B B o8 AR
ELECTRONIC MEASUREMENT TECHNOLOGY

2025 4 10 H

DOI:10. 19651/j. cnki. emt. 2519181

EFNERBEEHFERS

222 4 B Z&x #&
(b E AT REFRAE &% 710089)

MR B AR

£ 4

OE RO B T HL AT L N YRR 3 B A AT L IO X A% S T B KA T M R T AR AIR LA 2k BRI 5 [ 2D
BEA PR . ﬁiﬁﬁﬁﬂT*ﬁ%%%%iﬁﬁmeﬂﬁﬁFﬂ%ﬁi?ﬁ%“*ﬁiﬂ’ﬂELﬁE%ﬁﬁiﬂﬂiﬁ%éﬁo %A G AT
BT R SRR I T Y T AT R AR A 5 LR P A M ) L S e AR B AT BRI . R R L TS (AR A

B B i (i) B 45 5 452 1F #) 4 JRy B (1] 2 % '?ﬁEﬂ:E’JI}J\HT’fLPHiEﬁ% F- 55 5 I 1] T8 20 250 5% B o7 78 ) 4k 3R BE AR
B 7E 52 IR FD OB Rl A5, 2R 45 R R AT Al A A DUSEE M RSS2 T 1 060. 5 ns B RE (R 2 [R] 25 K5 B2 L e (5
TE P29 [ 25K BE 7K 3 799 nis s 4510 A5 ) B T A 4210 000 pee S5 R P 3R B0 00 S5 A 2 5 R S oA M L T 2 T 1Y
Bor RR 22 AR T 3. 9, 1 B RAT IR TR

KEE: HFPURIE A& LM Sl RE s W E R L ENF S
hE 4SS TNILS. 41 XEktRIRAS: A ERREFRSEREL: 590.5020

High-precision synchronous testing technology for helicopter tail rotor loads

Wu Jinxing Zhu Pan Li Panwen Yin Chuan

(Chinese Flight Test Establishment,Xi'an 710089, China)

Wang Jin

Abstract: To accurately obtain the dynamic loads of the helicopter tail rotor within the flight envelope and address the
challenges of low reliability in traditional slip rings and wired telemetry technologies, wiring difficulties, and
insufficient synchronization accuracy, this paper developed a four-channel tail rotor load measurement system
integrating wireless transmission and high-precision clock synchronization technologies. The system consists of a
wireless load collector deployed on the rotating components of the tail rotor and a load receiver in the cabin,
transmitting data via an RF link. It employs a global time reference based on inter-range instrumentation group time
code B signal synchronization and an optimized master-slave clock synchronization algorithm, combined with dynamic
timestamp alignment and strain measurement temperature compensation techniques, aiming to achieve microsecond-
level data synchronization. Experimental results demonstrate that the constructed four-channel measurement system
achieved an overall average synchronization accuracy of 1 060.5 ns, with the best channel reaching an average
synchronization accuracy of 799 ns. Each strain measurement channel exhibited excellent linearity and measurement
accuracy within the range of =10 000 pe, with the root mean square error of the average code values all below 3.9,
meeting the requirements for flight tests.

Keywords: helicopter tail rotor; load measurement; wireless testing; multi-channel data acquisition; high-precision

synchronization; master-slave synchronization
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Fig. 1 Overall architecture of the tail rotor load test system
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Fig. 3 Data link delay in the tail rotor load test system

P b fi 25 P9 oA DU 3 B0 45 D A0 T T T — L R

o0 A ORI AR A B R AR E M . X T S R R
Vide A B RS (Z 2N T2 m) 5 R E Ak
XF Em PRI B Bl DL R BT BB AT 7 AR RN R B
T PR 2R B4 T e 1 A b A 2 B ) RS A ST b e A
., K=, 2R NFEL SR, TLE S HEE R YHIF
B AL R I, HIE 1) (R 2 M) 5 1Ay O F) ) 1 44§y %iE 15
Al REAETEAS 2 B0 B AN X FR M o 336 ol 2 S AR 2 e 45 3 1o 00
R B[R] OR A B B ] S B Y T IR BI AT REEEIR X
1 25 25 HL AL 19 B I b U 22 00 330 T DT 52 ) 2 TR RS
T 0 T 2 o R I e AR AR A X B AR R A R
I7) 0B B 33 5% DSty 1 B i 2 8 T 6E D S5l A il s 4 F
TV, JIsROMe A R G 10 [R) 2545 B 4 R R A )
1.3 ENHHRERSEE

RS H 22 38 T R Y RS B D OR R AR SR T —
A iy = IS R 25 . i el ad 3 0 5 4% A (]
I4) Y 2 B 48 of TN ik S ol Al 25 o S AR 3k 2 A K DA 3l e A
AT BN AL IE T SEBURE B [R] 20 . R 2R A REEAS A
uli, BB AT B R . AR PR R R R T
YEDR B , A0 55 B () B 154 B 22 10 AE AL A

