39% MM HL T 5 AR 2 4R Vol.39 No.7
2025 4FE 7 A JOURNAL OF ELECTRONIC MEASUREMENT AND INSTRUMENTATION 047 -

DOLI: 10. 13382/j. jemi. B2407621

S Y 0 R )R R AL SR AE SR AT 3 3

a2

B =" th—m' H0T ! LR
(1. PERE AT RZANLE TRE2ABE AR 610500;2. PURE A il KA im A b B T & TRESEIRE Al 6105005
3.VIRIA M RFHRAEEFBE B 610500)

B RN RIS AR UERR R S0 FH RS f i S IR, G R B P BB 5 5 — e £ SR AT, RS I e 7 U
WA BE A L AGH I X (A E FH P S I SR B A o EE X R A R b L S ) I R T 2R AR I [R] R, L MSP430 S 45 il #%
L, B AAL ERE AIN T- BT T — 3 S T SR P TR A A . 1 5007 T AL A AL RS A I TR A S M I i 22 ST
Yot I F 83 T 28 TP B R, xof o A2 A TR 7 LA I s 5 v 25 A0 ol s B2 MR A D7 8 5 LR, T & 1 AR 430 A 428
P55, R A E B RN B T B R AR R A B T A 28 4 s R T SC IR S IR F AT 1 RIS Ak R 45 1k BB S 5
5, WA S R T S5 EE O EE XS0 g, ST SRR BT O SO W R R A IS LS S I R 2 ) B AT
BIRIER R, BB A RS R =0. 996, 5 IR ARG AS 7 i g Bsf 18] &S0 kB A2 M R IR TELSS AR LU B SR R i
M3 25 A S S 96 It e B AT R A R 2 3, SO AR R 0. 7% , A M RSD W 1. 88% , /R {HIR 250 1. 10% , KA J&
EEN 4.0 2, AT LISSEUE S7 0. 1~0.3 MPa, iR -10 °C ~40 °C RFREE T X R AR DU G e MR AOFE LRI, TP iR <A
T4 7L 4G M 3 5 2 A ) i) St T R T 4 PRI R T B, XM RIE A S48 0 1 22 42 1B AT RS P iR A T 72 2 4 A
KRN,

KRR SRR AELRAGIN 5 BRGS0 5 AN B ; DU S E Wy s R R4

hES S, TNOS SERARIRAD: A ERAREZERISERD. 510. 8040

Design and implementation of an online detection instrument for
tetrahydrothiophene concentration in gas pipeline networks
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Abstract: Gas odorization is an important step in ensuring the safe use and transportation of gas. It is directly related to whether users
can detect gas leaks in the first time. Online detection of tetrahydrothiophene concentration in the gas pipeline network is very important
to ensure that the concentration of odorants at the user end is qualified. This article focuses on the problem of online detection of
tetrahydrothiophene concentration in gas pipeline networks. A low-cost and high reliability online detection instrument is designed with
MSP430 as the control core and electrochemical sensors as the detection method. Firstly, the cross interference characteristics of
electrochemical sensors in detecting mixed gases were analyzed, and a mathematical model of cross interference was established. An
optimization scheme was proposed to address the disadvantage of electrochemical sensors being prone to poisoning during online
detection. Secondly, the hardware and software parts of the detector were developed. In addition, the detector adopts a dual explosion-
proof housing design to ensure its safe use in gas environments. Finally, calibration and performance verification experiments were

conducted on the detector in a laboratory environment, and a comparison experiment with a gas chromatograph was completed on site.
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The experimental results show that there is a good linear relationship between the true value and the measured value of the

tetrahydrothiophene online detector designed, and the degree index R* of the linear trend fitting is 0. 996. The detector has shown good

response performance in response time, Stability, repeatability, high and low temperature alternation, and the influence of gas source

pressure test in the calibration experiment, with a range drift of 0. 7%, repeatability RSD of 1.88%, indication error of 1. 10%, and

detection accuracy of 4. 0 level. It can realize accurate measurement of tetrahydrothiophene concentration under gas environment with

pressure 0. 1~0.3 MPa and temperature =10 °C ~40 °C. To solve the problem of gas pipe network tetrahydrothiophene concentration

detection provides a scientific and reliable basis and means to ensure the safe operation of the gas pipe network and gas users’ life and

property safety is of great significance.

