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SUMMARY 

This report evaluates helicopter flight spectrum data 
previously recorded and published in other reports, with 
emphasis on the UH-1B utility, CH-47A cargo, and CH-54A 
load lifting helicopters as used in the Army environment. 
A limited statistical analysis of the data is presented 
for those parameters for which sufficient data were avail- 
able.  The report includes a comparison of the flight- 
measured data with the spectrum appearing in Appendix A 
of Civil Aeronautics Manual 6, and with the assumed fatigue 
substantiation spectrunf where this was available.  Dis- 
cussion and evaluation of the spectrum variations that do 
occur, particularly as they might affect component fatigue 
lives, are also included. 

A method for deriving an operational spectrum for the 
classes of helicopters evaluated is presented along with 
discussion of some of the considerations and Judgment 
which play a part in the establishment of a rational, 
conservative spectrum for the critical components. 
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FOREWORD 

This report, "Evaluation of Helicopter Flight Spectrum Data", 
was prepared by Kaman Aircraft Division, Kaman Corporation 
of Bloomfield, Connecticut, for the U. S. Army Aviation 
Materiel Laboratories, Fort Eustls, Virginia, under Contract 
DAAJ02-67-C-0055.  Mr. William Alexander was the contract 
monitor. 

In the past, many helicopter flight spectrum surveys have 
been conducted for the purpose of Improving the accuracy 
of this portion of the general helicopter fatigue life 
problem.  These surveys compiled data for particular air- 
craft and missions. However, no general review of results 
has heretofore been available.  This report presents the 
results of a correlation and statistical analysis of data 
from 12 sources, with emphasis on extensive data recently 
recorded for the UH-1B, CH-47A, and CH-54A as they are used 
In the Army environment.  An attempt was made to assimilate 
pertinent data, to present them In a form that would facil- 
itate comparison with present and future data, and to 
extract trends and characteristics that would be useful 
for predicting fatigue lives of current helicopter components. 
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INTRODUCTION 

In the fatigue substantiation of helicopter dynamic compo- 
nents, it is necessary to know the loadings to which the 
component will be subjected (flight loadings), the frequency 
of occurrence of those loads (flight spectrum), and the 
ability of the component to withstand those loads (fati ;ue 
strength).  These three elements, in combination, determine 
the fatigue life of the components, and all are equally 
important.  During the development phase on a new model 
helicopter, the flight spectrum is established based upon 
the manufacturer's experience or upon a previously stipu- 
lated schedule, such as Civil Aeronautics Manual 6.  It is 
not possible to make an accurate determination of the actual 
flight spectrum until the helicopter has been in service for 
a period of time. 

Although many service load surveys have been conducted in 
the past, they have, generally, been performed for limited 
reasons and, consequently, with limited results.  Hell- 
copter flight loads are affected by many factors, such as 
pilot control and flight environment.  The total number of 
measurements required to completely define flight loads is, 
therefore, substantial.  Recent operational flight load 
programs for the UH-1B, CH-47A, and CH-54A do contain adequate 
information to give good definition to the flight spectrum 
for each aircraft, and these data have been utilized to 
conduct a thorough comparative study of spectrums for modern 
helicopters.  Some earlier studies, though not as complete, 
have been included to broaden the data base and to provide 
a general review.  This study was undertaken so that the 
flight spectrum portion of the fatigue substantiation pic- 
ture could be placed on a firmer basis than has heretofore 
been possible. 

The subject report has been divided into five sections, 
namely, mission segments, airspeed, gross weight, rate of 
climb, and normal load factors, to permit a systematic 
approach for comparing available flight spectrum data ob- 
tained for the several helicopters noted herein.  This 
organization is intended to facilitate access to specific 
parameters that have been shown to have an effect on hell- 
copter component fatigue lives. 

■--■■-  .■-■.--—,■■■■■■——■■ , - ■ -     ■■   —— 



PROGRAM OBJECTIVES 

The purpose of this program was to assimilate and evaluate 
helicopter flight spectrum data from various sources with 
a view toward the determination of a usage schedule for 
particular helicopter types or for helicopters in general. 
Specifically^ data for the UH-1B, CH-47A, and CH-54A were 
evaluated and correlated with each other and with published 
spectrums.  To broaden the data base and to Improve statis- 
tical evaluation, the results of a number of earlier flight 
surveys have been included in this study. 

Discussion and evaluation of the various spectrums, and their 
relation to each other and to published spectrums, form an 
important part of this study program.  The significance of 
variations as they occur is discussed, with the probable 
effect on component fatigue lives being a primary consid- 
eration. 

. 



DATA SOURCES 

The primary data used in this study are those collected by the 
Army on the UH-1B, CH-47A, and CH-54A during simulated combat 
air assault missions (References 1, 2,  and 3).  In addition to 
these primary sources of data, a literature survey of flight 
loads provided additional data that were extracted from Refer- 
ences 4 through 12 and documented herein.  The relatively 
large amount of data and the uniformity of data handling pre- 
sented in References 1, 2,   and 3 provide a substantial base 
for the study of helicopter operations in the Army environ- 
ment.  The remaining reports have been used to aid in the 
evaluation of flight spectrums for helicopters in general, 
covering a variety of civil and military missions.  It should 
be noted that the listed data sources represent efforts in 
this area by three military services, NASA, and the FAA, 
attesting to the broad recognition of the importance of the 
flight spectrum in fatigue evaluation of helicopters.  The 
complexity of the subject is evidenced by the fact that the 
more recent surveys provide substantially more data and break 
them down to give the occurrences of particular combinations 
of parameters which are of interest in fatigue evaluation. 
This continuing refinement is required to eliminate the 
necessity of making assumptions which are grossly conserva- 
tive when evaluating the useful life of critical and expen- 
sive rotor components. 

Table I presents the pertinent characteristics of the heli- 
copters that were surveyed.  In some instances, neither air- 
craft model identification nor pertinent characteristics were 
provided by the referenced documents; consequently, it was 
necessary to acquire this information directly from the 
reporting agency.  For the purposes of this study, the impor- 
tant aircraft characteristics are those which tend to set the 
pattern of operation for the pilot.  For instance, in the 
case of forward velocity, the attainable airspeed could be 
set by limitations of power, blade stall, structural loads, 
or transmission capacity.  The limitation may be presented 
to the pilot in the form of a red line on a dial which dis- 
plays airspeed, power, or torque information, and which pro- 
vides a continuous indication of the relation of the critical 
parameter to its limit. 

Under these conditions it is natural to expect that missions 
which involve traveling any significant distance will accrue 
a majority of flight time at airspeeds just below the limita- 
tion.  On shorter missions, a higher percentage of flight 
time may be spent at lower airspeeds; during very urgent 
missions, it is probable that red-line limits which are below 



the true capability of the aircraft will be exceeded in the 
critical flight phases.  To examine helicopter airspeed spec- 
trum on a uniform basis and to obtain data for ^he various 
aircraft that could logically be compared, it «^ > necessary 
to determine the attainable level flight spe "', which is 
designated as VA i" Table I,  In general, the airspeeds shown 
are those considered to be representative o* CHJ helicopters' 
level flight capabilities at the usable power and gross 
weight values listed in Table I.  Minor adjustments  3re made 
in some cases to improve the uniformity of approacl   For 
example, consider the data for three H-34 helicoptora report- 
ed in References 4, 8, and 9.  Operating gross weights for 
the UH-34D (Reference 4) and the H-34 (Reference 8) were 
approximately 11,400 and 12,000 pounds respectively.  As no 
operating gross weight was given for the H-34A of Refer- 
ence 9, the 11,867-pound design normal gross weight listed 
in Reference 9 was used.  Although the attainable level 
flight airspeed, V^, varies with gross weight and, therefore, 
should be slightly different for each of these three ships, 
it was assumed that a single value of V^ could be used with- 
out injecting any appreciable error.  Thus, based on a usable 
power of 1400 horsepower and a design normal gross weight of 
11,867 pounds, the attainable level flight airspeed of 135 
knots was established from the flight manual for the three 
H-34 helicopters.  The airspeed spectrums for each aircraft 
listed in Table I were put in terms of VA for the purpose of 
comparison and study.  Table I also contains tabular data 
which aid in the description of the aircraft and missions. 

Table II shows the depth of the data base for each of the 
studies in terms of flight hours, number of flights, and 
hours per flight for the sources that provided these data. 
It will be noted that the sampling varied over a broad range, 
from a minimum of 35 hours to a maximum of 982 hours, and 
that many types of missions were involved. 

Table II also presents the general results of the surveys in 
terms of mission segments.  A broad time distribution among 
ascent, enroute, and descent is shown, and it may be seen 
that the variations among aircraft that do occur are not of 
larga magnitude. 

The following sections of this report present a detailed 
study of the data from the referenced reports, commencing 
with an analysis of the mission segment distribution and 
proceeding through each of the important flight parameters. 
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MISSION SEGMENTS 

DATA REDUCTION 

Flight profile data obtained from flight load surveys, 
References 1 through 12 excluding 9,   are categorized into 
various mission segments that reflect the differences in 
data reduction criteria.  Essentially, there are three 
groups of mission segment definitions adopted in these 
reports; they are defined in the following subsections. 

Four-Segment Breakdown 

References 1, 2, and 3 divide the total flight time into 
four basic segments:  (1)  takeoff and ascent; (2) maneu- 
vering; (3) descent, flare, and landing; and (4) steady 
state.  Typically, these mission segments are as defined 
in Reference 1: 

"During the first three mission segments 
which comprise the transient part of flight, 
the stick position traces show no steady 
values about which the stick traces seem 
to deviate, while the airspeed and altitude 
traces manifest frequent changes.  Mission 
Segment 1 (takeoff and ascent) includes 
not only the takeoff and climb to the 
initial steady-flight altitude but also the 
unsteady ascents to other steady-flight 
altitudes.  Mission Segment 2 (maneu- 
vering) consists of any transient parts 
of flight which are not characteristic of 
Mission Segments 1 and 3.  During maneu- 
vering, the normal acceleration trace is 
usually very active.  In addition to the 
unsteady part of flare and landing. Mission 
Segment 3 (descent, flare, and landing) 
includes the unsteady part of any descent 
whether intended for a new steady-flight 
altitude or for landing.  Mission Segment 
4 (steady state) includes those parts 
of the flight where the stick traces are 
relatively steady and where the airspeed 
and altitude traces are steady or changing 
smoothly.  Such characteristics prevailed 
during cruise, hover, and steady ascent 
and descent." 

L_ ma 
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Three-Segment Breakdown 

References 5 through 8 and 10 divide the total flight time 
into three basic segments:  climb, enroute, and descent. 
Enroute time is defined as the time spent at rates of climb 
between ±300 feet per minute (positive rates of climb rep- 
resent ascent and negative rates of climb represent descent), 
Climb or ascent would include all the time spent at a rate 
of climb in excess of +300 feet per minute, and descent 
would include all the time spent at a rate of descent faster 
than -300 feet per minute. 

Mission segment data presented in Reference 4 include the 
above segments as well as a hover segment.  Since no mission 
segment definitions were presented in Reference 4,   it was 
assumed that they were similar to the three-segment break- 
down.  Since hover usually has the same characteristics as 
steady-state or enroute segments, the hover time was in- 
corporated into the level or enroute segment to reduce the 
number of mission segment groups to three. 

Five-Segment Breakdown 

References 11 and 12 divide the total flight time into five 
segments, defined as follows by Reference 11: 

'•I,  Takeoff and Ascent (Flight Segment 1): 
Includes takeoff and climb to steady flight 
and all ascents during flight. 

2. Cruise (Flight Segment 2):  Includes por- 
tions characterized by steady airspeed and 
rate of climb generally within ±400 feet 
per minute. 

3. Descent (Flight Segment 3):  Includes all 
descents during the flight as identified 
by decreasing altitude, decreasing air- 
speed, and generally decreasing torque. 

4. Flare and Landing (Flight Segment 4): In- 
cludes the landing portion of flight begin- 
ning with a sharp increase in engine torque 
following deecent prior to landing. 

5. Hover (Flight Segment 5):  Includes all por- 
tions of flight when the airspeed is below 
40 knots." 



The variation among the three groups of definitions appears 
to be significant.  It is of course possible to compare data 
that have been gathered under one consistent set of defini- 
tions, and this has been done for the data of References 1, 
2,   and 3.  This is shown in Figures 1 and 2,   which provide 
a basis for evaluating the mission segment time distribution 
for three modern turbine-powered Army helicopters assigned 
to three different missions.  To achieve a broader data base 
and to permit evaluation of all available data, it is nec- 
essary to convert all data to a common basis.  The bulk of 
the data having common mission segment definitions is that 
which divides the total time into climb, enroute, and de- 
scent segments in accordance with the ±300 feet per minute 
rate-of-climb criterion.  The mission segment data from 
References 1, 2,   3,   4,   11,   and 12 were adjusted to agree 
with this form of definition by considering that the time 
spent between the smallest negative rate of climb reported 
and the smallest positive rate of climb reported was pro- 
portional to enroute time.  Time spent at larger positive 
rates of climb was considered to be proportional to climb 
or ascent time, and time spent at larger negative rates of 
climb was considered to be proportional to descent time. 
Table II presents the mirsion segment results based on this 
criterion.  As noted in Table II, the data of References 3, 
5, 6, 7, 8, and 10 are based on the ±300 feet per minute 
rate of climb.  Data from References 1 and 2 are based on 
a rate of climb of ±500 feet per minute, and data from 
References 11 and 12 are based on a rate of climb of ±400 
feet per minute. A statistical analysis was made to deter- 
mine the possible error that could exist if data based on 
these three rate-of-climb criteria were combined.  Results 
showed average errors to be 0.75% for the enroute segment, 
0.5% for the climb or ascent segment, and 1.4% for the 
descent segment.  It was thus concluded that all of the 
data of Table II could be utilized to establish mission 
segment trends.  Figure 1 presents these data in graphical 
form to assist in establishing comparisons and correlations. 
Data derived from CAM-6, Reference 13, are also included. 

