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others from around the world through the participation of some of their leading experts on ESDU technical Committees. This
process ensures that the results of much valuable work (theoretical, experimental and operational), which may not be widely
available or in areadily usable form, can be communicated concisely and accurately to the engineering community.
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STANDARD FATIGUE LOADING SEQUENCES

1 INTRODUCTION

Standard |oading sequencesare avail ablefor simulating the magnitude and frequency of theapplied service
loadings of particular components or structures. These sequences are primarily used in the comparison of
fatigue performance of different materials or components under various conditions. They are also used for
the evaluation of fatigue data for preliminary design, the evaluation of fatigue life prediction models,
assessi ng the degree of scatter in fatigue life data and other related eval uation and comparison exercises.

This Data Item describes three standard loading sequences for use in the fatigue assessment of aircraft
structures: TWIST (and Mini-TWIST), FALSTAFF (and ENSTAFF) and Helix/Felix. A description and
anaysis of each of the standards is given. Additionally the FALSTAFF and TWIST standard loading
seguence turning points can be found on the CD in the Fatigue — Endurance Data Software Volume, within
ESDUscope (the electronic version of the Series) and on the internet version of the Series.
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2. NOTATION AND ABBREVIATIONS

2.1 Notation

Both S| and Ibf in unitsare quoted. Note that for temperature the Kelvin scale must be used. The notation
given here is common to al of the loading sequences described and, where necessary, additional notation
is given in the appropriate section.

n number of cycles cycles cycles
N endurance cycles cycles
S stress N/m? |bf/in?
T, ambient air temperature for flight altitude K K

T, adiabatic wall temperature K K

M Mach number

2.2 Abbreviations

ESDU Copyright material. For current status contact ESDU.

kn knot
Vne velocity never exceeded
Vno normal operating velocity
Documents
"""" o Document Sharing Hub
Copyright Engineering Sciences Data Unit
Provided by IHS Markit under license with ESDU Licensee=/, User=,

No reproduction or networking permitted without license from IHS Not for Resale,

Full document details: ESDU 97018 B 2003


http://www.avadocuments.com/doc/esdu-97018-b-2003
http://www.avadocuments.com/doc/esdu-97018-b-2003

EESDU 97018

DEFINITION

w

Thenumber of possiblestresshistoriesisinfinitein principle and thus, for design purposes, thedevel opment
of standard loading sequences is helpful in order to carry out fatigue evaluations on a basis that enables
meaningful results to be obtained and compared.

In order to construct a useful standard loading sequence the following criteria should be considered.

@ The spectrum of the standard loading sequence should exhibit a shape similar to that of the
characteristic loading to which the structure under consideration is subjected in service.

(b) The standard loading sequence should contain sequences of loads that represent real phenomena,
for example gust and manoeuvre loads.

(©) The standard loading sequence should be such that it can be generated consistently.

Standardised loading sequences find many uses in design against fatigue and in fatigue research, among
which are the following. :

() Evaluation of the fatigue strength of materials and actual components under conditions close to
thoseencounteredin service. In particular to show behaviour not apparent under constant amplitude
loading.

(i) Derivation of fatigue data for preliminary design studies.

(iii) Evaluation of scatter in fatigue data.

(iv)  Assessment of fatigue life prediction models.

(v) Assessment of the influence of design features, for example the effect of fillet radii, or different
fastener systems.

(vi) Comparison of the effect of processes that may affect fatigue life, for example, shot peening,
anodising, heat treatment, et cetera.

ESDU Copyright material. For current status contact ESDU.

(vii)  Assessment of the consequence of manufacturing processes on fatigue strength.

The standard loading sequences described in this Data ltem are listed in Table 3.1 over the page. Thetable
lists the name of the sequence, its purpose and the section of this Data Item in which a full description of
the sequenceisto befound. Each of the standard fatigue loading sequences described within the Data ltem
was defined and fixed by the issuing authority. The derivation(s) for each sequence are given at the end of
the appropriate section.
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Loading Sequence .
Name/Acronym Purpose Section
FALSTAFF Fighter Aircraft Loading STAndard For Fatigue. Represents the
stresses on the lower wing surface near the wing-to-fuselage 4
joint in tactical aircraft.

