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Rotorcrcf

§ 6.18—_1 Approva,l-“of aircraft ‘compo-
nents (CAA rules which aqpply to § 6.18).
Aireralt components made the subject
of technical standards orders shall be
approved upon the basis and in the
manner provided in Part 514 of this title
(Regulation of the Administrator).

§ 6:203-1 . Fizea or ground adjustable
stabilizing surfaces (CAA policies which
apply to §6.10 and §6.203 (b)). The
purpose of §86. 203 is to require the
testing of certain components which in
the details of their construction, opera-
tional characteristics, or loading, do not
lend themselves to -eztablished and re-
liable. methods of analysis. In this
regard, proof testing such items as fixed
or ground adjustable stabilizing surfaces
is not considered a minimum require-
ment and will not be necessary provided
sufficient expenence has been accumu-
lated from. previous satisfactory designs,
methods of -analysis and tests to justify
acceptance of these components on the
basis of structural analysis. Therefore,
these components may be regarded
structurally the same as any other part
of the basic airframe.

§ 6.221-1 Service life of auzxiliary
rotor assemblies (CAA interpretations
which apply to § 6.221). The require-
ment in § 6.221 that vibration stresses
in highly stressed metal components of
auxiliary rotors must not exceed safe
values for continuous operation is inter-
preted to mean that the service life of
such components should be determined
by fatigue tests or by other methods
found acceptable by the Administrator.
The methods of service life determina-
tiony for main rotor struciure outlined
under § 6.250-1 are considered to be ac-
ceptable in showing compliance with the
pertinent portion of § 6.221.

A:rworfhmess

..§ 6.231-—1 : Di’strz‘butzon- o|f vertical
ground reaction loads and determination
of angular inertiq loads (CAA interpre-
tations which apply to § 6.231 (b)) (D).
(a) Although §6.231 (b) (2) states that
the vertical loads are those specified in
§.6.231 () (1), the distribution of the
vertical loads among the ground reaction
points is not. necessarily the same for the
two subparagraphs since the . require-
ments of § 6.230 must be met. Section
6.230 (a) states; in part, that the ex-
ternal loads shall be placed in equilib-
rium with the linear and angular inertia
loads ‘in a ra,tmnal or conservatlve
manner. . .

Ab) Comphance Wl.th §6231 (b) (2)
is interpreted to require that a vertical
inertia load of nW and a horizontal
inertia load of 0.25 nW he applied at the
center of gravity. For the level landing
with . drag  on. all wheels, the vertical
ground reaction loads should bhe dis-
tributed between the forward and rear
wheels to place the ground reaction loads
in equilibrium with the rotoreraft linear
inertia loads. For the level landing with
drag on main wheels only, the pitching
moments arising from the vertical and
horizontal ground reactions. should be
placed in equilibrium with an a,ngular
inertia load about the c. g.

{¢) The drag load at each wheel, in
both cases, is required to be equal to 0.25
times the respective wheel vertical load.

§ 6.250-1 Service life of main rotors
(CAA policies which apply to § 6.250
(@)).

Several methods which have been
found acceptable by the Administrator
for determining the service life of main
rotors are outlined in Appendix A of this
section for the guidance of the mdustry
in complying with § 6.250 (a).

1
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§ 6.355-1 Application of loads (CAA
policies which apply to § 6.355), The
actual forces acting on seats, berths, and
supporting structure in the various
flight, ground and emergency landing
conditions will consist of many possible
combinations of forward, sideward,
downward, upward,. and aft loads.
However, in order to simplify the struc-
tural analysis and testing of these struc-
tures, it will be permissible to assume
that the critical load in each of these
directions, as determined from the pre-
scribed flight, ground, and emergency
landing conditions, acts separately, If
the applicant desires, selected combina-
tions of loads may be used, provided the
required strength in all specified direc-
tions is substantiated. (TSSO C-25 Air-
craft Seafs and Berths, outlines accepta-
ble methods for testmg seafts and
berths ) '

£§6.625-1 Automatic reset -circuit
breakers (CAA policies which apply to
§ 6.625). Altomatic reset circuit break-
ers (which automatically reset them-
selves periodically) should not be applied

- as circuit protective devices

be used as integral protectors for electri-
cal equipment (e. g., thermal cut-outs)
provided that circuit protection is also
installed to protect the ca,ble to the
equipment.

