series Smoke Sentinel Detector. 
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MODELS AVAILABLE 
30-52 Series 

30-52 Photoelectric Smoke Detection_ 

30-52T Photoelectric Smoke Detection and supple­
mentary 1350 F. thermal. 

30-52TC Photoelectric Smoke Detection and supple­
mentary 1350 F _ thermal - plus external 
contacts for remote alarm switching. 

30-52M Photoelectric Smoke Detection with "Tan­
dem" Circuit allowing interconnection of 
lip to six detectors. 

30-52TM Photoelectric Smoke Detection and supple­
mentary 1350 F. thermal - with "Tandem" 
Circuit allowing interconnection of up to 
six detectors. 

30-52TCM Photoelectric Smoke Detection and supple­
mentary 1350 F. thermal - with "Tandem" 
Circuit allowing interconnection of up to 
six detectors - plus external contacts for 
remote alarm switching. 

5102-S3A 



30-53 Series 
30-53 Photoelectric Smoke 

Detection. 

30-53T Photoelectric Smoke 
Detection and 
supplementary 1350 F. 
thermal. 

30-53TC Photoelectric Smoke Detection and supplementary 
1350 F. thermal- plus external contacts for remote 
alarm switching. 

OPERATION 
The Smoke Sentinel Smoke Detector maintains a constant 
vigil in the area of installation and instantly sounds an alarm 
when smoke entering the detector reaches obscuration of less 
than 1% per foot. The Pyrotector Smoke Sentinel approach 
to smoke detection involves the use of a light-tight enclosure 
(Smoke Chamber) which is open to the atmosphere. A regulated 
amount of light (LED) is purposely introduced into the darken­
ed chamber and focused to form a sharp beam. Smoke partic­
les entering the Smoke Chamber cause part of the light beam 
to reflect onto the surface of a photoelectric cell. Exposure 
of the cell to this reflected light causes its resistance to decrease 
appreciably, resulting in an alarm condition. The circuit 
includes a regulating photocell that continuously monitors the 
LED intensity and adjusts it as necessary to compensate for 
possible variation caused by film, temperature, or age. 

Models 30-52T, 30-52TC, 30-52TM,30-52TCM, 30-53T, 
30-53TC are fitted with a thermal switch which is activated 
when ambient heat reaches 1350 F. and also triggers the detector. 

Each model is equipped with an alarm horn which operates 
when the detector goes into an alarm condition. Horn loudness 
is 85 dBA at a minimum of 10 feet. Each model is also 
equipped with an externally operated test switch which 
simulates the action of reflected light from the LED when 
smoke is present in the chamber. The test switch activator is 
located on the side of the detector allowing external operation. 
In addition, Models 30-52TC, 30-52TCM, and 30-53TC have 
an alarm relay for triggering remote alarm signaling devices. 

INSTALLATlor~ 
The Smoke Sentinel Detectors are designed for mounting on 
ceilings or walls. They should be located in hallways or areas 
adjacent to bedrooms so that fire can be detected before it 
reaches sleeping persons. 

SPECI FICATIONS 
Input Voltage 
Input Current 
LED Life . 
Optical Density . 
Smoke Obscuration 
Thermal Detector. 
Horn Loudness . 
Remote Signal Contacts 

. 120VAC 
0.08 Amperes 

Approx. 40 years 
.0034 per ft. 

0.77% per ft. max. 
. . . . 1350 F. 

85 dbA @ 10 ft. 
1.5A@30VDC 

PYRolECloR 
INCORPORATED 

333 Lincoln Street - Hingham, MassaChusetts 02043 

Phone 617/749-3466 149 

,ELECtRICAL BOX 

r -;-~;'l~ - - - -- - I .--__ ~ 
,00HZ 1 

I 
I H .. OT-:±:-+--l , 
'---

TANDEM WIRE 

]OSlM 
JOSHM 
J052TCM 

SMOI([ OETECTOR 

,-- - -- -l.--__ ~ 

, , 
L_ 

r­, 

I 1 

2 2 

~+-+--I3 3 

- - - --I 

1052"4 
J052TM 
J052TCM 

SMOKE DETECTOR 

N.D. CONTAC1S 

REMOTE SIGNAL WIRING 
30521 eM ON L Y 

SIGNALING 
DEVICE 
1.5AMPS 

MAX 

{CLASS 2) 
OR DRYCElL BATTERIES 

TO ADDITIONAL SMOKE DETECTORS 
IMAX1MUM OF SIX DETECTORS PEA SYSTEM) 

