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1 Introduction

The authorities responsible for chucking that aireraft, both military
and civil, arc structurally safe are faccd with the formulation of suafable
requirements.,  When the requirements can bo expressed speciriically, c.g.
by minimum procf and ultimate strengththeir fulfllment is cntirely objective.
Tithcr the reguired test figurcs are reached or they are noh. Ideally, all
testing requiremcents should be specific and 2 large part of struchbural
rescarch 18 done with the main purmose of crystallising requirements into
specific tests for which interpretation of results is indcpendent of
perscnal Judgment.

¥or fatiguc strength 1t is morc drfficult to specifly test conditions
thap it 1s for static strezngth and st1ll mere difficult to specify
acceptable faigures., These difficultics are groater for rotating wing
than for fized wing aircraft, The vaibratory loads arc induced by the
rotoreraft itsclf; they may differ in rotercraft of the same type according
tc the adjustment of the blades and the amount of wear; thoy vary greatly
with forward speed and manceuvros, and are sometimes exclted in a very
cbscure manner. Wear and corresion can be important factors affecting
life. The stress induced in scrvice may possibly be increasced by ¢lastioc
dastortion, faulty adjustment, malfunctioning, or beariag defects. Testing
may recuire power transmission by the component under test, involving
possibly the design and construction of clabvorate test rigs. The Lleading
rate in such rigs may bo slow, possibly about cne~tenth of thet gencrally
used in fatigus testing machines, thus limiting the pumbeor of fosts., A%
the same time, scabter in the fatigus strenglh of the components may be
high. As yet, there i1s no absclute numerical standard of assessment,

(1) A testing vhilosophy defining main principles.
(2} A standardised tosting procodure.
(3)  Ohjcclive fatiguc standards.

Zxpericace to date s insufficicent for complete attazrpont of these three
obgeotaves, and for a long tame to come 1% will be neccssary to rely on the
Judgment of cnglaccers and fatigue specialists in the assessment of test
reseits.  But thez writer believes that it 1s now possible to achieve (1),
and to go a long way towards the achievement of (2) and (3). The prescnt
Note attcmpts to formulate the basie principles, to dralt a shandard
development and tosting procedurc, and to lay down standards to be met.

The preocdure is an cmplificatzion of thet slready published in Seotzion G
of British Civil Alrworthiness Requiroments.

2 Definitions
In this Note, the following definitions apply:=

2.1 Patipue Sbrenghth

"The alternating load corresponding to Tfaillure at a specified
endurance shovn by a conservative endurance curve chizined by fatigue
testing at various alternating leads and roprescriotive mean lond.’
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2.2 IEndurance

[}

2. 21 Allowable Endurancoc

Where full allowance has been mads for scatter as well as roughness
by factoring the albernating load, the allowable endurance is the geometric
mean of the test enduranses of a batch of specimons,”

In soms cases, however, {infrecouent but high vibratory load and
endurance less than, say, 500,000 cyclcs) it may be agrecd to omit the
scatter factor on the vibratory load and make allowance lor scatter by
reduging the allowable endurance by a factor depunding on the number of
spcoimens tested. Suitable cndurance factors are given in asppendix I
para.i3. These factors include =n allowance for the daffercnce in the
nunber of gycles to produce a small crack and that necessary Jor failurc.

2.3  Virtually Infinite Life

14 safe life of at least 107 cycles under the most severe operating
conditions based on flight measurcements covering the full range of
condations.”

2.4 Substentiation for Virtuelly Infinite Lifo

", component or assembly shall be decmed substantiatcd for virtually
infainite life 1f ftests show 1t to have an acceptable margin of fatigue
strength over the mecasured vibratory loading." Thas does not apply to
parts affected by fretting or corrosicn {(sce para.2.51}.

2.5 Indefinite Laifc

"rending longer operational expericnce, a gomponent may be assigned
an unlimited fatague 1ife subject to reservations as to excossive vibration,
wear, and surface condition, Ifs replacement would depend on the rosults
of neormal inspoction.”

