<E=E>
024 BelFE 28 Bl J2aFd o A7

QotAM” - 2

* —t *x
| AR 1= MERCT>S PN AR I -

- 1O -

e

A Study of Fatigue Load for Rotor Blades of the Utility Helicopter
Man-Seok Oh, Hyunduk Kim and Jungsun Park
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Abstract

In this study, we have generated fatigue load spectrum that is using to prediction of life time for the
helicopter rotor blades. We derive utility helicopter missions for the sake of generating load spectrum.
Helix and Felix are standard loading sequences which relate to the main rotors of helicopters with
articulated and semi-rigid rotors respectively. We got scale factors which is applied to specific case and
it did be obtained through the finite element analysis tools. The fatigue life of the rotor blade is
estimated by using MSC/Fatigue. We suggest that generated our fatigue load spectrum in conjunction
with small utility helicopter should use to rotor blade fatigue test of the korea helicopter program.
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Fig. 8 Crewman air firing

Fig. 7 Extinguishment of forest fire
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( Mission derivation J

[ Mission scenario configuration l

s ] ( Load Matrix of the Helix )
on maneuver [}

(standard table for mission conf. )

( Modified Hall: Algorithm )

| Load spectrum ]

Fig. 9 Procedure of load spectrum configuration

Fig. 99l 4% Alve]e 22 ARkl wf
2 A ZlEg el wek A, &
A, FAE YR RE AEE 139 o5}
AHerw TAEY st WIEY 2 Helixel

M Aol 7}%3}52 AR5 FAssh
Table 104 W& ﬁ—r(Matri applications)
o] A&IA= Hellx«] a7HA JHH(EE, &F,

ARG, B 2 7E) waooﬂ 2A% Aol
o dE EW, 9T 44 @ 9 47 WD 20
S 7] AAHE Ak A8

SERSE 5
ol azolm A7 TAL 4ze] w7l

Al
Unit
Alternating Stress 20| 24| 28| 32| 36| 40 |timeg Matrix
applica
Mean -tions
No Manoeuvre Number of cycles (s)
stress|
1 [Take-off 44 | 2 6 1
2 [Forward flight 20 kts| 72 | 13 4 1
3 [Forward flight 30 kts| 68 12| 2 6 1
4 [Forward flight 40 kts| 60 | 4| 9| 1 4 1
5 [Forward flight 60 kts| 60 | 11| 2 4 1
6 [Forward flight 103 kts| 64 | 2| 4| 12 5 1
Maximum power
7 68 | 1 3 1
AN
t
g [ravow approact to 56 |12/ 5| 6| 8| 4 5| 1
hove‘ral -
g [Yormal approach fo 60 [11) 2| 4|3|5|1|4a]| 1
hover
any
10 govli:r w0 timd 0
tu t 30°
11 [t por 68 1]20] 1 6| 1
gnok tu tarboard
1o [ tumn starboard | g 1]16] 1 5| 1
ideways flight port
13 56 | 3 4 1
B0 kts
14 Recovery from 13 52 |11/ 5| 9| 1| 2 5 1
Sideways flight
15 60 | 3| 3|3 35| 1
starboard 30 kts
16 Recovery from 15 52 |11} 2| 3| 2| 4| 1|5 1
17 Rearward flight 20 kts| 68 | 1 25 1
18 Recovery from 17 60 | 4 9|10 1 6 1
19 |Spot turn port 64 | 30| 8| 2 18 1
20 Spot turn starboard 68 3 18 1
21 |Auto-rotation 60 | 19 5 1
22 Recovery from 13 60 21100 4| 1 5 1
23 Descent 60 | 11| 2 5 1
24 [Landing 72 11131 6 1

Table 1 Load matrix for making mission scenario
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TAE Hdix dugEo=z AN 35 A9
Edo] A= Table2s} 2tk A 19] 35
-202 A7 & (Ground load) o2 ZEH Edol=
7b A g el A A 9161} stes et
o

t}. Table 2o 4 AAH sl5
= E% 2,019,5107] ]t} a}z——ﬂ% 22 Ui
AbolZ F7h " =4 25 AAE AHEE o
ol ol 7lwolm H-gE 440 wH-gH 20
o] Y3l 647F =41 3 205 wiA 247} F At

Sequence Load Sequence Load Sequence Load
1 -20 17 24 2,019,494 96
2 64 18 64 2,019,495 48
3 24 19 24 2,019,496 96
4 64 20 64 2,019,497 48
5 24 s LA 2,019,498 92
6 64 2,019,478 80 2,019,499 52
7 24 2,019,479 40 2,019,500 100
8 64 2,019,480 100 2,019,501 44
9 24 2,019,481 44 2,019,502 96
10 64 2,019,482 96 2,019,503 48
11 24 2,019,484 96 2,019,505 48
12 64 s LR 2,019,506 96
13 24 2,019,490 100 2,019,507 48
14 64 2,019,491 44 2,019,508 92
15 24 2,019,492 96 2,019,509 52
16 64 2,019,493 48 2,019,510 72

Table 2 Fatigue load sequence generated by HELIX
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Fig. 10 Load spectrum generated by Helix
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Mission
R A B C D E F G H
Duration
Shortest 17,886 | 16,680 | 17,256 | 4,160 | 14,558 | 12,962 | 14,716 | 5,516
Middle 37,806 | 35,022 | 35,278 | 8,522 | 31,900 | 30,610 | 32,068 | 10,106
Longest 57,914 | 54,706 | 53,380 | 13,084 | 54,774 | 46,594 | 54,006 | 14,776

Table 3 Number of load points of each sortie
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Fig. 11 Number of load points of each mission
generated by HELIX
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Mechanical Properties Metric English

Modulus of Elasticity 110,240 MPa 16,000 ksi '
Poisson's Ratio 0.33 033 '
Shear Modulus 41,960 MPa 6,090 ksi

Density 4,698.6 K g/m’ 0.17 Ib/im

Table 4 The properties of titanium alloy
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Fig. 13 Load and boundary condition
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Fig. 17 Rain-flow counting by Helix
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i Estimated Life
Material UTS Damage Remarks
(Repeats)
2TAl11 4.0426E-15 247E+14| Hdix

1,233
Titanium(300) ' 4.0252E-18 2.48E+14| Helix32

Table 5 Reault of faigue andyss of rotor blade spar
43 dA =HE MEct 2[5 SHEAHEH
ahgo] o} gt
e MAE dohir) g9
Utk 2 EHol=9 *4741 T

olm & 103 T ¥

1200

Force (Mewtons)

° " Time (Secands) |.5244555

Fig. 18 Cdibrated load spectrum generated by Helix32
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i Estimated Life
Material UTS | Damage Remarks
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2TAl11 Helix32

L 1,233| 9.6809E-3 103
Titanium(300) factor=7.09

Table 6 Reault of faigue andyss of rotor blade spar
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