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Inner diameter measurement based on dispersive confocal principle
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Abstract: In order to meet the requirements of high—precision and non—contact measurement of small diameter deep hole parts, a
set of high—precision optical measurement system suitable for large measurement range was developed. Based on the principle of disper-
sion confocal measurement, a micro displacement system is established, and a high-resolution optical measurement system is formed
by combining the spectral analysis technology. Firstly, based on the dispersion confocal principle, the structure of dispersion objective
lens is designed by using Zemax software. Secondly, the creeping structure is designed, and the motor is used to drive the reflector rotat-
ing to complete the radial geometric dimension measurements of different sections of the deep holes. Thirdly, the system error is ana-
lyzed by least square method and is compensated. Finally, an experimental platform was built to verify that the measurement range
reached 5 mm and the measurement accuracy was better than 3.3 pm. It has the advantages of high measurement accuracy, large mea-
surement range and compact structure, which is of great significance to solve the problem of the measurement of the inner diameter of
small size deep hole parts.
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Fig.1  Principle of dispersion confocal measurement
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Fig.3 Measurement equipment structure diagram
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Tab.1 Lens parameters for each dispersive objective
ik G SR 5T i 3242 /mm Ja 34 mm JELZ /mm HA&/mm
1 H-7ZF62 2436.9 82.50 2.0 14
2 D-FK61 -52.8 36.57 2.0 15
3 H-TF3L 66.5 -27.60 4.6 18
4 H-7F62 95.2 238.50 2.0 19
5 H-TF3L 238.5 -43.10 2.0 20
6 H-TF3L 34.5 -22.10 7.0 19
7 D-FK61 -22.1 61.10 2.2 18

23 Zemax XFERFEBRON
Xt Zemax HEAT 43T 5, 15 209 4 T TE 450,
550, 650 nm bRy EFNE, WK 4R, KPR AE

HARR RN B AL CBEA AR (RMS) 242551
J70.129, 0.138, 0.119 um; X BB 59k
2.306, 2.846, 3.3385 wm; X HBHEAOGHE H AR
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Fig.5 Structure of dispersive objective

1.0
0.8F
— 0.6F

Fo4p
02t

OO 1 1 1 1 1 1 1 1
0 37 74 111 148 185 222 259 296 333 370
2SR ] #/mm

El6 MTF iz
Fig.6  MTF diagram

5T
— WAL
— B
g
£
3&
E
=
#:
0 1
0.45 0.65

PK/um
El7 -G

Fig.7 Fitting curve of wavelength—focus shift
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Fig.9 Actual measurement model
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Fig.10 Light deviation caused by reflector installation error
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Fig.11 Diagram of experimental setup
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Tab.2  Measuring results of ring gauge inner diameter

A= Z%Ad/mm  WEE{E/mm PR /mm
1 49.9998 49.9973 -0.0025
2 50.0001 49.9972 -0.0029
3 49.9997 50.0024 0.0027
4 49.9995 49.9962 -0.0033
5 50.0000 50.0024 0.0024
6 50.0010 50.0035 0.0015
7 50.0008 50.0032 0.0024
8 49.9997 49.9982 -0.0015
9 49.9994 50.0013 0.0017
10 50.0003 49.9988 -0.0015
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Fig.12 Measurement error diagram of ring gauge

g, FEBR/IM 22 B e Ty I IR B AR L, (K
SR AR LM Ay 1R 22 A R BRI i 3R
2. LRERWIEN . aEdtENERERAH
£ /N b R i 5 NN b5 S
TN DAL N AR A R fuh 0

5 4ig

B X /N AR TR LS 24 AT 0 i s B 5
F5E T 3T O EO AR BRI R AR . FF Zemax
S BT B AT S5 M T, B £
BB R 3 BB B L K 2 AU A B AL S, &
i Zemax f5 HAMT IS, A5 R RWITE 450 ~ 650 nm I
KAEE N, SR CEE /N T ICHEE; Bl (A
TUA Z A LA H E R B R AT 3K 0. 9997, 4
B ATIE S mme IZI RGBT AR, DIk
A B B, AR E AR K, BESE /R
SRR NAR I 4 A S PR I R
ARG VEATRS BE ot AN K, A5 R R BRI i
RN R, MR EREHE3 pm LN, JF6E
SERF R I A AR, vRAh T H AR XN AR TR
BN A

