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Abstract

As a core device for modern environmental monitoring and industrial process control, the stable operation of Fourier Transform
Infrared (FTIR) gas analyzer is of great significance to ensuring environmental quality and production safety. This paper
systematically analyzes the working principle and structural composition of the FTIR gas analyzer, and deeply explores the common
fault types and their generation mechanisms during the instrument’s operation, including five major categories of problems: light
source system faults, interferometer anomalies, detector performance degradation, gas circuit system blockage, and software
communication faults. Aiming at various types of faults, this paper proposes a preventive maintenance strategy based on condition
monitoring, a rapid diagnosis method based on fault characteristics, and a predictive maintenance scheme based on data analysis.
By establishing a fault diagnosis decision tree and an optimized model of maintenance cycle, the rational allocation of maintenance
resources and a significant improvement in maintenance efficiency are realized. The research results show that the optimized
maintenance strategy can reduce the instrument failure rate by more than 35%, extend the mean time between failures (MTBF) by
40%, and cut down the maintenance cost by 25%. The research achievements of this paper provide a theoretical basis and practical
guidance for the scientific maintenance and efficient management of FTIR gas analyzers.

Keywords
Fourier Transform Infrared (FTIR) gas analyzer; Fault diagnosis; Maintenance strategy; Predictive maintenance; Condition
monitoring

EHEMLINSES IR WSR2 B 5 4P R BT 5
[t
T UMD ATRA R, B - i 200062

=

AG B ot 20 9P A AR AT A A AR ERIE Bl Ao T ki f2 32| 69 0 54, ERCETN TRIERERERAE T4 LA TR
T, AX R TR o9 AR M A0 TAE RIS LM AR, FAIRITT T E AL RS A2 b a3 g £ A R L
PN, QLR AGKIE, FHRFE. RMNBHAETHE, A%AREE, KBRS LKL, 45E%K
M, ASARE T A TREYBN ARG L7 Kok K TREAFAE GG Peak 507 5 ik AR THIB AT ey T e 7 %, @
i T EL W F A e e B IR R, RILT P F RS ERE L ARG R FRA, FREREN, LG
8 23 ROk IR AL B M R EAK35% A B, P R TAR R A 3 K 40%, I R ATEIR25%, R IAGHT R R AT et
SN AR AT AL 52 L AP Ao B AE BRARAE T B R B Am S KI5 5

KA
R LI AR AL MRS BT 497 vk TR kB0

1315 Gexic SR, FIIE 5 R A I A
PSR s g, o P R RPGERILUA SRR

FTIR SRS 20 T EES RS, o 2 @B M INSE S TIEE R 5454
TELRMIE A RSy, SERIETILA SIS | e

P, FTIR M7 (DR, St B, £ 43 3 ) BB M NS
FFESH RN HIE R TRE T 8 gop e Ty, LoMEREERSESIE, £
AR, SURMERUR S CEMS R 60%, PR o = goim ik BB, FETHUUNHS, Sk
A ARSI, SR IEE R BRIREA R
CfEEEA] B (1989 , B, PELBA, A, poteRMEERILS, BTSSR 35
BB TR, MBLESTRERIITIR. SCRREBER AL, M2 TUBI% . RIS RS

127



EXERERE - F07%5 - £ 024 - 2026 £ 02 A

T (s SmER R ZE AR A), TERIETE, %1
PRSI b RIFCRE (BRI 352 a0, SN T
TEHEMAN (FFT) 255, RInfoafisei =,
WEENS AR AR ENEE, RFElR LM
SRRy T BRI, ARIERAMA - Ph/RE R, BOLES
SEIRERIE X R BRI A IE I 17 S A
BT, e EHSSAERA SR EE Y,
2.2 T EEMERK
MIDBEZERG IR, (BB 2L SNSRI BT AT 2 A K
TR RS, SRS REEE AL, BTEA
GENEIEN IR AR . HE RGN EATEN OO, B8R T
HNER . T BSOS R S sl o g .
RS S , AYMERE R AR R
TAERESEEAEFE 1000°CLLE, 51 FA297% 50000
INEE B BT B B R E (AR IS R S
WEEE K, SEMREENLR SR, BRNES AR LR SR
e, ERBREERER (MCT) ENgS TR =
HAL (DTGS) $5iMs,
SEERGEIERERL . dEdE . A= REAR
EEAERE, eSS ERE R NESEH RIS
FEM. R ASGH THER T OIS 19 VR AR
E, mENESSFEOCRER NS RE ., B EH A% M
DIV TAERE 5 R4, BRI A NISERO LTS
TR IREE O HTRNGE s & ThRE Pl

