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PROLONG SERVICE LIFE ON THE BASIS OF
SELECTIVE INSPECTION RESULTS

V.V. KONOVALOV, V.Ya. SENIK and I.S. YABLONSKY
I'sAGl, Zhukovsky, Moscow Region, Russian Federation

ABSTRACT

The method of selective inspection planning for determination
of the possibility to prolong structural 1ife is proposed.
Jsing two airframe elements of AN-24 airplane, the computa-
tion of the selective inspection parameters is illustrated.
It is shown that at the reliably detectable crack length
Eu - 0.5 mm.it is necessary to inspect the flrsp element on
three airplanes and the second one on six airplanes.
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To prolong the airframe life beyond the established value,it is
necessary to carry out the additional activities, ensuring the
safety of further operation for structural elements not to be
accessed at inspection. One of the undertaking is the repair of
all airplanes in the fleet. The alternative is the selective
inspection with partial disassembly. The method of evaluting
parameters of such selective inspection is presented in this
paper. Let us consider the procedure of specifying the safe
life acqprding to the Airworthiness Regulations (1985).The safe

life, N , is defined as
b_ 17 (1)
P N$-N/7x!

where A/ is the average life; Q! is the safety factor. In its
turn the safety factor ins the product of four factors:

Qz‘ N Mol ly
where nd is the factor to take account of inaccuracy in the
loading determination (/] =1 -2 ); f], is the factor, accoun-
ting the accessability of structural elements (for nonaccessib-
le elements, . = 1.2 )3 IZ allows for scatter of loads in
the aircraft fleet (the maximum value of QJ is equal to 1.5 );

is the factor, allowing for the fatigue property scatter.
The factor 74 can be presented as a product of two factors:

(2)
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where ‘%) refers to the fati i .

v gue life scatters g
for the possible error in the average value dgzgrmigétiggounx:
the standard value of the root-mean-square (RMS) deviatién of
the service life =0.15.the value of y/”depends on the amount
of tests, m» (s7 =1...6), and ranges from 1.2 to 1.58.

Thus, the procedure of safe life definition reduces to correc-
tion of the average service life (obtained at the fatigue tes-

ting of airframe ) through the factors f”' 72, 7 o).
30y

‘/A’)_ ers P , . r0)
- 4 ‘/V//// Zz 7s 7«/’ (4)
(where vV ’is the corrected average life)

and to the determination of 1life, at which the d
lity does not exceed the prescribed value © damage probabi-

vE-= /17””/;;” (5)

When considering the conditions to b
e
vice, three situations are possible: fiSY G prelong’ £he: Seb-
1. Structural elements are not dama
ge toler
growth time is extremely short. ant; L. &

2. The crack is "predetermined” by manuf
starting form the first flight. SEGHS EHG guows) Ay

3. The crack initiates in operation and grows relatively slowly

the crack

The proposed method of prolonging the service 1
ife -
é{ to ;hzhsecond and third situations. As the basisr;gir;e§i;?
on o e amount of the selective i "
O nspection the following

The crack grcwth process consists of two sta
ges - crack i -
tion and propagation. The crack initiation stage covers tg:t;:-
riod until the crack reaches the length €o. Assume to be the
length of a crack, detectable at the specified probability /2,
(-4

The fatigue life distribution function fo

the crack reaches the prescribed 1ength§, iQ:?;Qtimis a:s::icg
log-normal. The life scatter is the same for a{; crack len tﬂe
The time before the crack initiation,AQ% , and the crack ggow:ﬁ
time, #/# , are independent. The time before the failure, A%
is defined by the relation ’ €1

Ne =g, + Vo (6)

To provide the required safety the selective i

‘ : nspection sh
de done gt the t1@eA4—equal to the safe life period. The sa::ig
sigetg1 is determined in accordance with both the adopted model
an e requirement to find at least one crack
probability,pa@g e at the specified
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Pree = 7-(7-Pts(#2)-R)” &4
n=- G (1= Pet))/ G (7~ Peo (W) 13) (8)

where A is the probability of crack detection at Z}-Z;( %% is
Jefined by the reliability of inspection method); /%gﬂ%) is the
probability of the presence of the crack Y Z’o at the t,ime/V(,
and is to be jgund from the log-normal distribution law with
the average A/&l’A