TANDEM WIRING DIAGRAM 
MODELS 30-52M, 30-52TM, 30-52TCM ONLY 

elECTRICAL 
BOX .--------1 

, NOT USED , ...-----, 

, _REO 

I 
S\fCKE 

DETECTOR 

SINGLE DETECTOR WIRING 
MOOELS 30-52M, 30-52TM & 30-52TCM 

N.O. CONTACTS 

ELECTRICAL BOX 3tJ.52TC DNL Y ...-----, ,-----, 
1 , 

S~10KE 

DETECTOR 

DOORBELL TRANSFORMER 

(CLASS 2) 
OR DRYCELL BATTEHIES 

WIRING DIAGRAM 

MOD E LS 30-52TC & 30-53TC 

Distri butor 
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SECTlorJ I 

1.3 FLAME DETECTOR, piN 30-2013-5 

The Flame Detector, Figure 1-1, is an optical sensing device which 
utilizes a hcrm<:'lically seiJled biJlanced pholocc,J!' culibratc>d Lo produce 
an alarm outPyt ~~cn the correct baluncc of infrared and ultra-violet 
radiation of flame is intercepted. Normal ouLput voltage of the detcctol 
~s approximately 3.5 volts increasing to approximutely 14 volts when 
in alarm state. 

The detector is encapsulated within a black anodized housing with a view­
ing cap of high temperature, shock ubsorbing glass. Electrical interface 
is provided by an MS310IR-16s-Sr electrical connector. 

Dimensions 2.LIO in. x 1.25 HEX 

Hounting Single Hole 1.06 In. Dia. 

Weight •• 2 1/1, oz. Hax. 

Power Requirements 21 to 32 VDC 

1.25 

A - +28 VDe 
[l - TEST 
C - SlGIJAL 
o - GrWUnO 

r- ....................... -"" ..... , .................... . .,r ." ,,/.r. 1 /.. .... PC" 
• """-JIVVI\-IVoj-Uv 

1+-----2.40 -----J>oo.I 

CONNECTOR 
LOCATIN~ nf,IIK 

MOUIH HIG NUT Ttll~EAD -

Figura I-I. Flilme Detector, 30-2013-5 

Reproduced from 
ORICI Nl\l best available copy. 
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Appendix F 

DEMONSTRATION TEST AGENDA 

TIME 

8:15 - 9:45 AM 

9:45 - 10:30 AM 

10:30 - 11:30 AM 

EVENT 

Introduction and Conference: 
Contract review and status 
report. Slides of mine 
equipment will be shown as 
will drawings and artists 
sketches of hardware and 
general arrangements of hard­
ware on vehicles. HANDOUTS 
of drawings and sketches pro­
vided to USBr~. 

Tour thru ESO shop and elec­
tronics lab: evaluation of 
film sequences 

Initial USBM filming of 
hardware manufacture, 
assembly and test set-up. 

11:45 - 1:15 PM LUNCH 

1:30 - 2:30 PM 

2:30 - 3:30 PM 

3:30 - 4:30 PN 

Demonstration Test "A" 
Six static tests and one 
dynamic test (discharge) 
will describe FMC/FPS 
systems I and n. 

Demonstration Test "B" 
Four static tests and one 
dynamic test (discharge) 
will describe FMC/FPS 
systems I I I and V 

Demonstration Test "C" 
Two static tests ~till 
describe FMC/FPS system IV 
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LOCATION AND COMMENTS 

G.O. Conference Room -
Movie and slide projectors 
required. 

Contract hardware manufactur­
ing and assmebly will be 
observed. 

Various shop work stations 
will be filmed. 

