46% 110 &/ L F O M Vol. 46 No. 11
2025 4F 11 H Chinese Journal of Scientific Instrument Nov. 2025

DOLI: 10. 19650/j. cnki. ¢jsi. J2514498

ETHEATHNEFNRHEZSVNER M

G RAEPB kAR BITRS
(1. H B R A B SRR BT A S SR M8 330063,
2. I MUR IFAES B2 506 TR 25 Jbat 100191)

& E IS AL SR RO BT SR ORI X e R S S M RPN S B R B B R X, R
BB T AR BRI 2 BT T REFE LI B R G, S T AR (R SR I Bk TR T SRR 0 S
30T, BT, 3B G T PR SE I T e v ) o 11 T IR G ER A  , it T R RR AR AL e S AR AR AL e A A
B, ARSI 5 58 A [R5 3 A BB AR HE T A AR L3 PG R4 VR AT 170N ARG D R 8 458 | s il T
BHOCITH, BT N A R CHR IS O 5 AR S B8 AL, 3218 T ARIE s = A AR bR A TR B2 Bk, T 2R A A
AU, RITE R RN FE L AT AR R PRI A = LA bR MAHBLAR bR R L R AL S AR R | S R4S AR S P S 2 Dk T AR AL
Rl TE S TE G 5 B A b 2R RS X D Bk B (Y s i s I, B3 = B 2 I S 20 [ — AR (o 4 8 s B A X, TR L A IE 7% R
BAE DT e TR A N 0 SR B SR, e RIS . BRI SRS R R, 15 mx 1.5 m MIGE FE N,
PR A S S M R IR ZE ST R 0. 44 F1 0. 82 mm, FESEB N AMUA AL A B RAT T iRIRZE Y <1 mm, IE TR RES
T3 R B SO B Rk BE AR 1% R G0 & T TS B HR IR S0 IE

KRR SRR BERL DL s B AT R HEBEAS R AT 5 /I E ARG

HE S EKS: THR9 ERERIZAG ., A ERIRAEF R EKE: 590.30

Measurement and analysis of helicopter rotor blade flapping
based on rotating stereo vision
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Abstract : Accurate measurement of helicopter rotor blade flapping, and analysis of its characteristic patterns are essential for evaluating
rotor aerodynamic performance and optimizing structural design. To improve flapping visual measurement accuracy and enable full-phase
measurement, this study develops a rotating stereo vision measurement system, proposes a corresponding flapping measurement method ,
and conducts analysis on blade flapping patterns and laws. First, via photoelectric slip rings, the 10-gigabit-level image data
transmission from the rotor end to the ground end is realized. Meanwhile, a symmetric camera mounting bracket is designed to ensure the
overall dynamic balance between the cameras and the rotor. Additionally, full-phase blade images are acquired on a rotor test rig under
different rotational speeds, collective pitches, and cyclic pitches. Second, a small-target detection network is developed to handle
complex illumination inference, enabling high-precision localization of the central pixel coordinates of tiny self-luminous marker points
and improving the accuracy of their 3D coordinate computation. Third, a hub coordinate system is established for each acquisition phase.
Marker 3D coordinates are transformed from camera to hub system to calculate phase-specific flapping, reducing errors from coordinate
drift caused by camera-rotor rotation. Finally, third-order polynomial fitting analyzes in-phase flapping spatial patterns, while composite
sine fitting analyzes flapping time-domain laws in the rotation cycle, supporting rotor system optimization. Experimental results on the

rotor test rig demonstrate that, within a 1.5 mX 1.5 m field of view, static and dynamic flapping measurement errors are 0.44 and
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0. 82 mm, respectively, both flapping patterns and laws models exhibit excellent agreement with experimental data (RMSE<1 mm).

These results verify the effectiveness and high-precision characteristics of the proposed measurement system and method, and this system

has been applied to the verification of rotor design tests.

Keywords : blade flapping; rotating stereo vision; hub coordinate system; flapping patterns and laws analysis; small target detection
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measurement system
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Fig.3 Camera mounting bracket
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Table 3 The comparison of various methods
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Table 4 Static measurement accuracy results
(mm)
PREERLE ASME WESE RE ¥ s

AP e 35.00 35.12 0.12 0.06 0.25
EyeshdEE 21000 210.25 0.25 0.21  0.45
554 450 35.00 35.07 0.07 0.12  0.34
e 4se  210.00  209. 56 0.44 0.42  0.64
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Table 5 Dynamic measurement accuracy

BE/(°) FEPE IR/ mm HESEfMIRZE/ (°)

2 0.91 0.03

4 1.01 0.03

5 1.02 0.03

6 0.97 0.03

7 0.38 0.01

8 0.24 0.01
¥ iR 0.82 0.03
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Fig. 16  Flapping patterns of rotor blade at 0° phase

under different collective pitches
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Fig. 17 Flapping patterns of rotor blade at different

phase under 9° collective pitch
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Fig. 18 Frequency spectrum of rotor blade flapping

data under different collective pitches
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Fig. 20  Frequency spectrum of the amount of rotor

blade flapping under different lateral cyclic pitches
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6° collective pitch and different lateral cyclic pitches

Flapping amount of rotor blade at 0. 65 R under
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