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Abstract Based on the low-vibration cryostat, a Mach-Zehnder laser interference microscopic system used for
parameter measurement of cryogenic targets is developed. With the consideration of light diffraction effect, a
complete formula for describing the variation of optical-path difference with incident angle is deduced. In a low
temperature environment and when the fuel solidifies or gasifies completely, the interferograms are acquired
respectively with the existence of fringes at the target pellet center. With the fringe shape analysis method and the
optical-path difference formula, the target pellet thickness and the fuel gas concentration within it are calculated,
respectively. In addition, based on the non-destructive method, the real-time characterization of measurement
results of gas concentration is conducted. The relative error between the results from the above two ways is less
than 5% .
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Fig. 1 Schematic diagram of ray path through gas target pellet

% B (SD .DA \AB .BG .GF KEW5I R d, dsdsd,d ) EREIEERKXH

d12R-sin2(620), (6)
d,=d,=Rcos 0, —/R* cos*’0, — (2Rt —t*) , 7
d;gZZ(R_t)Cose*a (8)

ds; =[R —Rcos(0, +28)]/cos(20), 9

1112002-2



ot % % i1

i no =1, NS R 0, K BkoC I/ A T2 I AOLRE 2 Ap
Ap =d, +2nd, +n,d; +d; — 2R, (10)
A F AR TS RS R ARE Ax 45 TR — 2 BOG I AR ] 3% 2 F L B0 4 ) 3k
i 15 35K 0 R TE L A
Ax =—d,sin(0, —0,) +dssin § +d sin(0, — 0, + 28 +d;5sin(28) . 1D
Hh S O 2 A A5 T T AR AR 1] s B A

Ay =—Rtan(28), 12
WAL LR iR Ar.
Ar =Ax + Ay = —d,sin(0, —0,) +dssin £+ d,sin(0, — 0, +28) +d;sin(2f) — Rtan(28), (13)
21 BHAEEMNERE
T SCRE AL A BB SR YR R T T T AL PR R T R 5 T R A IR BE AR T =R TR B L A Y
T RARBUH IR FE N WG 8L/ Se UL Takse bt . B0 T 3 I 80/ 5o 80 BUAE B — A 6 22 2 2 B K & 80/
B RAL L a0 R R T AR IR 5E oG (B 00 = O FFTE AR 80 MR — AR s @ b i A A 00 LR &R
A=Ap0,) — Ap(0), (14)
KA MK,
H1 (6) ~ (DA LLE B — BOGTRE A B sl i e 5 A G5 0, A 3¢, P I 8 1 OC B m gt 2 55 v 2%
UM AR B SR BUEME N E 2 MK HME R . CHIKSTAME R ERFEAMIT I 0y =1 ABCE BRI 2 0, AL
BRBHS R AL T 3 BR Y3025 s 37 5% . = 1.00038 CHy = A o5 T B2 X6 1 40 A 28 vk E R B AR 8D . R
Excel 27 MR IEEHR 2117 A A0 X AL IUREEE ¢, 70 513HE Ap (0O F Ap (0), Y HZ 21
U5 TR A I JEERE ¢ B R R A A
2.2 MBSERENERSE
N6 AU JBE BE I U B8 T e 2 R 1 4R 5 4 A R 19 5 5t TR TRk A s 8/ se s TR se rhs
B LR B A AL R T A S O SR B AR SR B o T 0. CRISECA Rotngny K0,
FEMSECN no AT o 5355 Ap (OO F1 Ap (0, MMHE Z 228 U5 TR A B n, R
I B AR T 0
I8 5 5] 57 48 307 1) o B 1l 8 92 30 % 4l AR AR AT I B AR AR L A AR L R A K 0.55 pm 1Y
TR . 5 AR R WAL o RN
n=1+A, 15
A A B RO E B R 2 S[R3 B 8 B SRR BE A A N AL . B SCERC14 0T R AT
Wi o BEMXR.

A" =B +Cp, (16)
X B .C' ¥ E A, ¥ (16) ARA (15) 2 45 RS R BE o, 6 T HATH % n, HRIBFN
0, =J1.oeo9 +w —1.03. an

PR] S0 AR 0 00 45 1 SR SR T 58 3 e, s R AT TH B SRR S o &

BT SCSE 5 AT OGS R 0.6328 o, A5 BT SR 0 40 B 0.55 pem 5K B 4T S R0 150 A5
WA A RT3 3R ny S R AL ISR 3T Ry, AT R
37z, (nf1 — 1

A
e 71+ml (nf1 +2) *mz(nfl -1’ (18)
A o A s, AR TR A AL R AT S EE L B
A B
Tt
A B’ 19
1, :7w+g+g

1112002-3



A r (A R B 5 H 5L

3% W
3.1 WEE

S ] He-Ne BOGARE AR T O, 5 — & Difh- S /R BOL T W B0 & #4802 s, T
S X IR Bl A AR R SR, — i AR T 35 A IR R e R R BIOKR L TR IR T R SE IR R . SR A R IR B
R ARG/ T 0.5 pm, SEREIRSAE S . il THILE TR 40 mm KRR 1E G A P oy 7
J7 VR 25 (8] BRI DL K o B AR EOR L BUR W B ] TARBE RGO 49 mm OR A BN 10 B9 JE RE I R 8 B
Wi .

image
beam 8

lens
target  gplitter CCD

)
W N
reflector!l/,, g f [
M,H ,l | A U]
/ Cryostat
computer

Al
beam [ 7 ‘,|'|'
splitter 4 (

g
i

Fig. 2 Schematic diagram of experimental setup
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Fig. 3 Interferograms and micrograph of target pellet. (a) Constant-phase interferogram with frozen fuel;
(b) tilted-phase interferogram with frozen fuel; (c¢) micrograph with frozen fuel;

(d) (e) tilted-phase interferograms with gaseous fuel
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Table 1 Comparison between wall thickness measurement results from fringe shape analysis

and that from fringe shift analysis

Thickness /pm

No. - - - - - Error /pm Relative error /%
Fringe shape analysis Fringe shift analysis

1 3.62 3.54 0.08 2.3

2 2.10 1.97 0.13 6.6

3 2.49 2.36 0.13 5.5

4 3.23 3.21 0.02 0.6

5 3.11 2.95 0.16 5.4

6 2.53 2.43 0.10 4.1

7 2.15 2.02 0.13 6.4

8 2.40 2.36 0.04 1.7
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Table 2 Comparison between gas concentration measurement results from fringe shape analysis and that from definition analysis

) ) Gas concentration /(mol/m?*) U/ Error / Relative
No. Thickness /pm Diameter /um - - — - ) )
Fringe shape analysis  Definition analysis  (mol/m®)  (mol/m?®) error /%
1 2.36 520 643.8 661.7 16.7 —17.9 2.7
2 2.71 556 734.4 715.3 16.9 19.1 2.7
3 3.95 238 7288.1 7133.3 317.4 154.8 2.2
4 4.63 234 8043 8045.4 361.4 —2.4 0.02
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