This term is uscd for componcnbs which would have virtually infinite
life excopt for the effccts of wear, fretting cte. and 1s applied when
tnsufPficient operational expericnee 1s avallable to cestablish a definite
rotirement life,

2.6 Retirvement Life (Permissible safe life)

"The retirement life of a gomponcnt subjected in scrvice to infre-
quent vibratory loading which excceds the fatigue limit should be nct
greater than the flying time corresponding to the alicwable enliuraace
deternined by rag tests.”" The allowable endurance zs defined in para.2.21
is found by tests at factored loading.

3 Bagsiec Prineciples

Three basic principles of fatiguc substanbtiation for rotoreraft are:-

3. First Basic Principle: Designing for Virtually Infinite Laife

"It is good practice to design parts, when possible, to give
virtually infimte life." As already nentioned, however, therc may be
cases where this is not praclicabls and recocursc must be had to retircuent
after a spocificd life,



5 ccmporent may be desipned for "virtually infinite Ilafe" under
asgumed mean and vibratory losds, DBy the application of generalised
fatigue data, the fatigue strength of the component may be designed Lo he
well in excess of the assumed loading. For stesl parts froe from atirition
cr gorrosicn, there is a real fatague limst.  The word 'virtsally' is added
1n order to generalise for all practical purposes the term 'infinife lafe!
to include aluminium alloy components which do not show 2 faligue limat.

For such parts, by extrapolation, the fatigue strength for 109 cyeles may
be taken =z 1/4.35 that for 5 million cyoles.

3.11  Components affected by corrosion (1ncludaing fretting) or
attrition in any form must be restricted to 'indefinite 1life' (sce para.2,5).

3.2 Sccgond Bosio Prineiple: Fatigue Substantistion

"ill primory parts affected by vibratory stress must be shown to have
an adeguate safely mergin of fatlpgue shrength for a specirficd life and
cperational role,”

In praotlice, only two distinot rolos need be considered: military
and c1ivil,

Sufficient pre-flight fotigue testing should be donc to show that
prcduction components have at leust the fatigue strength to which they are
designed.

Stbebantiation Tor a speclfied life roquires measurcment of the
fluctuating londs or stressce in flight and the testing of a number of
representaiive specimens which may involve a typieal 'duty cyele'. Thus
it would be scmewhat promature to embarl: on a large rig testing programme
unt1l the flight lczds have been determined; bub sufficicnt fatigue testing
machine capacity should be provided in gocd tame to enable a preliminary
evalustion to be made before the protetype is {lown, Repetivive testing
sheuld nevir be regardsd as Lime wested, as the results will be of importence
at a latcr stagpe.

3.3 Third Basic Principle: Isotorecd Loading

Substentization for virtuslly infinite 1ifc by fatiguc tosting
ncgessitates factored loading, 1.e. vibratory load(s) applied in the test
should cxceed the measurcd flight loads Ly a specificd factor {sce Appendix 1)

Fotigue testing at unfactored loads is unsatisfactory because the
number of cyeles to be sustained in serviec is very large; i the part doee
net fail after a Llar p rumber of ¢,oles thoe tusts doos ot indicate whotoer
there is a mrroin o sgafety or not. Uootors on the vibrotory lo:Ad
arsc negéscary becatuse ofi-

=

=9

(2) probable increase in roughness with wear and other variables,
(v) scatter uin fotigue strength,
(o) the need to reduce $0 a minimum the time required for teshing

These factors will be named respectively: -
(a) roughness faator,

(n) scatter factor,
(o) oxtrapolation factor.



4 Specific Principles and Proeedure

The procedure of fatigue evaluation for rclorcraft will nov be
discussed.

Fre~flight work

Lo Design agsumptions and fatigue strength cstimation

The fatipgue strength of ocmponents should be estimeted an the design
stape, Throughout the desipr a ccasistent polioy of "fatipgue - procfing”.
i.e, W nimising stress concentrations, should be followed, (See Ref.?2)

The designing firm should mike detarled fatigue strength estimates
for all main parts subjected to fluctuating loads, speceifically the
following: =

Hain rotor blades, including blade roct atiachments
Main rctor hub

Tail roteor blades and hub

Rotor head and blade avticulation

Transmission shafting, couplings, gears, splines, ete.
Controls

Load fluctuations in these parts should be estimated from expericnce,

Por parts such as rotor blades the estimate must nccessarily be
tentative.

