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Development of pressure control system for laser infrared multipass

cell using Ziegler-Nichols-PID algorithm

Xu Huixiang’, Kong Guoli
(School of Information Engineering, Zhengzhou Institute of Technology, Zhengzhou 450044, China)

Abstract: In order to realize the high performance detection of CO, gas isotope, a multi-pass gas cell pressure
control system with high precision and stability was developed in this paper. In terms of hardware, the pressure
sensor was connected to the front and back end of the multi-pass gas cell to measure the inside pressure of multi-
pass gas cell. The main controller regulated the proportional valves that were at the front and back end of the
multi-pass gas cell via PWM signal, so as to realize the closed loop of pressure control. In terms of software,
Ziegier-Nichols engineering setting method was adopted to determine three parameters P, / and D. The results
show that the control accuracy is £0.04 Torr (1 Torr=133.322 Pa) when the pressure of the multi-pass gas cell is
60 Torr. In experiment, the developed pressure control system of multi-pass cell was used to measure the absor-

ption spectra of *CO, and '>CO, gas molecules at 4.3 um. With the increase of gas pressure from 0.026-0.066 atm

Wks HER:2019-12-03; &7 HEA:2019-12-28

HEWBR A &SR ESFHIN A (20B520036); 1 1 4 BHE BOEIR B (182102210150); 5 TR AR 22 Bt 74 45 01 5 He 4 191 0
(QNCXIJ2019K5)

{EZ - FLEF] (1973-), 55, RIZEZ, Wit, FEMNSHOCRIE A 58 a4l 7 mif#F5T . Email: kguoli73@126.com

BIEE T4 (1980-), 22, IR, Bit:, T2 NGB Bef il S EURAL BT A PFSE . Email: xuhx80@126.com

20190551-1



ISk A2

%94

www.irla.cn

% 49 A

(1 atm= 101 325 Pa), the peaks of the absorption spectra of *CO, and '*CO, gas molecular increased with the

increase of pressure, the width of the absorption spectra also increased with the increase of pressure. Meanwhile,

an infrared gas measuring system was used to measure the CO, isotope abundance during two hours. The average

isotope abundance of CO, is —9.081 %o, and the fluctuation of measured values is between —8.351 %o and

—9.736%o, with the maximum deviation of 0.73%.. It can be proved that the system provides reliable guarantee for

high performance detection of infrared CO, gas isotope.

Key words: infrared gas detection;  CO, isotope;

engineering setting method;
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Fig.1 Pressure control system for multi-pass gas cell
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Fig.2 Proportional valve control circuit
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Tab.1 Ziegier-Nichols engineering tuning method
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P 2-8pg
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Fig.3 Equal-amplitude oscillation of pressure of multi pass cell
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Fig.4 Pressure control system
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Fig.7 Relation between '*CO, absorption spectrum and pressure

80
—0.026 atm
0 r 2C0, 0.066 atm

| f) 0.046 atm
N
11,
||| ||||
||| I||
ity
.'I.Ill ll',l'.

[V
[= -}
T

Absorption
w o
o O

0 - _/ L

2315.1 23152 23153
Wavenumber

[ 8 "2CO, MR 5 HE s 1 56

Fig.8 Relation between '>CO, absorption spectrum and pressure

80 [ P=026atm 2Co,
70 rCo,
60 | i
50 +
40 |
30 + b
20 | b s \

0 e . R
2315.0 23151 23152 23153 23154 23155
Wavenumber

Absorption

[l 9 BCO, HI'2CO, 7E 0.26 atm 38 T AL
Fig.9 Absorption lines of *CO, and '*CO, at pressure of 0.26 atm

43 CO, EMI&EFEXRNIKE

B4 CO, 38 A Z38 1t I, SR F B 1) 2238 Tt
JE o 42 T 2R 40 B 42 1) 3R G 22 38 T 5 4R ) 2
60 Torr. AR J& FI FHLLAMSARKE I R GEXT CO, [l =
F AT IR/ I 5, 255 1& 10 PR .

—8.0%

—8.5%

d

o
— 9.0% (2

—9.5%

—10.0% . . .
0 2000 4000 6 000

t/s

P 10 CO, [l 3R = Bl Kl

Fig.10 CO, isotope abundance measurement data

FER TR 2 h B B[R] P, CO, [ 26 3 B3 (A
F9-9.081%o, T2 (B 7E—8.351%0 FI1—9.736%0 22 [F] % 511,
I KA ZEE N 0.73%0 . % CO, [FIv K =F 3 Il it %
ARk, EEm TR CO, Wesh i (A IS A
TR, SR AR SR 53 )2 ) BZL A SRR I 3R 4
TAEER T 8 .

