Transactionss of Tllinois Academy of Svicnces
{1982}, Volune 75, 3 andl 4, pp. 179-191

IMPLEMENTATION OF TOXIC GAS
MONITORS WITH COMPUTER
LOGIC CIRCUIT

Sengodn Ganesan

Depurtment of Industry and Technology
Northern Ilinois University
DeKall, 11, 60115

ABSTRACT

The inherent problems with toxic gas monitors with continuons tape move-
ment are the low resolution die Lo the tape hackground and the high operating cost
caused by the requirement for frequent tape changes. This paper presents an
incremental tape movement technique to alleviate the problems associated with the
continuous tape movement.

INTRODUCTION

Toxic gas deteclors can be constructed with one of several commercially
available paper tape cassettes. These tupes will respond by changes in surface color
(referred to as stain level? when they are exposed to a particular gas. Commercial
paper tapes are chemically treated to be compatible with the gas to be monitored
and therefore, by a proper selection of paper tape cassettes, onc can monitor a
variety of gases such us Invdrogen chloride, phosgene, isocvanate, ammonia, chlorine,
and hydrazine.

The basic configuration ol a gas monitor is as shown in Figure 1. The gas to be
monitored is drawn through the tape by a low pressure diaphragm pump. Stain
levels are detected by an opto-electric civenit consisting of a light source and two
photo cells (reference and signal) as shown in Figure 2. The photocells are mounted
side by side on an optic block so that the reflected lights from the blank and the
exposed parts of the ape are viewed by the reference and signal photocells,
respectively (FPigure 3). The light source, whose intensity is equivalent to stain level
of blank tape (zero stain), is provided by a pair of lamps connected in series (Figure
21, Since the veference photocell is mounted so as to view the reflected light trom
the blank tapce. its internal resistance varies as a finction of zero strain. thereby
controlling the output of the differential winplifier UL, Thus, whenever there is a
change of tape background, the intensity of 1he light source will change due to the
change of mternal resistance of the reference photocell.
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The output of the signal photocell (transducer) viewing the reflected light from
the exposed part of the tuape gives the gas concentration with respect 1o the vero
strain level. To obtain a high reselution lor the voltage range (mV range} provided
by the transducer, an amplificr (U2} with a iminimum predetermined gain is
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interfaced with the transducer output. The muplifier outpit drives an alarm cireuit
and a panel meter as shown in Figure 2. Whenever gas concentration exceeds't;hc
tolerance level, the transducer output activates a buzzer in the alarm circuit. The
panel meter is calibrated to monitor gas concentration directly.

GAS INLET

FIGURE 3. OPTIC BLOCK

CAPSTAN DRIVE

TAPE GUIDE

FIGURE 3A. TAPE TRANSPQORT SYSTEM



1532 IMPLEMENTATION OF Toxic Gas Monrrors wirit Comrurer Locie Clacurs

Tape staim levels are irreversible and therefore, a motorized tape transport
system is emploved 1o advance inexposed tape sections in front of the photocells
motnted on the optie block, Most of the commercial toxic gas monitors are
implemented with continnous tupe movement using a slow speed motor turning a
capstan drive along with u rubber pinch roller to provide enough friction for smooth
tape advancement as shown in Figure 3a. The whole system is nsually housed in a
“Nema Box” type enclosure to prevent the tape from being expuosed to the external
cnvironmmient.

Monitors with continuous tape movement must be calibrated in the laboratory
by means of stain cards with two artificial stain spots. With the stain spot for zero
stain fucing the photocells, the variable resistor (R1) associated with the reference
photocell must be adjusted for zero panel meter reading. The same procedure must
be repeated with the gain spot and resistor R2, associated with signal photocell for
tull scale deflection of panel meter,

The problems associated with the commercial toxic gas monitors are due to the
continwous tape movement and the tape background noise. In addition to the
requircinent for freguent tape chasges, the tape movement rate must be low
enough Lo provide un exposed part of the tape with sufficient stain reaction time.
The zero stain problem with the continuous tape movement is due to the heteroge-
neous nature of paper tape for a given chemical composition. Due to the fact that
no two spots of tape have the same hackground. the practice of nsing a veference
cell gives gas concentration readings with respect Lo zero stain for the spot facing
the reference cell Also the practice of using a reference cell will lead 1o the
possible problem of spot overlap. Whenever gas with high toxic level is monitored.
the stain formed at the spot facing the sigual photocell will grow and reach the spot
facing the reference cell thereby inereasing the zero stain level, This increased zero
stain level will result in a low coneentration reading.