In comnection vath the trancmission, the engine manufacturer should
be able te supply information on enginc torque narmenics.

Wherc new forms of consbruetion arc used 1t will be ncceesary Ho
establish their fatigue strength.

Roborcraft depending on fixed wings for 1ift in forward flight
reguire fatigue substantiation for the wing structurc under the cifect
of gusts, which are known to be more frequent ot moderate than at high
altitudes. Accepted methods of life estimation for fixed-~wing aireralt
ghould he cmplcyed.

Tailplanes should be gensidered in relation to gusts and buffeting.

It would be advantageous to establish o contral hody to which rotor-
oraft fetigue cstimates could be referred for comments and suggestions.
Such a body would be able teo accumulate and dissemiratc useful data, and
at the seme time help towards standardising design procedure wilth respect
to fatigue.

b, 11 Vibratory Loads

Whenever possible, parts should be designed to waithstand indelinitely
a specifio vabratory loading estimated from eXperience or by calculatiocn,




bending, torque, or shear, such as can Lo measured in flight by sulfably
arranging the strain gauges and caliorabing thew statically.

It is standard practicc to estimebe In advence the rescnant frequenciss
of the transmission and robor gystem to ensure that these freguencics are
outside the operating range.

4.12  Code of Manufacturing Finish

A cofe of mapufacturing finish should be prepared and strictly
adhored to. The gode should be In the form of an officially approved
gpecification

Kore offen than not, service fatigue farlures have been assoclated
with imperfect finish, e.g. badly cut fillets, badly finished throads, tool
marks, ¢r rough machining.

A jownt committee might well arrange the preparation of an agreed
code of standards.

Le13  COlearances Botwsoen Moving Pards

Sufficient clearances should be maintained t0 orevent secious oyelic
loading from elastic deformation or bearing wear.

Exporicnee has shown that adequate agssombly clearancescan be of vital
importance, pertreulorly in the rotor mechanism.

Le?2 Dovelopmert Tatiguc Tests

Fatioue testing of components and assemblics should be made at an
caurly stags in prototvpe construction sc ag to check the design, maberial
and workmanship for fatigue

The objeot of this tosting should be to substantiate the parts for
fatigue under the assumcd vibratory conditions, in the expectation that,
where the measured vidratory loads are fTound to be greater in the probox
type then cstimeted, means will be found for reducing them fo a satzs-
fectory level., Only when this is found to ba impossible will further
testing, of an ad hec nature, be necessary for substantiation.

Tn dovelopuent lesting, both laboratory fatzgue testing of componente
and running tests of assemblies should be made, as discussed below:-

L,21  ILaberatory Testing

It is common experience that laboretory fatigue tests on structural
alements or moechaniams will show where comparatively minor changes in
design can produce a marked amprovement in fetipue strongth. Also, such
tests w1ll show which part in an assembly 1s most likely to fall in fatigue,
One graat advantage of rig btesting over endurance running is that paris con
be togted to farlure without detriment to other components, and so definite
fotigue strength figurcs can hoe determined.

Various degrecs of alternating load should be applicd to succcssive
specimens 80 as to establich an endurance curve, Seatter dus 0 manu=
facturing tcchrique, 2.g. in forging or welding, shcould be taken into
consideration, Tests should be run $o b million gycles or prior fallure.



In the separate testing of components, 1t is sufficient, in most casss,
to test the oritical region of a component with respect to fatigue. Such
reglons orc usually obvious. They connct be tebulated completely in
general form because of variations in design, but the following cases are
given by way of example:=-

Bladeg: Root attaochment. Any stress concentration in region
of highest vibratory bending stress,

Hub Spider: Flepping hinge lugs; threaded connections; fillets.

