53, 081408(2016)

RNSHBIFHRE

Laser & Optoelectronics Progress

©2016 (HH EHOL IS
T2 RO 4% iy L B I R) 3 L
M3 &R 58 e AN e B2 53 e

Wgsl KRE BRK
E

FrAE IR R I BOR [ K SR =, P KR 030051

I G5 RN E

B X A e A IR ] K I3, SR T TR E] 9 0.6 s B AT 500 WY RO AR IR COL BOLRRE
WA IR S RO R B R TR AL L TE 20 V TAERL R AN 20 A TAER A E T L A 2 S R O 4 78 8 e 8 0 IR
U 1050 °C B BRIELEE o Xof D00 ik 45 SR EAT /)N ipl g N b 340, 2 0 S A RD 3 T DD i 45 R B O R UL O S
KA
HESES

A 0 3k 3 7 A T gm0 A BRI L 2 A P A 1 ] Y K

SR I AF A 1] A BCR 1.3268 s, P RASHRE B 1,12 ms. 38 5 £ R O B TR AT FE S
WOt S UBOGA s AR iR A e

TB942; TM930.1
doi: 10.3788/LOP53.081408

XEKFRIRAD A

Thermocouple Time Constant Test System and Uncertainty
Hao Xiaojian Zhang Genfu
Abstract

Analysis Based on Semiconductor Lasers

Zan Qingbo

National Key Laboratory for Electronic Measurement Technology, North University
of China, Taiyuan, Shanwxi 030051, China

OCIS codes

In view of the thermocouple time constant test, the semiconductor laser with 0.6 ps rise time and 500 W power
The measurement results are processed by wavelet denoising, and the measurement model is established. The uncertainty

is selected as the excitation source instead of the CO, laser. By shaping the laser beam, 1050 °C step temperature at the

measuring side of the thermocouple is achieved as the laser operates at 20 V working voltage and 20 A working current.
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of the measurement results is evaluated by analyzing its sources. The measured time constant is 1. 3268 s, and the
expanded uncertainty is 1.12 ms. The time constant of large-range thermocouples can be tested through increasing the laser
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Fig. 1 Schematic of thermocouple time constant calculation
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3 MR AR 5 I A SR AL B

S 50 3k AR e [ A R 0 3R o 5 0 B P BE B R 44 e, TRV IO 28 9K 2h HL TR B E OG A8 A LR
20 VAL 256 ACNTHOGBOR TAER I 65 A) IR KA Hh e A, SR /D D2 8 M 114 7y 2k A L) 3
S5 T dbd /NIRRT 10 G AR AN 5 B, b AR AT IR A A AR S A0 AR IE U
F A5 5, 5 I 8] K0T S 32 MU BT A9 15 5 AT A 2580 4 g 7 0 I BB B ) 552 e o AR 40 K b £t g S o s B
JE 3 L Ao AR A i IR BE 29 0 1050 °C o OB AR IR T D) A H L5 0 RBOG AR TR LR U n] S B
4 B BR L B2 B O s R AU

3.0
1 ||
25 ‘\\
2.
z 20 N
0 \
i 1.5 /] N
o
> 1.0 /
05 -/ —— original
0 —— denoised
0 2 4 6 8 10 12 14

Time /s
&5 Ik 25 AR kI b 3

Fig. 5 Filtering process of test results
A I 2 R AN E BV
DU AN 2 BE S48 DU 25 SRR A B AN 1 A8 o 2 ARAE B I 6 1) B (B 70 e — > s (3 R A 0t 2 DU s 45 2R 5%

081408-3



53, 081408(2016) BYMSHEIZHE www.opticsjournal.net

AW —ASH, AR 7S Bl S5 (A 4 1P . I S o B T DU o 2 R S IR — D B AR, iR 2
Oy TR E T O B AR G PE L R 38 a0 e ) A S A AN E B L e R G s AR
T%m&ﬂ@%ﬁﬁ,Tﬁxﬁlﬁ%{Jﬂﬂi%%’ﬁlﬁg%ﬂ{ﬂﬂgm"“O* o R GUM vE P Ik 45 5 i A o
4.1 NERBRBWNENRELHTEE
X e DA A H A B S e T S R ECRST [) R A R O L 0 A Ry

= f(tsty) =ty — 1, (3)
Kb, 2RISR RS SPIREEZ 2 (T— T, ) B M RIEE = (T.—T,) 1Y 63.2% 2., H
FRORE R 07 A R B AR 0 BIANBYOR I B RO IR T R T AL H B OREE I E . B .,
(9 AT BE IX ] 2F 56 B @ = 0.24 ms, #IE S0 A0 BUBER P =0.95, 13 B A5 N T £ =1.960, W& A ¢, 4 K 105
HEATHE TE N

024

R 4l A (i e 7 i 2 K o BE SR, BT ¢, %ﬂ%%?’émmf“ T ZMAE——X R R, fBREE T M
HEA

T=T,+0.632(T, — T,) (5)
Kb T i ACEKIBEIREE s T S B BRI EE . 306 H0 e 8 D00 i oy A el 080 D00 & o 5 R 5 26 A A P o
AR A i AR R I Ak T Bl AN A R O AR R B BRI FE T AN SR — A E R . R 2 U B BR R
FE T .. i MR A ¢, MR 25 R sk 1 FoR .

F 1 W EE
Table 1 Test data
n T./C T /C ty/s
1 1070 683.600 1.9472
2 1060 677.280 1.9461
3 1037 662.744 1.9428
4 1058 676.016 1.9451
5 1046 668.432 1.9436
6 1035 661.480 1.9426
7 1040 664.640 1.9432
8 1051 671.592 1.9440
9 1040 664.640 1.9432
10 1030 658.320 1.9425
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