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with Asymmetrical Failure Characteristics™

by Tsuyoshi Sarro**, Hiroyasu IKEDA** and Noboru SUGIMOTO®**

Abstract : Gas detection systems in chemical plants are utilized for many purposes, e.g., to prepare
material gas, to control process reactions, to monitor product quality and so forth. In a case that a gas
detection system is used as a safety interlock system, which compels the plant operation to stop when it
detects the leakage or the accumulation of flammable or toxic gas into the work environment, its struc-
ture must be essentially different from other systems so that its failure never causes an accident even if
it causes false trips. The gas detection system with such asymmetrical failure characteristics, however,
still has not been developed because it is basically impossible to generate the energy of sensor signal out-
put from the state that objective dangerous gas does not exist in a monitored area atmosphere.

In this report, a construction method to realize the gas detection system having the asymmetrical fail-
ure characteristics is deduced from logical considerations concerning generalized structural require-
ments of hazard detection systems. This method is also examined by applying to a trial system composed
of a gas-chromatograph with a thermal conductivity detection unit (TCD) and a 3-chanel diverse pro-
grammable logic controller. In this method, the asymmetrical failure characteristics are functionally
achieved by automatically and frequently testing the normalcy of the TCD before every gas detection
operation. The normalcy of the TCD is judged by comparing a preset pattern and a response waveform of
the TCD corresponding to a dummy input of the dangerous gas. The gas-chromatograph is adopted to
obtain the high reproducibility of the response waveform in the normalcy diagnosis operations and to
confirm the normalcy of gas filtering function to separate interference gases from the atmosphere. From
experimental results, it is confirmed that the trial system is able to execute the objective operation
sequence composed of the gas detection and the normalcy diagnosis under the condition of the asymmet-
rical failure characteristics. Moreover, the safety performance of the trial system is quantitatively evalu-
ated on the basis of the frequency of the operation sequence.

Keywords; Chemical process, Safety interlock system, Gas detection, Asymmetrical failure characteristics,
Normalcy diagnosis, Gas-chromatograph, 3-chanel diverse programmable logic controller.
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Table 1 Influence of interference gas on potentiostatic
electrolysis type of CO sensor.
EBUEBRA—BILRZFLYICHTS

TFiEH A DEE

Change of

G C trati S
ias oncentration |, 1. " 4 e

Chlorine (CL,) 3.5 ppm —12.9 ppm

Ozone O,) 2.1 ppm —10.0 ppm

Nitrogen
dioxide (NO,)

Ethylene
(C,H,)

Methanol
(CH,OH)

10.0 ppm —4.0 ppm

10.0 ppm 1.0 ppm

4.0 ppm 10.0 ppm

Table 2 Influence of interference gas onpotentiostatic

electrolysis type of HF sensor.

EBUEHBEX 7 vIEXkZELHICHTS

TFiEHZDEE
. Change of
Gas Concentration indicated value

Ammonia NH))| 25.0 ppm —2.0 ppm
Hydrogen (H,) 5.0% —1.0 ppm
Nitrogen

dioxide (NO,) 7.7 ppm 1.0ppm
Chlorine (CL) 1.0 ppm 3.0 ppm
Fluorine (F,) 5.0 ppm 4.0 ppm
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Fig. 8 Typical composion of gas-chromatograph.

HMEINEHZ7OY TS5 7 DEK



L, 77 ARECSLTERRT LY, $hbb, £
Felilepld, & 7 AEEM & &G & OWAEFEEZE
TR, FXYVTHRAREE DT LMEICEL ST
ZALT %, HlE LT, KfETHWZA A7 0= |
FIG7BILFXYVTHARREE S T LIREDE
WIZ X BEHE (N2) LRFE (020 OFRRFFRHE DOZAL
#Fig. 9 lIRT o FX¥ VT HAMREE H T LD
—ER O, BEEMNOWAETT DTGS2 5 HIC
HIAEDHBL, ALY HIZX o TEEHHE
ENb, a0 A ADNE v ) 7HAIEA
SNt &, ZOHRARLR2Q, W7 L0OMETHTE
LAARIUX NI 708 mEREn, oy
1 U REecE$ 5L, BEtcov S HIERY
(Thbb, zux brIa) &, HHNIZIE, X
ROERGHWREE L TG 26N 5,

GQ
F2no
2721 o=trWNm ThbH, BLEIZIZ, 7TF20H
AT AEAREOLMIT L - TiE, HITEE
PEBW 2 ERTHMERE RO WEEDLD L. FE
s KPR T LA RA 7= b5 7TlE, &)
BAZ (ZZTIRER (N2)) OFEAERNEL LD
WONTEFEOOTAPKE LY, PREFREM?E
MR R 5N 72 (Fig.10). L22L, A~
ux I A%, HLETHH ARG L FEEMYE
DALFAHEE RS KB R DR RTH Y, T
AREE-F v ) T AR - BT AFEARLZED S

Y = e—(t—tp) /202 (13)

Nitrogen

—0—: 20 ml/min
—0~: 30 ml/min
——: 40 ml/min

SS==

T,

310 330 350
Column temperature (K)

Oxygen
—6—:20 ml/min
—&—: 30 ml/min
—&—: 40 ml/min

150 7

100 +

Retention time (s)

T T T

370

Fig. 9 Variation of retention time caused by the
difference in the flow rate of carrier gas and
column temperature.
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Fig. 10 Relationships between injected volume of

sample gas and shape of gas-chromatogram.
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programmable logic controller.
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Fig. 13 Sensor output and enabling signal in case that the air of 0.3 ml in volume was injected as sample gas.
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Fig. 14 Sensor output and enabling signal in case that the air of 0.6 ml in volume was injected as sample gas.
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