Shafts: Welded connections; splines, kcyways, couplings.
Rotors: Jee para. L.223

Geara and
Controls: See pera. L.221, L4.223

L.22  Assembly Testing

To reduce testing to a minimum 1t 1s preferable to test assemblies
whenever possible, instead of isolated parts, For this purpose, main
asgemblies, such as gearboxes, shafts, rotors and controls can be tested
ags gomplete unite,

b, 224 Rotor {(earboxes

Fatigue of gear teceth is usually caused by the rcpeated
loading which occurs cnce per revolution, and 1s not materially affected
by the vibrafory variations of this loadaing, Tatigue tests of gears
should be based, therefore, on the continucus application of maximum
torque and not on the torsional fluctuations. » guitablo test load
factor is applied to the mean plus vibratory sorque transmitted to the
rotor under full engine power conditions,

L testing arrangement whercby the power cutpat from the test goar-
box can be refurned to the system through a 'slave! gearbox driven in
reverse greatly reduces the power reguired from the cxternal drive, which
18 normally by electric motor. The required torague can be infroduced
through o werm wheel and measured hydraulically. Tall rotor gears ete.
can be similarly tested.

L.222  Shafting and Couplings

In contrast to gears, drive shafts and couplings are affccted
mainly by torsional fluctuations superimpesed on a high mean torque. They
are designed on such a basils, and the design should be substantiated by
tests in fluchuating torsion based cn the maximum expected vibretory loading.

Le223 Rotors

Although spin festing of complete rctors i1s neoessary in any
cage, supplementary laboratory fatipgue tests are considered cssential for
the hub, bladss and ofher compenents. Simplified specimens representing
the attachmnt lugs should always be tested. Experimental stress
analysis, using the brittle lacquer technique, mzy be of value.

Attempts to induce vibratcry blade bending on 2 test tower or on the
tethered airoraft have been only partislly succesaful, i.e, wath respect to
stresses near the blade root. The most satisfactory way of testing the
mid portion of the blade (where vibratory bending stress is usually pgrealest)

- Q -
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15 by the rig testing of & number of represcntabtive specimens under combined
gteady tension and alternitaing bending,

A test rig sucosssfully employed by Lhe Plasecki Helicopter
Corpeoraticen is deserived in Eefercnce 3.

L,22Lk Controls

The wosgt way of substardiating the controls is to measure the
vibratory stresses in flight with a robtor deliberately chosen as being
rougher in flight than would be normally allowed, Then the conbrols
should be rig tested In the laborstery to the measured vibratory loading,
factorzd for scatter only.

Development testing before flight may be carried cul on selected
control components i thought desirable.

Le22hH  Complete Transmiesion System

Useful data for limited approval can be obtained during the
sarly ground testing of the rotororaft (sce para. L.3). This Yesting may
be combined with other testing, e.g. gearboxr temperature cbsecvations,

Eepecially importent is the investigation of transitory vibration
aczompanicd by high fluctusting torsion, The investigation chould therc-
fore cover the effects of clutch cngogement und of engine ‘coughing'.

The vidbrational behaviocur of the engine snd cooling fan may not be
the same wnon mounted in the rotorcraff 2s in a test rilg, even though in
the some attiiude, o further riason for thorcugh greund festing.

Le3  Greund Testing of Robtoreraft end Clearancc for Ilight

If is standard prootice with protctrpo rotorerafé 10 complete o
ground endurance fest satisfactorily before clenrance for flight hendling
frials. For tesbing procedure, see Appondix Il Strawn~gouge cquipment
18 applied to measure oscillatory stresscs. Such a test, in add:tzon to
checking that the functioning of all parks snd equipment is satisfactory,
sarves the purposce of demonstrating that there are ne confitzons of
resonance, whirling or high stress,

.