If after the inspection of 27 elements no cracks are detected,
this means that with the probability P ootz the actual value of
the average life #% (until the crack length £, is NP >N :’.
Therefore, the operational life can be prolonged by a certain
portion of the corrected crack growth time ((#2) /«x , & 1is the
number of inspections during N ) divided by the safety fac-
tor #yto allow for the crack growth time scatter: AW=Waljf, K.
If he reliability of the inspection method is high enough
( P »0.9), then k£ value can be assumed to be 2.

Determine, for example, the selective inspection amount for the
structural elements having the following properties:

- the average life before t; , got in tests, is the same for
any point: 4 = 120,000 flights;

. service life RMS deviation G = 0.15; _ - -
- ciépk grows from £,to &e for times of 0.1 Ne 0.3M., 0.5/,
0.7 Ve

- the total safety factor 7s=0,0005 7.~ 4
- the safe life # ¢ = 30,000 flights.

whefhce

Under these conditions, we obtain [’”z 2.9, and the corrected
average life is A= 87,000 flights.” The time to the inspecti-
ons is WMe = 30,000 flights. The sample sizes at AR = 0.98 and
Poer = 0.9 are presented in Table 1.

Table 1. The inspection sample size.

Ve 20 Wi Vo /A Vo pro lor?gation
flights flights flights flights »” flights
120,000 87,000 30,000 0.1 8,700 869 1,500
120,000 87,000 30,000 0.3 26,100 116 4,500
120,000 87,000 30,000 0.5 43,500 16 7,500
120,000 87,000 30,000 0.7 60,900 2 10,500

One can see in Table 1 that the selective inspection 1is more
effective at larger crack-growth times. The number of the
inspected aircraft is affected by the number of the similar
concentrators in the airframe.

The presented method is illustrated below by an example concer-
ning with the possibility to prolong the operational life of
two critical zones of AN-24 aircraft:

1) horizontal cap of the second spar lower boom,
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2) the end hole for mounting the fitting of the sixth rib of
the front panel of the center wing section

For the first location the equivalent repeating stress (one
cycle is equivalent to one flight) and the maximum in flight
stress level are 125 MPa and 236 MPa, respectively. For the se-
cond location the above-mentioned values are 74 MPa and
125 MPa. The analytical model for the first case is the strip
with a hole with an insert, and the strip with a loaded hole
for the second case.

The critical crack lengths for these locations are, respective-
ly, equal to 8.8 mm and 3.7 mm (the crack size is measured from
one hole edge for a symmetric, two-sided crack).

The analytical evaluation of the crack growth time from diffe- %
rent values of £, and the necessary sample sizes are represen- g
ted in Table 2.

The sample size is defined by the following input data:

- the average time to the critical crack, 42 = 120,000 flights;
- life scatter RMS @ = 0.15;

— crack growth time scatter RMS Go= 0.10 (Konovalov,1989);

- total safety factor £ =3.6;

- safe life #'f = 33,350 flights;

- the probability of crack detection at (?&%, 4 = 0.98;

- the required probability to detect at least one crack at the
selective inspection, Paer = 0.9.

T T S——

Tablé 2. The sample size for two zones of AN-24

zone Ae, Vo, # /V,:/V?’ ax, notes !
flights flights flights flights # flights ¥

1 120,000 52,000 96,660 33,330 30 10,470 Z = 0.1mm

1 120,000 25,000 96,660 33,330 262 5,035 Z-= 0.5mm

2 120,000 29,000 96,660 33,330 207 5,840 /4= 0.1mm

2 120,000 17,000 96,660 33,330 566 3,420 24 = 0.5mm

The above samples are for "isolated” concentrators. If we assu-
me that there are about 100 locations of each of two types in
one airplane, then the number of inspected aircraft is, respec-
tively, 3 and 6 at £, = 0.5 mm. The final decision on the in-
spection is to be made on basis of the inspection feasibility.
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