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Quantitative NDT of Materials Density Based on the Composition by
Industrial X-Ray Computed Tomography

NI Pei-Jun' CAI He-Ping" REN An-Feng' ZHANG Wei-Guo'
(1. No. 52 Research Institute of China North Industries Group Corporation, Ningbo 315103, China;
2. Xi'an Jiaotong University, Xi’an 710049, China)

Abstract: In this paper, the line attenuation coefficient affected by material composition and density was
analyzed, the quantitative NDT method of materials density and the line attenuation coefficient comparison method
based on materials composition by industrial X-ray computed tomography was described. As examples, the test
method for X-ray CT systems equivalent energy measurement for some homogeneous aluminum alloy standard
samples was studied, and the correlation of the CT value and the line attenuation coefficient at the equivalent energy
was presented. With the help of the line attenuation coefficient and mass attenuation coefficient, the aluminum alloy
materials’ densities could be determined. The experiment results showed that the measurement accuracy of density
with the line attenuation coefficient comparison method based on materials composition characteristics was obviously
better than density comparing method.

Keywords: Materials density; Industrial X-ray computed tomography; Quantitative; CT value; Line attenuation

coefficient; Mass attenuation coefficient

PRV L A AN AN SRAE R T i AR R A (TR BEXT IR o X7 iR 5K
WS Tk, CT BRI EAAA . B BRI TR IBOR . A7 AR ) T2 2 R
FRE AP REE BE Tl CT AR Z R AR bR 9 B A AR/ o R 2R 2
P HOEET L B i Tl CT S RIS T A7i9% 7 I o BU 15 0 BRI R0 CT 2
R ChRIETRFE) B MERE G A CT (L 23 CT R T ML 42 B B LA Kropas %
WEZRMLMEIR W FERER CTEORE )\ pBFgods IESE X T 2 Fh 4145 4L Ak CT

R 9 2010-10-27 BR TS558 A AT AU K AR IR
PR BT 1965 93 Bt B iy T S AR AR, 2225 CT (ARG 3
CT HF S R U A 5 ZETF X R K R AT A
0MNELEBEETH 5




EEF A THS

B EE T X 44 CT 2240

?E]ﬁﬁi:",W/

%[E ASTM E 1935—97(2008) FrifE th 424
T R AR R R T s SRS S B
ORI 53 R B (R 3 ST R RHeE 7. CT (B RN R0 R
B AR RS I AR S0 L 53 E D
CT H 2K 3 43 98 38 250 A4l 4 000 R 1 JB o 308 Ok
ARECRMA TR R BRI EE R, By
BRI T R BT k. ok AT
IMeV mrems &5 CT /i 46 i 58 55 ], A 45 i
T3E X Ik CT @ R Al b R 25 B2 1) 5241

EFAESTHT T AR 53 | 85 B R S 2 3 k3R 4K
SRR b A %55 B ASTM bR i 19 S8 2% LLSS
G EPRERE SRR 4 R T 420KV () Tolk X
S CT RGE W58 T 2T AR 73 R P 0 34 R 35
JER Tolk, CT 5 S A il 7y v » I K5 I o 235 SR 0 85 i
XFPCEEEAT T HOA . S5 R R R T AT R 4R
B AR JE T A A3 R Y 2 T 8 R B0 EE K
K B2 B SR AR T2 BE X E s

1 EiRoHr
AR X GTEAERTE R ) RE R A e AT RIA
ﬂ:#T+#(?+ME+/XR D

K e JEHBUN IR KL
pre—Compton UL AL
[ DU Ve $=3 EN €
pr—Fi P BT R AR A
B bW PR R 0 R A e (AN em?”
g D FIRI LA L -

/Jm:fpi (2)
TS YRR A Y, TR R gk =
.
m: - iﬁ (3)
o = 1p = 2 (4).

X w HIZICR S R E R T

pon WRT BT X TAE AL A o, (24
TR T RE T B MR L3O . il TR
JETA Z AT RG] RS B 50 O6 54
AT o 2K FR LB

o NaL . Ny Z
Pn = 0a ® )" T 0 A D
A Na— BRI 544

N =6.022529X10% /mol;

A— P BH 1 5
JEFRDEFAER R, barn (107 ') ;
6 W1 EHBESTH

Oa

HLF RGP  barn (10~ m?).,

BT AUEE S REFTAT IR

5o ERURIEL . [FFE o 5 =HMOGF Y)Y
MEAEHA G, R H
o. = o1 toc tox 6))
HI T2 AEHAE 0. 1~1 MeV, Compton HUf}
JEABE B R oc X oo MBIk R X TEE,
BAENRE TR R oo 5 oc IEAISE.
Compton F HHL X8I 7 1F FH BT oc (A
em?/H,F) By Klein-Nishina A 3024 H 0,

_ 2{1+a[2(1+a)_1n(1+2a)]
oc =eme\ T e L (1+2a) a

+1n(1+2a) 1+ 3a }
2a (1+2a)°

Oe

4
%NA/2 s MUm

(6)