S 2% 30k

(1] E¥, G, R4 M8 NN E U HER BB K
AE BT[], D HEOR, 2022, 48 (2): 210.
WANG T, WEN H, ZHANG J. Research on calibration
device of gun barrel inner diameter measuring instrument
and uncertainty analysis [J]. Optical technology, 2022,
48(2): 210. (in Chinese)

(2] JBAS, BRAK, J"FIF, 5. JETHO6 TR R
TAENAER RG], Wi TR AR
BRI, 2022, 47 (5): 9
QU J, CHEN B Y, YAN L P, et al. Design of large work-
piece inner diameter measurement system based on laser
interferometry [ J]. Journal of Zhejiang University of Tech-
nology: Natural science edition, 2022, 47(5): 9. (in
Chinese)

[3] RIEZR, Mok, AR T 43 RURE 152 25 0 B 25 R 1 AT
SEREAFTLT]. dhigEARMEL, 2021 (2): 60-62.

XU X D, YANG B. Uncertainty analysis of measurement
results of internal micrometer indication error[J]. Brand-

ing and standardization, 2021(2): 60-62. (in Chinese)



iR

Big5FH*E - 135 -

[4]

[5]

[6]

[7]

[8]

[9]

[10]

(11]

FEAHE, SRR . FET RO = M A KO B AR
RGBT T]. FUERAR, 2021, 44 (9): 5.
CULY J, ZHANG Q. Design of gun barrel inner diameter
measurement system based on laser triangulation[ ] ]. Elec-
tronic measurement technology , 2021,44(9) : 5. (in Chi-
nese)

TRSCH, TREET . T IR DIRG9 N BE DG
MRS [T]. TR, 2001, 22 (4): 5.

ZHANG W W, ZHANG Y X. Laser measurement system
for pipe inner wall based on annular light section image
method [J]. Journal of metrology, 2001, 22 (4) : 5. (in
Chinese)

B, HFT, B M2 R G A IR AT 5%
(V] KARBLT RS2 24 : HARRI AR, 2002,25(2) 2.
MA H, BAISP, WANG Y. Research on photoelectric de-
tection technology for rifle size of artillery [J]. Journal of
Changchun University of Science and Technology : Natural
science edition, 2002, 25(2): 2. (in Chinese)

WK . I B N i L AR 2 B S A I R e i
[D]. Kt bR, 2017.

YANG M. Design of non—contact measurement system for
geometrical parameters of gun barrel bore [D]. Taiyuan:
Central North University, 2017. (in Chinese)

=My, R, B, . WAL R E R
FElI] FAOHE AR, 2012, 32 (4): 4.

YUN P, ZHOU C H, LIANG Y J, et al. Research on
measuring technology of deep and microporous inner diam-
eter [J]. Aerospace measurement technology, 2012, 32
(4): 4. (in Chinese)

Wit O L ARy 1 RO B R B SE (D ).
RHE: KRR, 2013

CHEN H. Research on optical measurement method and
key technology of bore diameter[ D]. Tianjin: Tianjin Uni-
versity, 2013. (in Chinese)

GOLDSHTEIN A E, BULGAKOV V F. Testing the inner
diameter of pipes using the eddy—current method[J]. Rus-
sian journal of nondestructive testing, 2013, 49 (11) :
650 — 656.

BEME, ok, 2, A5 BOC A IR A R
Sttt S5 SERpR 1], THEAL S BCE TR,
2022, 50 (9): 5.

FANPH, YANG G Y, YANT, et al. Research on struc-

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

tural design and parameter optimization of laser triangula-
tion range sensor[J]. Computer and digital engineering,
2022, 50(9): 5. (in Chinese)

A RALZEF A R = YRR A R R R oY
(D], BHE: hEREAHEAR K, 2018.