3 ERMERB KIS G
3.1 RBER G E

[EoEHESHESRE NEEELESmt. I HEA
B SR SEISRMER ., IR ikl . 230
RRFASEOCRE . SR B RS Y, JelRE i
TR A (S SRR P, Rk, MR EE M
% MR AR A, NIRRTHES &, REpsE
S e s TAE

IR RIS T S B BRI RIT, @
WG R] FrtIREEL Ha AT, WESZIENEE
{l, SHFRERITRIEL; SE RS HNR R E RS
5 (5 FRAT S NIRRT /RIS R TE IR EVEE N
TG B RIS, AT IR 3 2 S ot
S AP
3.2 F b=

T CRAEHE ML SNSRI W ORL O, HAEEE
FOFAE M B S B 2 R v . T (0 T P e
e DWETEIEIEYY. EhEIEHU R ORI
. SRR . SR ESR T U RIESg R0, @
B (KBr) skl s (ZnSe ) B 4MEYEENEIRL,
B SRS AU S . SRS ZilE, TR
SRSk AL, SECCRER .
128

TR 1S T B 23 1 B i2Wr ShRE R &l
Tl TR, & E TR E e RS, AEitasft
FEHEELE, TERERTEN, EdE e
BOCE USRS, HiREBI Ve, fFf e it
BOGES . W T shEi AR, mlm U EE T E X FRIET
ForE et T, BRIk LR 7
3.3 f il 2E R pE

TS 1 T RS E S A RES, HiEmE
BREAA S A R A SR . (B EHLL SNSRI
FHI MCT #8088 T2 AR (77K) R TE, Rt
& RGN R 2 5 DLIPIRE Y R BRI A], R Es s 28
POV ESIRE R | AR, N Ee e e ES
B ALFUMESE MRS SEEGEINTGETE, e
Y IR BRI RNZE T, s BN,

T aS BB 12 5 R G35 . fo Bkt FUMR 0 (A0
FEORA; EZRNE R E SR, FAREENEE
S, Fr A I B S RIS RS
FRAHESE X T DTGS g, FERE R CE L
ROFTE O R 1R o
3.4 SRS IE

S B LA NS R HT (  L pe
PR 7 —, HEEAPET RS ERIN RS R %
LB EIRE: REELIE g . IEAR . KEI5YL. ik
R, mESES., £ LI, SkhOmsRE e S a8
PSRRI E IR R, RIS E SIS RS ER D, MR
BHAKER; [=E9eSEE RS, P AR g

S AGHENISW R RERERER G
SELEISEEE (IEE A 2L/min) 5 WEESEEE R, HlMr
R eI (IR SR S IR e 1
wEE; THIRETRILE, SRS R S =I5 Y
FERE; Wi ZE R, M e g s,
35 RS EEKE

W6 B L INSUR DT CERERE R (O, BRI
AOABEES iR HaREE, BN SRS,
TEAG R . DN BURERIR, SEukEHIR
%, BEHE R EEINERS AN IR E AL 1A
AERER e R . XS AR RS,
A SEURNEIRER DS, NS A E.

B SBEHEIZH R RN ERRR S
AP HUHEAC S, &8 A4 H EEHRE B =R s,
HERRIRT S KA BRI O LR s
HreEiRE ) %E ., S TE A, B NERAR] SRR
B, BRI T2

4 YEIPRREALALI T

4.1 ETRE N TRy i 4edp
TR T [EE R R AP R T S 2O FE PR e 7
IRNEIRDE. FELZ T, R AT SR e SCR i



EXERERE - F07%5 - £ 024 - 2026 £ 02 A

PR BTSN, AU R TE R R A B SRS e T
T, ANTE R S m] Sk A IR R B R A
BERMLL NSRS, T E A R B R GRS |
TSR . R . SESIE . G SR
LRFEIESR LS.