Test location of S. E. 
corner of ESO property 
(near fence) (Ft1C photog-
rapher required) 

Test location of S. E. 
corner of ESO property 
(near fence) (FMC photog­
rapher required) 

Test location of S. E. 
corner of ESO property 
(nera fence) (FMC phogog­
rapher required) 



(System I and II) 

Light (Power to Solenoid) 

Thermal Wire 

o 

Nozzles 

24 Volt Battery Envirol1l1l2ntal Housings 

CYlinder & Valve Ass'ys 

Junction Box 

STATIC TEST DYNAHIC TEST - Aura DISOIAIa 

(Use Solenoid Light - No Discharge) 

(1) Power on and Test/R2set 

(2) H.mual Discharge (Control Box) 

(3) ranual Discharge (Remote) 

(4) Flrure {X)tector Only 

(5) Heat {x)t:ector Only 

(6) Fault Indicator 

(1) Paver on and Test/Reset 

(2) Sinrulate 'l'hennal Ivire and 
q;>tical Sensors with Blw Torch 

(3) :Result: Optics Alarm, Auto 
Discharge Occurs After Wire 
leaches 2700P 

(4) Fault Light ~pears Indicating 
Pressure lDss 
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Point 'Ihernul 
Sensors 

DEt·)JNSTHATION B 

(System III and V) 

Light (Pa.ver to Solenoid) 

Fa: Soleroid Valve 
w/Ansul Cartridge 

Ansul Hmual Actuator 

STATIC TEST 

(1) Pa.ver on and Test/Reset 

(2) Manual Discharge 

(3) Fault Indication (Break in Wire) 

(4) Heat Detector 

Junction Box 

DYNN-UC TEST 

(1) Pa.ver on/Reset 

(2) Stimulate Heat Sensor I'lith 
Bla.v Torch 

(3) System Automatically Discharges 
After 13 Second Delay Period 

(4) Fault Light Appears Indicating 
Discharged System 
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DEM:NSTRATION C 

(System IV) 

/'<:'"--- Phot:cr-Electric 
Srooke Sensors 

STATIC TEST 

(1) PcMer on and Test 

(2) Stimulate With Srroke to Alann 
Sensor. Purge to Clear Sensor 
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Appendix G 

REPORT OF FIRE ON TEST VEHICLE 

InterofliclI 

To File 

Eng, .:!ered Systems Division 
Santa Clara 

From Ralph B. Stevens 

Subject FIRE ON TEST VEHICLE AT 
DIAMOND CRYSTAL MINE 

c _ _ __ 

Date September. 8, 1977 

cc A. Escover 
R. Abbe 

During third shift, 9/2/77, at approximately 4:30-5:00 
AM, an accidental fire occurred on the Euclid R-35 truck 
operating in Diamond Crystal mine. The truck was 
equipped with an F~lC/USBM system III automatic fire pro­
tection systems that was coupled to an Ansul fire sup­
pression system. The fire was caused by a shorted and 
burning starter-cable. There was little damage and no 
injury to the driver. The fire was extinguished as a 
result of the driver manually operating the Ansul system. 

Since the early telephone reports needed some clarifica­
tion, a conference call was made to the mine foreman 
(Carrol Lopez) and truck operator (Chris Duhon). The 
recorded phone conversation allows a detail analysis of 
events surrounding the fire. In addition, FMC will 
visit the mine during the week of September 12 to photo­
graph and obtain additional information of the truck 
fire. 

A summary of the truck fire as recorded from the telephone 
conversation is as follows: 

As the truck was leaving the underground crusher, the 
driver noticed smoke coming from the battery box area 
which is located under the floor plates on the passenger 
side. 

The driver stopped the vehicle, shut down the engine and 
moved across the cab to the passenger side where he lifted 
the battc~y box cover. He saw more smoke, sparks and 
heard arcing sounds. He immediately pulled the battery 
cable, which was said to be very loose, off the terminal 
post. As he was looking through the smoke to see if fire 
existed, he heard another driver, some 100 yards away 
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yell out that fire and flames were under the truck. The 
driver then depressed the Ansul manual fire extinguishing 
actuator and jumped 4-5 feet to the ground. 

The dry chemical powder discharged immediately and envel­
·oped the entire vehicle. The powder cloud was said to 
have put out the fire quickly arid there was no reflash. 

The only vehicle repair necessary was new battery cable 
and the Ansul system recharged. 

The vehicle was back on shift by 1:00 PM the following 
day after a new battery cable was installed and the Ansul 
fire extinguishing system recharged. 