Figure 2 shows the comparison of Army flight load survey 
data based on mission segment definitions of References 1, 
2, and 3 and the same data as modified to the three-segment 
mission definition.  Mission segment breakdowns derived 
from the CAM-6 spectrum. Reference 13, and those obtained 
from fatigue substantiating data are also presented for 
comparison.  The CAM-6 spectrum is segregated into mission 
segments corresponding to the four-segment and the three- 
segment mission definitions as shown in Table III.  Although 
only flight time is being considered, 1% of the ground time 



listed in the CAM-6 spectrum Is considered to be either 
steady-state or enroute time.  In a like manner, the load 
spectrums used in the calculation of component fatigue life 
for the three helicopters «ere converted to agree with these 
mission segment definitions.  In some instances, the avail- 
able fatigue life spectrum data were not in the form for 
easy comparison or were not complete enough to obtain the 
desired degree of correlation.  For these reasons, the data 
presented in Figure 2 are intended to be used only as an 
approximate comparison of measured load spectrums and 
analytical spectrums. 

As a further aid in establishing basic mission segment 
trends, the data shown in Table II were plotted in statis- 
tical form on log-probability paper. Figure 3.  Data for 
each mission segment were ranked from the lowest to the 
highest value of percent time, and the respective plotting 
position on the probability scale was determined for each 
of the percentages of time by the method of median ranks. 
Reference 14.  This method was derived principally for use 
in plotting fatigue test data in cases where small samples 
were available; however, it has been found generally useful 
for data of other types. 

Using the principle of "least squares", the line that best 
fits the data was calculated and drawn through these points 
as shown in the figure.  This plot is a statistical method 
for estimating the trend of the total population based on a 
relatively few data points.  Thus, at the 50% probability 
value, there is a 50% probability that the percent time for 
a mission segment for any helicopter will not exceed the 
percent time associated with this probability.  Similarly, 
at the 90% probability value, there is a 90% probability 
that the percent time for a mission segment for any heli- 
copter will not exceed the percent time associated with 
this probability.  It should be noted that the percents 
for each mission segment at a given probability cannot 
be added together, since this total would not necessarily 
be equal to 100%.  The decision as to what mission segment 
is to be used in establishing the corresponding percentages 
of time for toe other two segments is determined by the 
particular nature of the part or component being investigated, 
If, for example, the fatigue life of a component is to be 
calculated, and preliminary calculations have shown that 
the major portion of the fatigue damage occurs during the 
descent segment, then the descent curve would be selected 
as the base to which the other two segments, enroute and 
ascent, are adjusted, such that the total time for all 
three segments would equal 100%.  The reliability of the 
prediction would vary with the probability selected.  Thus, 
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if a high reliability of the predicted life is desired^ the 
percent time for the descent segment would be selected at 
a correspondingly high probability of success, say, 99% or 
99.9%. 

The foregoing method of establishing mission segment trends 
is qult'j general and does not reflect the individual char- 
acteristics or capabilities of a given helicopter.  In an 
effort to improve this situation, the percent time that each 
helicopter spent In each of the three segments was plotted 
as a function of the helicopter's design normal gross weight/ 
maximum takeoff power ratio in Figure 4.  As shown in this 
figure, as well as in Figure 1, the enroute data appear to 
band together in a fairly tight group with the exception of 
those for the CH-47A, Reference 1; the UH-34D, Reference 4; 
the H-13 military trainer. Reference 6; and the YE-40 ex- 
perimental helicopter. Reference 8.  Study of these refer- 
ences led to the conclusion that this variance existed 
because of the particular types of missions being flown 
at the time that the flight data were recorded. A study 
of the percent time that the CH-47A and UH-34D spent at 
various altitudes revealed that these two helicopters flew 
at altitudes of less than 1000 feet for a large percentage 
of the total time.  This fact plus the general mission de- 
scription reported, i.e., troop-supporting missions in simu- 
lated combat conditions, led to the conclusion that these 
missions could be considered to be nap-of-the-earth-type 
flying where many short-range, low-altitude shuttles were 
being flown in the time that was reported to be one flight. 
This type of mission would then account for a lower than 
average time being spent in the enroute segment.  The low 
enroute time reported for the H-13 military trainer and 
the YH-40 experimental helicopter is considered to be a 
typical trend of helicopters being utilized as primary 
trainers, where the basic principles of helicopter opera- 
tion and control are demonstrated or where the handling 
characteristics of a new helicopter are being investigated. 
This type of flying would be characterized by many landings, 
takeoffs, and maneuvers, resulting in a lower enroute time. 

The nature of the data shown in Figure 4 suggested that a 
more precise definition of mission segment trends could 
be obtained if two groups of mission types were conr<idered 
instead of Just one.  This was accomplished by establishing 
the standard mission and the nonstandard mission categories. 
The distinction between these two mission types is tenta- 
tively defined as follows: 

9 
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Nonstandard Mission would have one or more of  the following 
characteristics: 

1. Flight  training missions,   where considerable 
time   is  spent   in demonstrating  and practicing 
takeoffs,   landings,   maneuvers,   and autorotative 
flight. 

2. Test   flight  of experimental  or  prototype hell- 
copters,  where considerable time  is spent  in 
determining  the  flying qualities  and/or  flight 
loads associated with given flight conditions. 
Test  flying  of production helicopters  after 
overhaul would also be  included here. 

3. Cargo-  or  troop-carrying missions,   where rel- 
atively many short-range,   low-altitude shuttles 
are made during a   flight. 

Standard Mission would,   in general,   be devoid of the charac- 
teristics associated with the nonstandard mission,  and a 
considerable percent  of the total flight  time would be spent 
at altitudes  in excess of  1000 feet.     Typical missions  in- 
cluded  in this category are: 

1. Utility-type flights 
2. Airmail flights 
3. Civil transport flights 
4. Relatively long-range cargo- and troop- 

carrying flights 
5. Military navigational or cross-country- 

type flying such as experienced by the 
H-34 Instrument Flight Rules Trainer, 
Reference 8 

6. General load-lifting flights 

The general results of the study of these two mission types 
are shown in Figure 4.  The scatter bands Illustrated are 
derived from Figures 5 and 6, the probability plots of the 
data, which also show the relatively good fit of the data 
to the log-normal distribution.  The width of the scatter 
bands in Figure 4 is ±1(7, and it is therefore not unusual 
that a few data points should fall outside of these limits. 

10 
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SUMMARY 

Figure 1  presents a general pictorial review of the results 
of  the prominent helicopter flight spectrum surveys con- 
ducted to date when each mission is viewed on the basis of 
the three segments,   ascent,   enroute,  and descent.     Review 
of this figure,  which  is presented in order of  increasing 
weight,  shows no general  correlation between gross weight 
and mission segment.     In this rather superficial view,  a 
surprising  degree of  uniformity  is apparent with only an 
occasional  exception.     The first column on the left   in the 
figure  is  that derived from CAM-6,   Reference  13,   while the 
last  column en the right   is  the average of the measured 
survey data.     The general  applicability and reasonableness 
of the CAM-6 spectrum are demonstrated by the fact  that the 
CAM-6 spectrum blends  quite well with the  bulk of measured 
data.     It   is,   of course,   true  that any specific mission or 
aircraft  may vary significantly  from the CAM-6 spectrum; 
however,   as a general  specification for helicopters  of many 
varied missions,   CAM-6's  basic mission segment  breakdown 
appears  to be well chosen. 

The data  of  References   1,   2,   and 3 are studied  in somewhat 
more  detail   in Figure  2.     Here,   the data recorded under 
simulated Army combat  conditions  for three modern  turbine- 
powered helicopters are presented basically as recorded in 
the four-segment breakdowns   (ascent,  descent,   maneuver, 
and steady state)  and also as modified to the  three-segment 
breakdown.     For comparison,   the CAM-6 spectrum and the 
originally assumed fatigue spectrum for each helicopter 
are shown  for both  the  three-  and four-segment  mission. 

The generally favorable correlation of  the CAM-6 spectrum 
to the spectrum measured  in service is seen to be slightly 
improved  for the four-segment   breakdown.     The CH-47A flight- 
measured data appear  to deviate  from the CAM-6 spectrum by 
the   largest  amount.     Further study of  the mission data  for 
this  aircraft reveals   that  virtually all  of  the  flight  time 
was  spent  at  low altitudes  and  that  flight  duration was 
typically  very short.     This  is  undoubtedly due  to the nature 
of  the particular mission  that  the aircraft was assigned and 
is  therefore an example  of  the  effect that  specific missions 
can have on flight profile. 

It   can also be noted  in Figure  2 that  relatively poor 
correlation exists  between  the  flight-measured spectrum 
and  the fatigue spectrum that  was originally  assumed  for 
the purpose  of determining  the  fatigue  life of  components 
for  each aircraft shown.     For   the UH-1B and CH-47A,   the 
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enroute or steady-state time determined ^n the service load 
surveys is significantly leas than that assumed, while the 
ascent, descent, OJ w&nouver segments exceed that assumed 
by substantial margins.  For the CH-54A, the enroute or 
steady-state time assumed in the fatigue spectrum is a 
reasonable approximation of the measured data; however, no 
ascent, descent, or maneuver schedule was available for 
comparison.  This is due to the manner in which the fatig"e 
spectrum is presented.  Only the level-flight portion of 
the fatigue spectrum is presented in terms of percent time, 
while the remainder of the spectrum is in terms of maneuvers 
per 100 hours.  Converting maneuvers per 100 hours into per- 
cent time cannot be accomplished without additional infor- 
mation defining the duration of each type of maneuver being 
considered. 

The full meaning and importance of these deviations cannot 
be assessed without detailed knowledge and analysis of the 
accompanying loads and strength for a particular helicopter 
component.  In this study we are concerned with the portions 
of the flight spectrum which contribute significantly to 
fatigue damage and therefore limit component fatigue life. 
There is no single flight condition that is critical from 
this point of view, for all helicopters or for all components 
of a given helicopter. 

The flight conditions which contribute significant fatigue 
damage are those which produce high vibratory loads and 
which are sustained for a sufficient time to accumulate 
the damaging cycles.  Severe maneuvers may produce loads 
or stresses which are far in excess of a component 's en- 
durance limit; however, the relatively few stress cycles 
per maneuver combined with the infrequency of such maneu- 
vers result in these loads being generally noncritical 
in the fatigue damage assessment.  Steady-state flight 
conditions which may produce loads only slightly in excess 
of the endurance limit but which may be sustained for long 
periods are generally more damaging.  Components which 
accrue damage in straight and level flight will normally 
have P. very low fatigue life.  Other steady-state con- 
ditions such as high power climb, rapid descent, or banked 
turns may prove to be the life-limiting conditions for 
other components.  Mild maneuvers which have & relatively 
long period, such as cyclic flare just before touchdown, 
are also of considerable interest here.  Sizeable errors 
In assigning time to any of these critical flight con- 
ditions may lead to component lives which are either 
dangerously long or, conversely, unnecessarily short and 
thereby penalize the aircraft economically. 
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Reviev of Figure 2 leads to observations that the steady- 
state or enroute time assumed In the fatigue spectrums for 
the UH-1B and CH-47A far exceeds that which Is experienced 
in service; while the ascent, descent, and maneuver segments 
assumed are far less than those measured.  If level flight 
is the critical fatigue damage regime, then the fatigue spec- 
trums may be quite conservative; however, this conclusion 
depends on the airspeed distribution, which is analyzed later 
in this report.  Ifj however, one of the other flight regimes 
is the more critical, then it must be concluded that com- 
ponent lives based upon the fatigue spectrum are probably 
quite optimistic when considering the effects of mission 
segment alone.  In the case of the CH-54A, the steady-state 
or enroute time assumed In the fatigue spectrum matches quite 
well that determined in the survey and, therefore, may be 
considered to be fairly accurate.  The lack of available 
fatigue spectrum information for other flight regimes elimi- 
nates any further consideration for this aircraft. 

Some additional study of the general mission segment break- 
down is presented in Figures 3 through 6.  Figure 3 is a 
plot of percent time in each of the three primary mission 
segments versus probability.  The slope of the lines on the 
plot is a measure of the variability in the data.  The en- 
route data line reveals that only 10% of all helicopters 
would be expected to spend less than 63% of total flight 
time in the enroute segment (i.e., 90% of all helicopters 
would spend more than 63% of time In the enroute segment). 
Toward the higher end of the scale, it is seen that only 
10% of all helicopters would spend more than 79% of all time 
in the enroute segment (i.e., 90% of all helicopters would 
spend less than 79% of all time in the enroute segment). 
Similar observations may be made for the ascent and descent 
segments. 

