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Abstract: Due to the high-accuracy requirement of dimensional measurements for thin-walled
structures of additive manufacturing products, the grayscale distribution of the industrial CT image
and the location of the structural boundaries in the image space were derived. In addition, the validity
of the half-height-width method and the maximum gradient method was compared and analyzed, and
the limit of the dimensional measurement based on CT imaging was calculated. The thin-walled
structures with different thicknesses were calibrated, and measured by industrial CT scanning and
imaging experiment. The results show that the half-height-width method generates a smaller error
compared with the maximum gradient method, when the thickness of the thin-walled structures is
larger than the measurement limit of the CT system. Finally, the measurement limit can be obtained
by numerical simulations based on the edge spread function with experimental measurements.
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Fig.1 Thin-walled structure samples (a) with thickness calibrated and fixture tools (b)
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Fig. 2 Industrial CT images of the thin-walled structures with different thicknesses
(a)4. 00 mm;(b)3.50 mm;(c)3. 00 mm;(d)2.50 mm;(e)2. 00 mm;(£)1. 50 mm;(g)1. 00 mm;
(h)0. 75 mm; (1)0. 50 mm; (j)0. 40 mm; (k)0. 30 mm;(1)0. 20 mm

— Edge spread function
— Line spread function

Gray value
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Fig. 3 Gray value distribution of the thin-walled structures Fig.4 Edge spread function and line spread function

with different thicknesses measured by experiment of industrial CT imaging system
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Table 1 Thicknesses of the thin-walled structures
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Experimental result Simulation result

No N?minal H(illfi Maximum- HE,IIP Maximum-

thickness  height- . height- .
width gradient width gradient

1 4.00 4.00 3.99 4.00 4.00
2 3.50 3.48 3.45 3.50 3.50
3 3.00 2.98 2.96 3.00 3.00
4 2.50 2.48 2. 44 2.50 2.50
5 2.00 1.97 1.93 2.00 2.00
6 1. 50 1. 46 1.42 1. 50 1. 50
7 1. 00 0. 96 0.95 1.01 1. 00
8 0.75 0.72 0. 69 0.77 0.76
9 0. 50 0.51 0. 46 0.57 0.53
10 0. 40 0. 48 0. 40 0.53 0. 49
11 0. 30 0.43 0. 36 0.49 0. 46
12 0. 20 0.41 0. 34 0.47 0. 44
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Fig. 6 Comparison of the thin-walled structure thicknesses measured
.
5 #it

(1) 24 g BE 25 ) RUST T4 ek B i 58 BE I
4R T U A R RO L A JRE 1k 3 BB U AL 45 F i 5
Y BELEAL RS /N TR HICR B i B8 BEAHR T 58
JE 1/2 W S RO JEE B 2 vk B A8 YE 1) 3% ik 45 A4 14 S
o TEIEATAE — E R 22 5 W BE S R/ TP K
PR J TE I 1/2 I, d5 KB JEE B JBE M 1 i 35 2 A
FIE VA 2 Tk 245 ) 20 LN ek 45 2R A

(2) Bt 35 9 B 45 A JST /N s BB B O3 A il T
2R HICRR B 23 A1 2 1R B 1 R e KW BE A E YA 0 T
T EE 2R (1 00 e AR PR 5 o ) e R HIC R R A g TR B
R KA BE 1) 1) B %A BR AR AE T CT AR R G i
ANBEJR RS BE T

(3 phy 7 60 00 Y BV 235 2R X LUl R A A A
U 19— B0 5 (H 259 BE 45 AL RS R T al ) B J&E RSE )
FIR IS+ 5 R JBE o B 3k ) ik 5 2R 32 JUAR 2 0 W 75 52 T
BOR - e B IR 25 R 8 78 2 18 58 05 A EE B RO B %
ERA SN R RE . RS HY R/ T A ) BE
JE ST AR BIR A 79 b 2 T A G T 9 T AR SRR SRS 1Y
g I R 22 2 R R

CAD AR AR GE A0 I 45 A% BIR ) LA e 5 6 00 i 3
BRI B0 A R T SN 0 O 1 3R A

S & ik

(10 AR, SERF ) 3 Bl AR R HC T i 19 JC 450 6 00 ok e (0], JE B A )
2016,38(6) :60-64.
LING S. Additive manufacture technique and related NDT for its
products[J]. Nondestructive Testing, 2016, 38(6) ;60-64.

