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Abstract There is great temperature gradient in the absorber of the high energy laser energy meter for a long
time, which results in great difficulties in measuring the real temperature of the absorber. In this situation, the
accuracy of the energy meter is affected by the heat specific of the material, the responsibility of the
temperature sensors and the heat loss. The temperature field of the absorber is simulated, and then a method
that multiple discrete thermocouple sensors are used to measure the temperature rise of absorbers is
introduced. The average temperature of each small segment in the absorber can be exactly obtained by

controlling the distance of the adjacent thermocouples and the depth of the thermocouples, so as to calibrate
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the heat specific and the responsibility of the temperature sensors. The measurements are taken to decrease

absorption cavity are calculated and the measurement results are calibrated. According to the uncertainty of
ray tracing
OCIS code

the rate of the heat loss and the heat loss can also be calibrated after obtaining the real temperature
rationality of the measurement uncertainty is verified with the comparison method.

distribution and the time of the thermal equilibrium. The research on the absorption coefficient is facilitated

with the ray tracing method. The absorption coefficients with the parameters of the real beams and the real
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the each process, the estimate of the measurement uncertainty of the laser energy meter is 5.8% (k=2), and the
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Fig.1 Structure schematic of a graphite—cone—absorption—cavity absolute high energy meter
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Fig.2 Chart of the temperature variation of the absorber after the irradiation. (a) 10 s; (b) 20 s; (c) 40 s; (d) 200 s
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Fig.3 Temperature variation of the absorber. (a) Temperature variation of the outer surface along the direction of the conical generatrix,
the origin point is the top of the conical; (b) temperature variation of the wall along the direction perpendicular to the conical generatrix,

the origin is the outer surface
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Fig.4 Measured heat specific curve of a piece of graphite
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Fig.5 (a) Curve of the energy increment variation on the absorber under the various block mode; (b) curve of the error variation under
the various block mode
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Fig.7 Setup of the temperature sensors
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Fig.8 Transmission schematic of the incident laser in the absorption cavity
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Table 1 Absorption coefficient y under different parameters
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Mirror reflection, ¢ =0.75 99.94%

B 2% 1 AT LA 224 Sk 5% 100 S S8 IRE DM 1138 8 %) Y B 5 4 1T DL 2, {HL 2% 8 30) oy 88 A 19 5 S5 4 1 L i
B 3 DRI A TR B S 0 A 7 T DL SR A R 1 BB, 78 RS R R T B A R v S ARl
oy W JEBE R MR RNy R R R A 1 I AR N T AR

HR A T R R 7E B T RN T v R RS i b Ak 2 T W R B T R S 0 L T s R R
AR B4 R A5 G B 0 A DXl L 5 0T A A RS o 8 T AR B B 0 Y BE A A AR e B A 3 YOG B O PR 2
AR W WA I T A U/ BRI AR ' A 3 T AT AR 4, MR SR SR AT LAGA B 959 L b, DA 4R 1R W Ui
i B W I3, g A0 AT AR 45 S B 1 S B R SE MR S 14 0 AR R A P 14 R M 3 A S AN B i R et T X
RAGRHITEIE . RESENERET LIRS MAE £ =075, &, =r, @, =10r/3, @, =11r/3, R BT A WK
N T 99.54% o N T HIE LR R — AN 4ME R 060, - 34 T 2K 5 3000 W OGRS A S FI W A i
TS, I FF 4 0 2 20 e 6 HE 0 Ak A RO T R B I T AT O O 5 A SO RE R AY LA 2 0.3% , 5 FE
W RGBT

3.3 RMEST S
MR WA S 1) A A 2R B9 =08 03, A% X DL AT R ST A T I 220 MR AL L ) A AR T Oy
- dr, “ . d i e o~ T,
;mkcsz - ;Akhk(Tk_ T,)- ;AkU(TI. -T)- ;Axa I, +7P, &)

P o 8 kR T m, R 8 R BT R, TR 5 kP 7 SR B B 3.1 ep B (D A IR R AR B ke B R
TR, bR 55 e e B 0T 3 F B R B, 4 R B P R A DR S R BE S, T O AR R B SRR, A, O S 4 IR
fio (%) & TR, TR 5 5 b M Mk A A VAR RO IR L P ASFIOE TR TR 1 R AR, A AR OG R I R
r=1,%5M =0,

KT ARAT W S A A T 4 T FE WO A 3 TR 2 ) 2 e B v R =R R B, R T T S R A
SRS, 4 PR SR P B DU R 2 0 T R AR 3.1.1 7 B S 8OO B 35 4 A6 T DL s SR i 4k
B9 o, [l BB 5 S D 2t e T 10 s

Hi &1 9 FIEL 10 7] DL Hh 2R DU 3 £ 0 0 A S ARG, OF LR AR i, R e B A% S Ty o3 0e /N T S 0 %, T
L 22w L5 o () 3 p R AR S T — A BT A R D, R A A AR BRI, LA R b N T R S T R
W HU B AR S A S o Dy T R AT A S A R A WO S 3R 1T B A e i S S K WA A