This paper presents an incremental tape technique which, when added to the
existing monitors with continuous tape movement. will alleviate the inherent
problems associated with continueus tape wmovement monilors.

INCREMENTAL TAPE TECHNIQUFE
HARDWARE

The problems associnted with the continnous tape movement ¢an he elitninat-
od by the use of an incremental tape civcuit, In the incremental tape technique, the
tape i advanced and held at the optic block tor a predetenuined time (relerred to
as sample time). Since the tape is held stationary during the sample time, sufficient
time is provided for stain Jormation. Alse. at the beginning of the sample time. the
signal tfrom the signal transducer is treated as zero stain thereby completely
eliminating the problem associated with the heterogeneous nature of tape.

neremental tape logic is achieved by the use of a computer logic cireuit
{Figure 4. It is interfuced with the opto-electric cireuit. panel meler, and the alarm
circuit through a 3PDT switch as shown in Figure 5. The 3PDT switch can be set in
one of two positions (RESET, RUNL When the switch is in the RESET position,
the incremental circuit is isolated from the system and the zero stain and gain
adjustments are made as in the case of continnous tape movement. The system s
controlled by the computer logic circuit when (he switch is in the RUN position.
During the RUN mode. the amplified analog signal from the opto-electric section of
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the system is fed to the computer cireuit by the use of an analog to digital converter
(A/D). The A1) is interfaced with the processor by a hand shake data transfer
technique in order to compensate for their speed difference. The status of analog to
digital conversion is indicated by the output TNTR of the 4713, Upon sensing an
active TNTR signal, the processor will read the gas concentration in digital form
frow the A/D. Since the A/D has a resolution of cight bits, there are 256 possible
digital readings. In order to read the digital data from the A/D as the direct
measurement of the amplified analog signal, a reference voltage of 2.56 volts is
provided for the A/D as shown in Figure 4. For this direct digital stain measurement,
the digital ground and panel meter reference voltages must be the same. The
incremental tape circuit uses 2K bytes of EPROM {implemented with INTELS
IC2716) for program storage and 32 Dhytes of RAM memory (implemented with
RCA's 1C1824) for data storage. The processed digital stain data from the processor
is converted back to analog form by the use of a digital to analog converter (1)/A) in
order to drive the panel meter. The A/D and the YA are located in the memory
map so that they can be addressed by the device-select pulses generated by the
memory address decoder (implemented with RCA's 101866). The O address
decoder. implemented with RCA's TC1853, generates device-select pulses for
driving one input and u pair of output devices. The input device is used for
sclecting the sample time and it consists of a pair of 4 bit tri-state buflers (1C 1857
and an 8 position dip switch. The computer logic circuit uses the output devices in
order to switech the motor and pump. The output devices consist of a dual D-Flip
flot and a pair of solid state refavs (CRYDUM’s DCIAC 6412). With the exception of
the EPROM, A/D. and the /A, the incremental tape circuit is implemented with
CMOS devices hecause of their high noise iminunity and low power consumption.

SOFTWARE

The important aspect of a Logic gas monitor with incremental tape movement is
that it is a software-controlled hardware. Sufficient time and effort must be spent for
developing software in order to utilize the instrument cffectively. The program logic
Dhegins with the initialization of stain and device pointers. The sample tinie is then
read and stored in one of the buflers located in RAM memory. Two locations of
RAM memory {Stain buffers) are reserved under the labels "OSTAIN and "NSTAIN
in order to gave gas concentration levels of the last and the ctrrent samiple
intervals, respectively. The stain buffers are reset before the start of first sample
interval. The sample interval logic consists of tape advance and monitor routines,
The order of functions to be performed in the tape advance routine is as lollows:

A. Turn pump off and motor on. '

B. Enter a time delay routine for advancing the tape.

C. Tinrn motor off.

). Enter a time delay routine for suppressing molor noise.

E. Read and save zero stain in the ZSTAIN bufler.

I Load the stain buffers in arder to start the next sample interval.

(. Load the pane! meter with the content of NSTAIN buffer and reset

NSTAIN.

H. Activate the pump and culer a time delay routine for suppressing pump

noise.