Vibratory stresses in the transmission should be measured; also
vibrotory angular movements of engine bloock, eoto, It 18 necessary to
arrange for the recordiag of {transmissicn torque fluctuations due 4o clutoh
ongagement. The D. Ing. R.D. dSpceification for helicopter transmissions
(No. 2061) requires that the engagement of the clutch, whether autcomatic or
self~controlled; chall be smooth and froe from anatch. See also remarks
on ground resonance tests, para, L.31,

Detiiled inspeotion before and fhzvy the test ansures that no parts
have suffered undne wear or attrition.

Cround endurance rumning osn be regarded as part of ihe fatigue
testing programme, as it may sometimes indicate pessidbilitics of fabigus
trouble due 4o malfunctioning or vibrabion which would not be shown by
Testing the parts or assemblics individually; but fatipgue subsiantiation,
as distinet frem glearance for Flight trials, nust be established sevarately
by testing under factored aliernating loads,  From both the funcstional and
the fatigus aspects it is reasonable to base clearance for 25 hours' Flight
sesting of o protctype on 50 hours of satisfachory ground running followed



by inspection. The ratio of 5 is a precaution against scatter in
endurance, applicable in the early stages only, For pericds beyond

50 hours' ground runnming, a ratio of 1 hour's flight to 2 hours' ground
running is not a complete safeguard against fatigue unless the cycolie
loads have been suitably factored.

2. 31 Ground Resopnance Tests

Ground tests should ingclude an investigation of pround rescnance.

Any tendency to develop ground resonance should be eliminated and
a report by ths firm prepared in consultetion with the test pilot should
be reguired, giving particulars of all tests, modifications, precautions,
or limitations in take-of'f or landing.

Measurement and evalustion of sbtresses in flighk

L.y  Flight Load Measurements

When the prototype 1s g¢gleared for a limited £light envelope,
measurements sheould be made of the vibratory induced loads in flipght.

The normal method of measurement is by means of strain-gauge recording
equipment, transmitting signals through slip-rangs where necessary. Strain
gauges should be arrenged so as to measure induced mean and vibratory loads
in blades, hub, transmissicn, controls, etc. in such a mammer that these
loads can be accurabtely rolated to the rig loading on the ground.

Calibration for induced loads (e.g. blade tending mements, shaft
torques, confrol rod tensile loads) should be mede by static loading.
Provision should a2lso be made for spot calibration in flaght for indicafing
local stress. The first flight stage is confmed to a limated flight
envelope. A preliminary fatigne assessment should then be made before
flying is continucd. The second stage involves a defined envelope of
manceuvres; and the Pinal stage involves an incceasing envelope, covering
eventually the full declared flight envelope and a full schedule of
mMaNoSUvIcs.,

In general, at least three separate records chould be cbtained for
each flight condition to ensure as far as possible, that variailons in
flying technigue and gencral conditions are covered.

The complete set of flipght lcad dafz forms bthe basis for the substan-
tiation for fatigue.

1.5 Substantiation for Fatipue {procedure)

The desiening firm should be resvonsible for showing that there are
acceptable fatisue safety factors on all primary gomponents with respect
to the comprchensive flight strain gaupe load measuremonts.

L.51 Mzthnd of Substantiation




be 514 Substantiaticn fer Virtually Infinite Lifc

Three different methods of substantialion arc proposed:-

{a) If the fatigue strength of the component 1s already known the
coapenent may be considored subtantiated for virtually infinite 1ife if the
fatigue strength (expressed as alternating load for § milllen oycles) is af
least 1.5 times the meximum sustained slternating load measursd in flight
(1.e. at oritical manoeuvrc or forward speed).

(v) An ad hoo test of the eritical region of the component ls made under
suitably factored loads. For substantiation, the test must run to al
least 5 million gycles without failure, Tegt load factors are given in
sppendix 1 para, A.1.

(¢) Subjeot to official agreement, well-established date for similar
mechanisms or parts may be used ss a standard, This procedure is nct
aliowable unless quality control of matorials and workmanship is subgoot
to an agreed specificafiion.

