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A SECOND-GENERATION REMOTE OPTICAL METHANOMETER

By Robert A. Franks,' John J. Opferman,” Gene F. Frie!,” and John C. Edwards, Ph.D.’

ABSTRACT

As the use of deep-cut mining inereases, there is expecied 1© be a greater demand for methane (CH,}
measurernent devices capable of scanning working faces al depths in excess of 10 m ta alert mine personnel
of hazardous concentrations of CH, and o satisfy regulatory requirements. Remaote optical devices offer the
most promise Lo satsfy these objectives while the operator remains safely under supported roal. A second-
yeneration remole oplical methanameter (ROM) has been designed and 1s undergoing laberatory evaluation
al the Nartona) Instiwle for Occupational Safely and Health® Tt operates on the principle ol ditferential
absorption of the "u,” {undamental absorption band of CH, centered at 3.31 .em in the infrared region of the
spectrum. The new instrumient diflers from the previous protolypes by the replacement of the two-band pass
dilferential absorption lechmigque of measurcment with a single- filter gas correlation technique and a
refinement of the amplifier and gating circuitry used within the unit. This Tesulls in a maore accurate isofation
ol the CH_ spectral absorption band centered at 3.31 pm. A specially designed 0.4-m-diam vartable-length
2as mixing tunnel was constructed and instrumcoted with CH,-sampling capabilily to calibrate the ROM.
Experiments have demonsirated the ability of the detector to cespond to various condidons oI CH, [potem) at
distances as great as 12 m. Thermat radianon generated within Lhe instrument is the contrelling factor in the
drift of the outpul signal and. thercfore, the veliability of the instrument.  Several approaches to reduce this
exirancous radiation interlering with the infrared delector are described. such as the installation of a fan in the
insirument and thermaoeleciric coolers on the delector’s heat sink.  Implementation ol this wehnology will
sigmificantly improve the sulely of miners
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INTRODUCTION

Methane gas (CH,} is & mining hazard thal eyuires constant
measurement and contrel. A natural byproduct of coal that is
released during mining. CH, is explosive when mixed wilh air
at concemtragons {rom 3 to 15 vol pel; it is most explosive
when oceurring at the stoichiometric concentration, 9.8 pet
CH,-uir explosions can initizle more devaslaling coal dust ex-
plosions as the thermal ignition and aerodynamic source,
Cognizant ol this, Federal regulalions |30 CIR" 75,362 (1996)]
require on-shift cxamination at 20-min intervals, or more fre-
quently. duting operation of equipment in the workplace. As
an added precaution against ming explosions, CH, maonitors are
required 1o be installed on mining machines used te extract or
load coal, and the monitor must give a warniang at 1 pet CH,
and deenergize the machine on which it is mounted when the
CH, concentration reaches 2 pel |30 CIFR 75,342 (1996)].
Because the molecular weight of CH, 15 only slightly greater
than onc-half that of amr. it can form a rool luyer i a mine and,
through transporl by the entry airflow, quickly extend 1ls zone
of influence 10 mine sections that are relatively free ol CH,
sources, Jimay, in this mode, act as a path for ignidon propa-
gation o u region containing coal dust that is not properly
proected by rock dusting,

Two measures exist to deal with CHy in a mine. One 1s 10
deplete the coal seany of as much CT1, as possible through CH,
drainage techniques, Howcever, this method is notin iself ade-
quatc to control CH, in a mine. This method is dependent
upon the coal having an adequately high penmneabilily Tor dif-
ferenlial pressure methods w0 overcome the coal's serodynamic
resistance io CH, oulgassing, CH, drainage applications repre-
sent a major prevention elfort. However, the elliciency of this
technique is never adequate to guarantes that CH, concentri-
tons will be below the explosive limit,

A second measure is 1o dilute the CHL-air concentraons
and sunullancousty remove the CH, from the mine arways us-
ing adequare venttlation wirllow. This approwch can be im-
proved through the apphication of a predictive ventilation com-
puler program [Edwards and Li 1984] to the mine network.
This program determines the expected CH, concentration based
on changes in ventilation with known measured CH, concen-
lrations Tor a specified vennlation plan, Even (hough sufficient
ventifaling an may be present o reduce the average CH, o
concentrations well helow the explosive level, CH, could still
accumulate within cortain areas, such as dead-cnded lace arcas.
11 the Jatter should oceur. line brattices or other venlilation
devices would be required.

