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1. SCOPE:

This SAE Aerospace Recommended Practice (ARP) applies to fatigue testing of landing gear and
landing gear components.

1.1  Purpose:

Advancements in fatigue analysis methodology, combined with larger and faster computers, have
led to more thorough and accurate fatigue life predictions. Traditional methodology involved the
analysis of block loading spectra using S-N curves excluding the effect of plastic strain, residual
stresses and the effect of the loading sequence. Today’s methodology employs “strain-life” analysis
combined with the application of Neuber’'s equation and the effects of the loading sequence to
determine the true state of stress of every load set in a flight-by-flight spectrum. While providing the
ability to analyze the “real world” our advancements in analytical methodology have surpassed the
practicality of physical testing. While it is relatively simple to analyze a flight-by-flight spectrum, the
cost and time required to test a flight by flight spectrum is prohibitive.

The purpose of this document is to provide a method and rationale for creating a physical test
spectrum which is significantly reduced from the analytical spectrum and yet provides an accurate
accumulation of the analytical damage for all critical areas of the article under test. While the focus
of this document is the fatigue testing of landing gear, the approach is applicable to most mechanical
structures subject to safe life fatigue analyses.

2. REFERENCES:
2.1 Applicable Documents:

The following publications form a part of this document to the extent specified herein. The latest
issue of SAE publications shall apply. The applicable issue of other publications shall be the issue in
effect on the date of the purchase order. In the event of conflict between the text of this document
and references cited herein, the text of this document takes precedence. Nothing in this document,
however, supersedes applicable laws and regulations unless a specific exemption has been
obtained.
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2.1.1 FAR/FAA Publications: Available from Federal Aviation Administration, 800 Independence
Avenue, SW, Washington, DC 20591.

FAR Part 25, Paragragh 25.571
FAA Advisory Circular 25.571-1C

3. BLOCK SPECTRA AND STRESS LIFE FATIGUE METHODOLOGY:

Prior to the development of flight-by-flight spectra and the introduction of strain-life methodology, block
spectra typically were provided based upon alternating pairs of conditions such as spin-up and spring-
back, right and left turns, towing forward and aft, and left and right steering. The total humber of cycles
expected during the life of the aircraft was assigned for each pair of conditions. A typical block loading
spectrum is shown in Table 1. The total number of cycles represented are 990,840 for four aircraft
lifetimes. The relatively low number of cycles indicates that the spectrum was clipped/truncated based
upon previous experience and knowledge of the endurance limit of the materials being used.

Using the mission profile provided in Table 1, the mission segments are then grouped in pairs by
maximum and minimum for each segment thus creating the analytical ground load spectrum. This
spectrum is provided in Table 2 as an example. From this ground load information, external reactions
and key member loads are determined at various fatigue critical sections of the structure. The state of
stress at sections determined to be critical is then calculated using standard methods of elastic stress
analysis. In most practical cases, the state of stress at the surface of a part is biaxial, defined by the
normal stresses f, and f, and the shearing stress f;. The combined effect of these stresses is
expressed as an “equivalent uniaxial” stress, F, for which the octahedral shear stress criterion yields
the following equation:

F = JR+ g, f,+ 3 (Eq. 1)

For each pair of loads, or load cycle, in the spectrum, equivalent stresses F, ., and F,,;, are obtained.
Using this range of stresses, the alternating stress, Sa, and the mean stress, Sm, is expressed as
follows:

Froac+ Fon Froac—Fom
Sm = ( max;r min) Sa = ( maxz min) (qu)

The equivalent fully reversed stress is then calculated using the Modified Goodman diagram, or stress

range diagram. The stress range diagram is assumed to be a straight line connecting the points
(Sm=0, 5a=8) and (Sm=Ftu, Sa=0), where S is the equivalent fully reversed stress.
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TABLE 1 - Typical Block Loading
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TABLE 2 - Analytical Spectrum (Block Loading)

Stroke Number of Vertical Drag Load Side Load Moment R.R.
Cond. No. (In.) Cycles Load (Kips) (Kips) In-Kips (In.)
: (Kips) P '
101 2.50 40 151.0 100.3 0 0 -
102 8.19 151.0 -78.0 0 0
201 10.78 40 151.0 50.1 0 0 —
202 12.30 151.0 -39.5 0 0
301 0 40 0 0 0 0 -—-
302 0 0 0 0 0
401 1.80 480 106.3 76.3 0 0 -
402 6.75 106.3 -23.8 0 0
501 8.75 480 106.3 38.1 0 0 -—-
502 10.03 106.3 -11.9 0 0
601 0 480 0 0 0 0 —
602 0 0 0 0 0
701 0.18 10240 58.0 46.4 0 0 —-
702 2.60 58.0 -36.2 0 0
801 2.67 10240 58.0 23.1 0 0 ---
802 2.76 58.0 -18.0 0 0
901 0 10240 0 0 0 0 -
902 0 0 0 0 0
1201 11.3 5120 130.7 104.5 0 0 20.17
1202 12.05 149.9 0 0 0 —
1301 8.4 5120 89.9 71.9 0 0 20.90
1302 9.5 103.0 0 0 0 —
1401 6.8 15360 76.5 61.2 0 0 21.16
1402 8.4 89.3 0 0 0 —
1501 12.65 5120 166.6 66.6 0 0 19.57
1502 13.0 180.5 0 0 0 —
1601 8.90 5120 94.5 37.8 0 0 20.82
1602 9.5 102.4 0 0 0 —
1701 7.50 40960 82.4 329 0 0 21.05
1702 8.3 89.3 0 0 0 —
1801 0 10240 42.1 0 16.8 0 21.84
1802 14.6 269.2 0 -107.6 0 18.02
1901 0 40960 26.7 0 10.7 0 22.16
1902 12.7 167.9 0 -67.1 0 19.55
2201 14.15 5120 238.3 0 0 0 ---
2202 10.85 122.7 0 0 0 -—-
2301 13.90 76800 2238 0 0 0 -—-
2302 11.60 139.2 0 0 0 ---
2401 12.70 256000 169.1 0 0 0 -—-
2402 10.10 1104 0 0 0 —
2501 10.00 435200 109.3 0 0 0 —-
2502 5.50 69.2 0 0 0 —
2601 11.70 560 139.9 0 0 0 -
2602 0 0 0 0 0 ---
2701 11.7 560 139.9 0 0 -2368.0 -
2702 11.7 139.9 0 0 0 ---
2801 14.15 5120 238.3 0 0 0 -
2802 0 0 0 0 0 —
2901 11.2 5120 130.7 104.5 0 0 20.17
2902 34 58.0 -36.2 0 0 21.52
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