Figure 3 may be used as a guide in the selection of the 
basic mission segment breakdown for a new aircraft.  To 
do this, it would be necessary to know from preliminary 
calculations which segment is critical for the component 
under consideration.  Let us assume the hypothetical case 
of a tail rotor blade root section that is known to accu- 
mulate a considerable amount of fatigue damage during high- 
power ascents  but, during descents or while enroute, 
accumulates only a moderate amount of fatigue damage.  A 
reasonable choice of spectrum for this component could be 
derived from Figure 3 as follows.  The percent time spent 
in the critical flight regimes should be chosen at a high 
probability level.  If 99% is chosen as the probability 
level, then the aircraft would be considered to spend 23% 
of all flight time in ascent and 26% in descent.  The 
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remaining time is then considered to be enroute time, 51%. 
For certain aircraft or certain missions, it may be quite 
unrealistic to use a very high ascent and descent time.  In 
such a case, it would be proper to use some lower prob- 
ability level; however, this decision should still be 
weighed in favor of the critical fatigue daraagirg condi- 
tions.  In this example, only 1% of all helicopters would 
be expected to exceed the ascent and descent times chosen; 
however, the enroute time is only that required to account 
for the remaining flight time and may bear no specific 
relation to Figure 3.  Other components on the same aircraft 
will probably be found to be critical for other flight re- 
gimes, and these may be handled in a similar fashion with 
the emphasis on the critical fatigue damage-producing seg- 
ment for that component.  While this may lead to an apparent 
inconsistency in the schedule of operation for a given air- 
craft, a more important result is that a better level of 
uniformity of conservatism in assigning fatigue lives can 
be achieved. 

Further analysis of the mission segment structure for heli- 
copters is shown in Figures 4, 5, ard 6.  Figure 4 shows a 
grouping of the data for the enroute, ascent, and descent 
segments vs gross weight/power ratio for the aircraft 
studied.  A relatively narrow scatter band was found to 
exist for most of the data; however, certain aircraft con- 
sistently fell outside of this band.  Review of the basic 
data sources for these aircraft revealed that there was 
some cause to expect that utilization of these aircraft 
was not representative of typical helicopters.  The aircraft 
in question were not alike in any way, with the one exception 
that the mission or duty assignment at the time that they 
were surveyed was such that enroute time would be relatively 
short and that many takeoffs and landings would occur.  These 
aircraft are the H-13 military trainer, the YH-40 experi- 
mental, the UH-34D, and the Army CH-47A.  As discussed pre- 
viously, the mission that these helicopters were assigned 
required low-altitude, nap-of-the-earth flying with many 
takeoffs and landings and has been designated a nonstandard 
mission, as opposed to a standard mission which would re- 
quire flying to some remote point at a relatively constant 
altitude and airspeed.  Since the nonstandard mission would 
include pilot training and familiarization, it is quite 
likely that every type helicopter will be subjected to this 
type of flying for some portion of its total useful life- 
time.  In evaluating a fatigue spectrum for a helicopter 
that is expected to be assigned a standard type of mission. 
Figures 4 and 5 may be used as a guide.  The scatter band 
widths shown in Figure 4 are based on the average time plus 
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and minus one sta ^'rd deviation and would, therefore, be 
expected to incl , e 68% of all cases.  Other probabilities 
may be used by working from Figure 5.  The effects of 
operations in nonstandard missions should also be evaluated 
to assure that these operations do not drastically affect 
component lives.  Figures 4 and 6 are useful in establishing 
the required mission times and probabilities for this pur- 
pose. 
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AIRSPEED 

DATA REDUCTION 

The airspeed frequency distribution for a helicopter could 
be one of the most Important factors Influencing the fatigue 
life of Its components. This Is particularly true for rotor 
systems where, In many cases, vibratory loads acting on the 
system are fairly high at the lower transition from hover 
to forward flight, are lower at moderate airspeeds, and then 
steadily Increase with Increasing airspeed up to VNB* where 
VNE is the never-exceed airspeed usually redllned on the 
airspeed Indicator or specified In the flight manual.  If 
the load-strength relationship Is such that fatigue damage 
Is experienced at these higher level flight loads, then the 
percentage of time spent at the high load-producing airspeeds 
becomes Increasingly significant. As a result of this, 
either the airspeeds that produce appreciable component 
fatigue damage may be avoided or. If this Is Impractical, 
the time spent at these airspeeds may be limited.  Such a 
restriction could Influence the characteristics and the 
types of missions that may be flown.  The converse of this 
may also be true:  the type of mission flown could Influence 
the airspeed frequency distribution. 

Other Interrelated factors that may Influence the airspeed 
frequency distribution of a helicopter are Its airspeed 
capabilities, the type of power plant Installed or Its 
available power, and the design normal gross weight.  The 
Influences of these factors are the subject of this section. 

In general, airspeed frequency data reported In References 
1 through 12, for the helicopters listed In Table I, are 
presented in the form of univarlate or bivarlate tables 
and/or in the form of frequency histograms.  These tables 
and histograms relate the percentage of total or steady- 
state time with corresponding airspeed Intervals expressed 
in terms of knots or miles per hour or as nondlmenslonal 
ratios such as V/Vmax 

or V/VNE.  TO standardize the pre- 
sentation of these data for comparison purposes, the per- 
centage of the attainable level-flight velocity, VA, was 
selected as the airspeed parameter, where V is the air- 
speed being considered and V^ is the maximum attainable 
level-flight airspeed, considering design gross weight, 
usable power, blade stall, and structural limitations. 
Values of the attainable level-flight airspeed VA, design 
gross weights, and usable power are presented in Table 1. 
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The helicopters listed In Table I were subdivided Into four 
classes, dependent on helicopter design gross weight and the 
type of propulsion systvjn installed.  These classes are de- 
fined as followa: 

1. Reciprocating engine-powered helicopters having 
a design normal gro^s weight of less than 10,000 
pounds. 

2. Turblne-pcwnred helicopters having a design normal 
gross weight of less than 10,000 pounds. 

3. Reciprocating engine-powered helicopters having a 
design normal gross weight of 10,000 to 15,000 
pounds. 

4. Turbine-powered helicopters having a design normal 
gross weight of greater than 15,000 pounds. 

Percentages of time for each helicopter were converted to 
cumulative percentages of time to form cumulative airspeed 
frequency distributions in the manner shown In the example 
presented in Figure 7.  The transformation of percent time 
frequency dlstrlbutjons presented in tabular or histogram 
form, Figure 7a, to cumulative frequency distribution curves. 
Figure 7b, is accomplished by cumulatively summing the per- 
centages of time corresponding to given airspeed Intervals, 
starting with the lowest airspeed.  The cumulative sum of 
percent time at an airspeed interval is plotted at the upper 
class boundary for that interval. This procedure Is repeated 
for each Interval, and a smooth curve Is faired through 
the resulting points. This graph then permits the deter- 
mination of the cumulative frequency for airspeeds equal to 
or less than the desired airspeed.  To facilitate compari- 
sons with helicopters of different airspeed capabilities, 
the airspeed is expressed as a percent of the attainable 
level flight airspeed, VA, as shown in Figure 7b.  The Inter- 
pretation of this curve can be illustrated by an example. 
At 60% V*(see Figure 7b), it can be stated that 70% of the 
time will be spent at an airspeed of 60% V^ or less; at 80% 
VAI it can be stated that 95% of the time will be sperit at an 
airspeed of 80% VA or less; and at 100% VA, it can be stated 
that 100% of the time will be spent at an airspeed of 100% 
VA or less. 

Another feature of the cumulative frequency distribution 
curve is that the relative frequencies at airspeeds either 
higher or lower than a given airspeed can be estimated by 
noting the characteristics of the curve slope in the 
desired area.  In general, steeper slopes are associated 
with higher percentages of time being spent at a given 
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airspeed Interval, and lower slopes are associated with 
lower percentages of time being spent at a given airspeed 
Interval. 

Cumulative airspeed frequency distribution curves similar 
to that of Figure 7b were developed for each helicopter. 
After these curves were grouped according to helicopter 
class, a statistical analysis was made to determine the 
scatter bands corresponding to a variation of plus and 
minus one standard deviation from the mean (* 10").  The 
results of these calculations are shown in Figure 8 for 
the four classes of helicopters being considered.  Composite 
scatter band curves for these classes are presented In 
Figure 9 to facilitate the determination of airspeed 
frequency distribution trends with power plant type and 
design gross weight. 

The airspeed frequency distribution portion of the flight- 
measured spectrums for the CH-47A, UH-1B, and CH-54A 
helicopters, References 1, 2, and 3, respectively, Is 
compared in Figure 10.  These same curves are also compared 
to the airspeed portions of the fatigue spectrums used to 
establish component lives and to the airspeed portion of 
CAM-6, Reference 13, In Figure 11. The  airspeed portion 
of CAM-6 used for this comparison is shown in the last 
column of Table III.  Time listed in CAM-6 for the forward 
flight-power on, right and left turns, at 30, 60, and 90% 
^NE conditions and for the autorotation-power off, steady 
forward flight, right and left turns, at 30, 60, and 90% VNE 
conditions was reapportioned to match the 20, 40, 60, 80, 
and 100% V^E Increments.  The values were then normalized 
so that total time equaled 100%. These percentages of total 
time were then cumulatively summed and plotted In Figure 11 
as a function of the attainable level-flight airspeed.  For 
the purposes of this comparison, V^ and Vj^g are considered 
to be Interchangeable. 

A comparison of the variations of the cumulative airspeed 
frequency distribution with altitude is presented In Figure 
12 for the CH-47A, UH-1B, and CH-54A helicopters.  Individual 
cumulative airspeed frequency distribution curves were 
developed for several altitude ranges, the summation of 
which equals the total airspeed frequency experienc«. 

SUMMARY 

Airspeed data for the helicopters listed in Table I and 
reported in References 1 through 12 were analyzed for the 
purpose of establishing basic airspeed frequency distribu- 
tion trends and characteristics for these helicopters, so 
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that the distributions for future helicopters may be antici- 
pated.  The Importance of this Information In the determina- 
tion of component fatigue lives has been demonstrated In the 
past by the difficulties experienced In predicting fatigue 
lives prior to the availability of a considerable amount of 
In-flight frequency data. 

The effect that mission assignment has on the airspeed 
frequency distribution Is first Investigated in Figure 8. 
Figure 8a presents the cumulative airspeed frequency dis- 
tribution curves (scatter br    based on a variation of 
±1CJ for seven reciprocating ^me-powered helicopters 
having a design normal gross weight of less than 10,000 
pounds.  Also shown are the helicopter designations and 
the types of missions flown at the time that the fre- 
quency data were recorded.  It is evident from the width 
of the scatter band that there is a fairly high variability 
in tbe data.  This is principally due to the inclusion of 
data for the H-13 high-altitude helicopter and the H-13 
military trainer.  If a statistical analysis were per- 
formed on the remaining five alrmall-utllity-type hell- 
copters, a much narrower scatter band would result.  This 
grouping of the data suggests that the distribution of air- 
speed frequency data Is very much dependent on the type of 
mission flown.  This conclusion Is further supported by 
considering the four different missions of the four H-13 
helicopters.  One Is used for high-altitude missions, one 
is used as a military trainer, one is used to deliver air- 
mail, and the remaining one is used for utility-type missions 
The airspeed capabilities! gross weight, and usable power 
are essentially the same, but the cumulative airspeed 
distributions shown in Figure 8a for the military trainer 
and for the high-altitude helicopters differ considerably 
from those for the airmail and for the utility helicopters. 
In general, it can be concluded that special-purpose hell- 
copters of this class, such as the trainer and the high- 
altitude ships, spend less time at the higher airspeeds 
than do helicopters performing basic utility missions. 

Airspeed frequency data foi five turbine-powered helicopters 
having a design normal gross weight of less than 10,000 
pounds, shown in Figure 8b, exhibit a relatively narrow 
scatter band.  With the exception of the UH-1B, the curve 
shapes or relative airspeed distributions are quite similar, 
varying only in their placement along the airspeed axis. 
The curve for the UH-1B is much steeper than the others, sig- 
nifying that it spends a larger percentage of its forward 
flight time within a fairly narrow airspeed range (60% to 
75% VA, or a spread of only 15% V^ compared to an average 
spread of approximately 30% V^  for the other four ships). 
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It  should be noted that  the UH-1B is the heaviest helicopter 
Included  in this group. 

Although  the correlation of airspeed frequency distribution 
with mission type  is not  as  evident for this class as  it was 
for that  shown in Figure 8a,   Figure 8b indicates  that the 
UH-1B utility and the YH-40  experimental helicopters spend 
less time at  the higher airspeeds than do the three observa- 
tion helicopters.     It  is net  possible to determine whether 
this  trend can be attributed to mission assignment,   gross 
weight as with the UE-1B,   or other aircraft  characteristics 
such as power required,  pilot comfort,  etc. 