4,512  Substantiation For Finite Lifc (Retirvement Lifc)

In general, the amplitude of vibratory load will vary with engine
speed, forward speed of the airorsft, and pilot's action. Thus the load-
Proguency graph for a certain flying time, as in fixed-wing aircraff, will
show 2 large numbcr of small fiuctuations, a less number of mediun
fluotuations, 2nd a small number of high fluctuntions. For some parts,
evan the latter moy not be great enough to cause fabigue damage; for
cthers, a comparison with the relevant cndurance curve ey show that the
part will have 2 finite lifz,

In ths latter cnss, the Amcrican practice has boen to compute the
1ifs corresnonding to the lovest test results and assign a definite
allowable flying tinme or 'retirsment life', affor which the part must be
replaced, In assigning this life a typical load~frequency graph or 'load
spectvum! must first be obtained experimentally. The fractional danage
ceeasionad by the differcnt load levels in a given flying time 1s then
cslculated, and udded up assuming the validity of the Miner Cumulative
Damage Rule. A conservative 'retlrement life' is then fixed by assigning
a sofe endurance factor to cover uncertainties, It may be, however, that
vibratory losds high enough to oocasion damage occur only during infrequent
manoeuvres of short duration, so that the tolal safc flylng hours are
ample under normsl cperation,

Tha pclioy of fixing a safe retirement life is a costly cne, which,
because of the need for econservatism, may result in the retirement of parts
long before it is really necessary, This is undesirable, especlally in
Serviee aircraft. Hence th: importance of Jesigning {or virtually infinite
life. Where this is ned feasible, the poli-y advooaked herc is to deter-
minc, if possible, the endurance limit, so as ¢o £ix a "threshold of
damaging vibratory loading". All vibrations above this level should be
treated as if they were in faot equal to the ma.imum vibratory load.
Alternatively, o rig may be arranged whereby a progreamme of mixed factored
nbratory loads (duty cycle) is applied. More spceific proposals will be
found ir Appendaix I, para.d.?.

Substantiation can be allowed for a retirvement 1ils corresponding
in the severest possible service to the allowable endurance,  Thus, If
the highest percentage of tobtal flying time thaf the component is subjected
to damagirg vibretory loads be p and the frequency of these loads :n

R



fiight be n c¢ycles per second, the pormissible 'life' in flying hours can
be expressed asz

100, 4llowable endurence (oycles) (1)
p 3,600 n
the "allowable endurance" being as defanedain para. 2.21. This estimate

will be a conservative one to the cxternt that the test vibratory loads are
more severe than the average demaging vibratory loads in service.

L6 Fatigue in Relation to Type Approval Tests

The type approval test la a thorough funoticnal endurange test of
the complete rotorcraft and power plant. There should be reasonable grounds
for confidence in the fatigue safety of the cowponents hefore a ftype test
is made, and the type test 1tself cannot establish fatigue life.

L7 Genaral Consideration

L.71 Inspection ané Malntenance

New types under ssrvice trials should be examined at strip overhauls
by gpearally trained personnel. Substartiastion for fatipue, however done,
cannot be wvalid unless rotorgraft in service are maintaaned in satisfactory
mechanical gondition. It is necessary not only to prevent excessive
vibration due to wear, but to Inspect thoroughly for surfacc merkings such
as could accelerate fatigue. Crack detection, pormally carried out as =z
routine 2t pericdic overhauls, can somctimes indicabe incipient fatigue
trouble.  Abttrition in any form, of which 'fretting corrosion' is an
exanple, 1s highly undesirable, So too arc score marks. In rolor heads,
adequate clearances on re-assombly may be vital.

For Serviec use, the rctorcraft must stand up to Service condations,
and deterioration should be considered in fixing fatiguwe life, (e.g.
Yndefinite life'), The Services require the nmaximum possible time between
overhauls. Special requirements can be given in mainteanance and servicing
manuals.