23 MR TR 2R 250 mL (9 (R FE R (K AR 29
5 em), 5 O NSRS T b S AR A AR R
i) 5, SRR 22 CO, R 28 2 B I By e i 22, B
VTN 5 A L I e R, G
A RZ RGO T, B REA SRS T AN, 7
WERE NG AT, SR B SR 2, S
AR BRI A BT B e Sk TR X 22 3
AR Z AT BRIT BT, SR 5 R AR 2 A
(75 8T CO, [ 28 = B A

5 ZERIE

SCHVRI T T T 2L A AR TN £ 22 38 s i A
il 245, % JH Ziegler-Nichols-PID .92, IH 52 %F 22 18 1t
B ) R RS B A R M s ] . S5 R R,
584 60 Torr F, ¥4 Hi45 BE 4+0.04 Torr, [RA, A %
RGEXCO,. "CO, WIOLIEH CO, R R+ EE T
T S, AT LRI i R SR LU ZLAN CO, AR

20190551-5



%94

ISk A2

www.irla.cn

% 49 A

[ 37 2% 114 e P RE AGHINY i (3t T g f s

N T =B TE CO, [RAL R F MR L, EH

MELF J5 i F TR (1) W Oy i . ik
HLECO, FIPCO, PI AWML BT, (i — % HE A5 e
W22, ST R R F ML . (2) N 1>
SR B ), S BOE 2 1 N A = A ok
AT TR I BRI S T 5, $E T
[ 37 28 = B W H R 2

S 3k

(1]

Taylor S R. Stable isotope geochemistry [J]. Reviews of
Geophysics, 2009, 17(4): 839-850.

Li Chunguang. Research and development of gas detection
system based on mid-infrared semiconductor lasers[D]. Chang-
chun: Jilin University, 2016. (in Chinese)

AL, BT LAk S RO & 0 SRR DN R e 04 )
[D]. KF: F R, 2016.

Mckellar A R W, Watson J K G, Howard B J. The NO dimer:
N isotopic infrared spectra, line-widths, and force field [J].
Molecular Physics, 1995, 86(2): 273-286.

Chen Kai, Mei Maofei. Detection of gas concentrations based on
wireless sensor and laser technology [J]. Laser Journal, 2018,
39(7): 50-54. (in Chinese)

PRI, 5 6. BTGB AR H SRR BE RO SE [0, WO
7&K, 2018, 39(7): 50-54.

Yun Yuxin, Lv Tianguang, Han Hong, et al. Effects of pressure
and temperature on gaseous infrared absorption properties [J].
Infrared and Laser Engineering, 2011, 40(6): 992-996. (in
Chinese)

mEH, B, wht, S ARELAME R S TR S I A
FMA3HTI]. LM SEOG TR, 2011, 40(6): 992-996.

Toth R A, Miller C E, Devi V M, et al. Air-broadened halfwidth
and pressure shift coefficients of '*C'*02 bands: 4750-7000 cm’

[10]

[11]

[12]

20190551-6

[J]. Journal of Molecular Spectroscopy, 2007, 246(2): 133-157.
Guochen H E, Xingming D. Study and application of gas
chromatography electron flow/pressure control module [J].
Optical Instruments, 2011, 33(4): 23-27.

Jia Liangquan, Liu Wenging, Liu Jianguo, et al. Effects of
temperature and pressure changes on the second harmonic
inversion results [J]. Chinese Journal of Lasers, 2014, 41(12):
1215004. (in Chinese)

BRA, XSO, XU, S5, R RE AR SR AR A Xk — YR S i
LEILASLIR ] R EIOE, 2014, 41(12): 1215004

Wang Zheng, Chang Weiguo, Luo Xin. Gas pressure self-
adjusting system [J]. Meteorological, Hydrological and Marine
Instruments, 2010, 27(4): 101-104. (in Chinese)

AL, W L, 288 SRR HEW RGERBOTS LD <
GOKSCEEPEALEE, 2010, 27(4): 101-104.

Wang Guishi, Cai Tingdong, Wang Lei, et al. Application of
digital frequency Locking techniques in real-time measurement
of methane in atmosphere [J]. Chinese Journal of Lasers, 2011,
38(10): 1008002. (in Chinese)

TSI, BAENR, TR, 5. SR TR ERBE R IR 52
BRAAS ek BE[T]. T O, 2011, 38(10): 1008002.

Zhan Juntong, Fu Qiang, Duan Jin, et al. Stability improvement
of DFB laser driving power using digital position PID
algorithm[J]. Infrared and Laser Engineering, 2015, 44(6):
1757-1761.

WY, 1158, B, 4. R B 47 PID B ki DFB
O # UK 3h L PR E PE[D]. 404N 50k TR, 2015, 44(6):
1757-1761.