Figure 8c presents cumulative airspeed frequency distribu-^ 
tions  for four reciprocating-engine helicopters having a 
gross weight of 10,000 to  15,000 pounds.     At  the  lower air- 
speeds  up to approximately 40% V^,   the ±1(7   scatter band is 
relatively narrow but becomes  increasingly wider for the re- 
mainder of the airspeed range.    Since these four helicopters 
have approximately the same gross weight and usable power.   It 
is considered that  this divergence is caused by differences 
in the missions flown.     It   Is noted that  if only the UH-34D, 
H-21C,   and H-34A were considered,   the uniformity of the low- 
speed scatter band would be continued for the full airspeed 
range.     This suggests that  the characteristics of the mission 
flown by the H-34  IFR (Instrument Flight Rules)   trainer are 
significantly different from those of the mission flown by 
the other three utility ships.    This seems to be a reasonable 
assumption when it  is considered that the H-34   IFR trainer 
would be spending a large percentage of  its total forward 
flight  time at moderate airspeeds,  practicing  Instrument or 
blind flying procedures;  whereas the utility helicopters, 
usually flying in favorable weather conditions,  would be 
more  Intent  on reaching their destination quickly. 

Cumulative airspeed frequency distribution data  for five 
turbine-powered helicopters having a design normal gross 
weight greater than 15,000 pounds are presented  in Figure 8d. 
The ±10"   scatter band width  is relatively large at  the 
lower- and middle-range airspeeds but decreases slightly 
at the higher airspeeds.     There appears to be a close 
correlation between the two studies of CH-54A load lifters 
and a close correlation between the S61N and the V-107-II 
civil transports.    The heavier load lifters spend a consid- 
erable amount of time at the  lower airspeeds.     For the 
two CH-54A helicopters shown,   this amounts to 25% to 30% 
at airspeeds of 35% VA or  less.     The two civil  transports, 
on the other hand,  spend only 8% to 9% of the total time 
at an airspeed of 35% V^ or  less.     This difference can be 
attributed  to the mission each  is  expected to perform.     The 
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CH-54A helicopters  are primarily  designed to transport  heavy 
loads either suspended below the helicopter by cables or 
carried internally  in detachable  compartments.     In cases where 
the cargo  is  suspendeJ below the  ship,   the airspeeds  flown are 
limited by aerodynamic effects created by the cargo,   thus 
limiting the amount  of time that  could be spent at  higher air- 
speeds.    The mission performed by  the civil  transport   is one 
that   is primarily dictated by schedules and economics   (i.e., 
the more passenger miles per hour,   the greater the financial 
return).     Thus,   a   large percentage of  the total time would be 
spent at the higher airspeeds,   90% to 100% V^,  as shown in 
Figure 8d. 

The airspeed frequency distribution curve for the CH-47A cargo 
helicopter   is similar to that of  the civil transports  at  the 
low-speed rang» but diverges rapidly beyond 45% V^.     Thus, 
small percentages of time are spent at  the lower and higher 
airspeeds,   with the majority of the time being spent  between 
airspeeds of  60% to 90% VA. 

Figure 8d may also be interpreted as showing a trend of air- 
speed frequency distribution with gross weight.     In general, 
it can be stated that as  the gross weight increases,   the time 
spent  at the higher airspeed decreases. 

Airspeed frequency distribution scatter bands obtained from 
Figure 8 for the four classes of helicopters are compared  in 
Figure 9.     Figure 9a compares the scatter bands from Figures 
8a and b for reciprocating engine- and turbine-powered heli- 
copters having a design normal gross weight of less than 
10,000 pounds.     The similarity of  these two classes   is  readily 
noted,   particularly at the higher airspeeds.     Differences  in 
the  lower airspeed boundaries appear to be the result  of the 
type of missions  flown.     It  is  interesting to note that  if  the 
data  for the H-13 high-altitude helicopter and for the H-13 
military trainer had been omitted  from the data shown  in 
Figure 8a,   the resulting scatter  band would be almost   identical 
to that of Figure 8b.    The conclusion that can be drawn from 
the comparison made  in Figure 9a   is that  the  lighter  recipro- 
cating engine-powered and turbine-powered helicopters  spend 
approximately the same percentages  of time at  the same pro- 
portion of  their airspeed capability.     Exceptions to this 
trend are usually  the msult of  the differences  in the mission 
assignment,   with special-purpose helicopters such as  the high- 
altitude and military trainers spending more  time at   lower 
airspeeds. 

Figure 9b compares  the airspeed  frequency distributions  for 
the heavy reciprocating engine- and turbine-powered heli- 
copters.     Although  the ranges of gross weight  are different 
for each class,   10,000 to 15,000 pounds  for the reciprocating 
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engine-powered helicopter and greater than 15,000 pounds for 
the turbine-powered helicopter, several general trends can be 
noted.  At the lower airspeeds, up to 40% V^, the scatter 
bands have considerable overlap, with the turbines actually 
spending more time at low speeds.  This is largely attribu- 
table to the data obtained for two CH-54A load lifters, which 
show 35% to 30% of the total time being spent up to an air- 
speed of 35% V^.  It is considered that this trend is more 
associated with the type of mission flown than with any effects 
due to gross weight.  The heavier turbine-powereo helicopters 
spend a much greater percentage of the total time near the 
high end of their airspeed capability than do the reciproca- 
ting engine-powered helicopters.  Although the type of mission 
flown probably plays the most important role in producing this 
trend, it is felt that the lower weight/power ratios assoc- 
iated with the turbine-powered helicopters are also a factor. 

Figure 9c compares the two classes cf reciprocating engine- 
powered helicopters having design normal gross weights of less 
than 10,000 pounds. Figure 8a, and 10,000 to 15,000 pounds. 
Figure 8c.  At the lower airspeeds, the trends for both 
classes are approximately the same; but as the airspeed in- 
creases, the lighter class spends slightly more time at the 
higher airspeeds than does the heavier class, indicating a 
modest trend of airspeed frequency distribution with gross 
weight.  The wider scatter band for the heavier class at 
approximately 80% cumulative time is due to the mission flown 
by the H-34 IFR trainer, as previously discussed.  This again 
emphasizes the fact that the type of mission flown by a heli- 
copter has an important effect on the resulting airspeed fre- 
quency distribution. 

Figure 9d compares two classes of turbine-powered helicopters, 
one class having design normal gross weights of less than 
10,000 pounds and the other class having design normal gross 
weights of greater than 15,000 pounds.  The heavier ships 
spend a larger cumulative percentage of the total time at the 
lower airspeeds than do the lighter ships.  This is princi- 
pally due to the type of mission flown by the CH-54A heli- 
copter, as previously discussed.  It is also noted that because 
of the data from the two civil transports, the heavier class 
spends a substantial percentage of time near the higher air- 
speed limit.  In general, it is concluded that light turbine- 
powered helicopters tend to concentrate the majority of for- 
ward flight time in a fairly narrow airspeed range (60% to 70% 
V*), whereas the heavier turbine-powered helicopter spreads 
its total forward flight time more uniformly over the full 
airspeed range but is strongly influenced by mission assignment. 

Airspeed frequency data for the CH-47A cargo helicopter, 
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UH-1B utility helicopter, and CH-54A load-lifting helicopter 
(References 1, 2, and 3) are shown in Figure 10.  The air- 
speed range where the majority of forward flight time is 
spen  is 60% to 90% VA for the CH-47A, 60% to 75% VA for the 
UH-IE», and 65% to 95% VA for the CH-54A.  It is seen that the 
lighter utility helicopter, the UH-1B, spends the majority 
of its flight in a relatively narrow airspeed range.  Al- 
though these data are quite limited, they do suggest that at 
airspeeds up ^o 30% V^, the cumulative percent of the total 
time varies directly with gross weight; at the higher air- 
speeds, 80% VA, the opposite trend appears. 

No one factor is considered adequate to explain the varia- 
tions shown in Figure 10.  As mentioned previously, the 
assigned mission of the aircraft is an important factor 
affecting airspeed distribution.  However, it is recognized 
that design parameters a.id aircraft characteristics may be 
equally important.  In the case of the UH-1B doing general 
utility flying in support of field units, it would be 
anticipated that periodic high-priority missions would re- 
quire a significant portion of time to be spent near the 
maximum airspeed capability and that other utility missions 
would tend to spread the time over the airspeed range. The 
fact that an extremely small amount of time is spent in 
the higher spead range indicates that some other factor 
or factors inhibit such operation and actually tend to 
group the majority of time in the narrow band between 
60 and 75% VA» The reason that relatively little use is 
made of the available higher speed range is not apparent 
from these data.  It is probable that the distribution is 
influenced by pilot preference due to flying or handling 
qualities considerations, such as an increase of vibration 
level with higher airspeed. 

The airspeed distribution for the CH-47A shown in Figure 10 
exhibits a relatively smooth and normal trend, while that 
for the CH-54 illustrates the tendency to spend substantial 
amounts of time in the low-speed range.  This latter obser- 
vation is considered to be normal for the CH-54A operations, 
that is, transporting heavy external loads. 

Figure 11 presents a comparison of flight-measured airspeed 
spectrums with the airspeed portion of the fatigue spectrums 
for the CH-47A, UH-1B, and the CH-54A helicopters.  The 
CAM-6 airspeed spectrum is also shown on these plots.  In 
Figure 11a, the flight spectrum for the CH-47A and the 
CAM-6 spectrum are seen to be in fairly close agreement. 
If the CAM-6 spectrum allowed for approximately 12% of the 
total time spent at airspeeds of 30% V^ or less, the two 
spectrums would match extremely well.  The airspeed portion 
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of the fatigue spectrum doeu nul compare as favorably with 
the flight-measurect spectrum.  The effects of this devia- 
tion on component fiti^ue livey cannot be  estimated without 
further knowledge of tho corroapondiag flight loads and the 
fatigue strength.  If futigue damage occurs only at air- 
speeds greater than 90% VA, then the fatigue spectrum, which 
predicts a higher percent time spent at these airspeeds than 
does the flight-measured spectrum, would be conservative. 

A comparison of the f light-rae'.sured airspeed spectrum for 
the UH-1B with the fatigue Kf/ectrum and CAM-6 spectr-m, 
Figure lib, shows a fairly close correlation at the low- 
speed range.  Above approximately 60% to 70% VA, the fatigue 
spectrum and the CAM-6 sper trua predict a larger percentage 
of time than was obtainec trom  the flight-measured spectrum. 
Of the two, CAM-6 is in clo«er agreement with the flight- 
measured spectrum.  The fatigue spectrum is undoubtedly 
conservative with regard to damage accrued in high-speed 
flight. 

Figure lie presents the comparison of the flight-measured, 
CAM-6, and fatigue spectrums for the CH-54A helicopter. 
Generally good agreement is seen at the higher airspeeds. 
However, CAM-6 deviates significantly at airspeeds below 
60% V^.  The fatigue spectrum is a close approximation of 
the flight-measured data at 40% VA but predicts more utili- 
zation than was recorded for airspeeds between 40% and 75% 
V..  Since the slope of the line is a measure of time spent 
at that velocity, the fatigue spectrum is seen to predict 
somewhat less time in the interval from 75% to 100% VA and, 
therefore, may underestimate fatigue damage accrued if loads 
in this range exceecTTHe "endurance limit for~ä"ny component. 

The manner in which the cumulative airspeed frequency distri- 
bution varies with altitude is shown in Figure 12 for the 
CH-47A, UH-1B, and CH-54A helicopters.  Airspeed-altitude 
data for the CH-47A, Figure 12a, are divided into three 
altitude ranges:  less than 1000 feet, 1000 to 2000 feet, 
and 2000 to 3000 feet.  The summation of the time for these 
three altitude ranges equals the total airspeed experience. 
Figure 12a signifies that the time spent at altitude becomes 
smaller with increasing altitude and that the majority of the 
forward flight time in  spent between approximately 60% and 
90% VA, regardless of the altitude. 

The airspeed-altitude data for the UH-1B, Figure 12b, are 
divided into four altitude ranges:  less than 1000 feet, 
1000 to 2000 feet, 2000 to 5000 feet, and above 5000 feet. 
The curve shapes for each altitude range a.e very similar with 
the exception of the cur^e obtained for the above-5000-feet 
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range.  The majority of the forward flight time for the lower 
three altitude ranges is spent at airspeeds of approximately 
30%  to 75% V^, whereas the maxiirum percentage of time at the 
above-50C0-feet range Is spent at airspeeds of 65% to 75% VA. 
This is probably due to the fact that VA IS considered to 
be a constant which is independent of altitude for the 
purposes of this study, whereas in reality some reduction in 
attainable airspeed probably occurs for altitude changes of 
this magnitude.  Also the size of the data sample in the 
range above 5000 feet is quite small, and this result could 
therefore be influenced by additional data.  The time spent 
at altitude increases with altitude up to approximately 
5000 feet.  However, the amount of time spent above 5000 feet 
accounts for only a small percentage of the total time. 