L.72 Checking of Vibration

Pilots should be instructed to report unusual vibration of any
gort, and a drill for ground checlking of vitrafticn should be lard dovm
for each type of rotoreraft. Any abnormal vibrsbion may be a warning of
excessive vibratory stresses due to mal-adjustment or ilmperfect condition
of the engine, transmission, or rctors. TFor example vibratory torgues in
the transmission during flight depend very much on engine condition.  Any
dsfect affecting the smoothness of power delivery, c.g. fouled sparking
plugs, or uneven carburation, will increase the engine-cxcited torsional
vibration. Imper©ect tracking of rotors is a frequent source of vaibretion.

5 Comprehensive Svestem of Development and Testing

The fatigue evaluatlion should be woven into the general development
vrogramme in accordance with the following scheme.

Prototype tests should be made in accordance with current British
Civil Axrworthiness Requirementsq. The rclevant paragraphs of the
Recomendations Appendix to Chapter G7=1 of Reference 1 arc quoted whers
applicable.
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Procedure

Degien Stage

{1) Tests of new forms cf construction.

(2)

(3)

'Fatigue Proofing! by design

Preparation of fatigue sstimates, code

of monufacturing finish, and assembly
cleararaes.

Consultation with advisory beody on
fatigue estimates,

Development Stags

()

Limited fatigue testing of componcents
and assenblies in conjunotion with
funcbional rig tests. Spin test of
coumplete robtor system to an agreed
schedule.

Prototype Testing (See Appendix II)

(3)

(6)

(7)

Exploratory ground testing of the
prototype rotorcraft, including ground
rasonance tests and vivration measure~
ments to an agreed schedule.

Ground rumning test of camplete rotor-
oraft {not less than 50 hours)

Clearenee for preliminary £light to
sgsess cgontrol charccteristics

Flight measurement Stopge

(&)

Ref. ]

Pura, No,

2,13

2|12‘F

2.15

Flight strain-gaugs measurensnts in three

stogear-

(i) to a limited flight envelope,
{(i1) to a pregressively inercased
enyelops,

217

(111) ccmprehensive flight envelope up

to maximum forward speed and
ineluding all manceuvres.

Patlpus Evosuation

(9)
(10)

(1)

Note:

Ad hoc rig tests if shovm necessary
by (2)

Potligue Substantiation, ineluding the

aes1gmment of retirement lives where
1eaC sSsary.

Evaluation hy firm of flight vibrabory sbtresses

2.19

nemarks

See paras.

301, L
See para,
a2

See para.
he3

Sec para,
body
See para.
4.5

Additional testing, not coversed in this Note, includes the

following: =

Type aoproval test - See British Civil

slrweorthiness Requirements (G7-2)

Performancoe trials,
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6 Conclusions

The procedure suggested in para. 5 iz governcd by the three basic
principles stated in para 3.

The pre-flight work (which should be sufficient to give confidence in
the zafety of the rotorcraft in a normel f£flight snvelope for a rcasonable
period) begins in the design stege, when cstablished !'fatigue proofing’
principles are applied and, as far as possible, specific vibratory stresscs
allowed for.

As tuch pre-flight dovelopment fatiguc testing as possible should be
done, having regard to the proper balancc betwcen time schedules and safety.

Full substantiation for fatigue necessitates a reliable determination
of the more damaging vibratory loeds in flight, together with the fatiguc
testing of components and asgemblies under suitebly factored vibratory loads.
Provisional factors are given in Appendix I, and procedures for substan-
tiation are given under para 4k.5. OSpeclal test rigs are necessary for
the diffcrent assemblies or components.
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AFFENDIX T

Ad Hoe Rig Testing (Pors.b Stage (10))
(SCG Para..:}:i)

A Toat Load Factors
4,2 Duration of Tests

A3  Tost Load Factors for Finite ILife Caszos

4.1 Rig Test Ioad Factors for Ad Hoe Tests (applicable to alternating
load only)

Supstantiation for Viretuslly Infinite Life

Roughness factor® T2
(to cover flight variables, increased vibratory load

due to wear ctca)

Material and finish scatter factor®® 1.2
Coribined Pactor 1a4

Extrapolation factor®* (aluminium alloy parts,
"virtuglly infinite life"; extragolation from

5 % 10° test cycles to 107 cycles 1435
Ditto from 50 x 108 cycles to 10° eyelos 1.2
» The factor suggested is a tentative one. Experichce shows that the

inercased roughness due to wear may give rise to increased vibratory
loads in some conponents before the aircraft is due for overhaul.