Codde of Federad Regututicas. Sce CFR in seleronces,

A significant factor in both of these measures {or the control
of CH, is detection through frequent, and often continucus,
monitoring ol mine air. The carlicst CH, detwector was the
Mame safety lamp. The lame salety lamp was a pas (cacbide)
Tarnp with a flame calibration scale on the shield and was used
by a fire buss while making preshift inspections. The lamp
used calclum carbide immersed in water (o produce acetylene
gas thal ways used lor fuel for the flame. An imcrease in Lthe
flame size indicated (he presence of a combustible pas: a re-
duction indicated oxygen depletion {blackdamp). The flame
salety lamp was reliable and durable, bul was only an indicator
of CH, and not a quantitative measurcment of CII, concen-
tralion. Modern CEH, sensors are based on thermal, clectra-
chemical, or optical technologies [McPherson 1992, The
standard usage of each methad is for & point measurement of
CH, Wuh the increase i deep-cut mining, it is cxpected that
there will be a greater need for salely moniloring (ace arcas in
excess of 10 m as they are being develuped. One obvious can-
didale ior safc, mobile deteetion 1s a remole optical instrument,
that analyzes the reflecred light from coal minc surfaces while
the aperator remains under permanently supported roof,

Westinghouse Electric Corp, developed under contract with
the Tormer LS. Bureauw of Mines a remote oplical mctha-
namcter (ROM)., which was previously evaluated [Franks et al.
1986]. This first-generation ROM mcasured the differential
absorption of CH, with two band-pass filiers, one centered at
3.31 o (an absorption baud Lor CH,) and the other centered
at 3.45 wm (slightly outside the CH, absorption band}, The in-
strument responded inadeyuately to CH, in controlled experi-
ments. Bascd on these results. a second-gencration ROM was
developed by Westinghouse (hat incorporated two major
changes: (1) the wse of a continuous light source inslead of &
pulscd flashlamp and (2) the use of a single infrared detector
instead of two detectors. Both improved design features were
incorpurated inte this new prototype. Recently, 4 major change
was incorporated into the instrument that cnables the detector
to cvaluate the rellected hight at the isolated 3.31-0m line. This
involves the replacement of the two band-pass filters with a
single band-pass filter and two gas correlation celts. This ech-
nique provides a more accurate delermination of the light
attenuation duc to CH, absorption along the optical path he-
wween the detector and the reflective coal surface. The two gas
correlation eells also make the measurement specific to CH,,

This report describes the theory of vperation of this secand-
gencrauon ROM and initial testing of the new prototype.



PRINCIPLE OF OPERATION

The ROM is an open-path oplical CH, dotector that uses
light reflecied from nune surfaces 10 measure the CH, con-
ceptrion over the path length. The wargel range required of an
ROM a1 s tme is 10 m.  Figure | shows the sccond-
seneraton ROM, which has dimensions of 18 cm by 43 cin by
54 ¢m und weighs less than 17 kg, The unil has three principal
components: (1 alight source. (27 a collecting system with an
electronic sighal-processing unit. and (3) a battery moduole
Each component is deseribed in detail below.,

GENERAL THEORY

The ROM’s operation is based on inlrared light absorption,
As light passes through the atmosphere, certain frequencies of
the hight are absorbed by the gases in the atmoesphere. These
missing frequencies are specilic [or a given gas and correlate 10
particular rotational und vibrational states of the ghsorbing gas.
These missing frequencies are called spectral absorpion lines.
A gas detection method that is based on this phenomenon is
called difterential abaneption,

All ol the prototype ROM's sponsored by the National Insti-
tute lor Qeeupational Satery and Heulth (NIOSH) prior to the cur-
rent one have heen bascd on differential pas absorption. In this
technigue, intrared radiation s measured at two diflerent fre-
quency bands—uone band coinciden! with a specific pas absorp-
tion line. the other very close hut not coincident sath the absorp-
uon line. When the measused 2as is introduced mio the optical
path of the instrument berween the Hpht source and the detection
optics, the measured bund enincident wilh the absorption line will
have reduced amounts of radiation pass from the soucee  the de
tector, while the other haad, not ¢omncident with the absorption
line., wall be unaftected. Therelore, 1 caleulation of the talio of
the measured signal from the abserption band to the measured
signal from the nonabsorption band will be inversely proportional
10y the concentrauon of the gas in the optical path measured in
persm.