Figure 12c presents the airspeed-altitude data for the CH-54A. 
Like the UH-1B, the time spent at altitude increases with 
altitude up to 5000 feet, with the CH-54A spending a slightly 
higher percentage of time at the higher altitudes, though no 
time was recorded above 5000 feet.  Curve shapes for altitude 
ranges of less than 1000 feet, 1000 to 2000 feet, and 2000 to 
5000 feet are fairly similar, with the majority of forward 
flight time being spent at airspeeds of approximately 65% to 
95% VA. 

The possibility that differences in the recorded density 
altitude data for these three helicopters, particularly 
those for the CH-47A, resulted from differences in outside 
air temperature was also explored.  Data presented in Ref- 
erences 1, 2, and 3 showed that the percentages of steady- 
state time spent between 50 and 80 degrees were approximately 
70% for the CH-47A, 64% for the UH-1B, and 73% for the CH-54A. 
Below 50 degrees, the percentages of steady-state time were 
approximately 22% for the CH-47A, 22% for the UH-1B, and 9% 
for the CH-54A.  Above 80 degrees, the percentages of time 
were approximately 8% for the CH-47A, 14% for the UH-1B, and 
18% for the CH-54A.  It would be expected that if the three 
helicopters spent all of their time flying at the same 
absolute altitude, differences in the density altitude 
would be reported due to differences in outside air tem- 
peratures.  The ship that spends a large percentage of 
time at the colder outside air temperatures would report a 
larger percentage of time at lover altitudes.  Thus, if 
outside air temperature was the only variable. It would be 
expected that the CH-45A would spend the same amount of time 
at the lower density altitudes as does the UH-1B (22%). 

Actually, the CH-47A spends approximately 44% of the steady- 
state time at density altitudes lower than 1000 feet, com- 
pared to only 25% for the UH-1B.  Comparing outside air 
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temperature with the altitude data for the CH-54A, relatively 
low percentages of time are spent at lower outside air tem- 
peratures, whereas density altitude data show a fairly high 
percentage of time being spent at the lower altitudes.  It 
would appear from these contradictory trends that outside 
air temperature does not significantly affect the reported 
density altitude frequency distributions and that these dis- 
tributions therefore do reflect a true difference in the mode 
of operation for the various helicopters. 
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GROSS WEIGHT 

DATA REDUCTION 

The available gross weight frequency data found in Refer- 
ences 1, 2, 3, 11, and 12 for the CH-47A, UH-1B, CH-54A, 
S61N, and V-107-II helicopters are presented as bivariate 
tables and frequency histograms.  Four of these helicopters, 
the CH-47A, CH-54A, S61N, and V-107-II, fall into the class 
of turbine-powered helicopters having a design normal gross 
weight of greater than 15,000 pounds, whereas the UH-1B 
falls into the class of turbine-powered helicopters having 
a design normal gross weight of less than 10,000 pounds. 
Frequency data for these five helicopters are shown in 
Figure 13 as cumulative percent time versus the ratio of 
operating gross weight/design normal gross weight to facil- 
itate comparison.  The frequency data for the four heavier 
ships are analyzed statistically to determine the width of 
the scatter band corresponding to a variation of plus and 
minus one standard deviation from the mean (±1(T ).  Data 
for the UH-1B are also shown. 

Figure 14 shows the breakdown of total gross weight frequency 
experience into the four mission segments defined in Refer- 
ences 1, 2, and 3 for the CH-47A, UH-1B, and CH-54A heli- 
copters.  These segments are:  ascent, maneuver, descent, 
and steady state. 

SUMMARY 

The cumulative gross weight frequency distributions for the 
CH-47A, UH-1B, CH-54A, S61N, and V-107-II helicopters. Ref- 
erences 1, 2, 3, 11, and 12, are cciupared in Figure 13. 
Since the CH-47A, CH-54A, S61N, and V-107-II are in the 
class of turbine-powered helicopters having a design normal 
gross weight greater than 15,000 pounds, previously estab- 
lished in the airspeed portion of this report, the data for 
these four helicopters are statistically analyzed to obtain 
the il(J scatter band for this class.  The cumulative fre- 
quency curve for the UH-1B is included for comparison pur- 
poses and was not included in the scatter band determination. 

Cumulative gross weight frequency curves for the four heavier 
helicopters do not appear to have much similarity if con- 
sidered singularly.  If, however, the data for these four 
helicopters are statistically analyzed, the width of the 
±10" scatter band is fairly uniform throughout.  Up to 
approximately 60% cumulative time, which corresponds to 
operating gross weight/design normal gross weight ratios 
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of roughly 0.77 to 0.85, the scatter bands are nearly straight. 
This Implies that, as a class, the percentages of time spent 
at these lower gross weight ratios are approximately uniform. 
As the operating gross weight/design normal gross weight 
ratio increases, the percentages of time spent at each ratio 
decrease; so that at ratios between .95 and 1.23, only small 
percentages of time are experienced. 

If curves are drawn through the data points plotted in 
Figure 13 for each of the four heavier helicopters, the 
individuality of each can be seen.  When the curve shapes 
of the two civil transports are considered, it is noted 
that the time spent by the V-107-II is uniformly distributed 
across the gross weight range, as the straight line up to a 
ratio of approximately 0.96 signifies.  Above the gross 
weight ratio of 0.96, the percentages of time decrease with 
increasing weight, until at a ratio of 1.05 the percentage 
of time becomes negligible.  The percentage of time dis- 
tribution experienced by the S61N, on the other hand, falls 
primarily in a narrow range and shows little evidence >t  a 
uniform distribution.  The differences are probably due to 
differences in route schedule and passenger loadings for 
these two civil operations.  However, such Information is 
not available in the referenced reports. 

Of the four heavier helicopters considered in Figure 13, the 
data obtained for the CH-47A and the CH-54A helicopters 
appear to be spread over a larger gross weight range than 
those obtained for the two civil transports.  Up to a gross 
weight ratio of about .84, corresponding to 85% cumulative 
time, data for the CH-47A reveal little change In the steep 
slope of the curve, Indicating a high, and roughly uniform, 
utilization of this range.  Above this ratio, the remaining 
15% of the total time is evenly distributed up to an op- 
erating gross weight/design normal gross weight ratio equal 
to approximately 1.19.  Data for the CH-54A show three 
distinctive gross weight experience ranges:  55% of the 
total time was spent at gross weight ratios up to 0.79, 
35% of the tocal time was spent at gross weight ratios of 
0.79 to 1.0, and the remaining 10% of the total time was 
spent at gross weight ratios of 1.0 to 1.21.  As each of 
these portions of the cumulative gross weight frequency 
curve is fairly straight, the percentages of time spent 
within a portion are uniformly distributed throughout each 
range. 

The cumulative gross weight frequency curve for the UH-1B 
udlity helicopter shown in Figure 13 is similar in shape 
to the scatter band curves obtained for the four heavier 
helicopters, with the exception that it is displaced along 
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the gross weight axis.  This  Isplacement Implies that the 
utility helicopter generally flies at higher percentages of 
design gross weight than do the heavier ships.  The straight 
portion of the curve shows that the 80% of the total time 
spent at gross weight ratios of 1.10 or less is uniformly 
distributed over this range, whereas the upper curved por- 
tion signifies that the percentage-of time increments for 
the remaining 20% of the total time decrease with increasing 
gross weight ratios.  It should also be noted that the max- 
imum gross weight ratio encountered was 1.36 for the UH-1B 
versus 1.19 for the CH-47A, 1.21 for the CH-54A, and 1.00 
to 1.05 for the V-107-II and the S61N helicopters. 

The nonuniformity of the cumulative gross weight frequency 
distribution curves is considered to be principally due to 
the different types of missions flown by these helicopters. 
It would be expected that gross weight limitations would be 
more restrictive and more rigidly adhered to for civil trans- 
ports than for military helicopters.  This is borne out by 
the data, in that the civil transports rarely fly at oper- 
ating gross weight/design normal gross weight ratios greater 
than 1.0, whereas the military cargo and load lifter spend 
approximately 7% to 10% time in excess of 1.0 and the util- 
ity helicopter spends up to 60% time in excess of 1.0.  If 
the gross weight frequency data obtained tor the CH-47A, 
UH-IB, and CH-54A helicopters were compared to the maximum 
allowable gross weight instead of to the design normal gross 
weight, further trends could be developed.  The maximum 
allowable gross weights obtained from pilots' handbooks or 
operators' manuals for the CH-47A, UH~1B, and CH-54A are 
33,000, 8500, and 42,000 pounds, respectively, which result 
in maximum allowable gross weight/design normal gross weight 
ratios of 1.16, 1.29, and 1.10, respectively.  When these 
ratios are plotted on Figures 13 and 14, it can be seen 
that the time spent at gross weights in excess of the max- 
imum allowable gross weight is approximately 0.5% for the 
CH-47A, 0.1% for the UH-1B, and 4.7% for the CH-54A.  The 
relatively large percentage of time spent above the max- 
imum allowable gross weight experienced by the CH-54A is, 
as explained in Reference 3, due to flights flown to demon- 
strate the load-lifting capabilities of this helicopter and 
therefore may not be representative of operational-type 
mission assignments. 

Figure 14 presents the cumulative gross weight frequency 
distribution by mission segment for the CH-47A, UH-1B, and 
CH-54A helicopters.  The upper curves labeled "Total" are 
based on the same data that are presented in Figure 13 for 
these three helicopters and are also equal to the summation 
of the ascent, maneuver, descent, and steady-state mission 
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segment   curves shown  in Figures   14a,   14b,   and   14c.      In 
general,   trends  in one mission segment  result   in  similar 
trends   in  the  other  three  segments  which are also  reflected 
in  the   totals.     Slight  variations  from this  general  rule 
are  noted   in the data  obtained  for  these  three  helicopters, 
but   the  significance  of   these  variations  cannot   be  ascer- 
tained  without  supplementary   information.      It   does  appear, 
however,   that  the steady-state mission segment  experiences 
proportionately more  time at   the  higher gross  weight   levels 
than the ascent,   maneuver,   or  descent  segments. 
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RATE OF CLIMB 

DATA REDUCTION 

Available rate-of-climb data presented as frequency tables 
and/or histograms for the helicopters listed in References 1 
through 12 were converted to cumulative rate-of-climb fre- 
quency distributions in a manner somewhat similar to that 
shown in Figure 7.  By starting at the fastest rates of climb, 
the percentages of time for each rate-of-climb increment 
were cumulatively summed and plotted at the proper rate-of- 
climb value.  This procedure was repeated for the rate-of- 
descent data, starting with the fastest rate of descent 
(highest negative rate of climb).  It should be noted that 
cumulative distribution curves such as those that start 
cumulatively summing at the high values are called "or more" 
curves compared to the "or less" type defined in Figure 7. 
Thus, when the rates of climb or descent corresponding to a 
given cumulative percent time are read, it is stated, for 
example, that 70% of the total time is spent at a rate of 
climb of 1000 feet per minute or more.  As shown previously 
in this report, the total percentage of time spent in the 
positive rate-of-climb category is equal to the time spent 
in the climb portion of the mission segment breakdown, and 
the total percentage of time spent in the rate-of-descent (or 
negative rate of climb) category is equal to the descent por- 
tion of the mission segment breakdown.  The summation of the 
time spent in the rate-of-climb and rate-of-descent cate- 
gories plus the percentage of  tii^ spent in the enroute seg- 
ment accounts for 100% of the total time. Percentage of time 
values for the climb, enroute, and descent mission segments 
of each helicopter considered may be found in Table II. 

The cumulative rate-of-climb frequency distributions obtained 
for each helicopter were segregated into the following three 
helicopter classes, which are dependent on the design normal 
gross weight and the type of power plant installed: 

1. Reciprocating engine-powered helicopters 
having a design normal gross weight of less 
than 12,000 pounds. 

2. Turbine-powered helicopters having a design 
normal gross weight of less than 10,000 pounds. 

3. Turbine-powered helicopters having a design 
normal gross weight of greater than 15,000 
pounds. 
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After the ±1(J  scatter hand limits for the rate-of-climb 
and rate-of-descent data of each class were established by 
statistical analysis, the resulting -scatter band curves and 
data points were plotted in Figure 15. 

To be of further aid in establishing basic trends and rela- 
tive rate-of-climb characteristics, the ±10"  scatter band 
curves presented in Figure 15 are repeated in Figure 16 as a 
composite for the three classes of helicopters being con- 
sidered. 

A comparison of the cumulative rate-of-climb and rate-of- 
descent frequency distribution curves for the CH-47A, UH-1B, 
and CH-54A helicopters, References 1, 2, and 3, is also 
shown in Figure 17. 

SUMMARY 

Figure 15a presents the cumulative rate-of-climb and-descent 
frequency distribution ±1(T scatter band curves and data 
points for reciprocating engine-powered helicopters having a 
design normal gross weight of less than 12,000 pounds.  The 
portions of the rate-of-climb and-descent curves above 2% 
cumulative time are fairly similar, with possibly slightly 
higher rates of descent being experienced. Below the 2% 
cumulative time, there is a general trend of rates of descent 
being higher than rates of climb for equal cumulative per- 
centage of time values. 

