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a. uranium fission core model

b. plutonium fission core model
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Fig.1  Schematic diagram of uranium and plutonium fission

core MC simulation model
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Table 1  keff simulation values of two fission core models
f|55|le‘ collision  absorb track effective evaluation
material error
29py 0.62143  0.62142 0.62181 0.62174  0.00036
By 0.63660 0.63661 0.63670 0.63667  0.00038

X R LR B AR S BB 43 A a] F 24 4 kg 1Y Bk
MRk, Horh 2 Pudr i 93.3%, keff L #0.62174,
SRR BCR 4.8313%7107, i B0 Hh R J - B 11 L A1)
04,7952 x 107" E R R B TR T8 L e
3.3758x107" 2478 BifiE ol 1.46548x107° ), LA K fiE
H1.34572x107° ), Xp4l AR SRR ) 143 Hr, 24912 kg
HhRPEL, 2 U &k 93.5%, keff £ 401l 710.63667 , 2445
JEF 7 IRy 25379107, 8RB T BB i e 4k
1.5918x107"7 2478 Fifig i 42.2745x107° ), YL B fig
7 2.1101x107° J,

ZE bR, VAR B AT FE 1401 MeV R
T, BT IR G 2x10° 08T, il L BR P b 8 A8 A 0 8
A IR S B R B I, B4 T - B o R R T A
1077 ~107"" ) B R ma B/ o AR 25 rh B fiE
B IZAAE T P 7 0 AN [ 248 00 1 HE 245 D0 FR AR i 4R
fi%, SARFZ

Table 2 Simulation data of fission core change caused by fast neutron radiography

. . neutron . . . elastic total

irradiated . b sedimentary fission total reaction . . total

material padliniXg number energy/) - g”' energy/) - g”' number scattering absorption crack
/n-cm™? 8y 8 8Y 8 number number

29py 4000.06 2.6629%10° 3.3643x1077  3.6637x1077  2.3937x10° 1.5387x10° 5.1088x10°  4.8313x107

TNT(#°Pu)  48497.8 - 2.8488%x107° - - - - -

By 12072.9 1.7979%10° 1.7478x1077  1.8840x1077  4.9227x10° 3.2230x108 1.2899x107 7.8485%x107

TNT(?*U) 61800.1 - 2.2438x107° - - - - -
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Table 3 The cylindrical model consists of internal and exter-

nal components and the dimensions of each part mm

material internal diameter external diameter  thickness

cavity 0 5 5

polyethylene 5 25 20

steel 25 30 5
3mm-.__

2mm
Imm-_

2#

a. physical model

b. simulation model
2 RIS E R MC RS B R

Fig.2  Physical map of the cylindrical model and schematic

diagram of the MC simulation model
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Fig.3 Contrast chart of the cylindrical model experiment pho-
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tograph and simulation photograph

XFLE B 3a S8 B8 7 AR 3b BULIE 8T, TT LR
PR A 45 51 5 S T A AR L R R — B S e
J e B B ) BEAS I B, R TR LS SR AR
TSSO T P o A Ol 2 L SR i o — R AL IR b
P BT, 1 PRI X AN (] 9 B8 ) B % 5 o 49 M R 53 0 T8 L

@
&
¥

2018 % #26% H24 (167-172)



170

BEI, R, SO, IS, TR, B

BRFEFEEAT X 2 5,3,2 mm BAL, — 2 WEE B
AT R TR ADL AR 1A E A AL S £ o T A, A
SRR 3a AT AT, EEER A 3 A
LR ME bR A2 A X 3000 ) o 4 4% | (81 FLORNDAS [) B4 k) 0k A7 45
R T, A 4a iR, MERRGITEE K 4b
1 S X AE X G A L Bl 4c 2 S KT mm
fLE & MG FE G T3k & 5230, r DA EMR AR ME X 45
Kl 4d h 3 5 X ZIEMAZR R HEX .

i 3 LA S 06 AR 8L EE 43 A T L Ak SR
55 5200 SR AR Y FE AN 52 58 (9 0 A) R 4L
FrRORAE S sh g R S a0 MR
okt BRI B, AT R SC 5 B R R R AE AT A
BT EAR S 2T e 7 AR B R AT LU 5 mm

BRLIEAPE TR T mm P48 BRBE i T mm [ L Bk
ARMETRUAN o Fy g A W7 Rl R, PR rh 3 A g AR e e
LA, B X mCAs 28 40 ARk I B SR I BE 7T, 4 AR
R GLAE R CR,  3E A A D0 A AR G PN TS sl B AT
TSR B

4 R El 1T AT R

4.1 REGE

AW FE BT MC BB O B AL R AN 18] 5 7,
Forb B o DX RBR , Tl AU IE 2y, IR B AR N
Fto P 5a FIE 5c MM BROE S TR A ER 45 A4 1 B
ERVIIF G 78 B TR 20O AT, LS A AU i ] 5b i B
BRATH o BEASEH  NB P o R B K 25 AR B

a. selected area

c. area 2

4 5B AR D S 0 R R A5 3R R 43 T

b. area 1

Fig.4 Analysis of the pixel value of the experimental data of the cylinder model

a. hemispheric side
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Fig.5 MC simulation center shift model
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Fig.6 MC simulation of center displacement under different
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Feasibility of Fast Neutron Radiography in Weapon Quality Detection

LU Chang-bing', WANG Song*, WEN Gang’, XU Peng*, ZHANG Xian-peng’, BAO lJie'

(1. China Institute of Atomic Energy, Beijing 102413, China; 2. The Chinese People's Liberation Army 92609 Troops, Beijing 100071, China; 3. Complex Air-
crafi System Simulation Key Laboratory, Beijing 100076, China; 4. High Technique Institute of Xi'an, Xi'an 710025, China; 5. Northwest Nuclear Technology
Institute, Xi'an 710024, China)

Abstract. In order to study the feasibility of fast neutron radiography technology ( FNR) in weapon quality detection, the research
object was established on the basis of the open hypothetical weapon model, and the MC method was used to evaluate the safety of
the fast neutron radiography in the weapon quality detection. Results showed that the fissile materials of uranium and plutonium
have minimal damage under 14.1 MeV fast neutron irradiation with a total dose of 2x10°n. On the basis of referring to the foreign
research model and the default defects, the author designed and manufactured the experimental samples, and studied the internal
slit, round hole and center displacement which may appear in the weapon inspection by means of both experiments and simula-
tions. The experiment results show that FNR can identify the defects of 1-mm-thick slits inside a steel block of 5 mm thickness. The
simulations further show that FNR is able to diagnose the center displacement with certain thicknesses for particular materials.
Therefore, our results suggest FNR could be a feasible and potential technique in weapon quality testing.

Key words: fast neutron radiography( FNR) ; quality inspection safety evaluation; feasibility study; monte carlo (MC) method
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