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Measurement of Rotor Blade Deformation and Motions using
Stereo Pattern Recognition Method

Jae-Won Park®, Hong-I1 Kim*, Jae-Hung Han*, Do-Hyung Kim** and Keun-Woong Song**

ABSTRACT

A measurement system using stereo pattern recognition (SPR) method was
configured to measure the rotor blade deformations and motions. An SPR-based
measurement system was prepared using six stereo cameras. Through a series of
experiments to evaluate the system measurement uncertainty, it was verified that the
SPR system had less than 0.2mm standard uncertainty. The combined standard
uncertainties for the lead-lag, flapping, and pitching motions were estimated as
0.296mm, 0.209mm, and 0.238°, respectively. The SPR system was installed at a general
small-scaled rotor test system at Korea Aerospace Research Institute. The blade
motions and elastic deformation were successfully measured under the conditions with
rotating speeds of 360rpm or 589rpm, and collective pitch angles of 0°, 4°, or 6°. The
advantages of the SPR system was analyzed in comparison with the measurement
system used in Higher Harmonic Control Aeroacoustic Rotor Test -1II.
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Fig. 1. Eagle Cameras

Table 1. SPR System Specification

Resolution 1.3million pixels

Frame Rate Max. 500 @ 12801024
(frame/sec) Max. 2,000 @ 1280X242
Shutter Speed Max. 30kHz
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Table 2. 2 factors with 3 levels for evaluation
of measurement uncertainty

Level Factor | pistance (m) Angle (°)
1 1 40
2 50
3 2.8 60

Table 3. Standard uncertainty according
to level of factors

Level of Level of Standard Uncertainty

Distance | Angle | xv-plane | Z-Axis
1 1 1 0.0243 0.0309
2 1 2 0.0424 0.0676
3 1 3 0.0436 0.0248
4 2 1 0.0928 0.117
5 2 2 0.0962 0.066
6 2 3 0.285 0.397
7 3 1 0.0794 0.140
8 3 2 0.265 0.309
9 3 3 0.106 0.140
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Table 4. ANOVA table for XY-plane

Table 6. Standard uncertainty

XY DF SS MS F P
Dist. 2 | 0.0275 0.0138 | 1.65 | 0.3
Angle | 2 | 0.0111 0.00555 | 0.67 | 0.563
E 4 | 0.0333 | 0.00834

T 8 | 0.0720

Table 5. ANOVA table for Z-axis

4 DF SS MS F P
Dist. 2 0.0473 0.0237 | 1.34 | 0.359
Angle | 2 0.0126 | 0.00631 | 0.36 | 0.72
E 4 | 0.0709 0.0177

T 8 0.131

Table 49} Table 5= ZtZ} XY-HH 3 Z= 4
o] RFEFE gk E4HEAE(ANOVA table)
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Standard Uncertainty

ul(x) =uly) 0.145 mm

=u
u(z) 0.187 mm

Table 7. Combined standard uncertainties

Combined Standard Uncertainty

u(dg) 0.296 mm

u(dy) 0.209 mm

u(6) 0.238 °
Lead-Lag Motion
de = (=) + (1= v0s)° 4
Flapping Motion
dyg =2— 2, )
Torsional Motion

Zrp— %

f=sin"! = ©6)

\/(xLE_ €T TE)2 + (yLE_ yTE)2

o
bl = hal
2 FARFESE AXAS 739 d. Table
S #e digsle] At FHYEE
23w o] HY S Table 791 UERATH B3
ol BA g EAHEIEEE, 2m~ 42me =
A A elA, ¢k 0.2~0.3mm, 0.24° o]3}o|t}.

Uncertainty of Lead-Lag Motion

5,270 5o ‘
u?(d) = 24 2 costwsin?w u? () (7)
8 7'712
2r? -
+% (z, —z,)" sin'w
d:r 24
<+ (y, —y,) sin'w

Uncertainty of Flapping Motion

W d,) = 50 (2) ®)
Uncertainty of Torsional Motion
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Table 8. Operating Conditions

Collective Pitch Angle [ 0° [ 4 [ ¢
Rotating Speed 360RPM 589RPM
Tip Speed 40.2m/s 65.8m/s
Sampling Rate 144Hz 114Hz
Camera Shutter SKHzZ

Speed

ZHEH IJX4e HMFE Fo 2FA. 3
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Fig. 3. Markers to calculate blade motions
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Fig. 5. Comparison of lead-lag and flapping
motions for different conditions
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Table 9. Comparison of SPR Systems between KAIST and HART Progra

KAIST

HART Program

Experimental Conditions

Capture Volume

2.5mXx2.5mX1m (Whirl Tower)

3.5mX3.5mX1m (Wind Tunnel)

System Setup

Ceil Installation

Ground Installation

Sampling Rate 114 or 144 Hz (Max. > 500Hz) 3 or6 Hz
Performance
Theoretical Uncertainty < 0.2mm 0.4mm

X3

’0

Efficient measurement

X3

’0

Advantages

X3

’0

K3
o3

Applicable to unsteady motion
Large FOV (no obstacle)
Once installed, no more hardship

2

% Easy to synchronize measurement
at any azimuth angle

No need of high sampling frequenc
Less blur effect

’0

’0

X3

’0

K3
o3

) azimuth angle
Disadvantages g

*,
<

o3

Difficult to synchronize at an exact

Higher possibility of blur effect
» More difficult system installation

X3

’0

Inefficient measurement

Impossible to measure unsteady or
transient motion

Limited FOV

X3

’0

K3
o3
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