ENSTAFF Enviromental FALSTAFF. 5
TWIST, Transport Wing STandard. Represents the stresses on the lower
Mini-TWIST wing skin at the wing root of atransport aircraft. Mini-TWIST 6

5 is a shortened version of TWIST in which many of the small

= amplitude loads are omitted.

w

s Helix, Felix Helicopter main rotor blades: Helix for ‘hinged’ or articulated 7

g rotor blades and Felix for *fixed’ or semi-rigid rotor blades.
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4, FALSTAFF

41 Introduction to FAL STAFF

The FAL STAFF standard |oading sequence has been devel oped to represent the stresses on the lower wing
surface near the wing-to-fuselage joint in tactical aircraft: the acronym is derived from Fighter Aircraft
L oading STAndard For Fatigue. It is based on load factor and strain measurements of five aircraft: Fiat
G-91, Northrop NF-5A, Dassault Mirage 111 and two Lockheed F104G flying with two different air forces
(Derivation 4.4.2)

The loading sequence was derived from a variety of sortie types, for example high/low navigation,
instrument flying, combat patrol, tactical weapons training, conventional weapons training, close air
support, forward area control, interdiction, air combat manoeuvring, interception, air-to-air gunnery,
formation flying, reconnaissance, special weapons delivery, and functional checks.

A self-extracting text file containing the FAL STAFF standard | oading sequence turning points can befound
on the CD in the Fatigue — Endurance Data Software Volume. The same text file is also available within
ESDUscope (the electronic version of the Series) and on the internet version of the Series.

4.2 Definition of FALSTAFF

Load factor time histories were recorded for the five aircraft each covering a selection of mission types.
From each of the recorded data samples 40 individual load factor flight histories were selected, in
accordance with the respective aircraft operation, thus producing a spectrum comprising 200 flightswhich
represents 1 year of typical usage.

4,21 Unification of load factor scale

The load factor time histories from the five aircraft were transformed to a common basis. This was done
by determining the discrete |oad factor level exceeded once-per-flight for a specific flight type and taking
the mean value and scaling up or down to this.

4.2.2 Stressconversion data and configuration assignment

In order for the load factor time histories to be converted into stress time histories, an hypothetical aircraft
with a particular stress response was defined. Only two variables were considered, take-off weight
configuration and fuel consumption during flight. For simplicity the aircraft was considered to operate in
only the following configurations: (a) clean (no external wing stores) or (b) with a pylon tank (full).

ESDU Copyright material. For current status contact ESDU.

In accordance with fighter aircraft current at the time of development, the adopted relative weight figures
were as follows:. internal fuel capacity equal to 40 per cent of operating empty weight, and a pylon tank
fuel weight equal to 25 per cent of operating empty weight.

Further definition of the stress-response involved the following assumptions/simplifications.

€)] The fuel consumption rate is constant.
(b) There is zero stress at zero load factor.
(© The bending stress varies linearly with load factor.

(d) The pylon tank fuel assumed does not alter the stress response at the wing-to-fuselage joint (pylon
tank located such that additional lift forces are offset by the additional mass relief).

(e All pylon tank fuel isused up first.
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()] Excluding the pylontank fuel, thebending stressper unit load factor isproportional to theremaining
aircraft weight.

(¢)] Analowanceof 10 per cent of full internal fuel weight was made for each take-off and touch down.

Each of the 200 selected flights was assigned either the clean or pylon tank configuration by considering
the actual configuration, the flight duration and the type of flight. The resulting configuration frequencies
are (a) 45 flights assigned a clean configuration and (b) 155 flights assigned a pylon tank configuration.

Data compression and rangefiltering

The derived stresstime histories were processed such that only the series of peak and trough values, intheir
original chronological order, remained (data compression). All intermediate minor stress changes smaller
than the prescribed range-filter threshold were deleted. Therefore, the final compressed stress history is
a series of peaks and troughsthat are all associated with a stress range of at |east the adopted range-filter
magnitude and the process produced an average of 172 airborne stress ranges per flight.

Mission type grouping

Three basic mission types were identified and all flights were assigned to one of these according to flight
profile.

Typel — Thisgroup comprisesall flights exhibiting repetitive patterns of severe manoeuvring (for
example, conventional air-ground weapon training, close-air-support).