The current model is hased on a revision to this teehnique
called £as comelalion. Tn this technigue, he infrared radiation
is measured in only ane hand, but itis measured in tweo ditferent
ways, The first way in which i is measured is afier the radia-
1ion has passed through a sample of the gas under est al a spe-
cific concentration. The second way (s after the radiaton has
passed through an inerl sample of pax contamed in the same
manner as the gas wnder test, The radiation sianal passing
through the gas under test will have much of the light in the
hand of interest rernoved by passing through the test sample,
This significanily blocks the capability (oc further tght ab-
sorption for the associated measurement. When the measured
gas 18 inroduced into the optical path between the light source
and the deteclor, the measurement made via the incrt sample
will be reducscd moce significanly (than that made vid the gas-
under-lest sample hecause ol the reduction in the ubsorption
capablity for the latter measurement. Therefore, the calculation

Figure .end-gener ion remote optical methanometer
{ROM).
ol the ratio of the measured signals frem both measurement
conditiuns will again be inverscly propertional to the concen-
tration of gas in the oplical path measured in percent metets.
The gas correlation method has two major advantages over
the dilferential absorption method of gas deteetion. First, itis
very specific to the particular gas under test. “Lhere is no cross
measurement from other gases of similar characteristics. Tt was
noted that ethane. a minute component of natral gas, created
a significant mterference with CH, measurernents when Lesting
previows protolypes. Second, the gas correlation method iso-
lates a particular radiation band of interest in which all of the
measurements are made. ‘Lhis compensates for any changes in
reflectivily or rachation transmission strength that may occur
hetween different radiation bands.

OPTICAL

The ROM is cquipped with a 90-W axial filunment quartz-
halogen incandescent lump as the light source. The lamp is
maunted in its own housing, which is attached to the front top
of the unit, The lusnp housing contains a highly rellective para-
bolic micror (manutactured by Melles Griot) 10 concentrate the
light inla a parallel beam with a divergence of Jess than 0.50 m
per 10.67 m ol path length. A sapphire window is used on the
Irant of the lamp housing 1o protect the bulh and prevent spec-
iral lows throngh the window. The source beam is projected lor-
ward [rom the instrument toward a mine surface within an eniry
under test.

The reflecied hght from the mine surface is collected by a
Fresnel lens with both a [ocal lenglh and diameter of lens of
15 ¢ that focuses the light onto the detector. The reficeted
hyht passes throvgh twe absorplion cells (hat are mounted on a
filrer whee] aiached to the deteetor housing 3 10 5 emiin [ront
of the detector. The lilter wheel, cotating at 4,400 cpm, is driv-
en by a 12 ¥V de micromotor and aflernatcly passes the reflected



light through thesc two 2.54-cm-diam by 1-cm-long absorption
cells ento the detector (i secondary double convex lens is lo-
cated hehind the filter wheel to augment the collechion of
reflected light). One cell is filled with pure nitrogen (N,), the
other with pure CH,. Belween the [ilter wheel and the detector
is also mounted a dielectric optical notch filter centered at ap-
proximalely 3.31 wm, the center of the principal CH, absorption
linc, and with a transmission width equal to that of the absorp-
tion line. These two small metal cylinders with quartz windows
(absorptiom cells), in conjuncton with the optical notch Tilwr,
arc the basis of the gas correlation technigue described previ-
ously. The detector used is an EG&G Judson F12 serics indium
arscnide 2-mm-diam infrared delector.

This particular Judson J12 deteetor is cooled with an internal
two-stage thermoeleciric cooler 1o maintamn the surface temper-
ature of the detector berween -40 °C and -60 *C. The precise
temperalure depends un how well the heat is removed from the
detector enclosure base. The detector has a natural spectral
bandwidth from 1.0 to 3.8 um, a responsivity of 1.5 A/W peak-
ing at 3.310 3.5 ym, and a D deteetivity” of [0V cmeH2 0w !
‘The delector acts as a photodiode,

SIGNAL PROCESSING

A block diagram of the ROM 1s shown in ligure 2. The ghec-
ironies has boards grouped mto six functienal units. These
electronics hoards are: (1) power, (2) thermoclectric cooler,
(3) data display and alarm, (4) gatng and timing, {3) analog
processing, and (6) man amplifier.

The detected signal fivsl enters the instrument's electronic
subsystem for processing and analysis as an output current from
the Tudson 112 detector. The output current from the detector
is then collected by u PA-3 transimpedance (current-madc)
preampliticr (also built by LG&G Judson) with 4 transim-
pedance gain of 10" and converted inta a vollage signal.