If the test is made with worn parts and the loads are cccasioned
neinly by wear, this factor may be onitted when applying the maximmum
vibratory loads ncasured in the worn poris in ssrvice.

#%  If 3 specimens are tested or if the test speeiren is below rinimum
metallurgical acceptable stondard this factor nay be reduced to 1.1,

w4 Tor alloy stecls heat treatcd to above 6C tons/in.2 U.T.S. the endurance
1irdit may not be reached at 5 miliion ¢ycles. P. H. Frith* gives the
following dota:

60 T/in.° U.T.S. cndurance limit at 20 x 102 eyeles
80 T/in.g U.T.S. endurance lirit at 4O x 1
110 T/in.“ U.T.S. endurance limit beyond 10° cycles.

Thug, hth tensile astescls require an extrapolation factor from
5 x 10° to 10° cveles, though a smaller onec than that suggested for
aluminium alloys. The wvaluc can be deterrdined by referencs to the

Wohler endurance curve for the particular steel and hcat {reatment.

A2 Durntion cf Test

When the testing frequency is sufficiently high, (e.£. rig tests of
controls, simplificd scections of rotor blades, transmission parts atc. )
tests should be run ii possitle to 50 million cycles. Otherwisze, tests
for "virtually inf:nite 1ife" should be run tc at least 5 million cycles or
pricor failure. For "inite 1ife® coses, itests should be run to failure.

- 1E -



As3 Test Load Factors for Finiitc Life Coses

For finite life cases (sec para. 2,6) the componcnt should be tested
to farlure at unfactored rican load and vibratory loasd based on the most
critical flight condition(s). IFf “he aircraft on which the vibratory
loads were measurcd is lmown to be exceptionally rough as regards the
parts under consideration, the roughness factor nay be reduced., But, if
the aircraft is a random sarple, of average roughness, a roughness factor
of 1.2 should be opvnlisd. A scatter factor in accordance with para. A.l
should be applied to the alternating load.

In tests where it has been agrecd to omit the scattor factor on the
vibratory load (ses para, 2.21) the alloweble endurance is found by
dividing the geormetric mean® test endurance by a factor depending on the
nunber of specimens, as indicated in the following table:

Nuriber of specimens tested 1 i 3 6

Scatter factor on life 6 ! IN 3

Depending on the differcnce in level betwoen the mexirum end the
normal vibratory loads and on the relative duration per flight of the
maximm load conditions, separate testing at factored norrmal continuous
vibratory load may be nccessary.

The calculation of retirement 1ife is given by fortnla (1) in
parae 4es5.12.

" e 'reometric! mean is identical with that formerly termed the
logarithmic nmean'.



APFENDLX TL

B ]

Seguence of Ground Testing Recommendad Ly the A:r Regnstration Board

{(Extracted from B.C.A.R. Ch.G7=1. Issuae 1. 1.1.54. Apvendix Pore.2)

Seguence

2.1 Whenever possible, the following general sequence should be adopbed:-
2.11  Design development rig tests of ccmponents.
2.12 Spin test of couplete rotor systom Lo an agreed scheduls,

2,13  Exploratory ground vidbratory stress lnvestigations on the
complete rotoreraft, for the purpose of measuring torsional vibration and
whirling of transmission shafting., Measurcwents to he made so far as
practioal over the full working range of speed and power, and during
starting and stopping. The tests to include a prelimanary investigaticn
into the vihratory stresses in the rotor system.

2.1 Mot less than 50 hours teast of the complete rotoreraft om the
ground teo an agreed schedule, At the conclusion of the test a partial
strip examination of all vital mechanieal parts, excluding the engine, to
dotermine whether they are in a safe condition to commence flight testing.

N = The Recommendataons also cover flipght festing. For detarls,
the reader is referred fo the original document.

w 18 -
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