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Dynamic Measurement Method for Shaft Deflection Angles in Helicopter Drive Systems
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(1. Nanjing University of Aeronautics and Astronautics, Nanjing 210016, China;
2. AECC Hunan Aviation Powerplant Research Institute, Zhuzhou 412002, China)

[ABSTRACT] A high-precision measurement method based on laser collimation and photoelectric detection is proposed
to address the challenge of dynamically measuring the deflection angle of helicopter transmission shaft systems under high-
speed operation. A collimated laser beam serves as the measurement datum. Spot coordinates of the laser beam are acquired
by photoelectric detection modules to determine the relative position and attitude of the probes. During high-speed rotation
of the transmission shaft system, multiple probes are arranged to synchronously measure several cross-sections of the
shaft. The shaft center trajectory of each cross-section is obtained using a three-point error separation algorithm. Based on
this, the dynamic deflection angle between two shaft segments is fitted and calculated. Experiments were conducted under
different initial installation angles and rotational speeds. Results show that the synchronization accuracy of the probes is
better than 100 ns, the measurement frequency of the deflection angle exceeds 2000 Hz, and the measurement uncertainty
is better than 10”. The system meets the requirements for dynamic deflection angle measurement in helicopter transmission
shaft systems.
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. PSD A AR RCE R
W BwiRe | SRy Ax Ay
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3 1.1364 —0.0589 0.2260 00605 W S0 .
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Fig.8 Experimental scene of multi-probe synchronization accuracy
6 0.9796 —-0.1281 0.0692 —0.0087 measurement
R2 FREZBEREINESERE
Table 2 Signal voltages acquired by multi-channel system
JHE S 502 03 X554 s 5056 X507 08
HiE1/V 3.3742 —2.9062 —-0.3266 -4.4171 —0.9066 3.7245 —2.6021 4.7976
WiH2/V 3.3736 —2.9062 —0.3264 —4.4172 —0.9071 3.7250 —2.6028 4.7979
i3V 3.3741 —2.9068 —-0.3270 —4.4175 —0.9067 3.7248 —2.6027 4.7974
Wik4/V 3.3738 —2.9069 —-0.3273 —4.4172 —0.9061 3.7253 —2.6021 4.7973
WISV 3.3737 —2.9062 —-0.3262 —4.4176 —-0.9070 3.7245 —2.6028 4.7974
HiE6/V 3.3737 —2.9058 —-0.3259 —4.4182 —0.9068 3.7247 —2.6028 4.7975
SIS EN/AY 3.3745 —2.9063 —-0.3271 —4.4171 —0.9058 3.7251 —2.6018 4.7974
HiH8/V 3.3736 —2.9060 —0.3262 —4.4172 —0.9066 3.7241 —2.6028 4.7968
HIE/V 3.3742 —2.9064 —-0.3272 —4.4168 —-0.9057 3.7251 —2.6023 4.7971
WiE10/V 3.3734 —2.9058 —-0.3261 —4.4172 —-0.9073 3.7243 —2.6027 4.7973
HHIE11/V 3.3738 —2.9061 —0.3264 —4.4175 —0.9065 3.7253 —2.6029 4.7972
Wik 12/V 3.3743 —2.9064 —-0.3266 —4.4172 —0.9065 3.7253 —2.6027 4.7980
WiH13/V 3.3738 —2.9059 —0.3265 —4.4176 —0.9069 3.7246 —2.6024 4.7975
Wil 14/V 3.3738 —2.9062 —-0.3261 -4.4174 —-0.9070 3.7246 —2.6031 4.7973
HiE15/V 3.3736 —2.9067 —-0.3267 -4.4174 —0.9064 3.7249 —2.6028 4.7975
Wi 16/V 3.3741 —2.9066 -0.3270 -4.4169 —0.9063 3.7248 —2.6020 4.7978
WIiE17/V 3.3744 —2.9068 —-0.3274 —4.4171 —0.9061 3.7253 —2.6017 4.7974
THIE18/V 3.3744 -2.9072 —0.3278 —4.4165 —0.9055 3.7254 —2.6017 4.7976
R A EE /s 11.9 13.7 15.2 28.9 14.6 15.5 13.0 33.9
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Table 3 Measurement results of roundness error mm
ek B v 9) B3 H_Ea | RS e | K7 B8 & FEIE |
60 r/min 0.0068 0.0076 0.0074 0.0068 0.007 0.0071 0.0071 0.0073 0.0006 0.0071 0.0051
300 r/min 0.0076 0.0078 0.0077 0.0078 0.0078 0.0076 0.0075 0.0076 0.0002 0.0077 0.0057
600 r/min 0.0078 0.0079 0.008 0.0076 0.0079 0.0077 0.0072 0.0073 0.0007 0.0077 0.0057
900 r/min 0.0065 0.0067 0.0066 0.0069 0.0069 0.0072 0.0071 0.0073 0.0008 0.0069 0.0049
1200 r/min 0.0057 0.0058 0.0061 0.0058 0.0061 0.0063 0.0067 0.0067 0.001 0.0062 0.0042
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Fig.12 Shaft orbibs at each measurement section of drive shaft system
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Table 4 Results of dynamic deflection angle measurement
i/ R R R S S S 5 S R o /
%ﬁ?gﬁ) (ﬁgl‘n y ORI 2R3 R RS Wi BT KBS K9 | 0 *?%

0.2536 1000 0.2559 0.2558 0.2563 0.257
0.2536 2500 0.2351 0.2371 0.2373 0.2365
0.2536 4680 0.2395 0.2382 0.2402 0.2381
0.1722 1000 0.2082 0.2094 0.2084 0.2095
0.1722 2500 0.1903 0.1903 0.1909 0.1896
0.1722 4680 0.1833 0.1833 0.1827 0.1838
0.0835 1000 0.1345 0.1352 0.1349 0.1344
0.0835 2500 0.1204 0.1203 0.1198 0.1197

0.0835 4680 0.1162 0.1172 0.1171 0.1176

e 1% 1 22 BRI 53 43 A, T 3 A7 B A% et 22 1 1Y)
Jeff o, BRI X [E] 4351 A [44.9°,45.1°] Fi1 [132.08°,
132.28°],

(3) B e AL R R R 25 PR FAE A A
K BE iR AR FE (i e 45 BR /A ] ( SLDS—
A30P Bl ), HiR 22 (A £ 0.5 mm, fB0E H Il A
)43, I AS A9 R B AE d /9 4340 X TR] SR [d—0.5 mm,
d+0.5 mm],

(4) M fa 15 IR R 2 . TR TR A AR B G B, AR

0.2572 0.2565 0.2567 0.2555 0.2552 0.2555 72
0.2366 0.2364 0.2355 0.2368 0.2374 0.2354 8.3
0.2389 0.2382 0.2396 0.24 0.2383 0.2398 7.6
0.2084 0.2085 0.2079 0.2088 0.21 0.2088 7.6
0.1894 0.1889 0.1895 0.1889 0.1893 0.1895 7.2
0.1846 0.1843 0.1838 0.1849 0.1838 0.1844 7.9
0.1339 0.1347 0.1347 0.1344 0.1349 0.1344 4.7
0.1193 0.1194 0.1201 0.12 0.1203 0.1198 4
0.1176 0.1166 0.117 0.116 0.1176 0.1178 6.5
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mm ),
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Fig.13 Results of 10 repeated measurements for the axes of two

drive shafts
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Fig.14 Probability density histogram of dynamic deflection angle
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