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FOREWORD

This report was prepared by John W. Rustenburg, Airframe Division,
Deputy for B-1, under System 1394, B-l,
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The report results from a study to determine rolling velocity
occurrence spectra for possible application in the B-1 fatigue design.
The manuseript was released by the author in December 1972 for publi-
cation as a technical report.
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SYMBOLS -
b w.ng span, feet {
h altitude, feet ’
M mach number 3
§
N, normal load factoxr, g 3
P rolling velocity, degrees/second
v trie airspeed, feet/second
Ve equivalent airspeed, kriots
83_ alleron deflection

o) bank angle
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SECTI'N I
INTRGDUCTION

In recent years increasing concern has been expi: 2 about the

~ application of antisymmetrical maneuver spectra to airplane fatigue

design. This concern has been formalized ir a MIL-A-8866A (USLF)
requirement "to proportion fatigue séectra between symmetrical and
unsymmetrical maneuvers."” 'Unfortunately the specificaticn doss net
define actual antisymmetrical maneuver spectra to be used. This
omission has necessiteted the application in fatigue design of rathe-
arbitrarily determined antisymmetric maneuver spectra. These anti-
symmetric spectra have usually taken tﬁe form nf rolling maneuver
spectra; these being considered to be the most critical antisymmetric
maneuvers in affecting structural loeds.

It was decided to study available F-5A and F-105D measured rulti-
parameter f1ight loads data to attempt derivation of a more reslistic
rolling maneuver spectrum than would r~sult from purely arbitrary
approaches.,

Rolling tail loads and those items stressed by the redistribution
of loads due to roll eontrol displacement are usually most sensitive
to roll rate. Rolling maneuver loads calculations for thie B-1 have
confirmed that maxirum loads oceur 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.
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SECTION II
ANALYSIS OF DATA

The most common technique to svaluate the Qistribution 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 Jdistributions sorralated with simultaneous
values of other variables.

Bivariate tables from References 1 and 2 which sumimarize the para<
meters of load factor, rolling velocity, altitude and spsed 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 paraheter range. This data was transformed into probability or
relative frequency distributions of parametetr 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 ¢ roll rate peaks is fairly
consistent over the load factor range. Larger datg scatter is mostly
the result of a fow or a single occurrence in some of the parameter
ranges. A m: 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 maneuver probability curve could
be considered applicable to’ all normal load factor levels.

References 1 and & consideréd load faétor peaks and roll rate peaks
to be "active" when they occurred outside the thresholds 0<N;<2.0, and
=30 degr. sec.<p<30 degr./sec. It was the interpretation of Refarence 1
that a flight maneuver is truly antisymm tric only when both thé rolling
velocity and load factor are outside their réspective thresholds, Based
on this interpretacion and the assumption that the probability of a
rolling velocity and a normal load factor occurrence gré‘depéngeht func-
tiona, the percentage of true rolling maneuvers can be ‘detérmined as a
function of the number of positive normsl load factor peaks.
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An additional refinement would be to include only soad factor peaks
which occurrad up to the maximum load factor level at which .o0ll velocity
peaks were measured. The inherent assumption is that thls accounts for
the ocsurrences up to the airplane‘'s unsymmetrical mansuver load factor
1imit. From Tables I, II, V and VI this results in a percentage of roll
peak occurrences in terms of the positive normal maneuver pesk occur-
rénces of (1137/9350) x 100 = 12.2% for the F-54 and (278/1956) x 100 =
14,2% for the F-105D aircraft. For future applications the use of an
average vaiue of 13% is suggested. '

Examination of Tables II and VI shows that ths number of positive
and negative p values are almost symmetric about the roll rate thresholds.
This suggests that on the average an equal number of rolls are performed
in either directlion. Figure 3 presents a description of a simpiified
rolling (turning) maneuver as obtained from Reference 7. The roll con-
trol is displaced, held and returned to neutrsl with proper timing and

isplacoment to bank the airplane up to an angle necessury to malch the
load factor. This bank angle and load factor are heid steady until the
desired change in. heading has been accomplished. Then the roll control

is displaced, held and returned to neutral in order to raturn tus air-
cra££ 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 139 of
the normal load factor ocourrences existing below the unsymmet.cical
maneuver load f@qtog 1imit should consist of an equal number of left
and right rolls. ) ’ . S

The data from Tablés I, IV, VII and VIII was used to obtain rela- L
tive froquency curves. of roll pedks as a function of al.itude and speed.
The results are shawniﬁlotted in Figgres 4, 5, 6 and 7. As can be scen,
the majority of voll peaks ogeurred within certain speed and altitude
bands as exiibited by the curve peaks. Aswill be ovident later, this
fact is of some value in the normalization of the busic data.