There is strong speculation that the fire began as a re­
sult of a grounded starter or starter cable and it actually 
began at the loading area some l~OO feet from the crusher 
where it was noticed. The truck was shut down during load­
ing and the fire may have started when the ignition was 
turned on. The truck was not shut down at the crusher. 

The driver said the green POWER light of FMC/:JSBM auto­
matic fire protection system was on the entire shift and 
he did not notice any change in its condition jost before, 
during or after the fire. Upon inspection, the FMC/USBM 
solenoid valve had released and punctured the pressurized 
cartridge. It was not known at what time this event 
occurred and it may be possible that actuation of the 
Ansul system caused sufficient live pressure to actuate 
the FMC/USBM valve. 

Carrol Lopez commented that the fire was small and limited 
to the cable and residual oil in the immediate area. He 
estimated repair at about $200. 

CONCLUSIONS 

1. Although it does not appear that the FMC/USBM system 
was thermally activated, a different response by the 
driver, such as jumping from the vehicle before act­
uating the manual system or if he was not in the 
immediate area, may have permitted the automatic 
system to activate. On the other hand, since the 

156 



3 

File September 8, 1977 

battery cahle was burning, it may have also burned 
and shorted the FMC/USBM power cable that is con­
nected to the cable connector on the battery post. 
A separate battery for the automatic FPS may be the 
ultimate answer. 

2. The apparent valve o~eration caused by pressure from 
actuation of the Ansul system is not necessarily a 
detriment of the FMC/USBM system. The additional 
line pressure caused by two cartridges discharging 
(ie: Ansul manual system and FHC/USBM automatic 
system) will assure secondary actuation of the dry 
chemical cartridges. One-way check valves can be 
installed to prevent the FMC/USBM valve from actu­
ating if desired. 

3. The truck driver is to be commended on his excellent 
response to the fire situation. His response of 
shutting off the engine, searching for the fire 
source, and discharging the manual fire protection 
system were actions of an experienced and well trained 
employee of.Diamond Crystal Mine. 

The tape recording of this phone conversation was forwarded 
to Ken Bickel, USBM-TPO for his review. 

cmo 
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Appendix H 

REPORT OF SYSTEM DISCHARGE 

Interoffice 

Engineered Systems Division 
Santa Clara 

To Memo For Record 2-;9'-~ririe 1977 

tC 
From Ralph B. Stevens 

" ~:s(... 

Ko') B-;i.ckel 
A" B~cover 

Subject INADVERTANT DISCHARGE OF FIRE 
EXTINGUISHING SYSTEM AT DIAMOND 
CRYSTAL SALT MINE 

Ron Blake and I called Carro:, Lopez to learn the _ status 
of installation of new hardware sent by UPS last Thurs­
day. He had not received the hardware but had news of 
a system discharge that f)c::urred on the face cutter 
and wanted to gJve us as many facts as he could. There­
are still some questions that need answers before a 
final analysis can be made. The following comments were 
provided by Carrol: 

(1) Automatic discharge of the fire extinguishing sys­
tem on the Goodman face cutter occurred during 
graveyard shift Friday 6/24/77. 

(2) There was no noticable fire, however, the vehicle 
power had tripped 4-5 minutes earlier. 

(3) The operator did not know why power tripped on 
vehicle but suspected it was overheating and run-
ning hot. He was thinking about calling an electrician 
when the system discharged. 

(4) All powder from the two Ansul tanks was discharged. 
Cartridges in the two Ansul actuators were still 
good and secured. The cartridg-e in the FMC/USBM 
solenoid valve was punctured as were the propellant 
cartridges on each of the powder containers. 

(5) The "tattle-tale" shear-wire securing the red 
DISCHARGE button on the FMC/USBM control panel 
was secure indicating the manual override system 
was not used. 
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(6) The operator said he did not touch anything; 
ei ther before or after the discharge. . . 

(7) When Carrol arrived at the vehicle, the green 
POWER ON light was illuminated. He performed the 
3-second test and all worked well. 

(8) The circuit breaker was not open (i.e.: in Out 
position). A brief discussion followed and past 
conditions of similar events on ~he c.~ne were 
reviewed. There have been no prQblerrs with the 
system installed on the crane Slnce larger bat­
teries were installed. 

