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FOREWORD
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occurrence spectra for possible application in the B-I fatigue design.
The manuscript was released by the author in December 1972 for publi-

cation as a technical report.

The technical report has been reviewed and is approved.
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SEC~rlN I

"INTR.. UCTION

In recent years increasing concern has been expi" i about the

application of antisymmetrical maneuver spectra to airplahe fatigue

design. This concern has been formalized i,, a MIL-A-8866A (USAF)

requirement "to proportion fatigue spectra between symmetrical and

unsymmetrical maneuvers." Unfortunately the specificatien does not

define actual antisymmetrical maneuver spectra to be used. This

omission has necessitated the application in fatigue design of rathe:'

arbitrarily determined antisymmetric maneuver spectra. These anti-VA symmetric spectra have usually taken the form )f rolling maneuver

spectra; these being considered to be the most critical antisymmetric

maneuvers in affecting structural loads.

It was decided to study available F-5A and F-105D measured multi-K parameter flight loads data to attempt derivation of a more realistic

rolling maneuver spectrum than would r-sult from purely arbitrary

approaches.

Rolling tail loads and those items stressed by the redistribution

of lwds due to roll control displacement are uaually most sensitive

to roll rate. Rolling maneuver loads calculations for the B.I have1' confirmed that maximum loads occur at the time of maximum rolling
velocity with insignificant contributions due to rolling acceleration.

For this reason the development of a rolling maneuver spectrum was

oriented towards deriving a rolling velocity or roll rate spectrum.

-~ ij'
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SECTION II

ANALYSIS OF DATA

The most common technique to evaluate the distribution and influence

of a parameter is to determine the probability distribution or relative

frequency of the parameter peak values. Of additional value is the

evaluation of such parameter distributions -orralated with simultaneous

values of other variables.

Bivariate tables from References 1 and 2 which sun'marize the para-

meters of load factor, rolling velocity, altitude and specd are presented

in Tables I through VIII. The Tables present the number of parameter

peaks accumulated within prescribed ranges and listed at the lower limit

of each parameter range. This data was transformed into probability or

relative frequency distributions of parameter peak values. Figures 1

and 2 present the roll rate peaks as a function of normal load factor.

It can be seen that the relative frequency f roll rate peaks is fairly

consistent over the load factor range. Larger data scatter is mostly

the result of a few or a single occurrence in some of the parameter

ranges. A im jor conclusion to be drawn is that the probability of

encounter of a- give. rolling velocity is not significantly affected by

the normal load fac .or magnitude existing at the. time. For practical

purposes this means that a single roll m&neuver probability curve could

be considered applicable to, all normal load factor levels.

References 1 and L considered load factor peaks and roll rate peaks

S- to be "active" when they occurred outside the thresholds O<.Nz<2.O, and

-30 degr.,sec.<p<30 zegr./sec. It was the interpretation of Reference 1

that a flight maneuver is truly arttisymmk tric only when both the rolling

velocity and load factor are outside their respective thresholds. Based

rolling velocity and a- normal load factor occurrence are adependent func-

tiona, tho percentage of true rolling maneuvers can be determined as a

function of the number of positive normal load factor peaks.

•2 {. . 2
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An additional refinement would be to include only Load factor peaks

which occurred up to the maximum load factor level at which .oll velocity

peaks were measured. The inherent assumption is that this accounts for

the occurrences up to the airplane's unsymmetrical maneuver load factor

limit. From Tables I, II, V and VI this results in a percentage of roll

peak occurrences in terms of the positive normal maneuver peak occur

rences of (1137/9350) x 100 = 12.2% for the F-5A and (278/1956) x 100 =

14.2% for the F-105D aircraft. For future applications the use of an

average value of 13% is suggested.

Examination of Tables II and VI shows that the number of positive

and negative p values are a.m6st symmetric about the roll rate thresholds.

This suggests that on the average an equal number of rolls aru porformed

in either direction. Fiture 3 presents a description of a simplified

rolling (turning) maneuver as obtained from Reference 7. The roll con-

trol is displaced, held and returned to neutral with proper timing and

displacoment to bank the airplane up to an angle necessary to match the

load factor. This bank angle and load factor are held steady until the

desired change in heading has been accomplished. Then the roll control

is displaced, held and returned to neutral in order to return tia air-

craft to straight and level flight. Review of References 4 and 8

indicates this maneuver to be typical of service operations as well.