) 25 2k i 5 P 2 0 7E k2 ) 25 T BB T SRS A B )
£ T 25 D3 A 382 B 320 BB W) SR AR b B2 Wi B A1 2, .
Wil J5 5 45 DA 3 37 B & 2% JE R SR TE 8 L 910 3% AR 1 0 SR
B BFZ ¢ 5 B0 MR R G 10 SR 20 ¢, 8 BE s 2 )2
TR A N o BE I Se i 2B L A NI SR R (D3
AR 22 ] 4 i 22 6

(ty, —t,) — 2y —t3)

0 = 7 (D

DB T JC L% H 14 0L ) A% i 20E Ao 356 AR AH 45 , o
to=t,+d,+0 M, =t,+d,—0; RN, &5k R
HE & S Wi 4s W 4R B0 AR

0= (ty—1t,)+(t,—t5) (2)

R T T PR O 22 A S AR AR TR B 0 X A
BB T AT 8 0E , 38 8 SR e pE PR R L A

Tiwe =T, TK+0 (3)

Hodp, K24 1E R0, RUE S BBl 7 72 0<<K<<1 N, LU
PRUEFSE TE 3 2 BE e B, R EF 5l AR 8, K RE
TIPSR DAl s 3 25 52 BRI (152 ), IE B 5 A
“ LR s ] AR AT B IS N A IE B A YRR

AT (1) = Ky » 00 +—1<,J;e<f>df 8

XL K FUK, 20900 BB AR 4 22 450, 3 o o i 4
2% 0 AR 53, AT LA S50t o B A TR AS 7 ol i) R AR IR 25 .

3 — B3 A N W AT 2 DA T 0 s [R] 38 e RS OE , £
32k B A R 6% 8 4B 8 3 T 2 i Al 2 B4 2R 8 AORD R Y TR
H o FESLBRFEE L R T R AR R 45 JE IS X Bk D I s R
MEIARIRE, B3 ES 20O AR 0 AT
AT H

o« 77 o



948 & 2 F o

T # K

1<
I ﬁ;@, (5)

HRAE 17 P 45 2% P8 1 38 0 Ml 28 A IE R A K (8 Kp
5K P 38 G Wk AE DR 0 7 I B i 25 L S RE b S i 1
BSEWPs, BT E AWM RN X R AR, K 4 g
GANEE S RS & S E NG TP R S

L, AR
I RIE R FFiE,
fBR}
Mkl U RILIENT
W R, R
NGRS
I RIEFERT M)
WRER ) BRI,
Wit 3
0= ((t,71)-(1,-1,))2
.
WS R B
r..=T. .Ko
.
| MAT-RSEE |

4 I SO NG K U G P 2 RPN
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Table 2 Load and code values of tail rotor blade 1
LTI 1
RS e mE EE BE EE -
—10 000 2 578 2 583 2 577 2 586 2 581
—8 000 7519 7522 7 515 7524 7 520
—6 000 12 452 12 455 12 446 12 454 12 452
—3 000 19 843 19 846 19 843 19 852 19 846
0 27 237 27 243 27 238 27 243 27 240
3 000 34 633 34 640 34 637 34 638 34 637
6 000 42 028 42034 42029 42038 42033
8 000 46 959 46 963 46 958 46 970 46 963
10 000 51902 51904 51899 51908 51903
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Table 3 Load and code value of tail rotor blade 2
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Table 5 Load and code values of tail rotor blade 4

LIPN -8
R e e (LN (LN e o
—10 000 2 549 2 555 2 548 2 558 2 553
—8 000 7492 7 494 7 488 7 497 7493
—6 000 12 423 12 427 12 418 12 426 12 423
—3 000 19 816 19819 19817 19825 19 819
0 27213 27219 27213 27218 27 216

3 000 34 608 34 615 34612 34613 34612
6 000 42 004 42010 42005 42014 42008
§ 000 46 935 46 938 46 934 46 946 46 938
10 000 51 886 51 888 51883 51893 51 888
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Table 4 Load and code values of tail rotor blade 3

A ¥y
RS e M EE EE EE -
—10 000 2 541 2 547 2 540 2 549 2 544
—8 000 7 489 7492 7 485 7 494 7490
—6 000 12 424 12 428 12 418 12 427 12 424
—3 000 19 824 19 828 19825 19833 19 828
0 27299 27306 27 300 27 305 27 303

3 000 34 628 34636 34633 34633 34633
6 000 42 031 42037 42032 42041 42035
§ 000 46 968 46 971 46 967 46 978 46 971
10 000 51914 51917 51912 51921 51916
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—10 000 2 573 2 578 2 572 2 581 2 576

—8 000 7515 7518 7511 7 520 7516

—6 000 12 447 12 450 12 441 12 449 12 447
—3 000 19 838 19 842 19839 19 848 19 842

0 27234 27 241 27 235 27 240 27 238
3 000 34 628 34 636 34 633 34633 34 633
6 000 42 024 42030 42025 42034 42028
8 000 46 953 46 957 46 953 46 964 46 957
10 000 51897 51899 51894 51903 51898
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