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Theory Analysis and Simulation of Thickness Series for Reference Samples
Used in Calibration of X-ray Instantaneous Profile Gauge for Steel Strip

XING Gui-lai, ZHANG Yu-ai, MIAO Ji-chen
(Institute of Nuclear and New Energy Technology, Tsinghua University, Beijing 100084, China)

Abstract: In order to measure thickness accurately, it’s important for the X-ray thick-
ness measurement equipment to be demarcated using some reference samples. The more
reference samples are taken, the more accurate the calibration curve is; but the system
cost will be higher in the same time. Based on the profile gauge for steel strip, X-ray
spectrum was generated using the TASMIP method. By analyzing the attenuation prin-
ciple of the spectrum in the steel strip, the series of the reference samples was calculat-
ed. The thickness series, which could be used in practice was given.

Key words: profile gauge; reference samples; X-ray spectrum

X5 £ B B2 TE SR I AR S8 (LA TR AR
" 2SO 2 L AR AR 7 4 BT T R L AR
" DL R W v R S R AT SRR B R . T AR
R A7 A% RE 55 T RE DB A IF 5 e F Al 9 1™ AR 1Y
AR BB A A P A A R A2 B X G 2R
X [l — BN A k47 B85 R B2 ) L SR IBCM 2

Wis B :2011-03-02; & E H#§:2011-05-30

PR SRR S X AR S R g SN A
(] (¥ JLART 5 2% e S 0 B A A B R B )
B » EE MUY 5 BE T 1 9 JEEE O3 A LA E
BB o R AR R R . LR RR A T X AR
RO A A I RE A B 7E — 2 X P ERIR S
(B E A LS A B B . 2 — @ R K

ESWE HE A AFEIES BT H (10875068) 5 Jb 50 B iR ¥ By 5 H (Z080903027508)
YEE B A7 AL R (1980—), 55, R AR I A3 - o A% BEAR e b i %l



1248

BT RERIEHAR  H45E

ol oA Jo ) B0 R R I A DU 4 ) i A S A AR
S BRIBERE . XU 26 1 20 RE 3 . i 2 RE T &
BB G O A 4D T DR Y e AR AR M P A A o
FERTHA I 2 1% DR G 6 2000 5 S5 8 19 07 i+
— JE J5 1 B Y 5 0 AR G BEAT AR RE » AT AR
PRI 85 4 i 5 52 P B4 A AR R AT SR

G b 0] % 22 )5 R I RME R R AT AR R AL
EL P I N A5 0 A4 R B T A A O TR
RS PRI 85 P B — J H » P9 19 2200 L J2 8 1Y)
R ) AHSERR B AT RE LA e X 34 28 5
PEFTARE - T T B — 5 B R T8 L 9 A o
Fr AT AR SE » BUR b e B - 2R Ja b e 2 dis 0
B B (R R E il 2R . 552 B 0 AR I
PR 5 04 i t A b il e B R TR RIRT
Tl 5 B B M A TR T e R R N T ik R
JHVAR 72 Bdls BEAT $OL45 R (R0 21 9 #0045 i 20 R
] RE T B TR 2k R PR A — T N
JE B H IR 22 | Y RIS AF AR S8 b D5 T A R
2% PRLIHG SR B 1l 4 1 12 22 R /N

P A2 B0 AT P04 A {E AR A A 2 i
LRI DR 22 bR 5 B A9 400 IR (B 5 ik A
RN AR R AR BE b AR T A HE 7 I8 5 7 371 114
o DG 00T B IR A HE F )RR R R
FE oM S e 4 L LUK B R S8R B2 200K

1 RERBEEEFTENRE

A A TR JBE T 5 1 5 i ML AR AT US40 O LA
TAER D) X4y E R A TR R A
JE£ 2 5 R g i ) 2 1R X S R 5 2) AR S
P i s 1 00 2 9 1] (o ) 0 % — E YRR B Y
B A R 5 BT W6 (B 0 0 (R A 2 4 LR
T DX IR R e A R DX R R A
Es3) AP ER 1 r it i 4y B L 31 530 )5 i
J B v A A JBE B A Y R R I g
{Hs D H— &l SUEE T % xR 2 13
B — ZR B P00 25 i RO 2R T U el
A A AL BE, 753 2R i 225 5) 4G 90 150 ofE i 2k
RS BE . AT HOP IR 3 WIS T ik L —E B K
G /ST 1 de /0N B B T B ) 3 3 AR Y TR Y
A5 JEE B NS L 14 R g i o L SRR B RS 2P
TR AT B R E 2R UEAT KL, A 2R b
SR 3 AT B A BE (ELAY 22 )2 7 0l
FETIUE RS BE 5K 5 6) B E M HE A AL N 2R AP