Type2 — Thisgroup comprisesall flights exhibiting severe manoeuvring without repetitive patterns
(for example, combat manoeuvring, functional check flights).

Type3 — Thisgroup comprisesall other flights, mainly involving moderate manoeuvring or just
incidental severe manoeuvring (for example, tactical weapon training, special weapons
delivery).

Characteristicsand Analysisof FAL STAFF
Statistical presentation of derived stressdata

With each mission group FALSTAFF allowsfor three different flight length values, these length values and
their number of occurrences being determined in accordance with the actually observed distributions. The
final flight length values adopted and their occurrence frequencies are presented in Table 4.1.

TABLE 4.1 Distribution of Flight Typeswith Respect to Mission
Type and Airborne Flight Length

Number of flights
Flight
length 1 2 3 Total
Mission Type ~~{0dex
1 21 20 6 47
2 44 13 7 64
3 47 23 19 89
Totals 112 56 32 200
Documents
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Peak and trough vaues presented in the derived compressed stress data histories were classed into 32
equidistant discretelevels. Level 1 wasassigned tothelowest occurring trough value, and level 32 assigned
to the highest peak value. All the other peak and trough values were rounded to the nearest discrete level.
The coarsened series of peak and trough values was analysed in accordance with the range-mean counting
method. Thisyielded three matrices, one for each of the three mission types and each comprising 32 x 32
element values as presented in Tables 4.2 - 4.4.

4.4 Application of FALSTAFF

As mentioned in Section 4.3.1, the FALSTAFF sequence consists of loads normalised to 32 equidistant
discrete levels, 1to 32. The point of zero loading in terms of thisscaleis 7.5269. Thus, in order to be able
to scale the spectrum by a single factor to give a desired maximum loading corresponding to level 32 (or,
indeed, to scale the spectrum by a single factor to give some other |oading corresponding to some other
load level), 7.5269 must first be subtracted from each load level value in the spectrum. (As can be seen,
failure to do this would result in aloading sequence that was entirely tensile.)

Two self-extracting text files can be found on the CD in the Fatigue — Endurance Data Software Volume.
Thesamefilesarealso availablewithin ESDUscope (the €l ectronic version of the Series) and on theinternet
version of the Series. Onefile, FAL STAFF.txt, containsthe origina FAL STAFF standard loading sequence
turning points; the other file, FSTAFFmd.txt (md for * modified’), containsthe FAL STAFF standard |oading
sequence with 7.5269 subtracted from each turning point.

ESDU Copyright material. For current status contact ESDU.

This page Amendment B Documents
7 Document Sharing Hub

Copyright Engineering Sciences Data Unit
Provided by IHS Markit under license with ESDU Licensee=/, User=,
No reproduction or networking permitted without license from IHS Not for Resale,

Full document details: ESDU 97018 B 2003


http://www.avadocuments.com/doc/esdu-97018-b-2003
http://www.avadocuments.com/doc/esdu-97018-b-2003

