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Multi-scale measurement method of ballscrew nut based
on spectral confocal principle

Gao Feng'? Zheng Yuan'? Fan Jiabo',Li Yan'"?,Li Wenqiang'’

(1. Key Lab of Mechanical Manufacturing Equipment of Shaanxi Province ,Xi'an 710048, China; 2. School of Mechanical
and Precision Instrument Engineering, Xi'an University of Technology,Xi'an 710048, China)

Abstract: To address the issue that it is difficult to detect the internal cavity of the small-size ballscrew nut and evaluate its machined
surface quality due to its complex internal geometrical configuration and small aperture, a multi-scale measurement method of ballscrew
nut based on the spectral confocal principle is proposed. A non-contact optical displacement sensor is used to perform indexed sectional
scanning axially for the internal cavity, and three-dimensional point cloud data of the cavity surface expressed in the cylindrical
coordinate system are obtained, in which the abnormal points at the interface between the raceway and inner wall are removed by using
uniform interpolation filtering. Then, the denoise process is implemented by the wavelet threshold method. Based on the multi-resolution
analysis characteristics of the two-dimensional wavelet decomposition, its number of decomposition layers is adaptively determined by
means of the energy conservation property of the wavelet decomposition. The inner surface of the screw nut transformed into the Cartesian
coordinate system unwrapped along the generatrix is dissociated at different scales, in which the low-frequency components are employed
to calculate the profile structure parameters and the high-frequency components for assessing the surface roughness. The inspection
results show that the proposed measurement method can evaluate not only the dimensional accuracy of the inner cavity structure but pitch
error and lead angle error of the surface quality are 2 pm and 0. 016°, respectively.
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Fig. 1 Ballscrew nut
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Fig. 2 Cylindrical coordinate system of measurement space
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Fig.3 Schematic diagram of the measurement scheme
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Fig. 4 Principle of optical path of spectral confocal sensors
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Fig.5 Measurement experiment of ballscrew nut
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Fig. 8 Outliers processing
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Fig. 6 Raw measurement data
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Fig. 9 Wavelet threshold denoising
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Fig.7 Cause of outliers at junctions
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Fig. 10 3D wireframe model for ballscrew nut
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Fig. 12 Circumferential unwrapping of the nut cavity
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Fig. 13 High-frequency energy exponent fitting curve

AT RN,
EDetail = 0.002 464 x "' (11)

HITEL 13 AT BT 3 RO AT 5 15 RO S5 4 Ik
ORI SR AR LSy, A o U N = 3, A
fQa,y) =A; + Dy + Dy + Dy + Dy + Dy + Dy + Dy +
D! + D! (12)

4 MIF=ETEE

4.1 FEEIEERE

FET R IR A bm 22 v K B0 2% Tl A0 T VR 1 ) A

BN (y:,2,) (i =1,2,--,n) , BEE TR T [ 90 A0 A

EHH(C,,C.) BN R, MHEE N U5 5 B i 15
ZERECN

f(C,C.R) =Y [(y,=C) +(5-C) -R]

aof of -0 o

—— =

s - ’ - 0
ac, 7 ac, aR

(13)
MVRIE A IS RT3k N -
(C,,C.,R),(j=1,2,---,]) (14)
Ay AR AT AN R 7RH
4.2 FRBEENSHIHA

1) 125 P
VR PRIR B 1 R AT R h
Py=Cuy, =~ Copy (G=1,2,000 = 1) (15)

N A SR T F AR %) S SA(ELE Ay e ) 8 R iP F )
wHiH, A
1 M J

P=W; ;ij (16)

BRI BEShIC R E, = max(P,;) - min(P,,),

2) WEPERE D

FRAE P 2 3000 i 2 ) b A JLART O 3R ML 1 1 [ 2 42
A FTRN

D, =d +C,, (17)
X D, 25 m DB, 55 j R BR 2 AT IR B [ 2
TR A 5 d, S B A% B T R 15 VR B 22 AT 05 B il 28
MR ; C,, ARG 555 ) MR TP L R, H%
FTA 1 AR R B EAE R PR AR I (e D, BD

1 M J
D= WZ ; D, (18)
BRRE Y B AR Bk S E, KRR
E, = max( CW.Z) — min( ijz) (19)
3) FHEAMA o,

HE TR IR BRSPS T ) 1) JR T MR R A R A N ELVR
T, H & 5K B O SRR A . TR B
X Jeg T [l — VR T ) 45 IR IR o s B 2R A T e /N e ek
PG GBI T

y, =kx, +b,(l=1,2,---,L) (20)



28 e

W R ¥R

43

A BIRE ) ST @, M
= |arctan(k,) | (21)
?ﬁiﬁ%*ﬁﬁ%?ﬂﬂﬁﬁﬁXﬁﬁﬁﬁ@ﬁﬁE"Jilzi’%{ﬁ
T A

®o L ;% (22)

4) [ LAz R,

R P 13 o BB R P s J] ) Jre I, 44 Sz 1) #25 FL ] [
SEURRGY 2 X0y Vi, iz R A R 2 O B A
BAER,,

4.3 MRERIESH

Y SR TDRLRE B AT AR SR ISR Y I 2R AT 4 T A
FIPERE , 500 1) 8 L F 24 b 2 1 RRAE -5 5 B 50 a1 —
Y I A RAE S HAE RS B PF- M P b, 32 B4 R 1HDE A
MIX T AR 22 S, , FRIHT -+ R BE S, T B e 20 A1 1) D
BE S, , R EEA T NE R,

5 WMEERHST

5.1 BEBREZSESRE

PR 12 L B | N AR A BE X SRk A 7 = 4k & 1w
HAGTS B SR B N = 43R 1w, WA 14 (a) Fos, HE
A, B M RIE RS 5 WA /AR 7 & 14(b) ((e)

IR o
15

y/mm

(a) B Y 2 T AR A

(a) Overall inner surface model

127
[ g
21415 Ei2s
g L%}
[N]
14.10 51 125

200 205 210 215 24 25 26
y/mm y/mm

v/mm

(b) A BETE $5Y
(b) Projection of raceway
surface viewing from A direction

(c)BRIR#MARE
(c) Projection of local inner wall
viewing from B direction

K14 S =4

Fig. 14 Measured three-dimensional inner surface
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Fig. 17  Structural parameter analysis of screw nut
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Table 2 Nut processing size measurement results
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