DR 5 FT ARG B a 3K B E R RE L U Y R
JE P 51 5 B 5 DULAR 458 F E 18 210RS E i9 1 o0 18
SR RS L B0 BR 3, A R B
RPN WUENE L . 8 SR e )5 B 9 )R]
AN R JBE SR B I R v R DR E 132
Ti) 365 >4 % 2l 7 AN T R A R K R B i Ak 3
R HE P R i

2 YERANES

5 EC Ay TR T B 5 O XS R
FIE TR TR 01 00 35 114 BE 2 ) V7 A 7Y

XOEHL™ A M RETE M L3k I 1 o — X
JEHLIRETE (140 ke V), HT X SEALAE IS 43 47
4 B VE A0 T 3 © A A T TR LT
JUFSERTT R R R T ik R A I TR DA RS
FERPIIEN . BRI HA A5 A S A
V10 B A e o (ELE A b B AT 2 18] Y R 22 T
AR RS T — A ZER K S B 1 45 ¥l o
Hlo ARSI 2 TASMIP® Jr ik, )8 T
bR 2R T AT fr i 140 keV g XOBHL
RETE JEAT HERA T .

10

8_

107 T4
(o))

0 1 1 ]
0 50 100 150

figm/keV

1 XOEHLEETE (140 keV)
Fig. 1 X-ray spectrum (140 keV)
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Fig. 2 Schematic for X-ray attenuation

I B i AR BE A5 A RE R Y G 1 AR R I 2
A BRI BCRAR TR S A o DU 45 v 0 BR 1Y B
O

n n E
E = § allE; =a §:E,Ioz‘ei;#’””ﬁp]l
=1 i—1

3 HEERRITR

FERF I B AR R FE S 0. 9~6 mm B}, X S Hl
(B3 S 80k 140 kV.10 mA R FH F&
TR A 405 7 VTR i A B R T i i S R
XoF B30 A AR 1 4 i R AL By L SR e T A
R T N R N T DS R R =9 A
BN, 75 B fE #2480, 12045 B Bk R, Al i
0.50.,0.75.1.00,1.50.2.00.,2.50.,3.00.4. 00,
5.00.6.00 mm fE R B HE R JERE T . i B 45
FoR T B 3. XA [a]JEE B B A UE R A2 i br i £
it E T 3 KR Sk 250 5 ¥ A3 BN B 3a TR
MAm e 2k . B 3b Aok BE 43 AT 4 4R . Mk Rt
e HE B E A, 0. 63,4, 50,5, 50 mm Ab [y 5% 2%
R B /NTF 40,10 %, Ho JE B AL (RS B A
0. 02% LAY b5 il 2k 3k BIRS B2 20K

7l :

E9 .

7 :

=

T3 .

(=)

“ T 23 a6 T s 6

JEEE/mm JE B /mm

B3 i Eg R

Fig. 3 Result of simulation

X AT WA P

D) JRJE Jy 3] i 4 AN HE—

BT 1 AHE R RS HIFE
HAX T AEERFIIAE . . BiE Bl geR
MR AR Z . AR 220 L #
UG P T8 B EER S A A AT AT 1 8]

2) [A]— ¢ 3 v JE BE AT FRiF — E Y iR 22

X S B b i T R AR KB R
OB R SRS HE J 19 A7 B IR B 22 ) L 3% T HL R
IR B ZOR L B S5 B0HEA — & R %
[Fi) ]k 8 A o ) 7 2

F o ARG SCHRL2 ], TASMIP J7 3% 4 B fig
T f S AR RO 140 ke V., 75 T 11 B fiE A
XOGHURETE I -l i F 5 p R 2 2 7 ik ARl X
JGHLRE T, I, X5 4 11 di s g e JCBR A

4 #HFig

AR SCR X6 ML RE 1 28 B9 A 3 Ik A ) B i
P HEAT A I ) G A B X A% v 7 J5E L 51
AT EAT S AR 25 RS BE R oK H I R
Z R RHE R e A o AR SO R TSR A SR
SLPRAHE R RO LSS L. T
JIr T At T B2 AR R 8 AR AL A A 9 TR R Sk BB
ITIERR R T SEBR R

CE e

[1] AY M R, SARKAR S. SHAHRIARI M, et al.
Comparative assessment of different computa-
tional models for generation of X-ray spectra in
diagnostic radiology and mammography[J]. Med
Phys, 2005, 32(6): 1 660-1 675.

[2] BOONE J] M, SEIBERT J A. An accurate meth-
od for computer generating tungsten anode X-ray
spectra from 30 to 140 kV[J]. Med Phys, 1997,
24(11). 1 661-1 670.