Ron and I asked the following: 

1. Was AC power off of the entire machine or just the 
operating motors? Our battery charging system is 
connected to the 110 VAC light circuit. Were lights 
on or off when system discharged? 

2 u Confi.rrr\ t:hat no ene re-engaged the circuit breaker 
sj1)C€ we ha.ve'-rieVer had a solenoid actuation wi th­

~~ut opening the breaker. The open breaker indicates 
a system actuation, removes power to solenoid and 
changes green light to yellow. 

3. Did the red FIRE light illuminate and audible alarm 
sound prior to discharge. If machine was off, the 
beeping sound for 13 seconds should have been heard 
and the red light should be noticible. 

SUMMARY 

The cutter vehicle was the one piece of equipment that 
I had serious doubts about the Ansul extinguishing 
system operating satisfactorily. A considerable 
thickness of salt and hydraulic oil accumulates over 
much of the vehicle and over the discharge nozzles. 
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In this respect, it was good to hear that the ex­
tinguishing system functioned properly. Also, the 
fact that the vehicle power tripped 4~5 minutes prior 
to extinguishing system discharge (indicating a pos- . 
sible overheat condition) leads to speculation that 
the FMC/USBM system operated properly. An overheated 
motor may have allowed heat build-up sU.ffic:lent for 
o~e of the six the7mal switches 50 close ~nd cause the 
d1scharge. All sW1tches are 225 F set pOlntexcept the 
cable reel switch which is 3250 F. The control panel 
should have provided audible and visual alarm for 13 
seconds prior to discharge and then change to yellow 
FAULT indication. 

We will be able to make a better analysis of the 
situation after more facts are learned. One thing to 
consider is that if the vehicle temperature was such 
that the 225 0 F or 325 0 F thermal switches closed due 
to heat~there was probably flammable vapors present 
(i. O.: fbash point of lubricating/hydraulic oils 
200 F-500 F). 

A spark or flame (cigarette) with the proper volume -
ratio concentration ~f fuel and air would have caused 
a real fire. 

e,HtfJ.~ 
Ralp B. Stevens . 

md 
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Appendix 

AGENDA FOR THE FIELD DEMONSTRATION 

r'I!:!:I~;('ic::f :-:Y~'!":flit:'. ni\/i~,i')n 
=~;·U I!; (lf~(I'.·1 ! :,' ·::cI [JOl .; ~~O 

S~!z.I:( C'~I;;J C~d~f0rf~i;! 9~IDJ~~ 
(f,(I:i) ::tl~J (J 111 

Octobc;r 101 I BTl 

l·lr'. l:cn J3ic)~e 1 
U. S. Department of Interior 
Bur.eau of 11incs 
'1\'lin Cities I,lining RC!;eil1:ch Ctr.. 
1'.0. Box IGGO 
~.'~Iin Ci tics llirport,).111 55111 

Subject: 1n-Hine DcmOllstj:ation, USBH Cont.ract lIu:~G/.052; 
Automntic Fire Sensing and Suppression Systems 
for Mobile Hining Equip~8nt 

nef: l:'J1C Letter Da'ced 70ctob8:t:, 1977 

Dear ](en:' 

!I'll(! at.t.ached schedule and agenda for the in--mine 
demonstrat.ions of automatic fiL'C protection s:ls­
tems are fon;(lJ:d0d for your revi(,\,,' in acc:ord2ncc 
wiD) contract requirements and referenced letter. 

Ver.bal aPPJ:oval has been received from t.he mines 
;for conducting tile tests at Jim Briuser on 'l'uesduy, 
November 8 and at Di.amond Crystal on 'l'hursday, 
novem1"JeJ: 10. I hope these dates and the agenda 
outline attClchcd \."ilJ. comply \'lith your schcc1\lle 
and upprov"l. 

Very truly. yom:.:;, 

On A /J .~,IS"""' 
-I!!~ll/L.L_~ .} ... ·V/v·~·"J.<J 
Rit'.pll n. Stevens 
Associate rrojcct Engi.riccr 

Ind 

c:c: A. Escovcr 
H. NC\-lhol\~e 

161 Reproduced from 
best available copy. 
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