Based on the above, the rolling maneuver occurrences equal to 13% of

the normal load factor occurrences existing below the unsymmetrical

maneuver load factor limit should consist of an equal number of left

and right rolls.

The data from Tables MII, IV, VII and VIII was use$. to obtain rela

tive frequency curves of roll peaks as a function of al .itude and speed.

The results are shown plotted in Figures 4, 5, 6 -and 7, As can be seen,

the -majority of ýroll peaks occurred wtthin. certain speed aid altitude

bands as eyxibited by the curve peaks. As will be evident later, this

fact is df some value in the normalization of the basic data.
__4

-I3
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SECTION III

NORMALIZATION OF DATA

A criterion in common use for the evaluation of lateral control

effectivenrLss is tLe non-dimensional parameter p2 or the wing tip helix

angle Flight research has indicated that a pilVt's concept of adequat3

control power is also tied closer to this parameter than the actual

rolling velocity. Unfortunately, the data presen.ed in Tables I through

VIII is not in a form which allows a direct determination of the p~b

"parameter. 2V

De'nrmination of the helix angle parameter requires knowledge of

the true velocity. For the data available in Tables I through VIII the
calculation of true velocity is less affected by the variation in

measured1 altiti~de than by the variation in measuredVe or Mach numberi
Figuz 3s 4 through 7 provide graphical support that the use of a constant
"altitude representative of the majority of roll peak occurrences is jas-

tified and will have much less effect on the final ~p values than the
2Vassumption of constant Ve or Mach number. Therefore; using a constant

altitude as determined by the curve peaks of Figures 4 and 7, values
of pb were calculated for all roll peak velocity increments available

in RXbles IV and VIII. The number of occurrences of jb Values within
2Vintervals of incremental 4p �= 0.005 radians/second were then tabui-

lated to obtain a frequency2•istribution for pb. The probability of
exceedance distribution was then obtained by progressively stomming

(st&rtlng with the Pfequeacy of the largest value of pb) the frequency I
distribution and thene b5 Ai*J;,vdng each sum by -the totif number of

occurrences. 'The resulting distributions are plotted in Figuire 8. J

The magnitude of measured roiling velocity peaks is obviously

dependent on the airplaners capability and som form of normalization.
of the data is necossary before it can be applied to other aircraft.

4-i
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It has beon assumed -hat a pilot utilizes an aircraft in direct proportion

to its capability. Comparisons of maximum parameter peak values measured

during combat or trair.. .g missions with those determined during the air-

craft CAT II flight tests support the validity of the assumption. A

proportiunality constant can then be determined by dividing the recorded

value of any parameter peak by the maximum recorded or analytical value

oZ that parameter. For example:

_________ actual recorded
n-b( mx= recorded

In this manner the data presented in Figure 8 was normalized by dividing

all measured wing tip helix angle values by the maximum measured value.

The resulting normalized rolling maneuver probaaility distributions are

presented in Figure 9.

AI
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SECTION IV

COMPARISONS WITH OTHER AIRCRAFT

The wing tip helix angle data points of Figure 8 were normalized to I
climinate the effects of aircraft capability or type. The effectiveness

of this procedure may be further checked by comparisons with the
normalized data of other aircraft. •.

Figure 10 presents the probability of exceeding the parameter pb for

the r-84F airplane as obtained from Reference 6. The curve is baseaVon

data meazured during operational training missions, and can be normalized
_ in the same manner L- utd for the data of- References 1 and 2. Figure II

shows the comparison of the F-84F with the F-5A, and F-105D aircraft. It

can be seen that the Xp distribution based on the F-84F data is very

close to that calculated for the F-105D and in general agreement with

the F-5A.

