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Abstract : Fatigue evaluations for the rotor blades of commercial or military rotorcraft have been carried out
using the safe life concept since 1950s. Particularly, in the case of a rotor blade made of a composite
material, a highly reliable fatigue life could be predicted by evaluation the cumulative damage using
combination of fatigue life curve and load spectrum. However, there is a limit in adequately evaluating the
strength reducing phenomena caused by damages or defects generated during the manufacturing process or
impact damage induced by operational usages, using only the safe life concept. In this study, the fatigue
evaluation process based on the damage tolerance concept is described and illustrated by means of successful

application to substantiate the retirement time of composite rotor blades.

Key Words : Fatigue/Damage Tolerance, Composite Structure, Rotor System, Helicopter Blade

1.4 £ pitch) 2d& Fall vge dazt 4, F5 4

Z2FYS TAAINA dot. 53] AR H YA

A 2EH ZE A2HS G20 Ax Ao = =dol=e A s WA= F71H Y
A5 FAo WY B4 AYsE game  EF S He "4*““" S Bolth ¥
ZAQZo|t}. o] Z==ZE Byolo= Mo = 719 AR &=V SUESFEE FUH R
T AAZREE Gy 2FHS HdY wol H °of Wdhs 542 vei %E} ER ol
o] Wost dHy =y zEHS TAAT= F71421 F71ge] WHel= 22 Egolzd 1
ZAZoln, mEl2E Byolti sy IEe g 7] 549 dEstzos g3 meEks £
FEGaw axisel AT LFL Aojsty]) fs 2 Ol WA A BFel AT FEIS A EA
He WA T FAHFo|th slalZE ZE B < gRlsford #uk ofyet F71H < wHESS o
golt=  wEozm I ASHEA SESEY o3 W 2EANS Holstogn £ QFEE Tt

(collective pitch) T+= F718<d I X (cyclic

Received: Aug, 26, 2014 Revised: Sep. 24, 2014 Accepted: Sep. 27, 2014 = }
T Corresponding Author = Byolm o Ao m
=

ZE O B3z
Tel: +82-42-860-2294, E-mail: naltlguy@kari.re.kr T TEEE 5
Copyright © The Society for Aerospace System Engineering 2 o] &35t ARSI Qtl ol= o] E




42 719

A3 A=V w1 J2EAC] ek, A5
S AAA ATz QTHE TEXHS 7
A 7= Ao s FE Y YFEstEel A
g & A7) wEolt

=9 Ax FHgdFr] AFAES 2H £
ol JEs s MEFHOE k42 A (safe
life design) /Md<S &3t o, o] 7]k
o7 3 AA, A 2 AFH7 HHES Al
gt kHdFEHIE BEol= Al AMgH

AR5 H2FHEFAES- N curve)d skFx
HAEH(oad spectrum)S Zg3te] AE FHEA
(linear cumulative damage rule, Miner’s Rule)<
Brtd 7 o, ol F3 E#el=e wAA
7](replacement time)E A& 4 ArH12l 1
U 3 gEr)z ohger nisgd Rt A=
ANA 8ol wet FREA Y FEIY YA

o RFojol oja] &bl WAL F Yt 1WA

o] & 538 B@A Bl A$ FANY

o 29 73Ul BE3I FxFHA EAMo=Z <
=3

o] ZA(FOD, Foreign Object Damage)¥} &g
2Z1(skin)= 23H(spar), Zof(foam core)<}
HF FxE 5“—"“’] TAs7] A &H
7}7<11 Ko, gy JfEHeEE R
Ao o TA= = AgHflaw or defecholl <]
S A sKstrength reducing) @& H71E 4
A ZE Aot wEkA 1980 T o] A 2k
A derl &8 T 2 ks &%
13t M EZEAS HIME F w4
oA = (flaw tolerant safe-life) 7|d 3} s}&
Z(fail safe) 7ide] AYEHALSH, o] & o] &3
A, diA 2 AFH7E WHol A7) E T34l
T3 HIZoe 1A FEriek LA WA
b pEPd AATE E§9 *%1%

o
<
o

L.

70
A
-

o

.
e

o e ot ogo of ¥ O{N' o mi ox
ofr

o) BRI AT, B
A SAGFEY B 2H BHolc
ZEHS Wrletr) 9 BETHLS
AFFASAS T D7) AR

d

7129 ZH I=Z%r7l= FAR  27/29.5713%
AC-27/29¢) AAE  mie} o] kT (safe
life), WA otxd4=w(flaw tolerant safe life)
b=k A(fail safe) 7idol wet EHHo= &
StAY 27HA] ol Afete HEE F AN
o a8y AP FAR 27/29.573% AC(Advisory
Circulan(7]9l A= Fig.13} o] &8 o8 &4
2 FE o, 7 dAEE EEe &4
o] 719} A= WHE AL Ut

1) Category 1

A7 A A =& 7 AHfield

inspection) #AoA Hetom o] EV}
£ BVID, Barely Visible Impact
Damage) X &3stH, AZoly &8 F o
FEE AAFR] AL gE FERE
ZE7b F3stEultimate load)S 72

PN
= T
SelloF g

==

5

T
=

.
=3k

o)]o o C}):]

A==
2) Category 2

A71AA B 8 T AAE T3 S¢te
2 2do] 7H53 &2HVID, Visible Impact
Damage)S X3ata, £4S AEH3 £ 9
= AdAbER o] A A EooF kM, &Aool &
Astegts 2= F=7F Algsts(imit
load)s #AFE + e A5k &

3) Category 3
FE7)o WAE S 55T AAEHE
Glol= AEE 4 o, HAE3 FedA}
7F AAIFH ook § FE olF FRES T
E7F AgstEs Adslor &

4) Category 4
I AA ZNAFE BE 2RFFE B

Soll 23 Damage)-2

=ZA(Discrete Source



594 delwd 2 Sdel=

Togs vy T TAFHE stse A3l

of ¢

5) Category 5

rlr
ro
olN

Category 1
(1.5 safety factor)

limit
(maximum load
per lifetime)

Category 3

Category 4

continued safe flight

ADL cDT
(Allowable (Critical Damage
Damage Limit) Threshold)
Fig. 1 Design load levels versus categories of
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Fig. 2 Schematic diagram of building block approach
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Table 1 Flaw types and applying area

Leading Thick Thin
Edge Area Area
scratch
scratch
smooth dent
scratch sharp dent
Damage L . sharp dent
delamination void o
Types . piercing dent
poor bonding | foam crack .
o debonding
delamination o
delamination
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Fig. 3 Non-destructive inspection results of rotor
blade with artificial flaws
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Table 2 Impact threats and energy level[8]

Energy
Impact Threats Level
(Joule)
Damage
induced runway stones 5-136
during tire debris “
aircraft hailstone 1-5
operation
stowed baggage 36
dropped tools 9
Damage . dropped .parts 14
duced alrcraft.refuehng nozzl_es 15
during pneumatic sta_rte_r coupling 8
maintenance foot trafflc impact 41
boot impact 8.5
edge and corner impact 22
terrain objects 51
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Fig. 4 Pre-test results of sectioned blade
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Fig. 5 Pre-test results of sectioned
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