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Abstract We propose a method of measuring the three-dimensional (3D) deformation of marine propellers based on
3D digital image correlation technology. The measurement system is composed of a binocular stereo cameras, a
flash, and a synchronization device, and a propeller is loaded by a cavitation tunnel. First, the self-calibration
method based on epipolar constraint is used to calibrate the external parameters of the system to obtain the 3D
displacement distribution of the blade surface. Then, the point cloud registration is performed on the reconstructed
hub, we acquire the translation vector and rotation matrix of the point cloud at the deformed blade root to eliminate
the rigid body displacement caused by different hub positions. Finally, the refracted light paths through air, glass,

and water are constructed, and refraction correction is performed on the reconstructed 3D coordinates of the object
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point to obtain the real 3D shape of the blades in the cavitation tunnel. Measuring the propeller deformation in the

cavitation tunnel with our method can get the full-field 3D displacement distribution of the propeller blades at a fixed

phase, which provides a feasible non-contact full-field scheme for measuring the deformation of marine propellers.
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Fig. 1 Chessboard images of different cameras. (a) Camera C,; (b) camera C,
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Fig. 6 Displacement results calculated by two methods. (a) Displacement; (b) difference between

the measured value and the true value

3.2 ISHMEIEAERIIE

TR 2. 4 5 rh AT B T 7 B i Al AT IR
T — 2 =4 A S SR R 7 () B
o W H bR A CE 7R P 35S KA o 8] A 1A
(H#&N 60 mm) ., A THAMEL C, B6HIEE T K
FE T, TR 7K AR A0 2 T [ 5 — P T 85 38 A AH L0
DU 1o 45 R AR LB Sk o0 (B Sk ol R 38 F Hough
(53] 725 460 A I 7 455 Sk w22 1T IR0 L S AR AL Sk P 5
B L E A B AR C, WG 5 T K48
FOm . WERBFAL C, J60 BIKF b3 18 1Y IE 2

D, =509 mm KATHIGEEAYIEIE N 4 mm. T 5

UET & IE 5 1 AR 1 [ R — 35 43 67 F /K 1T =22
e I FH AN A AL I B B8 — 2R (B A 4 3% T CBE
KI5 45 s 7(h) MK 7¢O FmR .,

F 2.0 1 i O e R G kAT AR, IR
SR RE R (00 I = 4R850, SR 5 FH T SH0& 1 J7 10
BRYTST B M = 4 E AR 2, 85 R WE 8 fraw, 7]
PLR B, B T 56 B9 A AE B3R F A ) = 40 TE 40 LUK
T Ay o W S8 57 B B A I A PR B A T B
QU O A= U el 1 K VA =T DS T SN e
Jei 1 A T R B AT LA A BB IE T L R R4 1Y
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by camera C,; (c) image observed by camera C,
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F1 HILKWAS
Table 1 Internal parameters of the camera
Camera Intrinsic matrix Radial distortion

[14374.61 0 1505. 04 ]

C, A= 0 14342, 44 874.73 (—0.4015, —0.5192)
L 0 0 1 |
(14369, 25 0 1572. 26

C, A, = 0 14345. 27 843.18 (—0.0621, 2.3087)
L 0 0 1 B

2 MPLZ RS2

Table 2 External parameters between cameras

Rotation vector /(%)

Translation /mm

Reprojection error /pixel

[9.8982, 1.0738, 1.1164]

[—15.0712, 101.

3678, 79.9839] 0.14

101/s 151/s 20 1/s

X-direction

Y-direction

Z-direction

251/s 30 /s 351/s

X /mm
0.01

-0.57
-1.16
-1.75
-2.34
Y /mm
0.45
0.33
0.22
0.11

-0.01
Z /mm

0.65
0.47
0.30
0.12
-0.06

Bl 11 JK#EA 2 m/s B[ J5 AL

Fig. 11 Displacement fields in different directions when the water velocity is 2 m/s
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Fig. 12 Displacement fields in different directions when the water velocity is 3 m/s
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