Tables IX through XIII present flight loads data measured on an

F-102A airplane as obtained from Reference 9. The data resulted from

an effort to re-evaluate the F-102A useful operational life based on

actual in-flight leads and stresses. Coincident with this effort 3I

eight-channel data (airspeed, altitude, three-axes linear accelerations

and• rotational velocities) were measured for application to structural
Sdesigra criteria. -

in order to make meaningful comp arisons, iuientica~l threshold values,

must be used. Since the F-3A and F-105D data was based on a roll rate I
threshold of 30 degr./sec., the -F4d02A roll rate occurrences below

0.52 raaians/eoc. were deleted a-rCm further consideiation.

The large velocity increment from, 0 ýo 250 knots does not allo9•• ,a A

h0h level of confidence in the calculated ýb values for this increment.
_2V1w

6 / t

Ai __r
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The magnitude of the low speeds below 250 knots must thus be defined

more accurately. Consideration of the F-1O2A take-off, landing and

approach speeds, as uell ýs review of the processed data suggests an

approximate value of 200 knots. The roll rate occurrences in the incre-
ment from 0 to 250 knots were thus assumed to occur at a velocity of
200 knots.

Determination of the final Rp frequency distribution was accom-

Splished in the same manner as used for the F-105D and F-5A data except

for the fact that the actual altitudes and speeds could be correlated

as seen in Tables IX through LIII. Fig'.re 11 shows the compar.Lson'of

the F-102?A with the F-5A, F-105D and F-84F aircraft.

Quite good agreement is shown for all aircraft even though the

amission usage was considerably different. Based on this agreement it
is postulated that the variation in pr-cability of exceedance in the'

ratio Rp is little affected by missloio differences. A probability curve

based on the data points for all four aircraft and presented in Figure 12
is proposed as the statistical model for the rolling maneuvers of any air-

craft. For future designs the effect of airplane type can be accouiatee.

for through denormalization of the curve using the airplane's maximum

determined - capability.
2V

Figures 13 and 14 present the probability distr-.utions for the

normal load factor and-roll rate-for the F-84F. These curves are based
on threshold- values of 1.0- "g" for load factor and 0.4 rad./sec. fz
roll rate. The data in References 1 and 2 is based on threshold values

of 2.0 "g' and 3 degr./sec. for the normal load factor and rolling

velocity respectively.

From Figure 13 it is seen that the probability of exceedance -of

2.0o fig, quaP S 0.27 for the F-84F. From Figure 14 1be probability of
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exceeda:icb o? P, roll rate of 30 degr./sec. equals 0.68 for this air-

craft. Th rnumber of exceedances above the new thresholds is then
0.27 x 7024 = 1896 for the normal load factor and 0.68 x 2256 = 1534

for the roll rate. An unsymmetrical maneuver load factor limit is not

speci`'ed for the F-84F. All 1896 load factor occurrences are there-
fore applicable. The 1534 roll rate occurrences are distributed over
the entire airplane normal load factor range and include a significant

number while the load factor was below the 2.0 "1g threshold. How

large this number is cannot be determni-ed from the data in Reference 6.
However, the data in Reference 1 and 2 suggest this to be on the average A
about 85% of the total. The number of roll rate peaks which occurred

while the load factor was outside its threshold would then be

(1L0 - .85) x 1534 = 230. This results in a percentage of roll peak

occurrences as a function of normal maneuver occurrences of
(230/1896) x 100 = 12.1%. This value is amazingly close to the A

average value of 13% suggested previously in the study.

'4
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SECTION V

APPLICATION OF RESULTS

iven though the effects of aircraft type have been accounted for in

the development of the statistical rolling maneuver model, the actual

* number of occurrences of roll peak values will still be dependent oi ,-,-

craft mission.

