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Fatigue Test Technology of Helicopter Tail Rotor Airfoil Segment
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ABSTRACT: The work aims to improve the installation and commissioning speed of the helicopter tail rotor airfoil segment in
fatigue test, and accelerate the assessment on fatigue performance and fatigue life of the tail rotor airfoil segment. By calibrating
the flapping and lag calibration coefficients and pre-torsion angle of tail rotor airfoil segment, a method to calculate the installa-
tion angle of attack by theory was analyzed. The angle of attack calculated by theory was used to guide the actual installation
angle of attack and adjust the angle of attack value to the actual load value that met the test requirements. The fatigue test was
carried out after the installation and commissioning of tail rotor airfoil segment. The angles of attack of four tail rotor airfoil
segments calculated theoretically were compared with the actual angles of attack. The deviation between the theoretical value
and the actual value of the installation angle of attack was within 1.5°, the load distribution error of the fatigue test for four tail
rotor airfoil segments was less than 4%, and the fatigue performance met the fatigue life requirements of 6000 flight hours. The

angle of attack of tail rotor airfoil segment calculated theoretically in fatigue test has the significance of accelerating the estima-
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tion of the installation angle of attack and can improve the efficiency of the fatigue test and ensure the distribution of test load is

basically consistent during the commissioning. The fatigue performance of test piece is good and stable after the fatigue test

verification of the tail rotor airfoil segment, which provides the basis for the subsequent scientific research test to turn into iden-

tity test.
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Fig.1 Installation and commissioning of tail rotor airfoil
segment in fatigue test
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Fig.2 Angle of attack
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Fig.3 Installation and commissioning site for test
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Tab.1 Pre-torsion angle of tail rotor airfoil segment
A M 2 W3 A
00/(°) 0.01 0.1 0.1 0.14

®2 ERMEIRESENERAN
Tab.2 Flapping and lag calibration coefficients of tail rotor
airfoil segment

2R B LM B3I A
Ky/(ue'N'm™y  12.44 13.82 12.59 12.92
K/(pe'N"'m™) 1.28 1.37 1.31 1.30

®3 ERWHEIREBERNASIEMBINA
Tab.3 Theoretical angle of attack and actual loaded angle of
attack for tail rotor airfoil segment

FHR B W2 B3I A

FBTUA/(°) 11.66 11.1 11.65 11.27
SLFRIUA/() 10.3 9.75 10.94 10.9
21H/(°) 1.36 1.32 0.71 0.37




54 - g HE TR

2023 4 5 H

W bk 4 R E B AR AT LA
R b B AR 5507 A5 B A B 5 SE PRI (6
FAE—E M2, HPEr 2 F2EETE 1.3°A R, J5 2
PHTE 1PLAN o 0 LRSS R B 22 Sk AT o, %
JEARTREA LR ILAS T : 1) 15 in#d 2 47 1E
Oy, HXHEBEREIR B (A —E R, R
RPEAZESEE; 2) 1R S B 22 e A R 2 3T
B A, 0 A B i SO B A7 AE— s iR 22,
EREIE S I PAAE—E W22 s 3) R 3B
WLk By i AT, S BRI A AR E B PSR
FAE—E AR E N, PRl 45 SR bR E R AL K, A
YRV E R KORRERA P HARAE s 4) A, ik
il ARG R b, PR AR 1 R 1 22 e

BEXE BRI AR, 4 (R IR BB A
FSE BRI B 22 (B ERTE 1.5°04, X R 22 3L AU Boy o
W HA —E 5 T8 o BRI T 7 2%
AVIHT, AT A B T A 2 e iR, 155 Big
M TAEEE L o X HAe 2R A5 3 U DN,
T ST T 225 B HR 3 LU B EOR AR LU R,
GRS, A SRR I/, R IRAT G, gk
WUNMEEL; Rz, WIS/NACR, SR BT R
IR BTN, RTTHIAFIR L A PRI T 223
AR 32 LU TN B SR A 43 LU (R 0T, EL TG 2 Il oK
Y 28 1R 22 Y L Y, WO L BER T B IO A, AR

2 EFIREER

SR FH R R 2 B B LA A R R R AR T i
XF 4 B A B AR B 1A e R A AT R, A5 A X
o7 W4 T L R Al ) T A, 5 45 A T A S
B, 2SRRIy L (E. 4 (R
AU BT SEAENR 2 05 ) LA AR WL 4. BU 4 1
PIEE TR B, 25 S,

K 0=IM 55z — M /M w83 BE T 5, X b
4 R R ar oA (5 BE IR T XS EL AT, A5 BB
gESRANPE 4 FIE S R .

M 4 F1E 5 H AT IR, 300 mm &) A iR 25
0, BT 300 mm #I T R W4 T, e
AR AT A (A U R 3 2 A ks 3 s e S A
B, AR A iR, PR R 284 300 1) 1 A0 25
(BRI AR IR I0 AAR , 00 2 poy g — f2f  F50) 1 28 o
HREAAE , ST b, 4 PR RB A 4
FIHE_E AT R KR ZE N 1.53%, /NTF 2%, 2
PRI b =AY 4 ASFIm A 2 A A B KR 25
3.58%, /NT 4%, &M EIRAAE R IR ZE M BB R A
PIR 2 Fle 36 3 il Al A e — 2 Ve LN A iR 22 5
A7 R R 56 R s, a8 A A — s Y R N R
%o FIRFFAEIRZ S TSR VBB N AR g, R
MR TR 2

4 1 R M SR B A R M PR s, 12K
6] 3 AT S A —E, AT LU R A 3R B &
BRI R A 7= T 2K AT E - fead BRI
T B S5 R s b, IR 9% 55 Ve R A HARSE
5T TEREW 2 6 000 &AT/NIR I 55 A A 2K, AR
LR S 5 A S E I PR L 1 R

R4 A GERHERETEE

Tab.4 Bending moment values of four tail rotor airfoilsegments

R4S FIH/mm D H/(N-m) EIRTH/(N-m)

120 154.1 351.5
180 185.7 397.5
1 240 222.1 462.0
300 270.0 540.0
350 320.9 574.5
120 154.1 348.2
180 183.5 393.9
2 240 221.0 455.6
300 270.0 540.0
350 318.9 571.1
120 152.8 363.8
180 183.4 414.2
3 240 218.8 469.4
300 270.0 540.0
350 326.1 581.9
120 155.6 346.3
180 188.0 393.9
4 240 221.3 4553
300 270.0 540.0
350 320.1 579.6
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Tab.5 Average data processing results of four pieces

T /mm FEPEYI(E/(N-m) PR E/(N-m)
120 154.1 352.5
180 185.7 399.9
240 220.8 460.6
300 270.0 540.0
350 321.5 576.8

2.0

L6 —SE1f

=R

e l2f 3T

m < SFaft
ﬁas
0.4
0

100 150 200 250 300 350
F 1 /mm
K4 $EERRE

Fig.4 Flapping error
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