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Abstract

Power transmission shafts in rotary wing aircraft use a hollow shaft to reduce weight. We can apply linear
elastic fracture mechanics to predict crack propagation behavior. This paper predicted crack growth life of a
hollow shaft with a circumferential through-type crack by finite element analysis. A 2D finite element model
was created by applying a torsion and forming elements considering cracks. We defined the initial crack
length and performed the finite element analysis by increasing the crack length to derive stress intensity
factor at crack tips. We defined the length just prior to the stress intensity factor exceeding the fracture
toughness as the crack limit length. We calculated the crack limit length using a handbook and numerically
integrated the crack growth rate equation to derive growth life of each crack. The growth life of each crack
was compared to verify the proposed finite element analysis method.
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Table 1 Dimensions of the Hollow Shaft
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Table 2 Material Property (A-basis) ViR
Young's modulus [GPa] 116.5 ,
Ultimate strength [MPal 882.5 00
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Poisson’s ratio 0.31 Lo
Density [ton/mm?] 4.43e-09 !
Fracture toughness [MPavm] | 36.26 0
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Fig. 6 Three Types of Total Length Models
(a) 100 mm, (b) 200 mm, (c) 300 mm
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Fig. 8 Boundary and Load Conditions
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Fig. 9 Hollow Shaft Model by Crack Length
(a) 1.27 mm, (b) 2 mm, (c) 3 mm,
(d) 4 mm, (¢) 5 mm, (f) 6 mm,
(2) 7 mm
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Fig. 10 Stress Distribution by Crack Length
(a) 1.27 mm, (b) 2 mm, (c) 3 mm,
(d) 4 mm, (¢) 5 mm, (f) 6 mm,
(g) 7 mm

TG ol ME KRN FPF A% 7Y
Agel My geo] WAt AS FAT + At
E% 79 Fol tatel WAT S RES A
ol Fig. 102 Edtel HF 5 Avh FI Awo
Qa5 £EHGS W 7D A 19} 2004
Qe ¢ Fig 119} 2ol A2 fabstte e
A & vk FQ Awolde SFAATIL 9

o
o

3 T

I Q4 %S 29T o Fdo] AAHER v QA
we 2937 A #9 dolE it Table 39
A g = % #d Aolrk SvsiA &3 E)
Age ARAeRZ F7kstth. 7 mme] ¥4 dojol A
7 #d Aol 35.07 MPaym, 34.90 MPay/m ¢
WAGFE A3 8 mme 7 dololA 7 &
o o] 37.48 MPaym, 37.61 MPaym ¢ 32
HAGTE MABZE A #E dol= 7 mmet 8 mm
o] Afolell fA|grhar Beket 4= Qv

olo
e

T T
—+—Crack Tip 1
——CrackTip2| |

i
o
T

L L ' L L i

121 2 3 4 5 6 4 8
Crack Length[mm]

o

Fig. 11 Comparison of Crack Tip 1 and Crack
Tip 2 Stress Intensity Factor

Table 3 Stress Intensity Factor and Von Mises
Maximum Stress with Crack Length

Crack Stress Intensity Factor Von Mises
Length [MPa+vm ] Stress
[mm] | Crack Tip 1 | Crack Tip 2 [MPa]
1.27 18.41 18.40 93.51
2 20.66 20.41 112.5
3 24.04 23.93 138.7
4 27.11 27.09 160.1
5 29.64 29.65 179.0
6 32.29 32.42 196.1
7 35.07 34.90 211.8
8 37.48 37.61 225.8
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