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(College of Mechanical and Electrical Engineering, Nanjing University of Aeronautics and Astronautics, Nanjing 210016, China)

Abstract: To address the challenge of measuring the axis of large-diameter holes in the aerospace manu-
facturing field, we propose a hole-axis measurement method based on photoelectric detection technology
and collimated lasers. Firstly, the probe is stably supported inside the hole to be measured, using the col-
limated beam emitted by the single-mode fiber laser as the measurement reference. The PSD sensor at
the front end of the probe measures the coordinates of the collimated laser spot to determine the relative
position of the probe, while the inclination sensor data corrects the clamping posture error. Then, the
laser distance measuring sensor rotates under the motor drive and measures the distance to the hole con-
tour points. Combined with the data from the internal angle encoder of the motor, the center coordinates
of the measured hole on the current section are calculated. By moving the probe and measuring multiple
sections in succession, the axis of the measured hole is determined based on the centers of all sections.
Experimental results show that the repeatability error of axis measurement of this system is less than

0.01 mm, meeting the requirements for measuring the axis of general large-diameter holes.
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Fig.1 Schematic diagram of acrospace engine partial structure
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Fig. 2  Schematic diagram of the structure of the measurement system

AN AR 48 B R W FL AR PO Y
i, H TR R A O AN g LA R A il 1] B8
Bt R AR S AR, L, & PSD il
4 i AR AR RN T US4 B IS O, TR S — )
WG HE EDCHUESL I RGNS T, BEATRIZR AL
BT RS, HENL T PSD AR R A LISk
AebR R MR GALAR R, W 3 TR

PSD A5 28 L PSD el (9 oty A bs R Y
J5L A 0, LA P I P AL PR 4t % XA R 25 L R
0° B PSD £ & 4% 1 ., y %l o PSD 28 b5 R 1Y 2,
v, FERHAT T L8 E 2 e T e Sk AR AR
F UL HLIE A% I 2R 5 PSD G BIUHT 1938 25 R J5



CEVEE 166 )

R EARALARZ RN 1 T 0k (P R4 389

Ho, y#53 905 PSD A bn R o, yHIF1T. H
H, JE e ke e B RO I B AL RS PO R e
VT RS L D R 2 e L, HL PSD A%
TR SRR 5 OGN FE AL IR AR & 5 O R e
P A, Bk A bR R 5 PSD A2 R & oy I H
Ao B, WSk A AR R 2oy 15 PSD A8 45 & 2oy
T H 34~ A il 1F 1) R AR AT, PR AR
PRRZIEHAAE TR . R AR R DEEH
JEAR R Z 8, VAT OG5 3k AL AR R oy I 58
MR, X5 PSD ARt R B i 7E R G A bR
RXOY MR -PAT, BRI TR Y 4
WET5 ) o FEART AR I 07 B A, AR A SRR I A5 1Y
WITRTER: FA aos

st s

YAY g bl

BT ~_7

. 4—%)
YEEiJJ“tEﬁ P

PSDfE /AR
WOCTBEAL A

WG RO o —
K3 RGEI A bR R R B

Fig. 3 Illustration of the measurement coordinate system
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Tab.1 Calibration experimental results

R 7/mm e/mm
1 51.514 0.016
2 51.512 0.017
3 51.511 0.019
4 51.507 0.023
5 51.502 0.010
6 51.505 0.027
7 51.501 0.021
8 51.500 0.027
9 51.513 0.017
10 51.504 0.019

A 51.506 9 0.0195
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Fig.9 Improved algorithm flowchart for circle fitting
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Tab. 2 The fitting results of two circle fitting algorithms

ET R/ kN
RANSAC [ 4 okt

/N AR

72 {H/mm A By
XAFR/mm YA HR/mm XARFR/mm Y A& AR/ mm
+0.05 1.0019 1.002 2 1.000 4 1.000 7
+0.1 0.996 0 1.0017 1.000 5 1.000 2
+0.15 1.000 8 1.002 9 0.999 1 1.000 8
+0.2 1.007 1 0.997 8 1.000 7 1.000 0
+0.25 0.983 7 1.003 5 0.999 3 1.000 6
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Fig. 10 Flow chart of hole axis measurement
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Fig. 11 Repeatability experiment for hole axis measurement
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Tab.3 Measurement repeatability experiment results

TR RS
45
zo/mm  y/mm  z,/mm b q 4
144 0807  —0.98  61.0 0.0069 —0.0158 1
241 0807  —0.988  61.0 0.0067 —0.0149 1
#5341 0810  —0.989  61.0 0.0062 —0.0149 1
H444 0807 —0.995  61.0 0.0066 —0.0154 1
541 0805  —0.991  61.0 0.0065 —0.0148 1
#5641 0805  —0.994  61.0 0.0071 —0.0156 1
740 0811 —0.991  61.0 0.0071 —0.0158 1
#5841 0.809  —0.996  61.0 0.0070 —0.0157 1
944 0806  —0.990  61.0 0.0064 —0.0150 1
#1040 0.808  —0.992  61.0 0.0069 —0.0156 1
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Fig. 12 Schematic diagram of axis measurements for 10 sets of holes
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