THE CRITICAL AREA OF THE JOURNAL
OF THE HUB-ARM OF HELICOPTER

The material of the journal is 18CrNiWA. Using different methods, we

measured the fracture toughness K_ =505 kg/mma/z. The outer diameter

the journal D=72 mm, the inner diamiier d=40 mm, cross-sectional area
Y me; the cruising stress is 2.84 kg/me, the centrifugal stress is
L& Lg/meg and their sum (i.e., resultant stress) is 7 kg/mmz.
The stress intensity factor can be calculated from eq. (2). When
SO s i 2
KIC’ we can find ks 0.76, and the critical crack area SO = 2139 mm".
Ain analysis of the fracture surface of helicopter hubs of several
«idents shows that the instantaneous fracture area is about 10 percent
t the whole cross-sectional area. In other words, the critical fatigue-
racked area is 90 percent of the cross-sectional area, which is 15 percent
ferper than our results of analysis.
According to the threshold value, we can determine the allowable
wiximum crack area without crack growth. We have measured the threshold

ilue AKt =23.7 kg/mm3/2. Because of the factors of stress concentration

h
= to thread and geometry, the ultimate fatigue stress of the material is
tout 4.5 times as great as that of the journal, that is, the stress

aaplitude is about 10.23 kg/mmz. The stress intensity factor range is

fed

4 4 S
AK = L% Aof(—sg) (7)
8/2 b s
hon
AK = AK{h (8)
L = 0.0025, and the maximum no-growth crack area S. = 7.04 mm2.

0

THE RESIDUAL FATIGUE LIFE OF
THE JOURNAL OF THE HUB~ARM

Suppose the initial crack area is 2 percent of the cross-sectional
(rEa L, Si=56'3 me, and the critical crack area is 90 percent of the cross-
wotional area, SC=2534 mm2. If the number of cycles under each flight

coplition and the flight stress spectrum are known, we can calculate the

471



User
Rettangolo


residual life by using the damage accumulation models. The flight stress
is similar to the typical six-minute take-off and landing flight analysis
shown in Table 1,

The cruising stress Aac=6.8 kg/mm2. The stress of stalling condition
is twice as great as the cruising stress, AOS=13.6 kg/me. The stress under
the accelerating condition is 1.4 times as great as Aoc, A0a=9.5 kg/me.

In the above analysis, it has been taken into account that the safety fac-

tor is 1.2 and that the rotational speed of the journal is 240 cycles/minute.

When loading conditions are known, predictions can be made by an in-

tegrating procedure:

Se as,
N = faN = e (9)

s¢ c(aw))"
where Awl is given by eq. (5).

Divide the crack area into fractions and take numerical integration:

2 v 4s,.,
N = Z N{: }: 01
21T {E1 o AG11>“

(10)
For safety, we take the upper limit of the fatigue crack propagation
scatterband, c=1.96x10"q, n=1.29. In different conditions, the critical
cycle numbers and fatigue lives are given by:
under the bruising condition
N_ = 1.51x10%(cyeles), T = 104.86 (hours)
under the stalling condition
5 5
NS= 2.53x10" (cycles), Ts: 17.56 (hours)
under the accelerating condition

Na=6.37x105(cycles), T = 44.26 (hours)

The residual life is calculated according to the damage accumulation
models: T = 46.24 (hours).
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Table 1 The Typical Flight Analysis
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COMPARISON BETWEEN THE RESULTS OF THE STRUC-
TURAL FATIGUE GROWTH EXPERIMENTS AND THE AN-
ALYSIS OF FRACTURE MECHANICS

In order to check the reliability of the analysis of fracture mechanics,
three fatigue growth experiments on the journals of hub-arms of X-helicop-
ter have been made. At the first whorl of the journal a prefabricated
starter notch 0.5 mm wide and 9 mm deep is located. During the experiments,
the flight load conditions were simulated. There were applied the centrif-
ugal load, brandishing moment and swinging moment. The constant stresses,

alternating stresses and cycle numbers are shown in Table 2.

Table 2 The Experimental Stresses and Cycle Numbers

angle of
number | stress in gilZE;g;s time | cycle
of 5 . Remarks
. Journal with spin=-| (hrs)|number
Jjournal 2 ¢
(kg/mm?) | ning face
g =%
1 +2.,955
co=u.3o,
I 290411 14 [201600
0, =%1.70,
2
0 =+3.40,
C
from penetra-
0,=+2.93,
1 tion to failure
y=4.90,
II 29041 14 |201600
0 _=+1.69,
2
0 =+3,38,
c
0,.=+2.95,
L1
0034.90,
29956 14 201600
Tkl 0, =+1.70,
2
0 =+3.40
C

In Table 2, o, is the swinging stress, 9, is the brandishing stress,

o, is the centrifugal stress and o, is the compound alternating stress.

a74

suted through the inner wall 59

initial crack area SO is the crack area when the crack has just pen-

S,.=890 mmz, SO/S=O.318. The critical crack
2

feus area SC:2393 mm2, SC/S=O.85. The cycle stress range Ac=6.8 kg/mm”.

Divide the crack area into seven fractions and take numerical integra-

w1, The fatigue cycle number is

BSas
ToiE c(s61;)"

- . . 5
o2 n=1.29, c=1,0u4x10 4. The calculation result of N is N=1.79x10

. 5
«:123). The experimental result of the structure is N=2.02x10 (cycles),

ich is in fairly good agreement with the result obtained from Ffracture

~ohanics analysis.
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