L1 circuit protective devices are normally
installed to limit the hazardous consequences
of overloaded or faulted circuits.  These de-
vices are resettable (circuit breakers). or re-
placeable (fuses) to permit the crew to
restore service when nuisance trips occur of
when the abnormal circuit condition can be
corrected in Aight. If the abnormal circuit
condition can mot be corrected in flight, the

- decision to restore power:fo the circuit in-

volves & careful analysis of the flight situa-
tion. It is necessary to weigh the essentiality
of the ecircuit for continued.-safe. fiight

against the hazards of resetting on.a possibly’

faulted eircuit. Such evaluation is properly
an ajrcraft crew function which can not be
performed by automatic reset circuit break-
ers. To assure crew supervision -over the
reset operation, circuit protective devices
should be of such design that a manual
operation is reqwred to restore service-after

tripping. ]

- They may



Appendix A’

‘Methods of Rotor Service Llfe
Determmqhon

lniroduchon o

Serv1ce expenence in the hehcopter
field indicates that fatigue considera-
tiocns are.of extreme importance in the
decign of the rotating major load-cariy-
ing members of the helicopter.. In view
of the importance of this problem, dé~
signers are urged to give great care to the
Jetail design of rotor-blades, hub re-
tention systems and controls in order
that stresses associated with oscillatory
loading be kept well below the allowable
material. endurance - limit. As. -far as
practicable, the design should be clean,
care being taken to reduce stress con-
centrations to a minimum. Since lack
of quality control may easily result in
large variations in fatigue life, great care
should be taken to insure that preduc-
. tion parts and assemblies are made with

the same care as the components used
in any fatigue test _

. Although a uniform a,pproach 1o rotor

fatigue problems is desirable, it .is rec-
ognized that in such a relatively new
field, new' design features, methods of
fabrication or configurations may re-
quire variations and deviations from the
methods descrlbed herein.. Engineering
judgment should therefore be exerc1sed
in each case. -

Although there. is some questmn as to

whether a. completely rational method
exists for the prediction of the fatigue
life of a built-up structure subject to
random loading, nevertheless it. is be-
lieved that an:engineering approach .to
the subject can be attained through the
application of the Cumulative Damage
Hypothesis. This hypothesis asserts
that every cyele of stress above an “en-
durance limit” produces damage propor-
tional to the ratio of cycles run at that
stress to- the fatigue life at that siress
level. Laboratory tests of this hypothe-
sis mdlcate that. it is. reasonably valid
when the stress cycles are of random
magmtude That is, stress spectra in

whic.h all high-stress magnitudes are ap-
plied. consecutively and then all low-
stress magnitudes applied, do not ohey
the hypothesis. Despite the approxi-
mations involved in the hypothesis and
the lack of an adequate theory connect-
ing the hypothesis with more basic proy~
erties of materials, it attempts fo take
more factors into account than any other
method developed so far.

In any rational determination of the
fatigue life of a structure, three basic
factors must be known These factors
are:.

Knowledge of the stresses and asso-
ciated flight maneuvers to be expected
in normal operation;

Knowledge of the frequency of occur-
rence of specific loadings;

Knowledge of the fatigue’ strength
characterlstrcs of the structure

Fisghi Stress: Measurements

1t is generally agreed that because of
the approximations employed in rotor
lond and stress distribution analyses, it
is not possible at present to determine.
analytically a reasonable approach to
rotor fatigue stress levels.