Main Amplitfier

The cutput signal Trem the PA-3 preamplilier 15 fed through
the mam amphfier board.  This board provides a maximuom
voltage gain of 2,5%10°" and amplifies the insirument's retrigved
signal to the 10-V range used for processing. The main am-
plifier board containg a four-stage operational amplificr circuit
with low-pass filtering, offser adjustment, and vartable gain.

D-8tar (D*) detectivity w2 rebaive sensilivity purmneler used 0 conopare
periormance of different detector types. D & Lhe sigoed-lo-noise Tabo al 4
pasticular cleetrical frequency and ina |-Hz bundwidth when | W ool ruhant
Fower s imcident on a |-em’ active ares deleclor. The hagher the D* value, the
better 1he datector:

[AcliveArea, _',] 12
NEF '

WL )

D+

o P
s Ll e w !

The low-pass filter reduces wide bund random noise. The cir-
cuit uscs a Burr Brown OPA-121 op amp in the inverting mode
for each stage. Filtering is provided by capacitance in the
fecdback circuit of the first stage of the amplificr. The main
amplificr board has a direct-current {dc) clamping cieuit at the
mput 10 proevide zero reference for (he subsequent amplification
process and an aptical coupler circuit at the output to provide
maximum iselation between this noisc-sensitive, high-gain am-
plificr and the subsequent processing crreuiiry. ’

Main Analog Processaor

At the output of the main amphiier, the signal is composed
of a train of 10-V pulses ata frequency of 147 pps that are gen-
etated from the filter wheel, spinning at 4,400 1pm, capidly
placing cach of the two absorption cells in front of the detector
{a chepping eflect). This train of pulses 15 then divided into
separdlc components, one pulse tram for cach of these two cells,
made up of the pulses associated with that cell. A signal is then
generaled [or each pulse train that is proportional to the running
amplitude average of that pulse train for a certain sliding time
wittdow (time constant). This is accomplished by the main
processor board.  The circuit elernents that scparate owt the
pulses from the N.-lilled absorption cell are designated the
signal channel; the circuit elements thal separate out the pulses
from the CH; Nlled absorption cell are designated the reference
channel. Cach produces an integrated de output signal that was
measured during cabbration experiments that were conducted
in a ninnet deseribed later in this report.

The main processar board is a combination of four separate
circuit scetions: an automatc gan control (AGC) circuit, an
analog solid-state switch bank, a balancing amplifier bank, and
an tntegrator bank. The three latter sections are called banks
because they are made up of (wo components cach. one tor cach
channel.

The AGC circuit is composed of a Burr Brown DIV 100
divider module that acts to amplily or attenuate the incoming
signal o mainlain 4 constant signal level at the integrators de-
spite fuctuations in reflected light due (0 hand motion with the
wstrument. This 1 accomplished by monitoring the amplitude
ot the pulse: train from the ceference channel at the input to s
integrator stage and then generating an AGC signal of proper
polarity and amplitude to compensate for any signal fluctu-
ations. To produce the AGC signal, the pulse train is converted
into a peak-detected de signal, scaled, filtered to reduce ripple,
and inverted o the proper pelanty. This signal is then used as
the driver signal for the DIV 100 denominator input. The in-
coming signal channel from the main amplificr hoard is ted imo
the numerator input. The AGC 1s switch-selectable between
constant OFL, constant ON. and AUTOMATIC. 1n the constant
OFF mode, the denominator input is sct at a fixed de level gen-
crated by a veltage divider. In the constant ON mode, the
denomuinater 1s locked o the AGC fecdhack circuit described
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Figure 2.—Block diagram of remote optical methanometer (ROM).

The Llwo individual signals pass o the balance ampliticr
bank. The refercncc channel signal passes through a onity gain
inverting amplificr, while the signal channcl signal passes
through a variable gain inverting amplilier with a maximum
gain of two, This amplifier's gain is conrolled with a front pan-
el halance knob. This permits e instrument Lo be balanced lor
azero CH, reading, in a clean atmoesphere.,

HBoth signals from the two channcls now pass into the in-
tegrator bank. This stage 1s made up of two identical integra-
tors, one for each channcl. The intcgrators are composed of
practical op ampntegrator cireuits that vse a parallel RC feed-
back circuit o eliminale offset voltage buildup on the inegra-
tor. The cutover frequency of the practical integrator circuit,
f.« VE2RRCh. is used o himit the iniegration period. The in-
tegrator circuit will not function as an integrator for frequencics
less Lhan this cutover Irequency or, inversely, for Lme periods
greater than the time constant, €, « R,C. of the feedbuck eircuit.
The integration period is controlled by a front pancl control and
sets €, * (L3, 1.0, or 3.0 5. The autpwt of each of these two inte-
grators 15 a de signal that s the accumulation of the gated detec-
wor returns (only as the respective absorption cell passes the
detector) for (he respective channel for a period of €. These
two signals are the main oulputs for the main analug processor
buard and are 1wa of the four signals acquired during the
calibration experiments.