The Increased scatter of data points at the lower values of 
cumulative percentage of time could possibly be associated 
with the types of mission flown, the weight/power ratios, or 
the limited data available in this range.  Noting that the 
rate-of-climb and-descent data obtained for the H-13 high- 
altitude helicopter are concentrated over a relatively 
narrow band varying between a rate of descent of -1000 feet 
per minute to a rate of climb of +1000 feet per minute, it 
is conjectured that this may be the result of power limita- 
tions during climbs and blade stall or power recovery con- 
siderations during descent at the higher altitudes.  Data 
for the H-25 utility helicopter, on the other hand, are 
spread over a wide band varying between a rate of descent of 
-3000 feet per minute to a rate of climb of -»-1000 feet per 
minute.  As this ship has the highest weight/power ratio of 
the four helicopters considered, its ability to climb at the 
higher rates should be more limited than that of the other 
three ships.  Thia is not the case, however, as the data 
show that the H-25 spends as much time at the higher rate 
of (-''mb BH does the H 34 IFR trainer, which has the lowest 
woiyi /power ratio of the four.  It is thus considered that 
the type of mission flown is the controlling factor that 
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accounts   for  the apparent  scatter.     As also noted   in  the 
data  for  the H-25,   the maximum rate of descent  experienced 
is almost   twice  the maximum rate of  climb experienced.     This 
trend  is  thought   to be associated with  rates of  climb being 
limited by the available power,   whereas factors such as 
rotor  blade stall,   controllability,   or structural  consider- 
ations   limit  the  rate of  descent.     This trend  is  also noted 
for  the H-13 high-altitude helicopter and the S-55 airmail 
helicopter.     The reverse  is  true,   however,   for the H-34   IPR 
trainer.     At  cumulative time values   in excess of   1% where 
there are  comparable data  for both  rates of climb and de- 
scent,   higher rates of climb are  experienced than are rates 
of descent.     This may be explained by considering the nature 
of an   IFR  training  flight.      if   it   is  assumed  that,   with  the 
exception of takeoffs and  landings,   all flight  time  is spent 
flying blind,   then higher rates  of  rlimb would be expected 
due to the   lack  of obstructions  overhead during climbs. 
Descents,   on  the other hand,   would be performed more  cau- 
tiously,   particularly at   lower  altitudes or over  varying 
terrain. 

Figure   15b presents  the cumulative  rate-of-climb and-descent 
frequency  data  for five  turbine-powered helicopters  having a 
design  normal  gross weight  of   less  than  10,000 pounds.     When 
the ±1(J   scatter  band curves   for climb and descent   are  com- 
pared,   it   is  noted that  both  sets of  curves are  quite  uni- 
form and  that,   in general,   slightly  higher  rates  are  experi- 
enced during  descent  than are experienced during  climb.     The 
uniformity  of  the data obtained  for  the three observation 
helicopters   is  to be expt-.v-J,   as  they are fairly  similar  in 
design and  in the type of missions  f"own at  the time that 
the data  were recorded.     Data  for the UH-1B utility  heli- 
copter agree quite well with  those  for the three observation 
helicopters,   although there   is  a  trend for the UH-IB  to 
experience slightly higher rates of  climb and descent above 
10% cumulative  time.     The YH-40  experimental helicopter 
experiences higher rates of  climb and descent than do the 
other four  ships  throughout  the   full  range.     This  tendency 
is considered to be associated with  the nature of experi- 
mental-type  flights,  where  the  capabilities and handling 
characteristics of a helicopter are being evaluated  in 
relation to the assigned mission.     It would be expected 
that  a  considerable amount  of  time would be spent  at   or 
possibly beyond the extremities  of  the flight  envelope to 
assess  these qualities. 

Figure  15c  presents  the cumulative rate-of-climb and  fre- 
quency  distribution curves  for  five  turbine-powered  heli- 
copters having a  design normal  gross  weight greater  than 
15,000  pounds.     A comparison of   the *IG   scatter  band 
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curves shows that there is more variability in the climb 
data than there is in the descent data, with slightly 
higher rates of climb being experienced.  Higher rates 
of climb are encountered by the tandem-rotor V-107-II 
civil transport than are experienced by the other four 
helicopters, with slightly lower rates of climb being 
experienced by the single-rotor S61N civil transport. 
The data for the CH-54A load lifter obtained from Ref- 
erence 10 are in the middle of the scatter band, and, the 
data for the CH-47A obtained fron Reference 3 are at the 
inner scatter band limits.  The trend for rate-of-descent 
data is similar to that for the rate--of-climb data, with 
the exception that the CH-54A data obtained from Reference 
10 are at the outer scattc • band limits at cumulative times 
lower than 0.5%.  It is of interest to note that the data 
for the tandem-rotor H-25 utility helicopter presented in 
Figure 15a and the data for the tandem-rotor V-107-II civil 
transport presented in Figure 15c exhibit the same charac- 
teristic of being at the outer limits for both the rate-of- 
climb and the rate-of-descent scatter bands, though it is 
conjectured that this is due to the characteristics of the 
basic missions flown and the operational procedures, rather 
than any differences between single-rotor and tandem-rotor 
helicopters. 

Data for the CH-47A appear to be modified somewhat from the 
general trends established by the scatter band curves.  The 
CH-47A curves for both rate of climb and descent have steeper 
slopes, signifying that the ranges of values experienced are 
narrower than those for the other ships. 

A composite for the three Classen of helicopters considered 
in Figure 15 is shown in figure 16.  Rate-of-climb data for 
the two classes of turbine-powered helicopters are in close 
agreement throughout the ful* rate-of-climb range, showing 
no appreciable trends with gross weight or power available. 
Rate-of-climb data for the reciprocating engine-powered 
helicopter show a gre?t deal of variability at cumulative 
times less than 1%.     At. cumulavive times in excess of 2%, 
the scatter bands for the three classes are approximately 
the same. 

Rate-of-descent data show that, in general, the lighter 
turbine-powered helicopters experience slightly higher 
rates of descent than do the heavier turbine-powered heli- 
copters.  Data for the light reciprocating engine-powered 
helicopters above 1% cumulative time are quite similar to 
those for lighter turbine-powered helicopters.  Below 1% 
cumulative time, the scatter band increases in a manner 
somewhat similar to that experienced for rate-of-climb data. 

34 



Cumulative  rate-of-c]irab  and-descent   frequency  distribution 
curves   for  the CH-47A,   UH-1B,   and CH-54A helicopters   (Ref- 
erences   1,   2,   and 3)   are  presented  in Figure   17.     Rate-of- 
climb  data   for  these  three  helicopters  are  surprisingly 
similar,   considering  the  differences  in gross  weight  and 
types  of  missions each  performs. 

Data   for  the CH-47A and UH-1B reflect similar  rate-of- 
descent  trends.     Rate-of-descent  data  for  the CH-54A  load 
lifter,   while  quite  similar  to  those  for  the CH-47A SLVA 
UH-1B,   signify  that   this  maneuver   is  performed  with  more 
caution than  is  used  for  the other  two,   perhaps  due  to the 
fact   that   external sling  loads  are  frequently  present. 
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NORMAL LOAD FACTORS 

DATA REDUCTION 

The frequency of occurrence of normal acceleration or load 
factor peaks for the helicopters reported in References 1 
through 12 is, in general, presented in the form of single- 
variable or bivariate frequency tables or may be plotted in 
the form of cumulative frequency distribution curves called 
exceedance curves.  The abscissa of these exceedance curves 
is expressed either as the normal load factor nz or as the 
incremental load factor Anz defined as: 

Anz - nz - 1 

Ordinates of the exceedance curves are defined in several 
ways: 

1. Hours to reach or to exceed nz or Anz« 

2. Frequency of load factor peaks per 100 hours. 

3. Frequency of load factor peaks per 1000 hours. 

4. Average number of flights to reach or exceed nz 
or Anz. 

Comparison of these data could not be accomplished without 
first establishing a common base.  To this end, the incre- 
mental load factor Anz was selected as the abscissa, and 
the frequency of cumulative load factor peaks per 1000 
hours was selected as the ordinate.  Cumulative load factor 
peaks per 1000 hours were obtained by cumulatively summing 
the occurrences of load factor peaks starting with the 
largest positive and the largest negative load factor peaks 
reported, and then converting these cumulative occurrence 
values to cumulative peaks per 1000 hours by the use of the 
appropriate increment of time during which these occurrences 
were noted.  The applicable data obtained from the tables 
of References 1 through 12 were converted to this standard- 
ized form and were used consistently in Figures 18 through 
27. 

The dispersion of data points about the mean -»f the data 
was analyzed statistically to determine the width of the 
scatter band corresponding to a variation of plus and minus 
one standard deviation.  This was accomplished by obtaining 
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values of A nz a t a co™"011 frequency level for each applica-
ble helicopter, plotting these data on log-probability paper 
using median ranks to obtain the abscissa, establishing the 
best-fit line passing through the data points by the method 
of least squares, and calculating the values of corre-
sponding to 84.13% probability (plus one standard deviation) 
and 15.87% probability (minus one standard deviation). This 
process was repeated at a sufficient number of frequency 
levels to insure that a representative scatter band curve 
could be presented. 

The total normal load factor experience is presented in 
Figures 18a, b, and c. Three general helicopter classifica-
tions that are dependent upon the design normal gross weight 
of the helicopter anr* upon the type of propulsion system 
installed are: 

1. Reciprocating engine-powered helicopters having 
a design normal gross weight of less than 12,000 
pounds (Figure 18a). 

2. Turbine-powered helicopters having a design normal 
gross weight of less than 10,000 pounds (Figure 
18b) . 

3. Turbine-powered helicopters having a design normal 
gross weight of greater than 15,000 pounds (Fig-
ure 18c) . 

Statistical methods, previously described, were used to 
establish the width of the scatter band corresponding to a 
variation of plus and minus one standard deviation from the 
mean. The resulting scatter band curves for the three 
groups of helicopters are presented as a composite in Fig-
ure 19 to aid in establishing total load factor experience 
trends. 

Comparing the variation of load factor experience with mis-
sion segments is complicated by the differences in mission 
segment definitions used in References 1 through 12, as pre-
viously discussed in the mission segment portion of this re-
port. Although it was feasible to reduce all mission segment 
data to a common base by using the three-segment-mission 
criterion, the load-factor/mission-seguent data could not be 
reduced in a similar manner due to the absence of data relat-
ing load factor to rate of climb. Because of this, the load-
factor /mission-segment data were divided into two groups: 

1. Load-factor/mission-segment data based on the three-
segment criterion, where the total data are divided 
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into  climb,   enroute,   and  descent  mission  segments. 

2.     Load-factor/mission-segment  data  based  on   the 
four-mission-segment  criterion,   References   1,   2, 
and  3,   where  the  total data  are  divided   into 
ascent,   maneuver,   descent,   and   steady-state 
segments . 

The combined   load-factor/mission-segment   experienced,   based 
on   the  three-segment  mission  definitions   for  reciprocating 
engine-powered  helicopters having  a  design  normal  gross 
weight  of  less   than   12,000 pounds,   is  shown   in Figures  20a, 
b,   and c   for  the  climb,   enroute,   and  descent  segments, 
respectively.     Scatter  bands  corresponding   to a  variation 
of  plus  anH  minus  one standard  deviation   from the mean, 
shown  in  these   figures,   are also  shown   in  Figure  21,   which 
is  presented  as  a   composite summary  of  this  mission  segment 
category.     Similarly,   the combined   load-factor/mission- 
segment   experience  based  on  the  three-mission-segment  cri- 
terion   for  turbine-powered  helicopters   having a design  nor- 
mal  gross  weight  of   less   than   10,000  pounds   is shown   in 
Figures  22a,   b,   and  c   for  the  climb,   enroute,   and descent 
segments,   respectively.     Scatter  band   curves shown   in   the 
figures  are also  presented  in  Figure  23   as   the composite 
summary   for  this  category.     Data   for  the   large turbine- 
powered  helicopters were general^      n  the   four-segment- 
mission   format  and  could  be corapy     J only   to data of  that 
type. 

Load-factor/mission-segment data  based  on   the   four-segment- 
mission  criterion,   References   1,   2,   and   3,   are presented 
in  Figures  24,   25a,   b,   c,   and  d   for  the  total,   ascent, 
maneuver,   descent,   and  steady-state  segments,   respectively. 
Since these data  are  limited  to  three  helicopters of differ- 
ent weight categories   (CH-47A,   UH-1B,   and  CH-54A),   statis- 
tical  analysis was   not   attempted.     However,   comparisons   for 
these  three  helicopters  as  they  are  used   in   the Army  environ- 
ment  are  presented. 