Keywords : online detection of gas concentration; gas pipeline network; gas odorization; tetrahydrothiophene; gas safe

0 3l

i

I 25 3, ] T 225 g AN B 1) €2 AT ok 140 355 345 6 R T 17
KRR MO 3 v T4 R RIRK
T TCUR | Z Rk 5 B PO RE A A X L& A ik e B, FH P
MELIZZE TS K el 8T MEAR L IRIERA
FP 58N 51 RE 38 1 MR B i 2 B A BRI U
B A KU SRS N, AT S A Ak R R R
I, R H & A OB R FLYE ) GB
50494-2009 FJIf 2R X IR AR AT IS, — B
PR S MR T A SE BB, BRSO R — Fh A
TR Y, A NS PR %) T BR300 1 AR S LA PR UIERR S
T2 B BB A R 11 i R | R R R A 4 i R Y
157 VAR & 1T S Sl @ SE RO ) R P L e
W3 (tetrahydrothiophene , THT) , PU & W€ Wy b 2% P i 2 52
MEE T, BEVEAR , X RS0 A L AS B g b, 3ok A A
FIREE L AN 238 il fe 3, R AR SR =0 S 550 k)
A (IR E AR R BT ) GB 500282006
FICRIRZY GB 17820-2012 H B Hff 22 >R MRS I v 4
SEWN I AME T 8 mg/m® ™7 2R H ) DY A
WEE W R A ATR , 7 % 2B RS0 T B A ATT AT BB TG ik S et
F5 AT S 05 2 MR 0 DO v ) D W G 3 2
i, FERSE e 2 e & 4 CO S0, A 5 AU, Had
A DY SR S FE R TR 2 B ol A i BN B
RIS ) PR SRR G DO SR A
R P AR E 2T EHE

B RSN B BRI N 5138 AR AR B BSR4 4F
PEATHNARE . PR W H B DU SUBE M IR A2 B BRSO
W EIERKE B R EZSMRERRm, R A
ASTR By 220 Ay e 5 S A A A 1), 30 2 b ARG o) R AR R
DU S Wy e B SR A TR N 2 R 1 R i, BB AE 24 AT R 221
A O SR My TR B2, TG AR 2 A I v D S M R T SR
THOL, MAELA I 0 77 X BE s A J b g e LR, H
I FE] PR A M DR SR A A ) DO S E MV B vk R LA B
ERBIER A (IMS) S Ak DL R AL # ik, BT it
FETE A AR A T AL 3 (R A B 3 B R [R] A