above, In the AUTOMATIC made, the AGC swuches 10 a
{ixed denominator level from the AGC leedback cireun when
the integrator level goos outside a predetermined signal OK
Jevel (front panel indicator;. Tishould be nowd that the AGC
has a fixed dynamic range that cannot compensate for gross Toss
ol signal.

The oulput of the AGC is fed through another de clamping
¢ITeuil o ensure that zero reference 1y maintained and into the
analoy switch bank, The analog switch is constrocted ol a
D201 Quad CMOS single-poll-single-throw {SPST) analog
switch module (a solid-stule relay module). Twa of the four
relay switches are used. The xignal from the de clamping cir-
cutt al the oulpul of the AGC is routed Lo the throw arm input
Cusually the source input i an EET) ol the two relays used.
The cantact side of the swilch serves us the outpul. creatng
the two channels of the instrumnent as described above, the ref-
crence channel and the signal channel, The relay aciuator in-
poi to the two switches (the FET gate input} is fed by signals
from the gating and timing board, which 15 descnbed later.
The gating and 1iming hoard takes riggers from the Gilwr
wheel and the Llter wheel motor and generatcs the gating
pulses for the analug switch bank at the correet time und
duration 1o permit the complete absorption cell signal pulse (o
pass into the relevant channet integratoe.
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Data Display and Alarm

Signal flow now moves to the display and alarn hoard, This
circuit board is the heart of the instrument. It wkes Lhe
accumulated channel signals and uses them to determine if an
excess of CT, is apparent jo the optical path ar not. Ta do this.
the sneoming signals are led into an Analog Devices ADS34
Internally Trimmed Precision 1C Multiplier configured to act as
a divider circuit.  The signal channel (V.3 ix [cd inte the
numerator 1mput, and the reference channel (V) is fed into the
denominator input of the AD334. The output equation lor this
divider i3

V.= 10 Vs l]
- v, " . (1}

This output signal s now inverted belore being used to provide
a final signal [ormula of

V.
v, Il}[l =
!v!
R’

As can he seen fTom the instrument's oulput equatian, the unil
will read zero volts when properly balanced, ¥y, =V in clear
air. As CH, cnters the optical path, ¥V will 1end to he reduced
Io 4 greater exlent than Y, thereby causing the output voliage,
V. to tise 1o increasing positive values.

This board alse generales the instcument's [ront panel alarms,
which also control the AGC cireoit in AUTOMATIC maode.
The referenee signal rom the reference channel integraior s
measured by a comparator aivcut far a high or low out-ot-range
signal This signal is displayed as the instrument's SIGNAL OK
indicator and in ALTOMATIC mode also controls the AGC
cireuit. When the STGNAL 0K indicator is ol t, the AGC i3 In
constant gain mode: when the SIGNAL OK indicator again
relurns te on, the AGC is roturned w variable gain mode after
an appropriale delay to allow the instrument's integralors to
stabilize. This prevents the AGC from golng inlo de saturation
lor very low reference channel signal values. The SIGNAL OK
indicator also controls another DG20 1 analog switch hat, leeds
the resultant ¥, output signal from the dala display and alarm
board 0 the display. When this indicawr signal is ON, (he
outpul signal is fed to Lhe display and when it is OFF the output
signal s blocked.

The instrument's vatput signat, Vo, is tinaliy senl 1o ihe
Modutee RT.176301 digital panel meter an the Iront panel for
display. The display is a 3- 1/2 digit LCD display scrup to read
from -20.00 ¥V de to +20.00 V de. The maximum runge of the
output signal, V iy +153.00 ¥ de o -15.00 ¥ de. The in-
siroment is midntuined at slightly less than 0.0V when balunced
in @lear air and would reach values of +0.50 10 +1.0 V during
lests in the calibration thanel.