References  1,   2, 3,  and   11 distinguish  between maneuver-  and 
gust-induced  normal   load   factors.     These data  for  the CH-47A, 
UH-1B,   CH-54A,   and  S61N  helicopters   are  presented   in  Fig- 
ures 26a,   26b,   and  27.     Figure 26a  shows  the  experience  for 
maneuver-induced   normal   load   factors,   and  Figure  26b shows 
the  experience   for  gust-induced  normal   load   factors.     Curves 
showing  variation  of  the data   from  the  mean   for plus  and 
minus one  standard  deviation  are  also   presented.     Figure  27 
shows  these  scatter  band  curves   for  both  maneuver-  and  gust- 
induced  normal   load   factors  for comparison  purposes. 
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SUMMARY 

Various maneuvers and gusts which produce normal accelera-
tions or load factors can play an important role in setting 
the static strength requirements and in evaluating the fatigue 
life of helicopter components. Loads corresponding to the 
design limit maneuvers will rarely, if ever, be encountered 
in the service life of a helicopter model; however, these 
loads will generally form the basis for the design static 
strength, the stress analysis, and the static test substan-
tiation. Loaas produced in maneuvers of less severity will 
be encountered more frequently and, though they may not pose 
a threat to the static strength of the aircraft, they may well 
Ue very important in establishing the fatigue life of critical 
rotor components. In a well-designed helicopter, little if 
any fatigue damage will be accrued in level flight or in any 
steady-state flight regime. The mild maneuvers which produce 
vibratory loads that exceed component endurance limits even 
by a small amount are of primary importance in the determina-
tion of component fatigue lives. To establish the frequency 
of occurrence of these loads, surveys have been conducted for 
many different helicopters with varying results. 

As might be expected, the occurrence of load factors for a 
particular helicopter model is related to the ability of that 
model to achieve increased load factors. This, in turn, is 
related to design parameters, such as the capacity of the 
rotor to produce excess thrust, the control responsiveness, 
and the fuselage inertia. Study of the data from References 
1 through 12 has revealed that plotting of all data on a 
single exceedance curve produces extremely wide scatter in 
results; however, certain logical groupings can be made which 
narrow the scatter significantly. 

Maneuver History by Helicopter Size Category 

Figures 18a through 18c present all of the basic data 
divided into the three major groupings as previously de-
scribed. From Figure 18a, which presents the data for recip-
rocating engine-powered helicopters having a design normal 
gross weight of less than 12,000 pounds, several basic obser-
vations can be made. The abscissa for all of these graphs is 
in terms of load factor increment as measured for 1.0 "g" 
level flight. It is, therefore, reasonable to expect that 
small increments, representing modest deviations from 1.0 g, 
will occur most frequently. As seen in Figure 18a, this is 
the case; in fact, the frequency of occurrence of modest 
increments is many times that for larger increments. The 
vertical scale of the graph is logarithmic for convenience in 
plotting and reading; however, this scale tends to disguise 
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the drastic variation that occurs with all such load factor 
data.  Statistical analysis of the scatter has been carried 
out, and the solid lines on the plot represent ±10" (one 
standard deviation from the mean) scatter bands.  These bands 
should include 68% of all data, and it is therefore not sur- 
prising that some data points should fall outside of these 
limits. 

Some interesting observations can be made in regard to the 
relative position of particular aircraft within the scatter 
bands.  For inntance, the H-13 military trainer generally 
falls on or near the upper bound of scatter, while the data 
for the Los Angeles airmail operation generally approximate 
the lower bound.  This difference could be entirely due to 
the vast difference in types of flying that these two oper- 
ations embrace.  In the case of the military trainee, a major- 
ity of time is spent with a novice pilot at the controls while 
he is practicing the more intricate maneuver and control oper- 
ations.  Excessive control displacements and flight path cor- 
rections are expected.  The airmail operation provides a de- 
cided contrast, since it involves routine flying over well- 
known routes by highly experienced pilots. 

When the ±1(7 bounds are used to approximate the maneuver ex- 
perience for these two operations, it is seen from Figure 18a 
that a positive load factor increment of 0,6 g or greater 
will be experienced 1800 times in 1000 flight hours of mili- 
tary training, while the airmail operation will encounter this 
"g" level only 100 times in 1000 flight hours - a ratio of 18 
to 1. Similarly, for a negative load factor increment of 0.6 g 
or greater (+ 0.4 g absolute load factor or less), Figure 18a 
shows that the military trainer will encounter increments 
of this magnitude 850 times in 1000 hours, while the airmail 
operation will encounter it only 70 times - a ratio of 12 to 
1.  Differences of this magnitude will have a pronounced 
effect on fatigue life of the helicopter components.  In the 
case of a component which accrues fatigue damage only in 
maneuvers, component life will vary directly as the occurrence 
of maneuvers and is, therefore, seen to be highly sensitive. 
If the variation in occurrence shown in this example is due to 
mission assignment alone, then a component whose fatigue life 
is determined by maneuver loadings will accrue fatigue damage 
approximately 12 to 18 times faster in a military training 
assignment than it would in airmail usage.  If a single re- 
tirement life is assigned, regardless of mission, then the 
airmail operation must suffer a substantial penalty in usable 
component life"  The fact that the data for the airmail and 
military training operations were gathered on two ciifferent 
helicopters in different locales means that other factors, 
such as design parameters and local atmospheric conditions, 
may have contributed to the apparently vast difference. 
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Additional informal ion of this general type could be gathered 
by surveying two different helicopters employed in identical 
missions and flight conditions, and by surveying a particular 
helicopter model as it is used in two significantly different 
missions. Numerical results from such studies could be viewed 
with more confidence regarding the source of any resulting 
difference. Some data of this type are Included in Figure 18a, 
as there are three surveys on the H-13 and two on the H-34 
aircraft included here; however, detailed variations of the 
helicopter models did occur between these surveys. It is 
still interesting to note that the H-13 data generally fall 
in the upper half of the scatter band, while the H-34 data 
tend toward the lower bound. It would seem justified to con-
clude that basic design parameters for these two aircraft have 
played a role In"the relative position of their load factor 

In Figures 18b and 18c, which present load factor data for 
turbine-powered helicopters with a design normal gross weight 
of less than 10,000 pounds and turbine-powered helicopters 
with a design normal gross weight of greater than 15,000 
pounds, respectively, it is noted that a c^aar trend appears. 
For each succeeding category, the boundaries of the load factor 
spectrum are generally lower; that is, turbine-powered heli-
copters appear to encounter fewer load factor peaks than do 
reciprocating-engine helicopters of similar weight. Also, the 
high gross weight turbine machines encounter significantly 
fewer load factor peaks than do the smaller helicopters with 
similar power plants. A composite plot showing the relative 
position of the scatter bands for all three categories is pre-
sented in Figure 19. Here it is seen that although there is 
considerable overlap, substantial trends are established. 
Proper design consideration should recognize these differences, 
allow for them in the fatigue criteria, and take advantage of 
them where it is possible to do so. 

A more derailed study of Figure 18b shows that all of the data 
are for Army helicopters: three light observations machines 
and two versions of the basic utility helicopter. An out-
standing feature of this plot is the very narrow scatter bands 
that result. It is probable that this is largely attributable 
to the fact that these aircraft were designed and flown under 
very similar requirements and conditions. This fact makes it 
very difficult to identify trends in the data. It is un-
doubtedly true that certain specific missions for these same 
aircraft could produce load factor experience which would fall 
entirely outside of these narrow scatter bands. It is also 
possible that a new helicopter, in this basic category but 
designed to different requirements, would have a load factor 
spectrum which differed significantlv from that shown. Such 
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new bounds could be approximated from the present data by 
using a bandwidth of ±2 0" or ± 3 (J ,  depending upon the 
degree of deviation anticipated. 

Figure 18c presents the load factor experience f 
turbine-powered helicopters covering a fairly br 
gross weights and mission assignments.  In this 
±1(J scatter bands are quite broad, as would be 
for the variety of aircralt and missions that ar 
As mentioned previously, this category produces 
occurrence of load factor peaks of those categor 
It is interesting to note that the upper and low 
very nearly defined by the two civil transports, 
military utility and load-lifting missions gener 
in the center of the bands. 
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The CH-47A and CH-54A military helicopters provide primarily 
a cargo and load-lifting function.  On occasion, they perform 
other utility missions.  These aircraft often fly at very 
heavy weights and, as a result, do very little maneuvering 
that would produce significant load factors.  In the case of 
the CH-54A, the heavy load is usually represented as an exter- 
nal sling load, which creates substantial aerodynamic drag and 
which has a pendular degree of freedom, thereby further in- 
hibiting maneuvers.  Two separate studies of the CH-54A load 
factor experience are included in Figure 18c.  Although the 
results of these studies are in reasonably good agreement, 
the earlier, less extensive data did produce two positive 
load faccor points which are well above the ±10"  boundary. 
While these points appear to be unrelated to the bulk of the 
basic data, it is quite probable that in early fleet intro- 
duction, during the course of development of piloting tech- 
niques with external load, the vertical load factors will 
reach unexpectedly high values.  It is therefore considered 
that the later survey, reported in Reference 3, will much more 
accurately represent the total fleet experience for this air- 
craft.  It will be noted in Figure 18c that the CH-47A and 
the CH-54A have nearly identical load factor experience. 
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Since these two aircraft again present the configuration dif-
ference of tandem rotors versus single main rotor, it would 
appear that this fact alone is not enough to cause differences 
in load factor spectrum. 

Maneuver History by Mission Segment 

Figures 20a, b, and c and 22a, b, and c present the vertical 
load factor experience for the lightweight reciprocating and 
turbine-powered helicopters, respectively. These plots are 
divided according to the three-segment-mission definitions, 
climb, enroute, and descent. The solid lines drawn on the 
plots represent the scatter band width of plus and minus one 
standard deviation, so that approximately 68% of all data 
points should fall within these bounds. A review of these 
figures and of the summary plots, Figures 21 and 23, reveals 
that no substantial difference in load factor experience is 
encountered during the climb and enroute segments, but that 
significantly more load factor peaks, both positive and nega-
tive, are encountered during the descent mission segment. It 
is seen that the H-13 military trainer has experienced an out-
standing number of load factor peaks. The fact that the most 
severe experience occurs in the descent segment is undoubtedly 
due to the fact that the pilot has a close visual reference to 
the ground and is approaching other potential obstacles. In 
the case of pilot training, one can readily recognize the 
probability of excessive control inputs and corrections which 
would resu?.t in frequent and severe load factor peaks. 

Much of the most recent and voluminous data on helicopter load 
factor spectrums has been recorded using the four-segment mis-
sion definitions, ascent, steady-state, descent, and maneuver. 
The addition of a specific maneuver segment, wherein the con-
trol stick displacements are used to differentiate from other 
mission segments, permits a finer and more useful breakdown of 
data. References 1, 2, and 3 are the primary sources of these 
data which cover the UH-1B, CH-47A, and CH-54A. The total 
load factor experience for these three aircraft is presented 
in Figure 24. It is seen that the two large cargo machines 
experience nearly identical load factor spectrums and that the 
smaller, more maneuverable UH-1B encounters all levels of load 
factor increment more frequently. Figures 25a, b, c, and d 
present the load factor experience for these helicopters 
according to the mission segment in which it is encountered. 
Review of these figures shows that the UH-1B load factor spec-
trum is the most severe in all four mission segments and that 
the CH-54A spectrum is slightly greater than that of the CH-47A 
in all but the steady-state segment. Since the data were 
limited to three aircraft, a statistical reduction of data was 
not attempted. 
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The descent segment of flight is seen to contribute a substan-
tial number of load factor peaks; in fact, it competes with 
the specific maneuver segment f-jr the highest levels and fre-
quencies. The UH-1E, for instance, experiences the higher 
negative load factor increments more frequently in the descent 
segment than in the maneuver segment, although positive load 
factors are encountered more frequently in the maneuver seg-
ment. For the cargo aircraft, the differences are less clear 
but favor higher occurrences in the maneuver segment. 

Due to their great depth and additional detail, the data of 
References 1, 2, and 3 are considered to provide a substan-
tial demonstration of the basic trend of helicopter load fac-
tor experience with aircraft size and maneuverability. These 
same references contain a further analysis of the source of 
the load factors. Study of the traces prior to and during 
load factor variations permits a judgment to be made as to 
whether the load factor increment was pilot induced or due to 
an external source, considered to be atmospheric turbulence. 
Those i stances which are accompanied by control stick dis-
placement are considered to be intentional pilot-induced, 
maneuvers, while load factor increments in the presence of 
relatively constant stick position are considered to be the 
result of gusts. Figures 26a and 26b present the exceedance 
curves for maneuvers and gusts, respectively. Comparison of 
these two figures reveals that the maneuver-induced load 
factors are considerably more significant in terms of magni-
tude ana occurrence than those due to gusts. Solid lines 
drawn on the figures represent a bandwidth of plus and minus 
one standard deviation, and it is seen that the scatter due 
to maneuvers is much broader than that attributable to gusts. 
The differences in size and maneuverability appear to be an 
important factor in the maneuver-induced load factors; how-
ever, no clear trend occurs for those induced by gusts. The 
gust response of helicopters is a function of basic design 
parameters, and it would appear that no substantial difference 
in this characteristic was present for the four aircraft sur-
veyed. In general, these data would lead to the conclusion 
that gust-induced load factors are of far less significance 
in helicopters than are those induced by maneuvers. The 
relative frequencies are shown on Figure 27, where the scat-
ter banos of the two prior figures are reproduced. 
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ESTABLISHING A FLIGHT  SPECTRUM 

In  the design  and   fatigue substantiation oc  a  new helicopter 
model,   one  of   the steps   that must   be accomplished  is  the es- 
tablishment   of  a  representative  schedule of   flight   operation. 
More  than one such schedule may  be  required  to evaluate  var- 
ious  parts  of   the helicopter  conservatively.     The  best 
schedule  to  use   for a ^ivcn area  or  component  will   usually 
be derived only  after preliminary   calculations  have   indicated 
the  critical  portions of   the  flight  envelope  from  the  point 
of  view of   fatigue  damage.     Typically,   it will  be operation 
at high gross  weight,   hi^h airspeeds,   and maneuvering  flight 
that  will  be nost   influential   in producing fatigue  damage, 
though some  components will also  be  critical   in rapid  climb, 
descent,   hover   turns,   and  other specific  flight  regimes. 