A RIET —EL Y EAARIENR A, (KFEERW
SEIREOE S TEdE, HESRERE SHRBEITEAR
IRBITE S
4.2 BFES IR R

AR MW R RO R, A SO T S 3
SHTRBUSES, W TR NS ST
Fft, AREERARIEIL G AR T A, B — R R
Pz TN S EA S I o2 S vicl B= YU N S e UG ORS00 1)
B IR (RS B IR T s S9N Em,
Sofaa e o RGN BI2W IIRE; BER RBEFAL
K B,

4.3 T e AR By

TR R R 4TSRS, B0 Rl 3
PEOHTRIERE, TN ORI E RSy, (ERPEA AR
HEAEP RN . AR R A 7R 53 AR R B - SR
TR I T A G O0T, B 2T nl SErE e E
AR, AR/ RO IR FE RN . f()=(B / m )(V/
YR -Dexp[-(t/ ) B 1, H B ABIKRSE, o HRE
ZH, D ORI SRR SR, nI DR
AR EILE IR R R SRR ANLE AR o
4.4 FIPFBFERUEE

TEAEIP SN (AL EERE b, SR B P e IR (T
FRECE, (UIERIRET . e A, 4efp THES, ASCRA
ABC 2 K0 AR TR T . A 256 R 2 X B B R
e, iR . TR IRESSE, R B K&
TR BRI, ObEs . BB, AIRIETR
FW; CREAFERBIEK. MOS0, T
TR, BRSNS EERS .

5 KI5

AV SCHE H BRI S WT 75 R4 37 SR 1 A 2%k
WEEUR K F1 4 )T CEMS A %0 Hh BYEE 2T SNSRI H Y
PATRI DT 1% A NE FTIR 01, 25050 1
S 2 SHARASHER, BITEHEAERE . SEE T,
TER, FRTAVAETSRBEAT, (A ARy 8 1k, P
eGSR T VRN A] (MTBF ) 4 1000 /NG, 4EPpAts s,

N A SCHRH AP RIS J , iy TIGERIR SR
MZESE, SERTIRMDERGRE . TR . SERaESS R
SR ARTERIEE, F TG s A MR 12 4~ H
s 6/ A, IWIEEs B EIM 6 4 A%k & 34 A o [T,
N T RIS, HIYE T 4P A B R AR
LW BT, (EROF SRR S 5 ¥, MTBF

WEAZE 1400 /NEE, ZEPBRASEAREY 25%.

HAIZRG]: 2024 £ 3 H, IRERNAZ TR | S917
(IR R M IE S {8 25000 23 FIEZ 18000, ESR{THTE
B TR, (BERHBHOE R RIETTELE
TR, SEIRFIS 298 2000 /N 43 A BRI AT R
T TR, IR a i senk 7, W TRA
e S B A MR . X — 2178 1B TR A R AD
TR B E

6 41

ARSI T Ay A AR OB, R s PE4E
. MRS SR . TR S IR T 5, #
OISR :

DO R Z e, SRS SRR,
IR SERAHRE A, T EEE;

RS BT A A m] KRR TN a5 R v, 14
SMERU RIFFIEE 50%;

T2 RS B R S L HEE R, BEFRTHAWS
RERR:, WUDESERE

TR LA R TR 1 T A R A, ARG, (L
GRS % 35% DL b MTBF ZE4K 40%., 4Edrpias
K 25%. JEEEMFRFIIEIR=T71A: 5| AR REE I
BERERED, BESmECr & Lie R E s,
RRERD MBS AP SR R T BEERORK
&, DG4S E . AR, AR
RORSCHE
B2k
(1] 3, XU, SR, A i feskim i S R Pudtn s

FERHBORITII]. W RLIHOR, 2022, 40(2): 1-6,

[2] DARWISH M M F, HASSAN M H A, ABDEL-GAWAD N M K,
et al. A new technique for fault diagnosis in transformer insulating
oil based on infrared spectroscopy measurements[J]. High Voltage,
2024, 9(1): 12405.

[3] DARWISH M M F, HASSAN M H A. Application of infrared
spectroscopy for discrimination between electrical and thermal
faults in transformer oil[J]. IEEE Access, 2022, 10: 132784-
132795.

[4] F7F, oz BRI ULV BRSNS HEEIZH ], 4
a5 THE, 2022, 30(8): 925-936.

[5] %A, Nicolet SDX g HM-ARRAT FMERE SO0 3 HHR 5
B[], S FrnaAE AR S1ES, 1997, 3(2): 116-119.

[6] ZHLF. i LWL R HTEISH ROR SE PSRRI ]. T E
fiillz, 2024, 33(4): 156-162.

7] R, BAT, NI, . B RS B R 2R IE
PEEUF TR 4R [T]. BEfEEE 544, 2021, 41(5): 713-728.

[8] Maintenance and Preventative Care for FTIR Spectrometers[EB/
OL]. (2024-11-04)[2025-01-28]. https://drugcheckingbc.ca/.

129