ZHU Y. Research on 3D comprehensive measurement
technology for the inner surface of deep hole parts [D].
Heifei: China University of Science and Technology,
2018. (in Chinese)

TR, B, B, LT BB L
RN T ]. JeAE R TR, 2017, 25 (4): 9.
DING C, TANG L W, CAO L J, et al. Detection of rifling
height difference of barrel based on structured light [J].
Optical precision engineering, 2017, 25 (4) : 9. (in Chi-
nese)

W T a2 IEROR I REMR(D]. M
B RUHETOR Y, 2018.

PU T. Research on measurement system based on color
difference confocal technology[ D]. Nanjing: Nanjing Uni-
versity of Technology, 2018. (in Chinese)

XIAO Y, QIU L R, ZHAO W Q, et al. Laser reflection
differential confocal large—radius measurement for con-
cave surfaces[J]. Applied optics, 2018, 57(23) ; 6693~
6698.

MIKS A, NOVAK J, NOVAK P. Theory of hyperchro-
mats with linear longitudinal chromatic aberration [C 1/
Slovak—czech—polish Optical Conference on Wave &
Quantum Aspects of Contemporary Optics. 14 th Slovak—
Czech=Polish Optical Conference on Wave and Quantum
Aspects of Contemporary Optics, 2005.

KM, #, 25, & ORI BB RGY
BRI, Str TR, 2010.

ZHU W B, ZHONG J, MO R Y, et al. Objective lens de-
sign of spectral confocal displacement sensor [J]. Opto-
electronic engineering, 2010. (in Chinese)

AL, A, A, OGS EABLRAR L
PEEHEY BT, P EROG, 2019, 46 (7): 7.
MAJ, QLY J, LUZ X, et al. Design of linear dispersion
objective lens for spectral confocal displacement sensor
[J]. China laser, 2019, 46(7): 7. (in Chinese)
TR, LR, RO, 5% BT oo E R R
FEP P DO AR B [ 7). Ye2229R ,2020,40(2) . 7.



136 - Eit5H%

2023 F % 43 % % 1

[20]

(21]

[22]

WANG S M, LI F X,PENG F P, et al. Microspacing mea-
surement based on spectral focusing characteristics of bi-
nary optical lens[J]. Journal of optics, 2020,40(2) ;7.
(in Chinese)

R0 ARAME, 22— A T YRR P SR I 1 1)
e E WAL ] TR ,2022,42(2) :91 - 96.

LI Q, REN D M, LAN Y B, et al. Optical microscope
probe for nano scale surface topography measurement[J ].
Metrology and measurement technology, 2022, 42(2) :
91 - 96. (in Chinese)

TR, ARYL, PRV, & Uik R R LR
[J]. S0k, 2022, 43 (4): 8

WANG Z, SHI J K, CHEN X M, et al Overview of spec-
tral confocal measurement technology [J]. Semiconductor
optoelectronics, 2022, 43(4): 8. (in Chinese)

BRI , 5 SC°F, IR 0eht , % . KRGS AL R4k
BT R EREVEAL ()], P Ok, 2022,49(18) - 8
SHAO T B,GUO W P,XI Y H,et al. Design and perfor-
mance evaluation of large range spectral confocal displace-

ment sensor [ J]. China laser, 2022, 49 (18) : 8. (in Chi-

nese)

(A% #E: KRR

E—EE: XL (1997—), B, &
AT, BEAFSEAE, 20194 F KA
TR 2FALH TR 2 B gk A2 22 07,
PUAE TR A T RSOt TR %6,
FEMFGEIT AL BT . e
MEAR . REMT . gt

WIREE: EEEHE (1978—), 5, #
WRBEN, #f7, Tt HE4S
Ui, 2010 F 1 4 8 TR 22K = 4
ARG LR 2400, FEFS
75 AEHLEEF T G r A I A
IERRERE AT . S | e AU
T R EOGHR IR AL



