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Fig. 1. Energy deposition of electron beam and X-ray in Al: (a) Comparison about energy deposition of electron

beam and X-ray in material Al; (b) multi-energy composite spectrum electron beam.
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Fig. 2. Energy deposition of electron beam with dif-

ferent incident angles in Al.

23 ZHEEAEBHTRZAEANGH
7R

AIHT TR, 2 RE 4 ik T ST BRI A7 E A
Gy A, BE VR RS TR DL A R i T RN ST R
S FTREIR T £ R A P TR S AR X A
A A - S SRS SR, R, 1% R
AATHE, JF AT 355 7 ST HE A - 0 2 08 R
. HEAATRIF.

F RS 23 m 2 R (LR 3), HL 7SR X
SR TN RETE B 20 B B R &y, 655 j 2O % b1k}
VA R R AR STURUE 43 3 g B R B, I T RO
S5 0 JEE 5 Bl 0°—80°, P BB m 4. TR
LLO,; NG, 15 5 2 PR AR I R R
44 By, HLLLO; NS IR R p,. X R
TR IR R A BRSNS I, FE S 5 R P b
B2 i 3 R B TR A

ES =) Eiypi (j=123--n). (1)
=1
{155 RV 0T il AL P B LT AU 96 2 T A 1,
WL @, 1 B, Gk, AR o RRHH I
1, 0
a= o/ P,. (2)

TR X S AR R b AR i BE B ORI T
HATFE, WA

QES = EP (j=1,2,3---n). 3)
R, Al B ARRD Jy 3K H RN 2 (1) 20 (3) 20y
p’L(’L = 172737 7m) %9|\7 Hﬂﬂ:pz%*ﬁ/%%a ZIK%

(R S AP S L

sz‘ =1 (5)

S
By Eig - By
Ey1 Eso - Eon
E = . . . ’
Em,l Em72 e Emm
p1 EY
P2 EY
x=|"|,d=|"?]. (6)
Dm EL
(1) R0F1 (3) RAT RN
aETX =d. (7)

FHAH ATy (4) 2080 (5) 2. Bk, [ @A AR
fiee (7) i L HSR AT (4) AN (5) SRR

—RBAFOLT, PR AR T AR LA AL A
FRANAEAE B R b R A 8, R n] 3l i AR DR KB
2 UM A AR 2 |o BT X — |2, AIfi$kH
i A2 LV (R BRI

p(0)

Electron beam

Target

B3 T RN A R A e
Fig. 3. A diagram about incident angle probability

distribution of electron beam.
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Abstract

It has great significance to study the thermal-mechanical effects of X-ray in assessing the viability of space-crafts,
the penetration ability of missiles and testing the effectiveness of the anti-nuclear reinforcement measures. However,
it is rather difficult to construct a suitable X-ray source in laboratory. During recent decades, pulsed electron beam
with multi-energy composite spectrum has become a most important simulation source of X-ray to study its thermal-
mechanical effects. And energy deposition profile in target material is the basis for studying the thermo-mechanical
effects. However, under the same incident conditions, the energy deposition profile of pulsed electron beam with multi-
energy composite spectrum in target material is extremely different from X-ray’s, and the equivalence between the two
beams is quite low. Thus, it is very important to adjust the energy spectrum and the incident mode of pulsed electron
beam so as to improve their equivalence. In this paper, we use the energy deposition profiles of electron beam and
X-ray in different kinds of material. MCNP is used to calculate their energy deposition profiles in target materials.
Two kinds of blackbody X-rays with the equivalent temperatures of 3 and 5 keV and energy density of 200 J/cm? are
chosen for an optimization target. Aluminum, copper and titaniumare chosen as the target materials. Based on the
change law of electron beam’s energy deposition profile when the electron beam hits the target material at different
incident angles, a theoretical model is established. Then, taking advantage of simulated annealing algorithm, we use
the MATLAB to carry out numerical calculation and finally the numerical optimization results about the incident angle
spectrum and energy density of electron beam are obtained. After optimization, the energy deposition of pulsed electron
beam with multi-energy composite spectrum is well adjusted. The peak energy deposition and change of gradient of
electron beam are of wonderful consistency with X-ray’s. The equivalence of pulsed electron beam with multi-energy
composite spectrum in simulating X-ray is also effectively improved. However, the energy density of adjusted pulsed
electron beam should be much higher than 200 J/cm?. Electron beam designed by this paper can be used to better

simulate the thermal-mechanical effects of X-ray in different kinds of materials.

Keywords: pulsed electron beam, X-ray, equivalence, angle of incidence
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