Rotor stress levels: are therefore de-
termined by means of carefully con-
trolled, instrumented flight strain gage
testing, These tests are aimed at the
determination of the magnitude of steady
and oscillatory stresses associated with
normal helicopter operation and the cor-
relation of the occurrence of -critical
stresses with specific maneuvers or op-
erating conditions. -In some cases. the
information so obtained can be used to
limit or placard against specific maneuv-
ers. In other cases where prohlbltlon-
of specific maneuvers or operations is
not feasible the infermation so obtained
can be of use insetting up a test program
which would deternune the fatlgue lrfe
of the part ;

3
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Prior to conducting a flight strain gage
testing program, some rational evalua--

tion of the critical stress areas must be
made in order to determine the proper
distribution of gages. . A -qualitative
study is usually made by means of brittle
coatings- (such as Stresscoat); by photo-
elastie ‘methods: or by analytic means,
In conducting flight strain -measuré-~
ments, besides the proper distribution of
strain gages on hubs, blades, blade at~
tachments and -control members, provi-
gion is usually made for recording the
collective piteh setting of the rotor blades
and the center of gravity:acceleration
during maneuvers. This is done so that
it ean be ascertained that for maneuvers
in which a rapid control movement is
utilized- the severity . of -application of

control is representative of that which
can be encountered durmg actual service
cperation.

Table I (in next sectlon) contams a
suggested list of maneuvers for investi-
gation in a flight strain survey. These
maheuvers are usually investigated over
the complete r. p. m. range (from mini-
mum design r. p. m. to maximum design
r. p. m,) as well as the complete speed,
altitude, center of gravity and welght
ringes,

Frequency of I.oadmg

The second item of great 1mportance
in the determiation of service life, is
the matter of determining the percent-
age of .total operating time associated
with each flight maneuver. At best, this
evaluation can only be a statlstlcal one
and will of necessity be a function of the
burpose for which the particular heli-
copter is intended to be used. Obviously
a helicopter used solely for crop dusting
would have a different:time distribution
for various maneuvers than one which is
to be used for mail or passenger ferry
service between a local airport and the
center. of a nearby city. At present, be-
cause of the limited number of helicop-
ters in use this problem can be handled
by means of reasonable, conservative
approximations. As the types of opera-
tion increase, with the rapidly expanding
field of hehcopter operation, this prob-

%t_em will undoubtedly require re~evalua-
ion.

Table I represents the considered
opinion of a number of helicopter spe-
cialists regarding the maneuvers to be
investigated (over the complete r. p. m.,
speed, e, g., weight and altltude ranges)
as well as an appropriate percentage dis-
tribution of ' the occurrence of ‘these
ma.neuvers .

TABLE 1
Percent Oc—currence

I GROUND CONDITIONS
(a) Rapid increase of r. p. m. on
ground to quickly engage
eluteh_ ...
Taxung with full cyclic con-
Cobrol . .5
) Jump take-oﬁ‘ _____ e 5

II HOVERING -

(a) Steady - hovermg_ e o e

(b) Lateral reversal_ .. .___....... - 1
(¢) Longitudinal reversal.._ ... 1.
{d) Rudder reversal____‘_-.,_-;,__.. 1

IIT FORWARD FLIGHT Powm ON

(a) Level Flight—20%
(b)) Level Flight—40% "
(e) Level Flight—60%
(d) Level Flight—80%
{e) Maximum Level Flight (hut
not greater than VNE) ———
£y VNE -
(g) 111% _- -
(h) Rieght Tums_ . _____
(i) Left TWrMS- e
(i Cllmb (Max. Cont1nuous
o Power) . '
(k) Cyclic and coilectwe pull-ups
- from level flight _________ h
(1) Change to autorotation from
" power-on flight.__________ ‘
(m) Partial power descent (in-
c¢luding condition of zero
flow through rotor) .. _—._.
(n) Landing approach__.____.__
(0) Lateral reversals at Va__.___
(p) Longitudinal reversals at V.-
(q) Rudder reversals at Ve_._.__
(r) Climb (Take-off Power)_____

()

g
B
I
1
1
1
I
WO Mmoo .

=
=
=
|
H
1
I
|
3
]
1
1
|
1
|
|
I
1
i
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- (f) Rudder reversals___________-.