0208006-6



S I S

500,
450
400
350+
300}

E550

200
150+

0o 50 100 150 200 250 300 0% 5 100 10 200 250 300
t/s t/s

B9 Al T oLk P10 BAA o Th A i 2
Fig.9 Power variety of the conduct with the time Fig.10 Power variety of the radiation with the time
AR R R Y 2 T B B B MO, ARG A TR L AR AT IR B 8090 , DT R i A AER AAAR R B9 TR 11
25 T OB R A R B 2 B G o AR RE A A L
HREAE L 10 v 230 T LK S50 0 ik 5 SR A T, 0 — 2 W IR 35 I 5 S 1 B

0.050-
0.045} -+with reflector
0.040F -+with no reflecto;
0.035-
©0.030+
50.025}
0.020F
0.015F
0.010+
0.005-

00 50 100 150 200

t/s
BT B G o L B s ] AR b i £k

Fig.11 Rate variety of the heat loss with the time

4 AN E BE AT

HRAE (1)2K (8 P BRAR AL, 43 B 45 A7 8 5 1A B0 B N A o BE G R

1) #RFE A% R 0 DN o AN B U

PR A 5 T ARG 0 ML AA) G T A A58 T 2R BN R N A R b A T e v A S 2 (X I e 4 R
SR I TS [ FE T D AN B s AT AR 25 S, WROAC AR 1) T T 3 R 45 AR 10 K~200 K, X6 87 A AH X et
WisE E Ur N 0.3%~1.2% ;

2) HHE SR R G0 I B AN 2 JE UL

MR R R G Z 4 B ANHf B U.R 0.3% 5

3) o FH PR a8 1A e AN A E U

T A PR 5T S R A R I R Un 2 0.2%

4) F2 G0 T R I AN E B U

20 R AR R MR 75 T B 1 R 0 M 7 ) o RO N R B U2 0.4 %

5) FA K 3k A I AS B A B UL

T H POT A B A)FE 60 s Y, AR 4 ] 10 76 AN 25 A R A8 TE A 0, 3 G 0 B S B E B U2 0.2%

6) W AT A% 5 S 00 S o UL

W VA 1 o 5 00 DA B A AN 349 50 A5 i 01 IO AN B UL A T2 0.3 % 5

7) B AR B AN E B U,

P ARSI AL 275 4, I Ak B AR 0 R o B UL R 1.7 %

8) L #K i e 40 G 3 1 A N o U

Lo Al 2 30 36 A ) DU B AN B 2 UL R 1% 5

9) Y I SC S H T3 S 8 B I AN A U,

0208006-7



S I S
AN BB IERYE BU T, W06 IS 1 3% H 3 il A I B A8 E U8 0.3%~1.6% o
A3 TR I AN E B AN SR 2 i s (R Ay AR R — NS FT N X BB B A R AR )
2NN E BEVRAN

Table 2 Estimate of the measurement uncertainty

Name Relative measurement uncertainty
Ur 1.2%
U. 0.3%
Ui, 0.2%
U, 0.4%
U. 0.2%
U. 0.3%
U, 1.7%
U, 1.0%
U, 1.6%

Uncertainty of the laser energy meter (k=2) 5.8%

FH % 2 7] DL FA, B OGRS = T I AN E 2N 5.8% (k=2).
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Fig.12 Schematic setup of the comparison experiment
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Table 3 Results of the comparison experiment

Number X (relative value) x (relative value) E,
1 1 0.977 0.31
2 1 1.012 -0.16
3 1 0.992 0.11
4 1 1.003 -0.04
5 1 0.997 0.04
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6 4 &
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TE SO 558 B AR A — B I ) P 140 47 A 280k TR B B 30k 5 SR T TR B A 9 S IR R B 1
I A R S 1 L S0 0 £ S 0 K5 S 5 DL MR L A 3 A B A A 3 B A S RO &
WA 38 o R 22 A 43 ST A G o 0 R R A L T, 9 3 et X A e 1 Y e B A A R 1A
A R TEE 0 A5 ), T L o 9 I R AR L — /N 3 10 ST A TR DA T i ) K R A SR S ) O E
T 0 T A 5 % T W 0 B 5 2 0 DL 2 o 3 8 I S, SR DB — 2 4 TR G O 0 4B 2 R T o A B TR O
{51 T 2 S A 2SR 0 S R 5 4 T LA 22, A 5 WA B 3 B A LA A A5 B T A T A %
P IEAT I I, 00 5L e 18 A 2 0 S T 3 1 8 O T A o A T LA 22 £ 505 T P 5 0% B 1
FHOR FIOE 36 308 7 3 AT LA o R AL R 5 ek 2 , 40 9 26 W W g e 5 T 10 2 S 5 MR i OB BE 1A B
B BT ST A O W B 15 2 B s o R 1 R R R R, 4 R R B
BRI A A B T2 S T L 5 U0 M s R 2, 9 ik 45 SR AT 0B TE o ZEAMIT T R 4% A 3R O A
0 1 BRI A B e MO B R B0 T R B0 52 20 5.8% (k=2), SR FH B e XS 7 B 6 IE % R
JEE 1 45 FRAE
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