Auxiliary Circuit Boards

Three auxibary cireuit boards are necessary to complete the
circuitry used to operate this insirument, The firstis the gating,
and timing beard. This board has as its input two sets of pulses
associated with the filter wheel. The first pulse mput comes
from an Index nolch detector mounted dircctly on the filter
wheel/detecter mountng assembly. The Mlter wheel has a small
index notch cut m the aluminum rim of the wheel. The wheel
itself is a solid aluminum disk, except tor the two window
arifices willy their respective absorption cells mounted over
them and (he small notch in the rim of the wheel. Mounred
down aver the 1im s a TRW Optron OPB848 Slotted Optical
Switch that makes optical contact cach time the wheel Tolates
thie naatch past this switch, This results in ransmitting a reset
pulse through the gating and timing board. The second pulse
inpul comes from the optical encoder mounted on the back ol
the MicroMo 1624T0OI2S02A 12 V de micromotor. The en-
coder generates 15 quasi-sinusoidal pulses for cach revolution
ol the motor shaft coincident with particular shaft azimuth
locations. These pulses wre fed o the gating and timing board
as clock pulses. The gating and timing board has a Texas
Insiruments SN74HC 193N Binary Synchronous 4 Bil Up/Down
Counter that is reset by the 1ndex pulse and then counts the
encoder pulses generating lour-bit binary words indicating filler
wheel positon. The gating and timing board also has a bank of
Lwor TI SINTAHCEIN 4 Bal Magnitude Campacitors, ane for
cach channel, that compares this position word 10 a DIT swilch-
selectable presct word. When the two words match for a par-
licular channel, the respective four-hit magnitde comparator
triggers the associated adjustable-widith Hamis CD74HC22LE
One Shot Multi vibrater, also in a bank of twa. The Gne Shot
Mulli vibrator signal is used 10 open that channel's DG20T an-
alog switch on the mamm analog processor hoard for its proper
duration to pass the associated signal pulse, This constiwtes the
two output signals for the gating and timing board mentioned
carlier.

The next essential auxihiary circuit board is the ther
moelectne cooler conuoller board. This circult mantains (he
=40 “C w -60 °C detector temperawre by driving the detector's
internal twa-stage thermoelectne cooler. “Ihe haard derives its
mput signal from an inteenally mounted thermistor within the
detector case. This thermistor 1s connected as a component in
a volage divider spanming botween common and +5 V de pow-
er. This divider generates a signal that is inversely proportional
i the temperatute ol the detector: the lower the temperature, the
higher the signal. This is algebrafcally differenced against a
presel adjustable set point. When the detector 1s at the set em-
perature, the diffcrence signal is sero. This difference signal is
then integrated, inverted, and fed to the cooler driver circuit as
the activation signal for the cooler. When the instrument ini-
tially comes on, the deteetor temperature 15 Rirh and the therm-
istor signal 15 Jow. The integrator sccumulales a large positive
signal drving the cooler. which sends the detector ternperature



downward toward the sel point. When the set point is reached,
the thermistor signal riscs and balances the negative set point,
The inicgrater accumulation drops 10 7ero. and the cooler current
drops back 10 a low maimenance value. The deleclor temperature
will float up and down around the sct peint as heat is gained by
the detector enclosure from te surrounding environment and the
coniroller intermitently produces mose drive signal to the cooler
to compensate. 1t should be noted that auxiliary thermoelzctric
cooling cxperiments are underway (o provide active cooling to the
heat sink assembly in which the deteclor enclosure 15 mounied, as
this wrea is cxpenepeing a heat bwldup that is interfering with the
deteetor pperalion after prolonged osc of the instrument.

‘The final essential awxaliary circud s the power supply board
and associated batlery assembly. The instrument power s de-
rived Irom two 6-V Eagle-Picher CEMaV 10 10-A=Hr batteries
comprising the unit's 12-V batlery bank. This 12-V supply is

uscd to direcly operate the 100-W quartz halogen lamp source,
power the 12-V micromotor after passing through a noise filter
1o climinate feedbauck motor noise. and as inpud w the power
supply board. Each baltery is also switch-selectable w drive the
detector's two-stage therimoclectric cooler driver circuit. On the
power supply board, the 12-¥ power is connccted as the source
power for an Analng Devices AD-933 DC 0 DC Converter.
The vulput of this module 15 +15 V, -15 V, and cormnon
poswer the instrument's clectronics. This power is again filtered
at the power supply board prior to its use for Lhe electronics,
There arce also taps tken for regulated +12V, =12 Voand +5V
by using Nutional Semiconductor LM78L12AC, LM7IL1ZAC,
and LM7ELOSAC regulalors off of the two 15-V leads, The
Lwa regulated 12-V taps arce used o power the Judson PA-S
preamp. The regulated +5-V tap is used o operate the logic
circuits ou the display and alarm board.