At the completion of tape advance routine, the pump draws gas samples
through the fresh tape to form stain. The processor enters a monitor routine n
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order to read stain for the rest of the sample interval. The duration of this interval is
controlled by the sample interval tirae that was read and saved in RAM memory
during the tape advance routine. In the monitor routine, the processor smuples the
A/D continuously. The zero stain is subtracted from the A/D readings to generate
gas concentration levels. The instantaneous maximum of any two consecutive
positive gas concentration levels is always saved in the NSTAIN buffer. Thus, at the
end of the moenitor routine, the content of NSTAIN buffer represents the toxic level
of the gas sample. When the monitor routine is completed, the control is trans-
ferred to the tape advance routine of the next sample interval. The flow chart and
the listing of the software are as shown in Figure 6 and Figure 7,

OSTAIN EQU R2
NSTAIN FQU R3
ZSTAIN FQU R4

ATOD EQU R5
DTOA EQU R6
PUMP EOU 3
MOTOR  LQU 2
TIME EQU I
Initialize Stain Pointers
IHSABLLE
IDLE

LDI OOH,; PLO OSTAIN
1.1 (dH: PHI OSTAIN
LDI1 0511; PTG NSTAIN
1.1 0dH; PHI NSTAIN
LIDT 0AlL PLO ZSTAIN
LI 04I1; PHI ZSTAIN
Initialize Device Pointers
LDI 00H; PLO ATOB
LI O81L; PINT ATOD
LDI O0I1; PLO DTOA
L.DI G0I1. PHI DTOA
Reud and Store Sample Time
SEX R3
INF TIME
PLO RF
FIG. 6 INCREMENTAL TAPE TECHNIQUE PROGRAM
Initialize Stain
L1 OOH
STR OSTAIN
ST NSTAIN
Enter Tape Advance Routine

LOOP12 SEX RO

OuUT PUMPF Pimnp OF
IDIGMEINE!

OUT MOTOR Motor on
DC O0OH

LI 80H: PLO RS Wait for tape advance
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5M

BAM LOOP9 Skip on no stain

PLO RE Save Stain level

SEX NSTAIN Check for mcrease in stain lovel
SM

BM 1.0OOP9 Skip on no stain increase

GLO RE Redefine new stain when there is
STR NSTAIN stain increase

SEX OSTAIN Choeck i cirrent stain is greater
SM than meter reading

BM LOOPY

G1L.O RE Update meter if NSTAIN s greater
STR IDTOA than display

LOOPY GLO B9
BNZ LOOPLO
GLO NS
BNZ LLOOFPI1
LBR LOOFPi2
END
Fig. 6. INCREMUENTAL TAPE TECHNIQUE PROGRAM {Continued}

CONCLUSION

The incremental tape circuit desceibed in this paper is designed to monitor a
single sample point. But, this computer logic circuit can be casilv expunded o
monitor gases from multiple sample points. When moniloring yas concenlration
levels from multiple points, the monitor is stationed at a central location. The gas
samples from various locations are brought to the monitor by the tubing arrange-
ment as shown in Figure 8. The solenoid valves (S1. 82, 83, .. Sniare actuated by
the monitor. The pump P1is always on in order to purge gas swuples through the
main tubing; whereas, the pump P2 is controlled by the monitor to draw gas
samples only when needed. Nornwally, the monitor operates in parallel mode. In
the parallel maode, all the solenoid valves are open aud a gas mixtwre frons all the
locations is purged through the main tubing. The gas wixture thus lormed s
monitored using a procedure similar to the one for single point sampling. 1 a
signiticant toxic level is detected, the monitor will enter a sequential mode. In the
sequential mode. individual sample points are monitored to tdentify the location or
the locations having high fevel concentration. Significant cost reduction can thus he
achicved by monitoring multiple sample locations with a single gas monitor. Also, in
the incremental tape technique. the requirement for frequent change of tape can be
minimized by rensing the tape tor more than one sumple time if the toxic level is
not significant. In most ol the personal gas monitoring systems. il is required to
document time weighted average (I'WAY of toxic gas level for a given period of lime.
This can be easily achieved by interfacing a real time clock civenit and a non-volatile
memory system (sieh as disk drivel with the incremental tape cirenit.

The most important aspeet of the incremental tape technique is that it is
implemented with a computer logic cireuit. Computer logic cirenits are software-
controlled and therefure, by a proper selection of program logic, functions such as
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multiple sample point monitoring, tape reusage, and TWA can be casily achieved
without major changes in the hardware.
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