By starting with a  knowledge of  the  general size,   maneuver- 
ability,   and mission for a  new helicopter,  a  projected  flight 
spectrum  is  usually  established  using  either  contractor  ex- 
perience  with  the helicopter  type  or some published  schedule. 
Data  presented   in this report  may  also be used as  will  be 
described.     During  the early phases  on a  new model,   an ar- 
uitrarily  chosen schedule will  be   used with available  loads 
and strength  data  to estimate component   fatigue  life  and  to 
ascertain any  need  for changes or  redesign.     In this  early 
stage,   the strength and  load data  will  be  largely  analytical 
but  will  be  replaced by experimental  data as  rapidly as  they 
become available.     The final and most  accurate  component 
fatigue  lives  will  be based on  in-flight-measured  loads  ob- 
tained for the  entire flight regime,   on fatigue  test  results 
establishing   the  fatigue  strength  of  the  components,   and on 
a  flight  spectrum obtained from  in-flight  data after  the 
utilization of   the  helicopter has  been well defined.     The 
fact   that  substantial scatter  in  fatigue strength will   be 
present   is widely  recognized and almost   universally  accounted 
for;   however,   a  similar scatter  that  occurs  in  loads  and   in 
flight spectrum  is  often  ignored.     The scatter  that  occurs 
in vibratory  flight   loads   for a  specific  flight  condition 
can and should  be handled  statistically,   as  is  the  scatter 
in strength.     Plots  presented  in  this  report  can  be  used 
to establish  a   flight  spectrum for  helicopters  of   various 
types with  some  statistical  background  for the  choice. 

The parameters   that  are usually  of  significance  in  the  flight 
time  distribution  for a helicopter  are   the  various  mission 
segments,   gross  weights,   airspeeds,   rates of  climb  or  descent, 
and  load  factors.     To illustrate  the  use  of  these plots,   let 
us assume  the  case  of a main rotor   blade  that   has  been  shown 
by preliminary   fatigue  life calculations   to be  critical   in 
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the  production of   fatigue damage  during  operation at  high 
gross  weight,   at   high  airspeed,   and   in  maneuvers.     The 
mission assignment   for  the helicopter   will  be  considered 
to be  a  standard military   utility  missi>n,   with  no  known 
heavy   utilization   in  any  specific   flight   regime.     When  the 
mission segments  enroute,   ascent,   and  descent  are  con- 
sidered,   it   would  appear  that   the  critical  segment   would 
be  enroute,   since   fatigue damage  occurs   in high-speed  level 
flight  with  no substantial  contribution  from the other  seg- 
ments.     If  the  example  helicopter has   a   design gross  weight/ 
usable  power  ratio  of  7.0,   an  enroute   time,   read  from the 
upper  scatter  band  of  Figure 4,   would  be  76%,  leaving  24%  to 
be divided about   equally  between  the   less  critical  ascent 
and descent   segments,   with perhaps  slightly  more time al- 
lotted  for descent   than for ascent.     Since all of the scatter 
bands presented  in  this  report   represent  ±1(1   from the mean, 
it  may be   interpreted  that  approximately   84% of all  similar 
helicopters will  spend  less than 76% of   total  flight   time   in 
the  enroute segment.     Further allowance  could of course be 
made by choosing enroute time  in excess  of  the upper scatter 
band with a  corresponding   improvement   in probability,   and   in 
that  case  less time would remain for  the  other two mission 
segments.     Operation at  high gross weight   is  also critical, 
and Figure  13 can be  used as a  guide  to the  choice of a  gross 
weight  schedule.     Data  of this  nature  were  not  available  for 
a7 1  classes  of machines.     However,   Figure  13 presents  scatter 
bands  for  the  large  turbine-powered helicopter.     The dis- 
crepancy that  appears   in that  figure  between the UH-1B and 
the other helicopter   is considered to be due to the  large 
difference between  the design normal  gross weight  and  the 
maximum allowable  gross weight  of  the  UH-1B,   thus  permitting 
a  substantial amount  of  operation above  the design normal 
gross weight.     When  it   is assumed  that   our example helicopter 
will have only modest  overload allowance,   the scatter band 
for the majority  of  helicopters   in Figure  13   is considered 
to apply.     When the boundary on the  right   is  used,   it   is 
seen that  approximately  10% of  the  time may be spent  above 
the  design gross weight  and that   27% of  all  flight  time may 
be spent  at  weights  above 90% of  the  design gross  and  60% 
of  the time at  weights  above 80% of  design gross.     The 
schedule of gross weights could then be  constructed by 
allowing  10% of  all   time at weights  between design normal 
gross weight   and maximum allowable gross weight,   17% of 
the  time at  weight   between 90 and  100% of  design gross 
weight,   33% of  the  time between ^0 and  90% of  design normal 
gross weight,  and  the  remaining   txme  at   low gross weights. 
In establishing  such  a  schedule,   the  minimum  flight  weight 
and  the maximum allowable gross weight  should,   of  course, 
be  taken  into account.     Some allowance  should be made  for 
flight at weights  higher than  those  officially permitted, 
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as evidenced by some of the data in this report. 

For illustration purposes in the practical use of some 
curves developed in this report, assume the imaginary heli-
copter to be turbine-powered and to have a design normal 
gross weight of less than 10,000 pounds. The airspeed spec-
trum for this class vehicle can be gleaned from Figure 9a. 
The right-hand boundary of the cross-hatched area represents 
the +10" cumulative airspeed line for this aircraft category. 
It is seen that approximately 3% of the flight time can be 
expected at airspeeds above V^. Such an allowance is not at 
all unrealistic, particularly if the helicopter has the 
capability to reach level flight airspeeds beyond the selec-
ted limit. Approximately 17% of the time will occur between 
90 and 100% V^, and 63% of all flight time could be ex-
pected to be spent at airspeeds between 60 and 90% V^. For 
the example utility helicopter, such an airspeed distribu-
tion may be modestly conservative. However, for some mis-
sion assignments it could be unnecessarily severe. If, 
for instance, the same basic type helicopter were being 
designed for Navy plane guard duty, it could be expected 
that the vast majority of flight time would be spent at 
airspeeds in the neighborhood of 50% and that there 
would be much less utilization of the range between 75 and 
100% V.. However, even in that case, it would be proper 
to make an allowance for time above Va for the occasional 
high-priority mission. When the boundary of Figure 9a or 
a similarly constructed line is used, it is possible to 
establish an airspeed spectrum with any desired number and 
width of increments by simply subtracting successive curve 
ordinates to obtain the percentage of time within a par-
ticular interval. The resulting airspeed spectrum will 
then account for 100% of the flight time. 

In the example problem under consideration, rate of climb 
was shown by preliminary calculations to be noncritical 
and, therefore, is not specifically included in the spec-
trum for the main rotor blade. 

However, vertical load factor is significant since it is 
associated with increased vibratory blade loads. Figure 19 
includes the scatter band for this helicopter category and 
may be used in establishing a load factor spectrum. This 
could be accomplished by using the upper bound of the 
scatter band for turbine-powered machines with a design nor-
mal gross weight of less than 10,000 pounds, reading the 
ordinates at desired load factor increments and subtracting 
successive values to obtain the frequency within the in-
terval. The number and size of intervals should be based 
upon the importance of this parameter in the production of 
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fatigue damage.  If the new aircralt Is designed to have 
inaneuverabillty that is superior to that of the aircraft 
on which these past sttidicB are bnsed, it would then be 
proper to mako upward udjustmonts of the load factor ex- 
ceedance curve from that shown in Figure 19. In  addition, 
since it is desirable that the flight spectrum reconize 
the complete permissible flight envelope, it would be prudent 
to select loa.' factors up to the maximum allowed by the 
pilots' handbook.  Figure 10 is based on the results of a 
number of surveys, most of which covered substantially less 
than 1000 hours.  Had their duration been longer and the data 
reading covered all flight time, it seems apparent that load 
factor increments of higher magnitudes would have been re- 
corded.  The frequency of these higher values would decrease 
with magnitude and could probably be approximated by extrap- 
olation of the Figure 19 curves to include the complete 
load factor range.  The very low frequency of the extreme 
load factors may make them negligible in the final fatigue 
damage assessment.  However, this is not always the case and 
should be investigated.  If for a particular component the 
critical flight loadings occur during a specific mission 
segment. Figure 23 could be used to determine the load factor 
frequency.  It should be recalled that this plot is based on 
100% of flight time spent in each segment; therefore^ actual 
time and frequency must be adjusted according to the mission 
segment breakdown for the aircraft urder consideration. 

The foregoing describes a means for establishing the flight 
spectrum for a selected component, the main rotor blade. 
This spectrum will not be the proper choice for all compo- 
nents of the aircraft.  If, for example, the machine under 
consideration has a tail rotor, it is quite probable that 
the tail rotor blade will be critical in flight regimes that 
are not critical for the main rotor blade, such as high-power 
climb.  In order that all important components be treated 
with a uniform level of conservatism, it is desirable that 
the tail rotor spectrum emphasize climb rather than enroute 
segments and that rate of climb be included as a parameter. 
Other components will be critical for other combinations of 
conditions and may require variations in the aircraft flight 
spectrum.  The fact that a variety of schedules are con- 
sidered to apply for one helicopter model is not unrealistic 
when one considers the variations in conditions, assignments, 
and techniques that will be encountered by a large fleet dis- 
persed throughout the world.  The fact that the people op- 
erating the aircraft are continually meetinb and solving local 
problems by new applications of the aircraft makes it imper- 
ative that the most severe duty for each critical component 
be anticipated and fully accounted for in the fatigue sub- 
stantiation. 
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CONCLUSIONS 

Based upon the analysis of data contained herein, it may 
be concluded that: 

1. Helicopter flight spectrum la largely Influenced 
by the assigned mission of the helicopter. 

2. Certain logical groupings by weight and power 
permit the establishment of relatively narrow 
scatter bands for the occurrence of significant 
flight parameters. 

3. The flight schedule of CAM-6, Appendix A,  provides 
a reasonable flight spectrum for general utility 
helicopters, but it may be relatively inaccurate 
for special-purpose machines or unusual missions. 

4. The reduced flight spectrum data provided in this 
report may be used as a guide in tho establish- 
ment of a flight spectrum for the helicopter 
categories that are included herein. 

5. Additional flight survey data of the type eval- 
uated herein, particularly for different mission 
assignments, would increase the reliability of 
the conclusions reached in this report by broaden- 
ing the statistical base. 

6. Extrapolation of these data to predict the flight 
load spectrums for new mission assignments or for 
new aircraft types should be approached cautiously 
until a more thorough understanding of the problem 
is developed. 
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RECOMMENDATIONS 

The following   recommendations  are  based upon a  study   of 
the data presented herein  and  the  references  noted: 

1. All  future flight spectrum studies should con- 
tain  a concise  listing of   the  aircraft char- 
acteristics  and limitations  which were appli- 
cable  at  the  time of   the  survey.     Items such   as 
maximum gross weight,   maximum  airspeed  (as 
affected by  other  parameters),   installed power, 
usable power,  structural or  aerodynamic  limi- 
tations,   and any other  factors having a possible 
bearing on the resulting flight loads spectrum 
should be  included. 

2. A consistent set of  criteria  and definitions 
should be  adopted for   all  future surveys.     That 
used  In Reference 3  is  recommended. 

3. Surveys  Involving more  than one  aircraft  of 
a particular type should present data for  each 
Individual aircraft,   and careful definition of 
mission and assignment  for  each should be 
Included. 

4. Aircraft  having more  than one basic mission should 
be  surveyed for  each mission. 
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Figure 4.  Percent Time Spent in Each Mlsiiion Segment for 
the Standard Mission EZZ2 »o«1 to*  the Non- 
standard Mission F^J.  (See Table I for 
Symbol Definition). Scatter band width - 
tier . 
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Airspeed CuMuUt Iv« 
(Knots) % vA. % Time % Tlae 

0-10 0-20 5 5 
10-20 20-40 13 20 
20-30 40-60 50 70 
30-40 60-80 25 95 
40-50 8C-100 5 100 

Total   -   100% 
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•  Assume  attalnttble   level   flight 
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Tabular Airspeed Frequency Data 
and Frequency Histogram. 
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(b) Cumulative Airspeed Frequency 
Distribution In Terms of % VA. 

Figure 7.  Example Showing the Conversion of Tabular 
Airspeed Frequency Data and a Frequency 
Histogram into a Cumulative Airspeed 
Frequency Distribution. 
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Distribution. 
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Helicopters Having a Design Normal Gross 
Weight of Less Than 10,000 Pounds. 
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