XTSRS AT KD G R %07 vl S TN
BRI E R AR I A7 RORE£EvE e i 51 Gt ]
G. A. S A GC-IMS-Odor #i [l )12, B8 T1E
LR BT AR RIS, T R v A R 1 A I TG A o R 5]
oY DU S EW I i, R TR S FE 1~400 kPa 2Z [\
P RIR NS, AR E AR 5B 3B vl sk 22 BP0, o Bk )
T, (H 7= A AT SR T, RS T B R R 1 W a5
FAVRR A D e S LA KT R IR A 5 A e i v A —
AP A ] A P L SO JE 0 85 B — AH 4 53 B 7
N © 3y s B | D KW N s I R N
BG AT T AR E SRS R i AR 1 4 B I Y
TR, T B0 4143 AT R rp 3 A8 e ) A7 A 22 5
DR IH SRR (033 1k ] FH T2 B 20 & SR 4% 21 00 1 R B 1
B, FE TR AR [R] B, 4521 2 SR I o i e 23 3
RN Re R A NN N S ST D NG R A b
(T3 ] e AR it A ) B 53 RN B R AT W, 55 b, i
AR SURE 0 335 S TR) 0T 335 S A i i e i AN 3% B2 1 A
SRS 5 BIROR R T8 RE TR A A e 8 R
FESE (A0 B 5 T2 SR, [FRE B T AR )
FEATE FH T B A U T A B R S8 W L Al
TR SR A 5 A R R =2 B) kA AR A T R
J& AR B RS AR A G R B PO S 5 AR A v
JE R LA LA S SE AR I Ak 2 B AR TR
AR, 2 H BRI A B A 35 M e AR FH e 2 1)
N R E 5 NSRS 8 P I AN FAE 2 L I e D 44
JE e B I HL AR AR A1, AN 2 2 Ah 2 B 32 Ho A
SR, R AR INRG B, O ELAC IR e e 4 ke A AR
AR TR, 5y A0 3L Fa figk 5T RO ASURRRE A e A AR T Al
SR IR O 54

I T PR 0 R 3 SR AR 485 X1 A 2 A
S LSO A I HR i R 500 v B8 A T A AT RIS
SHAEF AN G B R 0, AR 3 e TR
5 3L ARSI, AR 1 T4 X R A7 ARG 0 A SRS T 352 2
BOR RREMERZE, By g Fan e SOR 63 A Fmoper I o
B A v, (E PR T AR [ TG 1 AR R A W) K T AL
fdH A T AR I S W o A I B R R R (H T
ASCES AN R A A4 B B AE R LA BT E &R



57 3

HR A 0 ) 2 R 38 L A~ A e S s - 249 -

TR R, PR T A AR A i PR S — A
ARSEAR | o JEE AR AR =AY o I S5 My e 2 A DA,
g R REHE ) T L [R] B A e A ) A6 ) 5 =4 g
A7 2500k G RGN 235 SR 2 L A Y e A

1 BSSE N M SRR EEL QN REE

1.1 MEEMBAFERETIERE

FEL b 2 P RS AN M 40 A el it T L e RO G R
A A AR s N 3 R o A 1 E S I SR T
FNEER , PUEMEW = F A 2 L b 2R AR SRR 25 M N T 1
s, H A2 R R SR T O DL R i R
B, 7E = AR 2 P TARRA (WE) X HLHE (CE) FI
SEHM (RE) " H ) TR BB R T LS v Y [ A
ERE, A SRR N A R A X R 5 T AR AR
T 2L X B 7 A A R RO 3, T
ST HLAR 2R N 5 2 7% AR RIS A L R, 5 TAE
FEL A 2L 1 B T v 0 T e b gm0, ARy
TR O L RH B AR AR 2 i A AL IR FL R TR —
P At T T TR A T MV T, A% AR AE LIE o T AER, T
YEHM 52 i 2 A A T — R R e W A%
R B E S S BAR AR A G, UL
HB, JUT 3% 1) DO S Wy = R AR X L Al 2 AR SRR AR B X
VY S ME MM 5 B AR R, LR U, B A L R ik
F B U R WL RS THT & A S Ak 2e
R RYZER AR LT, R THT 23 fl % X A 4% 2 1Y
fB2F RN, AR ISR AE TAER, Rl SR 2 R 79
ORI A B AN Y HOHG S TAE AR, 78 TAE Lk I
T LA - L R Y- MR 1 — AR BB AR ) e T R Ak
2R N AE R S T R I 2 (8 AR R IR AN L )
BRI G B, 7= AR BT ECR TR, e X
R 4 HL 70 A A B84k

e i

BK
TAERBE— | | 1
sEEf- |

0 S— -
314 B

T I

BT PR E A AL AR A
Fig. 1 Structure of tetrahydrothiophene
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Fig.2 Hardware design framework diagram
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