CALIBRATION

. CALIBRATION TUNNEL

The ROM does not measure o specific pel CH, at a poil, buy
rather the integrated average of the CT1, concentration over the
path length, This value can be related (o conditions thal Favor a
CH,-air irouon that can result in aransition to a coal dust cxplo-
sion. There is a minimum volume of CH, required Tor this event,

Ths idoa of CH, petem over an optical path led to the de-
velopment of 4 calibration method for evaluating the insitument’s
ceference and signal channel ratio for 2 specific CH, potent using
at least two diflerent path lengths and CH, concentrations. To
accomplish this, a calibration tunnel was consitucted. With (he
use of 3-m-long segments of 0. 4-m-diam mine ventlation lubing,
the length of the nnnel could he varied by adding or removing
segments ol the tubing, Atone end of the tunnel, there was a pas
mixing fan and at (he opposite 4 1arget painted wath black paint to
simulate a coal surlace, The light from the ROM. located near the
fan, was direcred at the targee. Leakuge of the cahbration gas
mixture at the segment joinls was prevented by wrapping
houschold-grade plasue wrap around the bing. A conirolled
volume of 4.3 pet CH, in nitrogen was passed from u cylinder
through a plastic wbce inta the tunnel. Nitrogen was used for
salety considerutions. Afler the appropriale volume of CH, meas-
ured by a4 gas volume meter was led into the tunnel, a solenowl
check valve, which was open during the CH, introduction
maintuin one atmosphere pressure. was closed. At this point, the
mixing fan was sturted. To promote rapid mixing, a (lexible (5-
cro-cliam bypass whe was connecied o the wonel behind the fan
and at the oppositc end near the target.  Sample tubing was
connected to cach end of the tumnel and. through a sequence of
valves, gas from the wnnel was fed through an indrured CH,
anitlyzer. When the sume CH, concentration was measured al
cach end of he mnnel. mixing was considered 1o be complele and
1he blower fan was shut ofl. The ROM lamp was urned on, aund

the ROM reference, signal, and ratio data, as well as the infrared
CH, analyzer dala. were acquired with an analog-to-digilal data
acquisition system. After sufficient data were acquired, the above
procedure for adding CH, 10 the tunnel was repeated and the
measurenenits made lor a new CH, pet=m value. When sofficient
data had been acquired for a fixed turned length, which genecally
wits three CH, concentration values. the tunnel was purged of CH,
and another 3-m scament was added to the unoel. The entire
calibration process was then repeated. The maximum CH, con-
centration 1 the mnnel never reached b pet of actual gas con-
cenlration as measured by the pump-doven infrared CH,
analyzer. The petsm value, which is a caleulated product of con-
cenlration and path length and is the instrument’s wieasured value,
will he lacge for small pet CH, concentrutions over long patk
lengths. Tigure 3 shows adjusimenis heing made o the ROM
prioT (@ an experiment,

Figure 3.—Adjustiments being made to ROM In ealibration
tunnel.



CALIBRATION RESULTS

A seres of 12 experiments (4 through L1 was conducted in
the calibration nncl, Bach experiment used on the average
four dilferent CH, concentrations., Table 1 lists the defector-to-
refecior lenglh lor cach experiment, as well as the maximum
CH, petrm lor the experiment.

Table 1.—Experimental conditicns

Tunnel Maximum

Expenment length, m CH, peiwm
AL 3.0 073
= 2.0 080
C.o. 57 1.42
D... ... 6.1 1.21
E........... 6.1 141
Foo 6.1 141
[ T 6.1 2.37
H.......... BS 1.88
|- AN BS 223
Joooa - 8.5 232
Koo 11.6 287
| 116 403

The meuwsurable guaniity of interes! is the ratio as expressed
by eyuation 2. However. 1o account for dilferent initial values
of the integraied signal and reference ¢hanncl voltages, Vi and
V. their values are normalized by the ROGM lamp-on and lamp-
oll condition. The new delinition of RATIO) is given by