EESDU

Engineering Sciences Data Unit

97018

N [eN-N-N-NeNeNoNoNollcNeNollcNoleNoNo oo NoNoNo e NoNolo oo NoNo ol ]
b OCO0O00O0O000O0O0O00O0O00000000O0O0O0O0O0OO0O0O0OO0O0O
= OCO0O00O0O000DO0O0O00O0O000O00000O0O0O0O0O0OO0OO0O0OO0O0O
= OCO0O00O0O000DO0O0O00O0OO00000000O0O0O0O0O0OO0O0O0OO0O0O
Q OCO0O00O0O000DO0O000O0O000O00000O0O0O0O0O0OO0O0O0O0O0O0O
N [eN-NoNoNeNeNNoNollcNoNolcNoleNoNo oo NoNoNoNeNoNolc oo NoNo ol ]
Q OO0 00000000000O0O0ONd100O00OO0OO0OO0OO0OO0OO0OOO0O0OO0O
9 OCO0O000O000O0OO0ONOOO0OO0OO0OO0OO0OO0OA00 1000000000
2 N OCO0O00O0O0OH10OO0OO0ONOAdONONdOOOO0OOOO0OO0OO0OOO0O0OO
(%]
] Q CO000O0O0OAAO0OANNMNAHNAdTAONOM AO0OO0OO0O0O0O0OO0O0O0O0O0O0
o+
% N COO0O00O0OHOMOQYTMOTONNOOOOO4000O000O
=
o I OCO0OO0OO0O0OO0OYTNONTOONONINOOOOOOOOOOOOOO
~ = o = =
o
2] o OCO0O00O0O0OMANOORONDIMNMMNMOOOOOONOOOOOOOOO
> « M A -
+—
....m ) CO000O0O0OANTVONOVOANTOOOOOMNOOOOOOOOO
73 — HNOMA A NN
o+
c © COO0O0COCOMNNUAVEPOOOOOWAId0000O0000
= -~ ™ N N
(O]
o
— ~ COO0OOCO-LYEAIVIPYOOOOONOAMAOOOOOOO0O
S — SUR=e] NS ® —
<
(S)
— © CO0O00O0O0O A OHdAANNOOOOO0OWN AT AOOO0OO0OO0O OO0
- “NOo©OoW 3¢ —
o =]
L
0 CO0O00O0O0OHAPNMNO AO0O0O0O0ONTOMNMMAOOOOOO OO0
o — N oo~ I IR
=S M ™
©
= < CO0O0O0O0OH1OPNAONOOOOOMNMNKEAOMAAOO0OO0OO0O0O0 OO0
- N o © W N o
(7] I= o N
= ~
© ™ 0CO000O0O0OHdNMATOOO0O0OMNMATOTITMO A0 AO0O0O0 OO0
< SN N oN A
m [
—
- N OCO0O000O0OMPUYYOOO0OO0OOYVANNNLAIMNMOAA0O0O0O0O0OO
c — el QoI
39 -
oo
= b= OCO0O00O0OO0ONOOOOOQUITILTNRNRMNMADINNNNOOOOOOO
— HON OO ™A
> & Ao
o -
o o OCO0OO0OO0OO0OO0O0OO0O0OO0OOUMENANCDdNNGMIAO0O0OO0O0O0O0O0O
=1 dOmON~N~ST®mA
O gox
) o OCO0O0000000O0O0QRVNRAILITMOONNNONOOOOOO
O D H DM
o NRRE
%] © OCO0OO0OO0OO0OO0OO0OO0OORMNONLNMONOVOAONNOOOOOOOOO
wl A NN A
~ OCO000O0O0O00O0O0OANTANNOOOOOOOOOOOOOOOO
© OCO0O00O0O000DO0O0O00O0000O0OH1OO0OO0OO0OO0OO0OO0OO0OO0OO0O0OOO
0 OCO0O00O0O0000O0000000O00000O0O0O0O0O0OO0O0O0O0O0O0
< OO0 0000000000000 000O0O000O0O0O0OO0OO0OO0O0O0OO0O
™ [cN-N-NeNeNeNoNoNollcNeNoNocNoeNoNoNc e NoNoNoc o leNollc N e NoNo ol ]
o~ OO0 00000000O0000O000O0O0000O0O0O0OO0OO0OO0O0O0O0O0O
— OO0 00000000O0000O0000O0O00O0O0O0O0OO0OO0OO0O0O0O0O0O
HTNOTOLON0OOYMINONRROTYNAIIVONDDQ A
=1 A A AT ATANNNNANNNNN®H OO

Copyright Engineering Sciences Data Unit
Provided by IHS Markit under license with ESDU
No reproduction or networking permitted without license from IHS

Full document details: ESDU 97018 B 2003

8

Licensee=/, User=,
Not for Resale,

NOTE:

Load changes from a peak to atrough are drawn from the upper right area of the

table

Load changes from atrough to a peak are drawn from the lower right area of the

table

TABLE 4.2 In-Flight L oad Change Occurrence Frequency Matrix with Mission Type 1
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NOTE:

Load changes from a peak to atrough are drawn from the upper right area of the

table

Load changes from atrough to a peak are drawn from the lower right area of the

table

TABLE 4.3 In-Flight L oad Change Occurrence Frequency Matrix with Mission Type 2
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NOTE:

Load changes from a peak to atrough are drawn from the upper right area of the

table

Load changes from atrough to a peak are drawn from the lower right area of the

table

TABLE 4.4 In-Flight L oad Change Occurrence Frequency Matrix with Mission Type 3
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