(2] # P, mbele 29, 55, 4R 858 i BOR & R 2 ) e T 3 A
TIBFZESE L) ], Mok T/ . 2017,45(9) :13-21.
YANG P H, GAO X X, LIANG J, et al. Development tread and
NDT progress of metal additive manufacture technique[J]. Jour-
nal of Materials Engineering, 2017, 45(9):13-21.

[3] K275, B RN, B K. 2. 3D 34T BN AR BF 58 BUIR G B R



176

BRI 72

2020 4 8 A

[4]

(6]

(7]

(8]

9]

[JJ. #Hk THE.2016,44(2) : 122-128.

ZHANG X J, TANG S Y, ZHAO HY, et al. Research status
and key technologies of 3D printing[J]. Journal of Materials En-
gineering, 2016, 44(2).122-128.

THOMPSON A, MASKERY I, LEACH R K. X-ray computed
tomography for additive manufacturing: a review[J]. Measure-
ment Science & Technology, 2016, 27(7):072001.

NTIVEROS S, YAGUE ] A, JIMENEZ R, et al. Computer
tomography 3D edge detection comparative for metrology applica-
tions[ J]. Procedia Engineering, 2013, 63:710-719.

MULLER P, CANTATORE A, ANDREASEN J L, et al. Com-
puted tomography as a tool for tolerance verification of industrial
parts [J]. Procedia CIRP, 2013, 10:125-132.

MAIRE E, WITHERS P J. Quantitative X-ray tomography[ J].
International Materials Reviews, 2017, 59(1):1-43.

DE CHIFFRE L, CARMIGNATO S, KRUTH J P, et al. Indus-
trial applications of computed tomography[]J]. CIRP Annals-
Manufacturing Technology, 2014, 63(2):655-677.

ALOISI V, CARMIGNATO S. Influence of surface roughness on
X-ray computed tomography dimensional measurements of addi-
tive manufactured parts[ J]. Case Studies in Nondestructive Tes-

ting and Evaluation, 2016, 6:104-110.

[10] TAN Y, KIEKENS K, WELKENHUYZEN F, et al. Simula-

tion-aided investigation of beam hardening induced errors in CT
dimensional metrology[ ] ]. Measurement Science & Technolo-

gy, 2014, 25(6):064014.

[11] ANTONDU P, STEPHAN G R, JOHAN E, et al. Application

of micro CT to the non-destructive testing of an additive manu-
factured titanium component[J]. Case Studies in Nondestructive
Testing &. Evaluation. 2015, 4.1-7.

TOWNSEND A, PAGANI L, SCOTT P, et al. Areal surface
texture data extraction from X-ray computed tomography recon-
structions of metal additively manufactured parts[J]. Precision
Engineering, 2017, 48:254-264.

DEWULF W, KIEKENS K, TAN Y, et al. Uncertainty deter-
mination and quantification for dimensional measurements with
industrial computed tomography[ J]. CIRP Annals-Manufactur-
ing Technology, 2013, 62(1):535-538.

VAN BAEL S, KERCKHOFS G, MOESEN M, et al. Micro-
CT-based improvement of geometrical and mechanical controlla-
bility of selective laser melted Ti6Al4V porous structures[ ] ].
Materials Science and Engineering: A,2011,528(24) .7423-7431.
SOt R A = B LS Tl CT 00 R 5% 25 10 4 o K iR
FAPHTLI]. AR . 2014,35(3) :216-220.

WANG Y X, SHI Y S, GAO ST, et al. Calibration and analy-
sis for probing size error of industrial CT[J]. Acta Metrologica

Sinica, 2014, 35(3):216-220.

Y fH HHE:2019-03-27 ;81T H#7: 2020-05-12
BIWAESE PR AR (1985 —), B, TRIE, Wi+, 852 J7 171 o4 Tl CT #;
L R HHE Ab T 81 {546 6 4346 (100095) , E-mail ;: chenzimul221 @
163. com

(K St %« 2 RAE)



