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Research on Tornambe control algorithm based on semiconductor laser
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(Key Laboratory of Instrumentation Science and Dynamic Measurement of Ministry of Education, North University of China,
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Abstract: In order to provide more accurate step temperature rise signal in thermocouple time constant testing, optimize the
control effect, and improve the accuracy of thermocouple time constant measurement, Tornambe controller was used to feedback
control the output power of semiconductor laser. The system was constructed in the Matlab Simulink module, and the simulation
was carried out under the same input signal. The control effects of the second-order Tornambe controller and the proportional-
integral-differential (PID) were compared in the running process of system. The results show that the time constant of CO1-K
thermocouple measured by PID controller is 456. 2ms, while that measured by Tornambe controller is 284. 6ms. The second-order
Tornambe controller can effectively shorten the time of the thermocouple temperature balance. Moreover, it is more convenient to
set the parameters of the controller structure, which has strong practical value.

Key words: measurement and metrology; time constant test; Tornambe controller; thermcouple ; proportion-integration-di-

Vol.45,No. 5
September,2021

fferentiation

51

i

T 25 AT R I e, SR T A R A B P RE
R MY ) A0, A i B R 1 R T
Heo Bl R PR me 17 148 28 AR {8 1 O e, e oA
BRI LA (P RE S A 8 5 BRI T AR (19— JuE
A BRI Z A1, 25 B P 000 B S A Al 4

ST H TR T S RE A RS 8 E A S S T
ST H (EFMD20200017) 5 2 4 5 SE 0 50 46 95 By 1t
(61400030202)

YEHF T e8] (1969-) , L, Wi+ 5 , B0, L ZE N
Bl 25 D GRS

E-mail ; haoxiaojian@ nuc. edu. cn

Wk H 19 :2020-09- 15 s e B & e H 181 :2020-10-19

A, DRI, oA 8 kR S AR bR T S A
R AL BT LR AR R L b FAE P
FHSVERE , B AR AR S 2 R A A ] P
RERSTEAR JCOREEE b5 ma P A i AR S R 2 25 .
A 2 A EEL A 0 TS T B — A i 1 TR o R S 24 i
AL P ) M P A O A M O RE
"B AT AR S (S ) PR 7 AR 0 5 3 T oK 9L, T 1A
A Ay A L ) 2500 P AR b s 21
ARG, FEE D SR B AR E I 8
FRTINRCRE B, SR T PDIA i et 256 00 2 52 ) 7 2% s
SO L S0 0 T AR A, R IS Mot 4 s R e ofe 4
OGBS BT AR 7E AR S5 0 ] 18] P9 7 £E BT 325K 19
T BE BB, 2 17T 0 s A FE £ s i Bk il ik, A e At
PRI B L, R 2w LUz ) S He -



FA5E HSH

HBES] T SUROE 21 Tornambe #5855 B 5% 671

1853 ( proportion-integration-differentiation , PID ) 451
Pe, e e s RS EDT 2 TR R
HR PID 42 il 5 75 18 X5 S0 S48 2l Bk 09 40 TP e 01 4%
e T I B PR SRR

1 PArE (B A E) B R e A0k R 2

ARSCHR iR A AR 2R 4 T 2 i g R
AR FURBOG AR 622 B W BR T S A A
HLAE) ZLA MR SR A5 5 IR 3 P B R0 SR AR A8
B A/ Bk s (analog-to-digital converter, ADC) I 5z
BRI AF . RGAERIANE 1R,

control ADC
module o
shielding box
ellipsoidal mirror
laser drive ;
module optical "~ infrared|detector
shaping =) d
Y. : ata
. module R \/f/:’/ 1nsulé1(t:10n lacquisition
semi- SR — — module
COlilduCtOI e >, L 4]
—laser J ,i/tl/iermocouple signal
conditioning]
circuit

Fig. 1 General structure diagram of thermocouple time constant test
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Fig.2 Thermocouple response curve
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Fig. 3 Second order Torambe controller
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Fig.4 Tornambe control and PID control algorithm simulation
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Fig.5 Spectral curves of semiconductor lasers

Table 1 ~ Operating parameters of semiconductor laser

instantaneous  modulation

wavelength bandwidth load current

power of time

980nm 3.9nm 594.2W 10ps 10A ~200A

Tornambe

N

Al
PSP P

voltage/V
N
=)

PID

[ 89 ¢
SASNS

1.0

004706 0810 12 14 16 1.8 20 2.2
time/s

Fig.6 Tomambe and PID control effect comparison experiment
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Table 2 CO1-K thermocouple measurement results

rise time/  overshoot/  time constant/  stable voltage/
controller
ms % ms v
PID 830.6 0 456.2 6.93
Tornambe 540.3 6.47 284.6 6.95
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