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Abstract

The PZL M28’s service life is determined basedhenfatigue tests of the wing and wing loads-
carry-through structure. During the fatigue teghe first occurrence of significance was the
appearance of a in the area of the wing where loads applied from the strut. It was
demonstrated during further activities that repaifsthe wing and other basic assemblies enabled,
when performed at an appropriate time, the airplargervice life to be significantly increase.

In the case of each design change implementedeiraitframe subject to the fatigue testing,
a stress analysis of the airframe was requiredrisheo to check if local changes, i.e. local repairs,
did not affect the stress level in other testedaareThis helped to avoid significant stress
redistribution in the airframe after the repair, sbe fatigue test was still valid for all areas of
interest.
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THE RATIONALE BEHIND THE REPAIRS OF THE PZL M28'S A IRFRAME
SUBJECTED TO FATIGUE TESTING

The service life of the PZL M28 is computed basadlee fatigue tests of the wing and wing
loads-carry-through structure [1]. The wing, fagg and the empennage are metallic, thin walled,
riveted structures, with bolts applied at the nteesvily loaded junctions. Safe life philosophy is
applied to determine the airframe’s service lifdisT philosophy is concerned with the main
structural elements, essential for the load cagpaths. In other areas, nonessential from thet poin
of view of load carrying, cracks are admissibletlo@ condition that it is possible to detect them
during periodic service activities, described impkine’s maintenance manual. This philosophy
complies with the requirements of 14 CFR, Parts28fion 23.574 with Amendment 23-48.

During fatigue testing, the airframe was visualihgpected in order to find any cracks. This
procedure was supported by the strain gauges tnohsaanalysis. Strain gauges were located in
the areas of the significant stress level, primagkposed to fatigue damage according to the
fatigue analysis. All cracks detected in the testravanalyzed and categorized as any of the
following:
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- damage of main structural members, threatening eathstrophic failure of the airplane
(critical damage);

- damage of secondary structural members, not affgstafety of flight in the time interval
up to their detection (not critical damage);

- damage at dummy areas, which are not of interest.

Detection of a crack in the main structural mem{étical damage) determines the limit of its
operation. A damaged element may be replaced bgwaone and the test may be continued,
counting time for a new element from 0. This pragedmakes the continuation of the test
possible on the condition that such a replacemanmt lse performed during the airplane’s
operation. If this is not feasible, the damagedhamay be repaired in order to continue the test
with repaired area treated as a dummy. A detailexbs analysis is required in this case as the
repair may redistribute stresses in tested elemdntgase of the stress level change in the tested
area, the fatigue life must be recalculated.

After a not critical damage of the tested airfrawees detected, a detailed stress analysis was
performed in order to establish the repair procedinat can be performed during airplane’s
operation in the case of crack detection, and teckhthe effect of the repair on the stress
distribution in the tested element, e.g. the witigcture. In case of the stress level change in the
tested area, the fatigue life must be recalculated.

Below two cracks in wing structure are presentedeiail.

THE CRACK AT THE WING RIB 15

The first significant event in the test was a cracthe wing, in the area where wing strut loads
are introduced at the rib 15. The crack was cabyetie fatigue damage of the wing in the area of
the local stress concentration (holes for boltgsh@ wing strut fitting mounting). The test was
terminated before the damage of the tested winddcepread — see Fig. 1. The subsequent
analysis showed that it was possible to repairctitecal wing area on the airplane in operation,
and in this way significantly extend the airplangarvice life. A careful stress analysis was
performed for the PZL M28’s outer wing, in whicketmost interesting area was the rib 15, where
the wing strut loads were introduced. A detailedVHBodel covers the wing area from rib 10 (the
root rib of the outer wing, with four fittings afi¢ junction with the centerwing) to the rib 19 e se
Fig. 1(c) and Fig. 2.
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Rib no. 15

c)

Fig. 1. PZL M28 wing area of rib 15:
(a) Sketch of the area of rib 15 with a crack indicated
(b) Cracked wing skin after removal of a wing struttfitg
(c) The FEM model of the wing, general view

The wing area aft of the rib 19 was modeled asambdesign changes implemented in the
structural beam lying between the front and reamgapans considerably increased the service life
of the wing. These changes can be introduced tavthg taken from the airplane in operation
during the repair process.

The fatigue test was continued after the repaithefwing critical area, with separate design
solutions implemented in the LH outer wing and ¢ outer wing. This resulted in increasing the
test scatter factor for the wing, according toddgisory literature recognized by the Authoritiss a
FAA or EASA [2].
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Fig. 2.Stress distribution in the PZL M28 criticaling area according to the FEM
analysis at a maximum load level during the fatigtest:
(a) Stress in the lower skin critical area
(b) Stress in the wing spars’ lower caps and the beataiger cap

THE CRACK AT WING RIB 17

Another crack in the wing was observed at rib 1i7e €rack was in the wing skin only, so it
was assessed as not critical. As it is the arethefintegral fuel tank, a crack occurrence is
signalized by a fuel leakage. Repair of the airplan operation is possible, so such repair was
made in the tested wing. The FEM stress analyssspeaormed in order to check the effect of the
repair on the stress level in the wing spars Fsge3.
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Fig. 3. The FEM analysis of a crack in the PZL M2&8ing area of rib 17 during fatigue testing:
(a) Sketch of the cracked area of the skin betweenXiband rib 18 with a strap
(b) Stress in the wing spars’ lower caps for level fiign, = 1 g) load before the repair
(c) Stress in the wing spars’ lower caps for level Aigln, = 1 g) load after the repair

THE FATIGUE LIFE CALCULATION

When calculating the tested element's service liferease during the test period with
repairs/changes implemented to it, which won't exisairplane operation, care should be taken in
order to avoid omitting of design changes on fatigamage:
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where:

L, — total fatigue life increase (for basic design),

D.,— fatigue damage per flight hour for basic design,

L, — number of flight hours tested at i-th stageest t

D, — fatigue damage per flight hour for airframe reghat i-th stage of test.
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According to the above, a detailed stress analyais performed at each stage of the test in
order to check whether these repairs/changes hadffatt on other tested elements. In case of the
airframe fatigue test, in total 7 wing structureMrEnodels were created: corresponding to the
basic design and to each repair/change implemehtedg the test.

FINAL REMARKS

By carefully performing fatigue testing of the PE128 05’s wing and wing load carry-through
structure it was possible to avoid severe damagdeecirframe and to test those repairs which can
be made during airplane’s operation, e.g. at brdekoted to periodic service activities. The
method described is a convenient way of increaamgirplane’s service life above the initially
established limit.
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