Review of the mission phase data in References I and 2 shows that

the maxianu number of rolling maneuvers, in terms of occurrences per hour,

were measured during low angle bombing and ground gunnery runs. The

remaining rolling maneuvers are distrib..ted mainly in the desceint, loiter

and cruise phases. The rolling maneuver occurrences appear therefore to

be quite dependent on mission segment. The MIL-A-8866A (USAF) specifi-

cation-.makes allowance for variation in 5m-ssion segments in *ts defini-

tion of the maneuver load factor spectra requirements. The relfive

severity of these spectra across the different mission segments iu

reasonably consistent with the relative measured load factor occurrences

within comparable mission segments of Refloerences 1 and 2. Figure 15

presqnt6 a comrarison of the specified and measured load -factor occur-

vences for the data from Reference 1. Based o'. this comparisonh it would

appear •hat -when. using the MIL-A-8866A specified -maneuver spectra in a

i idesign, .that the r'ol.ing maneuver spectra based on 13% of the number of

inormal load factor up to and including the unsymmetrical ruVer load

-factor would be distributed in, a reasonable manner across afl aissionb

segments. It is assumed that this will hoed for all classes of airplanes.

To determine the abruptness of a reoll maneuver, statistical infor-

mation on the tVme to dreach the ro~ling velocty would ho requir.d,

This information- is-not aVialAb3s but could be obtalhed from special

studies uti ng .the origopal time histories. -nyspecfied maneuver

ýabruptneis would4 0,t presert have to b& basea-h ron -ohr, arbitrary
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tor many years the symnetrical loads to be used for fatigue purposes

,av- I-een based on balanced conditions. There is no reason why this

,upproach cannot alho be used in the determination of loads for antisym-

metrical maneuvers. Application of control deflections necessary to

overcome the airplane damping in roll and provide the desired roll rate

at a given load factor level woul,. Then provide an acceptable alternative

to the specification of maneuver abruptness.

In cert•in cases an airplane's maximum rolling velocity or pb is
2V

reacted only aituer tl'e airplane has rolled through exc-issively large

ang~eq which exceed any design requirements. It is then more realistic

to :oiusider maximum rolling velocities attainable within a bank to bank

roll, where the bank angles are as determined by the design maneuver

load factor-,.

In summary, all previously discussed considerations may be cembined

to form the following general procedure for detefmining the rolling

maneuver spectra for any aircraft.

1. Divide the airplane's mission profiles into the necessary

n-mnber of flight segments or usage blocks.

2. Determine the maximum available value of the helix angle P.

for each flight segment. 2V

'•rom Figure 12 calculate the probability of exceeding, p.

2V

4. Using the speed V and the dimension b/2 for each segment,

calculate the probability of exceeding rolling velocities.

5. For each segment determine the load factor occurrences which

include rolling maneuvers by taking 13% of the specified load

faater spectrum up to and including the unsymmetric maneuver

load factor.

S6. Dstributte the rol.ihg -ve16cities"at-eachY-oad ftoUr'l1v.l"61

according to the probability curves derivel in 3 abo"e.-<--
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SECTION VI

CONCLUSIONS

The multiparameter flight loads data measured on the F-5A and F-105D

aircraft has been used in the developm ,nt of a generalized wirg tip helix

angle probability of exceedance curve. This curve my ' used writh the

analytical maximum value of the parameter 'jb to estimate the probability

of exceedance of rolling velocity magnitudiels for a. y aircraft.

It has also been determined that the number of occurrences of a

rolling condition may be considered equal to 13% of the number of posi-

tive normal load factor occurreiccs when specified for an aircraft typo

according to the MIL-A-8856A specification. Since all aircraft generally

perform the same types of maneuvera, the parameter time histories will be

identical, and the number of rolling occurrences will be equally divided
T between left and right rolling conditions for al- aircraft.

"Comparisons with available F-84F and F-102A data have provided
increased confidence in the approzch of this study. Although the results
are ei.ouragirg, data comparisor, with other types of aircraft is desir-

able and necessary. Nivertheless,- the -ýpesent approach does provide a

more rýeA ticdesoiption of ati r maneuver spedtra ihan was

available previously. At the same time it is realized thatjtie number

of load" -peaiks in- sMe" e&riiabrtt'coa ent iv btnotnec shaziltdirectiy

related to the huber of peaiks o0' sizwIt parameter. HoRwever, for pur-

poses of commonent loading spectra £of' rolling -conditions the rollning

velocity'paraeter is definitaly the moat sigfnik nt ar;d should -provide

adequate results.

Those rolling yloaiti~es .hicfi -ocr- 'below- -the threshol may be

'conhidejed to ersn tc3 0a crdtos
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