Mu Ye, Hu Tianli, Chen Chen, et al. Development of
temperature control system of DFB laser using analog PID
control [J]. Infrared and Laser Engineering, 2019, 48(4):
0405001. (in Chinese)

R, WKL, BRJR, 45 R PIDYE il ) DFBHOLAR IR L
P RG], L0590 SHOLTAR, 2019, 48(4): 0405001,


https://doi.org/10.1080/00268979500102011
https://doi.org/10.3969/j.issn.1007-2276.2011.06.003
https://doi.org/10.3969/j.issn.1007-2276.2011.06.003
https://doi.org/10.1016/j.jms.2007.09.005
https://doi.org/10.3788/CJL201441.1215004
https://doi.org/10.3788/CJL201441.1215004
https://doi.org/10.3969/j.issn.1006-009X.2010.04.025
https://doi.org/10.3969/j.issn.1006-009X.2010.04.025
https://doi.org/10.3969/j.issn.1006-009X.2010.04.025
https://doi.org/10.3969/j.issn.1006-009X.2010.04.025
https://doi.org/10.3788/CJL201138.1008002
https://doi.org/10.3788/CJL201138.1008002
https://doi.org/10.3788/IRLA201948.0405001
https://doi.org/10.3788/IRLA201948.0405001
https://doi.org/10.1080/00268979500102011
https://doi.org/10.3969/j.issn.1007-2276.2011.06.003
https://doi.org/10.3969/j.issn.1007-2276.2011.06.003
https://doi.org/10.1016/j.jms.2007.09.005
https://doi.org/10.3788/CJL201441.1215004
https://doi.org/10.3788/CJL201441.1215004
https://doi.org/10.3969/j.issn.1006-009X.2010.04.025
https://doi.org/10.3969/j.issn.1006-009X.2010.04.025
https://doi.org/10.3969/j.issn.1006-009X.2010.04.025
https://doi.org/10.3969/j.issn.1006-009X.2010.04.025
https://doi.org/10.3788/CJL201138.1008002
https://doi.org/10.3788/CJL201138.1008002
https://doi.org/10.3788/IRLA201948.0405001
https://doi.org/10.3788/IRLA201948.0405001
https://doi.org/10.1080/00268979500102011
https://doi.org/10.3969/j.issn.1007-2276.2011.06.003
https://doi.org/10.3969/j.issn.1007-2276.2011.06.003
https://doi.org/10.1016/j.jms.2007.09.005
https://doi.org/10.3788/CJL201441.1215004
https://doi.org/10.3788/CJL201441.1215004
https://doi.org/10.3969/j.issn.1006-009X.2010.04.025
https://doi.org/10.3969/j.issn.1006-009X.2010.04.025
https://doi.org/10.3969/j.issn.1006-009X.2010.04.025
https://doi.org/10.3969/j.issn.1006-009X.2010.04.025
https://doi.org/10.3788/CJL201138.1008002
https://doi.org/10.3788/CJL201138.1008002
https://doi.org/10.3788/IRLA201948.0405001
https://doi.org/10.3788/IRLA201948.0405001
https://doi.org/10.1080/00268979500102011
https://doi.org/10.3969/j.issn.1007-2276.2011.06.003
https://doi.org/10.3969/j.issn.1007-2276.2011.06.003
https://doi.org/10.1016/j.jms.2007.09.005
https://doi.org/10.3788/CJL201441.1215004
https://doi.org/10.3788/CJL201441.1215004
https://doi.org/10.3969/j.issn.1006-009X.2010.04.025
https://doi.org/10.3969/j.issn.1006-009X.2010.04.025
https://doi.org/10.3969/j.issn.1006-009X.2010.04.025
https://doi.org/10.3969/j.issn.1006-009X.2010.04.025
https://doi.org/10.3788/CJL201138.1008002
https://doi.org/10.3788/CJL201138.1008002
https://doi.org/10.3788/IRLA201948.0405001
https://doi.org/10.3788/IRLA201948.0405001
https://doi.org/10.1016/j.jms.2007.09.005
https://doi.org/10.3788/CJL201441.1215004
https://doi.org/10.3788/CJL201441.1215004
https://doi.org/10.3969/j.issn.1006-009X.2010.04.025
https://doi.org/10.3969/j.issn.1006-009X.2010.04.025
https://doi.org/10.3969/j.issn.1006-009X.2010.04.025
https://doi.org/10.3969/j.issn.1006-009X.2010.04.025
https://doi.org/10.3788/CJL201138.1008002
https://doi.org/10.3788/CJL201138.1008002
https://doi.org/10.3788/IRLA201948.0405001
https://doi.org/10.3788/IRLA201948.0405001

