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Traceable Dimensional Measurement for Lattices

Based on Contour Features
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Abstract Industrial computed tomography (CT) is an effective tool for measuring the dimensional characteristics of
lattice structures in additive manufacturing parts. However, currently there is no uniform method to evaluate the
dimensional measurement errors of industrial CT. Therefore, in this paper, we first evaluate the dimensional
measurement errors of industrial CT using a coordinate measuring machine and a hole plate standard; then, we
propose a method for conducting the periodic dimensional measurements of the lattice structure based on contour
features. Finally, the effectiveness of the method is verified via an example. The result shows that the maximum
permissible error of the industrial CT can reach #+ (50-+L/400) pm, which meets the current testing requirements.

The contour feature extraction method can be applied to measuring the periodic dimensional features of lattice
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structures.
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Fig. 2 Hole plate standard design and CMM measurement. (a) Hole plate diagram; (b) hole point distribution;

(¢) CMM measurement; (d) hole plate standard
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Table 1 CT scanning parameters

Parameter Value

Scan voltage /kV 420
Scan current /mA 1.6
Integration time /ms 250
Magnification 2.1
Voxel size /pm 200
Focal spot size /mm 0.4
Number of projections 1800
Gain 0.25
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Fig. 3 CT scanning and error evaluation. (a) Geometric parameter extraction; (b) results of CT error evaluation

D26 BE HEAT T ISR 9T R T E e AE A RO KE E 2
FZAH, R IR AH

Ewe =+(A+L/K), (D
K. ALK NH & L W o8Bk B,
Villarraga-Gomez 56 # th 78 1 47 X ) ] &2 B 75
BAE (DA G AR B o A2 7E D iR 22 0 5
T ep SO B g ) s B ) B (D) AT AR
RYAPN S T A N > 2 QD I= W 7 1 e TN 31 7 A T
(R B B VR iR 25 P 8 S8 THR o

E=L,— L., (2)

Ao E FRALEEMAE L, (CT W& (8D MALEE S %
fH L,(CMM W) Z 25, B 5. R &R/ Ik
Xf A SRR HEAT UG K BG4
AL EIVE; SR 5 38 T e KR 22 SR AT TG B
L FATE DLy =0 S X FR Bl AR 2% - 47 42 1 XF
PREZ, RIVA] ZRAG P 25 E e 265 SRS 7E 2 =0 AbAE 2
HTARPHIZ ) B @il R Z HL S Ewe 4
MIAC BRI A 3] AL SH B R BT A B A Y 18 25 (E 3
TE Enee ZN, A SCHE A BY(EIE 238 K30 E e M
2 1m0 RS . Bk A8 BB E e B 25 1 £ 0
Kl 3(b) R, Hgs ] 3R 2 £ (50+ L /400) pm,
MAZ AT LA g fL B LB, iR 2 E
KGR FTER RS, BRZ Ews 1222
2R e —FPACK e CAn 3 1 Fr ) B A3 1Y L (H X
555 mA b SR CT A 808 2 —
0, T ARIE fe 20T 235 S5 B4 AT Sk

4 a5 B AR ROST i M A

B AR IR X G N R Y — M A RO 5L
B R B 2 R AU LA R Ak A4 U SR AL T 5 O 0
(9 RE S 0T 3 A T T A B A ) RS R A i A

EFIRR S PEAS 2 55 [R) B, A SO T — i 6 T 40 30 R
FEAR ) 00 A5 R B A P B BT L % 7 R R B AR 4
b ) P i SR 2 B B R 0 RS PR R v SR
A% s R 235 g 1) S SR RS R AR A T
11 mE#RT

RS F S 2, H IR et & A A R . A 3C
T3 B TE A e — 28 i [ 45 A 10 JR) 0T M RS ARk A
[]

M=f(L;,D:,0),i =1,2,- (3)
BEEERTM A PRENL G=1,2,,
n) s HARKH D, (G=1,2,,n) B, & ¥ 15756 b
FUW £ COTF LA RE 0 225 BN 40 A6 . i 25 1
G40 T B R DL LA SR

DL, =L,=-=L,,D,=D,=--=D, Bl
FEETC M & KA S AR — B H o BRI

2) 0==20°, DL S MR I0 M G IR S M HE R
IR B AR RR R R 5 90 5 5 e M KT 20%;

3) B IT M SNBSS Sy 1E ST 7 A BB
S X FREE

4 SRl FH T A A B 52 A LR S R e 2
FERIT . o (0 5505 0 5 B 43 i 2 i B BT 1Y R
TEZE 5 FRAE A5,
4.2 HBELEW CT HERLLE

TE P WO A6 T 2025 B A7 AR R S TRy AR
B I BOK BE G L R B MR, DT 52 M 0 o
MEE I . T E X BRI T AL 3, BAAR G BRI E

1) H A 908 O 7 B B Ak Ao B o X R A B BR A
L SUE SLIPAS R IE S EE S SHIEE NLIRPE SRS E: O
WS, A ST & ARSI A SO DR
BB CT U) R Bt , LU S M OR B3 e B 40 49, i s
T 5088 A3 AT A 4 . TS X TR AT B A DL R

[

1212006-4



@

B4 A PR R T . () M 525 5 (b) IE /NN 35T 5 (o) JE A+ T A 50T

Fig. 4 Typical lattice structure cell. (a) Body-centered cubic; (b) regular octahedron unit; (c¢) dodecahedron unit