~ H.
RATIO - 10 |1 - %)
Vi ]
where
o L] oW
(Vf'\" - \;';"'":)
and
N AT

R R

(o))
L ov v

An cxplicit application of cquation 3 is shown in figure 4 for
cxperiment F as the calculaled ROM ratio. Al measured data
were mathematically smoothed o elimimate detector noise, The
sharp peaks in CH, as measured by the infrored analvzer during
injection of Lthe bottled pas correspond to sampling al the end of
the wancl where CH s injeeted. Following the CH, njection,

lhe fat profile of the CH, concentration corresponds to mixing
of CH, in the wnnel. It is measured afiter the mixing fan has
¢realed a homogeneous mixture after the injection procedure,
As fipure 4 shows, the value of RATIO (s a series of plateaus
¢orresponding to Lhe time increments over which the CH, is
well mixed. The valuc of RATIO increases with increasing CH,
coneentrarion for a lixed unnel length or, equivalently, for
wncreasing CH, petemn. Also shown in figure 4 is the measured
unnormalized ravo, which is a direct output from the ROM.
The reduction in the inidal peak value of the RATIO atter che
CH, s mixed is attributed to dilation of the CH, in the optical
path during mixing. Because the CH, s injected into the optical
path, mgher readings were ohserved until the mixture became
homogencousty mixed. This implies that once mixing is com-
plete, CH, petsm values obtained from the optical path will be
recluced hecause the CH, was distributed over the entire volume
of the tunnel, reducing the actual concentration in the opucal
path. The accnmulated daa [Tom ihe 12 experiments are shown
in [igure 5. As cxpeeted. the RATIO increases as the CH,
PCL=m Nereases.
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Figure 4.—Measured CH, concentration, ROM output signal
RATIO, and calculated ROM RATIO.
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Figure 5.—RATIO versus pct CH,sm for 12 experiments.



The ratio of the integrated signal 1o reference voltage can be
delined in terms of the path length, ¢ and the average CH, con-
centration, C, in the path using an absorption coellicicnt, &. (a
specific characteristie of the delection system) for the CH:

=

8 g mer (4)

<
=

The factor 2 accounts for the absorption ol the infrared
radiation over the distance, £, Irom light source to lurget. which
is traversed twice by the light. A regression analysis ol the data
in figure 3 vields an ahsorptien eecfficient of 0L158 (CH,
petem)”. (I experiments [ and L are excluded, due w higher
values of the RATIO. or alternatively, Jower values of ¥V,
the absorption coefticient determined by regression analysis is
0.082 (CH, pet*m) " (indicating low response).) Figure 3 also
shows the values of RATIC (sohd Lline) calculaled from egua-
tions 3 and 4 uging &t = U158 (CH, peteny)™'.

Several factors account tor the scatter in the data in fignre 5.
These include (1) alignment of the oplics in the ROM,
(2) cxtransous radiation that inlerferes with the infrared
deteclor, i.c., the fruc zero of the instrument 15 changing with

ume duc to healing within the field ol view of the detector (gray
body emissions), (3) electrical noise [Tom circuit components,
(4) inability to maintain adequate cooling of the infrared
detector, and (5) variances in the alignment of the ROM within
the calibration tunnel from test to test. The oplical alignment
has some dependence upon distance [rom detector to reflective
surface and must be turther investigated. 'The source of the
cxiranecus radiation 1s the detector's case where the internal
thermoelectric cooler deposits its heat. Efforts arc being made
to reduce the thermal energy storage in (he case back plate and
associated heat sink with the introduction of a conduclive plate.
with two external thermoelectric coolers attached, to the de-
teclor's heat sink. The use of a small fan on the beat sink of
each thermoelectric coolar produced electromagnetic noise that
interlered with the detector signal.  Vatiances in the ROM
alignment within the calibration tunnel are caused by variances
in the angle ol reflectance of the lamp light. This increases or
decreases the relumed light intensity, Decreased light intensity
regquires higher electronic gain in the amplificr stages 1o getan
adequalte signal for the processing electronics. and higher gains
increasce Lthe noise interference to the instrument. Even il the
thermal noise source is constant, increasing the detector gain
also influences the rate at which the sero levels increase duc to
the gray body emissions,

CONCLUSION

A second-gencration ROM was developed that is based on the
replacement ol the two- ey differential absorption wehnigue
with a single-[iller 2as correlation wehnigue, Rebnements were
made 1o the amplifier and gating cirewiiry within the nnjr. Cali-
brauon wests i a specially censtructed tunnel have shown that the
ROM responds 1o increased CH, petam at distances as great as
11.6 m. The ROM is undergoing modifications o eliminale

signal drifl. These modifications are primarily in the design ol a
more elficicnt system for the dissipation of (hermal cnergy
generated by cooling of the infrared deiector. It s anlicipated that
in the final version, the ROM will greally improve miner safoty
by detecting hazardous CH levels in deep cuts while the operator
is under permanently supported reol,
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