APPENDIX A 5

IV AUTOROTATION—POWER OFF

(a) Steady forward flisht ____._
(b) Right turns._ .. _ oo
(e Left turns_
(d) Lateral reversals____..____._
(e) Longitudinal reversals_._____

S el

e guemooo

{(g) Cyclic and collective pull-
UPS o i 2
(h) Landings (including flares). 2

JRREY

10

l
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Fotigue Strength -
The third phase of the fatigue evalua-

tion program involves the determination

of the fatigue strength of the actual
strl_lctur'e; Although the fatigue charac-
teristics of simple material specimens
are often available, the direct applica-
tion of this information to built-up
structures is questionable. The avail-
able material data modified by appro-
priate stress.concentration factors can
undoubtedly be used as an important
too} in design, However, propeller and
helicopter rotor experience indicates
tha_,t various factors may  reduce the
fatigue strength of a built-up structure
below that of material specimens with
severe notched. stress concentrations.
It therefore is necessary that endurance
tests of the critical parts be conducted
by applying steady and oscillatory loads
in a manner simulating the loading ac-
tually encountered in service.

Although the foregoing indicates the
difficulty in correlating material fatigue
data with that of a built-up structure,
nevertheless it is recoghnized that mini-
mum acceptable stress levels can be
established, such that, if the maximum
measuyred stresses in .a component be
lower than the established levels, no
fatigue testing need be required. The
following technique which is based on
the use of a Goodman Diagram for the
material modified by suitable factors to
account for stress concentration factors
plus a factor of safety is considered ac-
ceptable for the establishment of this
minimum stress level. '

1—Establish the Goodman Diagram.
from material data for the perfect speci-
men. Thisline will mark the endurance
limit for various vibratory and steady
stress levels, '

9.—The allowable full reversal stress
for the material should then be reduced
to account for the stress concentration
factor present in the actual rotor part.
The stress concentration factor chosen
should adequately account for surface
finish, fabrication methods, probability
of galling as well as the stress concen-
trations around notches, threads, holes,
fillets, ete. The resulting line on the
Goodman Diagram will then be the fail-
ure boundary line for the part.

3-—A margin of safety of two should
be applied to the failure boundary curve
in order to establish an operating bound-
ary line. Thus the operating boundary
line would have a slope of 15 the failure
boundary curve.

4—TIf the flight strain measurements
indicate that all nominal operating
stresses * fall below the operating bound-

ary line, no fatigue testing is required.
When the measured stresses are above
the operating boundary line (see Figure
1) fatigue tests of the actual component
are required. -Several methods of fa-
tigue testing are currently available.
The various methods such as laboratory,
flight endurance or whirl stand testing
methods are of course applicable only to
the extent that the range of steady and
vibratory flight stresses can be dupli-
cated in the fatigue test procedure. Be-
cause of the greater degree of control
which can be maintained in the labora-
tory, this method is - recommended.

.1 Nominal operating stress: It is usually
not possible to place the strain gage so that
the sttess atthe critical section is measured.
fnstead, the gage is located at a reference
point close to the critical section. The
measured stress data can be reduced to

‘equivalent loads. Subsequent application

of conventional methods of stress analysis
would convert these loads to stresses at the
critical section (neglecting stress concen-
tration factor). - .
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However, flight or whirl stand testing is
acceptable in lieu of laboratory testing

if they are conducted under cormtrolled

conditions,

I

TORY STRESS

OSGILLA

STEADY STRESS
PFigure T
Methods of ‘i.ouding .
(A) LABORATORY

The laboratory method of determining
the fatigue strength involves testing in
a fatigue machine the critical section or
sections of a rotor component. In this
procedure small sections can be tested
under carefully controlled conditions.

(B) FLIGHT

The flight method of fatlgue testing
involves the use of the entire helicopter
itself as a fatigue machine. This meth-
od, if employed, should be conducted
under such controlled conditions that
the level of stresses and number of fa-
tigue cycles are known accurately enough
during the test to determine the fatigue

limit and service life of the critical com- *

ponents of the rotor system.
(C) WHIRL STAND

The whirl stand procedure can be con-
sidered to be a wvariation of the flight
test method. This involves testing com-
plete rotor components on a test stand.

stress for-each sample.