S @ = s ABDE T 7 R

SHESY IS ST

h1z8(6) u] LA H . Compton H 5 H HE, F X1 )
FAERIIA oc RS ASDGTRERA O, RN AR
oK. AUPEFREE i o0 AHEE. B LS
Hrar L5378 Compton B & £ 2/E IR g &1l
FEl N 26 FRE B — 7 B O o I 0 R B e IR
—AHR TR T 08 R 505 MR B B T, B
pocp, WA ) CT B H i Lo M vkl R A e 957
AT s SEBON AR EE IR AR ) BHS L A

SR BT X G2 AL &t 19 4 2 i 2235 X O
LRI YA TR 2 v AR RE S A 0 S Wi
ERL RIS WS- A e e B A T
AR B, RS X 2 E iU IR 4k
T FR B AN R 1 OS2 — 1 [ D R IBLAE D {4
P[] —EB A7, X T AR Bt 1) X 2RI th A [R] 1)
LI FR B PR 53 TN B2 50 4 AR [R) A AS [R) B A7
Bl X S 2ads ROy 1) g AR 1 AN ) A 3 30 S AN [+
ESEY I

N RACBIR, R TR R AR
WREZLE X 14 CT 245 — A HIg W HhE X
S CT RGEAEM R 5 R A [R] A% I 5 50 8 R 4K
slCE UL, S AR Y CT B B I & 4345 B4 XA
ISR HRE X S et st R gk X 1 CT
RS RRER . A T SEARE I AT R RE AR T
FITTIRZE AR T AN . 241 B A9 238 1 S 3 e
T B AR R R CT I i 45 R AT figas i H:
SEBRAEL



BB F A TUESFRAMBEE Tk X HE CT Z28m

?E]ﬁﬁi:",W/

2 WMFTESEN

2.1 WA ZE

BT AR AR AR L A D 2 43
By SR AEHE K A0 5% B (B %% B8 i Tl
CT 4, Mg H CT i, XA R RE & T A LS 2k
T ARG T /b ek @y CT {H M
B RE R R A CT (E ML
TR R E BB, k1S X B R ALRE i .
A SRR T CT {EFM R 8 R BN 2k
KR FRFAEEA B CT (ESEF TR, >R 2 bk 5
U8R 00, 3 ) o i U R BOR B
2.2 WG
2.2.1 #mi%4&

e % #& R 35 B BIR A E] 5] 1) ACTIS300
Tolk X U2k CT R R 58
2.2.2 XX AE

KM DGR RS & S hnke . 5
M ¢ 62 mm, FEEA 30 mm, HAHAT KE
HB o FHBAT SR A HE A0 L2 BE A T, WL 1,
2.2.3 fafmgriiE

T AR A AR I o EG SE i 2 . i
TR T 2R i 5% 0 o B ARl L A S A E R
R CT MR, I CT (B A b 1 i
ZEHFN . X T AAEEE, W ¢ 40 mm 5 [H K
1715 CT fH.

3 WwNERSITIE

3.1 SREEREREFTRAITE
BEePHRTERETE AlZHN EH G
Mg ,Si, Tis Mn, Fe, Ni, Cu, Zn, Ga, Sn fll PbZ 6.

R ARTR BT SR BBEE X 0t T RE R
RN/ . ARYE Hubbell 25 A58 £t
i TS SRR TR B E R TR R
PSR (B Do Bl Ze by T 3 E 43 500 1 o8
% Mg, Si, Ti,Mn, Fe,Ni,Cu,Zn, Ga,Sn f1 Pb,

= 8
oh —-+—M
N —u— Al
= 3
3 +Il_yln
B 4 Iléei
id — L u
£ =&
4@ B
i, ey
= o 200 400 600
T e keV

Bl 1 A TR i i R AR G e i AR fk

AILAIE R 16 150 keV LU, AFCE R R E
VR ECA B 2500 R DS T R A0S 1 Pb T Sn
JCER B R R B 2 & T Mg Fil Al 55524 8 7T
F. BEEOGTREE MR, R U AR 2 I OR
/N, 7E 300 keV LA ELBR T Pb Al Sn 4k, HARTT
FI R R B A S T B

R A AR B L (R D 42 B (3)
FSCHERL12 TR A1 P A (6L 7 20153 AR TRl fig
B NEMEA RN RN ARRGE 2.
3.2 EREHXMILENEHSBASIRERERE

%} E411d,E412d, E2141,E2175 f1 E2176 Fff
BA bR T CT 4, ke CT B
I ¢ 40 mm JEEIN Y CT H, ARAEARHEFEY
2 AR R B AT 19 5 S0 R 40 oK R 7R AN [ BB
LN N SES S5 Y QR b AN (7 3 B -k Y iy 450
BE CT MR AU R RE B T AR T80 R B0 ] 2k
PESER SRIBPCE REU R . £ 3 FpnifEalie CT Ul

x1 GEEENHEEASREE

R FORHELSY/ 0 PRUERE/
JE5 Cu Mg Mn Fe Si Zn Ti Ni Ga Pb Sn Al (g+em™)
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E412d  0.004 80.003  0.002 0.055 0.058 0.0041 0.002 0.0061 0.0037 0 0 99. 861 2.699 3
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E414b 2.710 6 0. 098 854 0. 267 953 2 416.73 2.707 5 —0.003 1 0.114
E415b 2.720 1 0. 098 874 0. 268 946 2 428.74 2.7177 —0.002 4 0. 088
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