LSRN

2) AR TR T 1 5R R e fe M 3 0 e By
ARATI oy R B #7200 By iy 2 p L 58
HHEI 0 Xn A S BITHEAT 20 B (] 32X 3.4 X4,
Vg ) A7 1) PRSI 38 5 I R AT AR A
1.3 RFEEHBERHEEETE

JEL I A 5 A s A o A 32 o 3 T2 S
FLB 50 ROSE R 22 1 R B B RUH 2 R BUS PR ST iy
JeL 1P D) B 0 O 2, AT 0 T 85 ) ) B A PE i
SRy S AR A3 BT S D B 0 AR 25 4 L T BN R PR T
JE S0 TR0 B S A A

a) o RRAE £ L

LI BCC s B 5ot R 9], R Fl Snake 5747 F-
oA % . Snake BRI ELHLH bR 46 B 1)
AT AN TR g i1z oA U /b BE 5 DR IE BB
PR BR B — AN BRAR Y 2 R ME . I RE EEZ R X
Fmh
E[I(S)]=
1 [z , . 1
—EJOm\l(Sﬂz#ﬁﬂl(Sﬂzkk+JoEm[Hsﬂ$,

(4)

K TS ARIERIIZ s T (S)FI T7(S) 4351 il £k
18 5L B B RN PE BB s R o F B 43 IRl 2k e
JE ) T 5 P N T 0 AT R A A D R SI I B ER
SR VI, RE o (EER 50 BE 4R B 7B
P, BB B MK, RS T E L R BE R
25 [1) v il £ A9 00 BE A DA IR I 3 2R B i kR AE
H—MNEARBME . E 5 TR, e 448 B B 3
FEAE VT AL TR IR, 18 5 (b)) B 7% % 8D A
ZE R O AR P (2,2,

b) FEAE JLAR B 4R A B

W 6 Ca) T 7 o B 25 o FE B G Fic RO J& OC = A
R B TT SUROHE S R TR A R 5 A A
W& n D EFFERIG, B RERIT C, G=1,2,n)

VO QW2 NP0
o% 0% 0N

LYY X
o o0 0N

VO QWO N0
°oQ% 0% 0%

(a) )
5 ERERAEIREL, (a) CT % (b) % O SR H

Fig. 5 Contour feature extraction. (a) CT image;

(b) extraction of center point of contour
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Fig. 6 Characteristic geometric skeleton generation of BCC. (a) Data structure; (b) central point acquisition;

(c) center point linear fitting

Algorithm1: lattice cell feature point extraction algorithm

input: skeleton S,;

output: feature point coordinate S,,,;
1. for i=1to n do

2. SQ<—SQ;

feature point

3. Lg—Sé,(i);

4. forj=2tom do
5. Ly=Si(J);

6. P'; jemin|L,-L,|; //P(; ; is the closest point between two

skeletons

7. end for

8. S“-,-(i)‘—z,,;lz P p/(m-1);
9. end for

10. return Syer

//m is the number of feature points
//the skeleton associated with the current

//m is the number of associated skeletons

(@

7 mEESSHFE RS Tb A, (@) FRAESRBO IS s (b) 45 R E R 5 P R 2 A

Fig. 7 Feature points and center point of lattice structure. (a) Pseudo-code for feature point extraction;

(b) schematic of lattice structure feature points and center point

fE S S [ A AR S ()
) EACK U A IR S 0 25 [ A AR S IR (01,
FE AR B2 A5 B 0T T A7 R A SSA R B 2 )5 S
SRR BTT Y Tl B A I SRR s L A RS
4 J) 39 A () B e 22 2 ek B R S B PR T L R 2
(] ) B8 5 B
G 25 (]S 25 40 XY 0] Y JE 30 1 1) B A
L, =P:— P
L., =pr—pst
KA oy 20 R JR I P HE 21 A5 R SR 5T N A 1) Y
5 5 L., Ay IV 00, B0 96 T 408 5 B2 B9 v 0 A
2, BE Tl CT 58 R & i) B R e i 22
E wipr: » i3, B 5 460 JE] 300k () B R LS R N
L'=L,,+(A+L,/K). (6)

5 4R EIE

5.1 EBELEHNE&E
ARSCBE H BCC s B B8 6 AE Ry 52 56 X 42,

(5

Bl 8(a) v, MFEREMEI 6 & S H i 2 iR,
K] Renishaw AM400 4:J& 3D T EDHLAT B FE A
ZAT DMLY BN B SR 45 0 A G . BT A RR 2
P P B T RUSE /N L 22 ) 30 0 2 SR HE A, A A 4
0 IR A L PR T EDORE FEAE £ (0.2~0.6) mm 1
BN . B 8(h) NITENEMFEM: . RS i 3.2 47
W CT B8 X FEAT 4, h Tz 5L
B U 2 A RHAR ] ELR ST AR — 2, Bt i 2 80
ABAE 58 AR — 2L
2 MR %S5

Table 2 Lattice sample preparation parameters

Property Parameter

Length and angle »=12, L=10 mm., D=2 mm., §=70°
Material TC4
Size 40mm X 40 mmX40 mm
8X8X8

Number of cells

3D printer Renishaw AM400
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Fig. 8 BCC lattice structure. (a) BCC lattice unit ;

(b) additive manufacturing part with BCC lattice;

(¢) local area amplification
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Fig. 9 BCC skeleton line extraction. (a) CT photo; (b) spacing ordering of 3 X3 lattice elements;

(c) extracted spatial skeleton line
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