The validity of this method is .prédlda,ted
on the ability to duplicate flight stress
conditions in the test set-up :

Test Procedures

Several procedures are available for
the determination of the fatigue strength
of the critical component. Fatigue
strength evaluation through (A) the
establishment of S-N curves, (B) by
testing in cyclical units or a suitable
combination of these two procedures 1s
considered to be acceptable.

(A) ESTABLISHMENT OF S—N
CURVES

An S-N curve for a partlcular sect_mn
can be established by testing samples of
the critical section at a fixed steady
stress and varying the oscillatory com-
ponent of the stress. Thus, if at a steady
tensile stress of level A and oscillatory
stress of level B, the sample is fatigue
tested to failure, failure occurring after
N, cycles, & point on the S-N ‘diagram
for steady stress level A is determined.
Additional points can be determined by
maintaining - the same steady stress' A
and choosing a different oscillatory.
One such curve
18 needed for each critical steady stress
level. Because of scatter usually asso-
ciated with fatigue testing, a large hum-
ber of specimens are ftested in order to
establish these curves. This procedure
of establishing S-N curves can theoreti-
cally be achieved either by laboratory or
whirl stand testing, however, for obvious
practical reasons this procedure - is
usually reserved for laboratory testing.

Since it may be impossible to handle
the complete blade and retension system
with one setup due to practical limita-
tions of applying required loads to the
structure for establishing a representa-
tive S—-N diagram for the rotor, it may
be desirable to establish a set of criterial
for hub and retention portions of the
rotor separately from the blade. Also,
since the critical leads entering the hub
retention can be along different axes, it
may bhe necessary to determine an S-IN
curve for each axis individually, i. e,
one for the major axis and another for
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_ the minor axis since one may be critical
for certain r. p. m. or maneuvers and the
other at a different set of conditions.

Stress raisers have little effect on the -

Static failing load owing to plastic de-
formation relieving the high stress.
Similarly, for 'oscillatory or repeated
high-loads, the effect of stress raisers on
the fatigue strength is diminished by the
above form of stress relief. At low
~loads, however, the stress raisers are
fully effective in reducing the fatigue
strength, which then approaches that
appropriate to the nommal stress con-
centration.
In general, tests have shown that the
fatigue stress  concentration factor al-
though lower than the theoretical fac-
- tor (determined by photoelastic or other
'-ratmnal methods) varies with the load-
ing, decreasing sharply in the region of
the yield stress. An arbitrarily chosen
high-stress level mlght therefore result
in the critical section being beyond the
vield point with resultant stress relief
and reduced stress coricentration factor
Whereas a neighboring section might be
operating close to the yield stress and
fail first, even though for the actual op-
erating stress range the first section
would be critical. . Therefore, as a gen-
éral rule it is not advisable to conduct
“fatigue tests al arbitrarily chosen levels
appreciably higher than actual operat-
1ng stress levels.

“From the flisht stress measurements,
the frequency of occurrence of the flight
maneuvers and the S-N. curves, the
fatigue life of the part can be calculated.

While all maneuvers are to be con-
ducted over the complete speed, center
-of gravity, altitude, rotor r. p. m. and

weight ranges, only the combination of

"those conditions which produce the most
‘critical stress for any one maneuver
should be used in calculating the fatigue
life, The percentage of occurrence
value given in Table I should be used
with this eritical condifion for the ma~-
neuver. Thus the stress ascociated with
the most critical r. p. m. center of gravity,
altitude and  weight for level Aflight,
power on at 20% Vxe would be consid-
- ered to occur for 5% of the life in the

fatigue evaluation. An example of a
fatigue life determination is given at the
end of Appendix A.

(B) TESTING IN CYCLICAL UNITS

" This procedure 1nv01ve.s‘ the testing. of
each specimen at a series of stress levels.
the number of cycles to be run at each
level being proportional to. the expected
percentage of time associated with the:
particular sought condition giving rise
to the specific stress level. Since the
life of the part is unknown beforehand,
the stress levels must be covered in arbi-
trarily chosen cyclical units. Thus, if
units of 100 hours are chosen, then
reference to Table I would indicate 0.5
hour of rapid inerease of r. p. m. on the
ground to quickly engagé clutech, 0.5
hour jump takeoff, 10 hours at 20% VNE
for level flight, ete. Then if a failure
occurred at some time during such a
unit, the fatigue life would be detér-
mined by the number of completed units.
Thus, if the unit was 100 hours and fail-
ure occurred during the 14th unit, the
fatigue life would be based on 13 com-
pleted -units (i. e., 1,300 hours). It
should be noted that the Cumulative
Damage Hypothesis which is being used
herein for fatigue life evaluation has
been found to be valid only when the
stress cycles are of random magnitude.

- Therefore, if the cyclical unit procedure

is adopted, care should be taken to avoid
the application of all high stress levels
consecutively and then all low stresses.
It is therefore likewise desirable to keep
the unit’s of time at r‘eas-onably- low levels.

(o)) ACCEPTABLE MODIFIED PRO-
CEDURES o

As mentioned prevmusly, ra.tmrial
mod1ﬁcat10ps or combinations of the
above procedures may be made. Thus,
if it is desired to limit the scope of
faticue testing, a single §—N curve based
on the highest measured mean stress
eould be utilized in the fatigue life calcu-

. lations. Another acceptable approath
~would be to demonstrate that the most

critical stress level was below the endur-
ance limit. . ‘This cou‘ld be demonstrated



8 CIVIL AERONAUTICS MANUAL 6

by testing at the highest stress level to
10" cycles for - ferrous materials and
5 x 107 cycles for nonferrous materials.
An acceptable combination of S—N and
cyclic unit approach would involve the
establishment of the knee of the S-N
~curve (endurance limit) and the flight
conditions which resulted in stresses
falling below the endurance limit. The
method of cyclic testing could then be
employed only for those flight conditions
which would cause fatigue damage.
Thus, if it is established that all level
flight conditions result in stresses below
the endurance limit, the length of the
fatigue test by cyeclic units could be
appreciably reduced.

. Fatigue 'Life vs Service Llife

Since actual operating conditions in-
volve factors the quantitative effects of
which eannot readily be ascertained, if
‘becomes hecessary to distinguish be-
tween Tfatigue life as determined by
laboratory or other accelerated fatigue
tests and service life which is interpreted
as the required retirement life of the

part. - Furthermore, because of material

and fabrication variations, even under
idealized- laboratory conditions it has
‘been estimated that approximately
thirty - test specimens are required to
establish each S-N. curve, In view of
the required time and high costs in-
volved, it must be recognized that only a
limited amount -of testing can be eco-
nomically tolerated. by most manufac-.
turers. - It is therefore important that a
minimum fatigue test program be deter-
‘mined and that a service life which.is
less than the calculated fatigue life, but
consistent with the degree of fatlgue
testlng be established.

Service Life

For some designs, it may be possible to
demonstrate that all flight and ground
load stresses are below the endurance
-1imit for the critical parts of the rotor.
For such cases, no limit need be imposed
on the service life. Compliance with
either of the following conditions may
be considered to be a minimum accept-

" be no greater than 2,500 hours.

able level of demonSu ating -that all
stresses are ‘below the endurance limit.
1-—If all measured stresses fall below
the operating boundary line (Figure I,
no fatigue testing is required. _
2—Fatigue testing at the mean stress
associated with the most critical mean-
oscillatory stress level measured in flight.

. No failure should occur before 107 cycles

for ferrous materials nor before 5 x 10°
cycles for nonferrous materials. The
minimum number of test specimens re-
quired is dependent on the. osc111atory
test level, in the following manner:

(a) A minimum of 4 test specimens if
the oscillatory level is chosen at 1.1 times
the critical oscillatory stress level.

{(b) A minimum of 3 test specimens if
the oscillatory level is chosen at 1.25
times the critical oscillatory stress level.

(¢) A minimum of 2 test specimens if
the oscillatory level is chosen at 1.5 times
the critical oscillatory stress level.

(d). One specimen if the oscillatory
level is chosen at twice the critical oscil-
latory stress level.

It is to be noted at thls pomt that the
previous reference recommending

against the use of arbitrary stress -levels

appreciably higher than actual operating
stress levels is considered to be inappli-
cable in this case. This is due to the
fact that the stresses involved here are
low since the test involved is aimed at
demonstrating that the arbitrarily raised
stresses are still below the endurance

- limit.

Where finite fatlgue 11fe is 1ndlcated
and S-N curves are employed in deter-
mining this life, a-minimum of 4 points
on each S-N curve should be estab-
lished. If it is desired to limit the fa-
tigue tests, a single S—N curve based on
the highest measured mean stress could
be utilized in the fatigue life calcula-
tions.  However, if this approach tends
to unduly limit the fatigue life, a family
of curves can he developed from two

" established ' S~-N gurves by means . of

Goodman or similar diagrams. Service
life should then be established at 75%
of the calculated fatigue life but should
‘Where
the fatigue life is established by cyclic
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variation of load, a minimum of 4 speci-

mens should be tested. 'The fatigue life-

should be based on the specimen in which
the smallest number of such cycles is
completed. The service life should be
established at 5% of this fatigue life
but should be no greater than 2,500
hours. At the expiration of the estab-
lished service life, the eritical part
should be retired from service. Where
the service life is limited by the arbitrary
2,500-hour fizure, the service life can be
extended beyond this fgure after thor-
ough inspection of several specimens
which successfully reach the 2,500-hour
limit. However, the upper limit to this
extension is limited to 759 of the demon-
strated fatigue life,

Example of Fatigue Life Deteimination
From S-N Data

If the normal life of a specimen at a
certain stress level is N, and if n be the
‘number of cycles actually run at that
level, then as a conseguence of cumula-
tive damage theory, a fatigue specimen
stressed at several different stress levels
in random order will fail when

74
z.2=1
N;

Where the summation is taken over
all values of i corresponding to the re-
peated stresses imposed on the speci-
men.

Using the above expression, it is pos-
'gible to determine the fatigue life in
hours of a part subject to random appli-
cation of stresses above the endurance
limit, if the fraction or percentage of
total life expectancy at each stress level
is known. '

Thus, if:

L=total life of part in hours

r=life in hours at stress level (1)

y=life in hours at stress level (2)

a=fraction of total life at level (1)

b=Tfraction of total life at level (2)
‘then: )

_'&=aL
"Ny x
n _bL
N2 ¥y
and
' n oL  bL __
or
100
I = 100

a , b Percent of life for particu-
T 5 >3 lar maneuver
Endurance life in hours at
that maneuver

In the life determination, the highest
measured stress associated with a par-
ticular maneuver should be used. Thus,
in Table I, the most critical steady hov-
ering condition should be investigated
(from minimum design r. p. m. to maxi-
mumn design r. p. m.) at the most critical
weight and center of gravity condition,
and the 0.59 occurrence of hovering
should be based on this critical con-
dition.

This method can be illustrated further
by referring to a specific example. - Sup-
pose that for only two maneuvers, lateral
reversal and autorotation landing, the
measured stresses are above the endur-

ance limits. The life .of the structure
can be determined as follows:
TasLe II
Lateral  Auto-
Reversal rotation
Hovering, Landing
300 320
TP, m, r.p.m.
Flight Condition:
1. Vibratory Stress (from
flight test) psi.._._.___ 4, 900 2, 500
2. Steady Stress (from
flight test) psi._.______ 8, 600 7, 690
3. Endurance in eycles
(from S8-N curvey..._ 1.1x10° 5.5x108
4. Cycles of critical stress .
per minute___________. 300 320
3. Enduréa,nc;: in hours
oBmn X B0 T 6. 11 286. 46
6. Percent of life at flight
condition ___._.__._____ 1.0% 2.5%
L= 100 _ 580 irs.

1 25 ~ 1637 F 0087
611 T 386,46

Service Life="75% of calculated life—=435 hrs.
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It should be noted that in the above
example, it is conservatively assumed
that the peak stresses associated with
each maneuver have been taken for the
duration of the maneuver. Since in

some cases this may be unduly conserva-
tive, the actual measured distribution
of stress. levels associated with .each
maneuver can be employed in the fatigue

life determination. - B
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