EWMW !'?‘*‘!‘-
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SECTION III
NORMALIZATION OF DATA

A criterion in common use for the evaluation of lateral control
effectivencss is ths non-dimensional parametsr pb or the wing tip helix
angle Flight research has indicated that a pﬁXt"_s concept of adequats
control power is also tied closer to this parameter than the actual
rolling veloeity. Unfortunately, the data presen.ed in Tables I through
VIIT is not in a form which allows a direct determination of the pb
parameter. 2V

De*armination of the helix angle parémeter 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
measured altitide than by the variation in measured Va or Mach number.
Figur 3s 4 through 7 provide graphical support that the use of & constant
altitude representative of the majority of roéll peak occurrences is jus-
tified and will have much less effect on the final pb values than the
assumption of constant Vo or Mach number. The‘refoz"?é‘;’ 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 %Xbles IV and VIII. The number of occurrences of pb values within
intervals of incremental A = 0,005 radians/second %‘e’re then tabm-
lated to obtain a frequency Xistribution for R..- The probability of
exceedance distribution was then obtained by pragressively surmiing
(sterting with the f>eque: 1cy of the largest value of pb) the frequency
distribution and taen by Jdaviding each sum by the to'ca{ number of
occurrencas. ‘The resulting distributions are plotted in Figure 8.

The magnitude of meas{;i'ed roXling velocity peaks is obviously

dependent cn the airplafie*s capability and some fora of normalization.

of the data Is necossary before it can bs applied to other airéraft.
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It has beon assumed *hat a pilot utilizes ar aircraft in direct proportion
to its capability. C})mparisons of maximum parameter peak values measured
during combat or trair. .g missions with those determined during the air-
eraft CAT II flight tests support the validity of the assumption. A
proportiovnality coustant can then be determined by dividing the recorded
value of any parameter peak by the maximum recorded or analytical value

3
i

ol that parameter. For example:

pb 2
Rp = ( 2V__ /. actual recopded
pb
( 2v ) maximum 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 va ue.
The resulting normalized rolling maneuver probasility distributions are
presented in Figure 9.
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SECTION IV
COMPARISONS WITH OTHER AIRCRAFT

The wing tip helix angle data points of ?igure 8 were normalized to
climinate the effects of aircraf® capability or type. The effectiveness
of this procedure may be further checked by comparisonsAwithAtHe
normalized data of other aircraft. - R

Figure 10 presents the probability of exceeding the parameter pb for
the I'-84F airplane as obtainéd‘from‘ﬂefgrence 6. The curve is baseévbn
data measured during,operationglrtﬁainiﬁg missions, and can be normalized
in the same manner »~ u..d for the data of References 1 and 2. Figure 11
shows the comparison of the F-84F with thé F-54, and F-105D airéraft. It
can be seen that the Ry 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 lecads and stresses., Coincident with this effort
elght-channel data (airspeed, altitude, thres-axes linear accelerations
ard rotational velocities) were measured for application to structural
design criteria, ) )

In order to make méaningful comparisons, luentical threshold values
must, be used. Since the F-5A and F-105D data was based on a2 roll rate
threshold of 30 degr./sec., the F+102A roll rate oceurrences balow
0.52 raaians/sec. were deleted from further consideration.

The large velocity increment from O to 250 knots does not -allow &
high level of confidence in the calculated pb values for this increment.
~ 2
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The magnitude of the low speeds below 250 knots must thus be defined
more accurately. Consideration of the F-102A take-off, landing and
approach speeds, as well as review of the processed data suggests an

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

Determination of the final Bp frequency distributioh was accom-
S plished in the same manner as used for the F-105D and F-5A data except
for the fact that the actusl altitudes and 'speeds could be .correlated
as seen in Tables IX through XUIX. Figi.rs 11 shows the compar.son -of
the: F-102A with the F-5A, F-105D- and F-84F aircraft..

Quite good agreement is shown for all aireraft even though the
missioﬁ~usage was considéfably different. Based on this agreement it
is postulated that the variation in precbability of exceedance in the
ratio Rp ié little éffécted.by mission differences. A probability curve
based on the data points for all four aircraft and proesented in Figure 12
1s proposed as the statistical model for the rolling maneuvers of any air-
eraft. For future designs the effect of airplane type can be accounted
for through denormalization of the curve using the airplane's maximum
determined %3_ capability.

Figures 13 and 14 present the probability distr.outions for the
normal load f&btor 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. for
roll rate. The data in Refeiences 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
2,0 g% sguals 0,27 for the F-8UF, From Figure 14 %he probability of
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exceedance of » roll rate of 30 degr./sec. rquals 0.68 for this air-
craft. Tke vumber 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

b e g s
B

i

i
.

speci”ed for the F-84F., All 1896 load factor occurrences are there-
fore applicable. The 1534 roll rate occurrences are distrlbuted over N
the entire airplane normal load factor range and include a significant
number while the load facter was below the 2.0 "g' threshold. How : §
large this number is cannot be determivied from the data in Reference 6. ; fg
However, the data in Reference 1 and 2 suggest this to be on the average E ‘§
about 85% of the total. The number of roll rate peaks which occurred %

o

while the load factor was outside its threshold would thon be

(1.0 - .85) x 1534 = 230, This resu’ts 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 . B
average value of 13% suggested previouslynin the study. ;f :
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SECTION V
APPLICAT.ON OF RESULTS

Sven 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 onr vut-

craft mission.

Review of the mission phase data in References 1 and 2 shows that
the maximm mumber of rolling maneuvers, in terms of occurrences per hour,
were measured during low angle bombing and ground gunnery runs. The
remaining rolling maneuvers are distrik.ted mainly in the descent, loiter
and cruise phases. The rolling maneuver occurrences appear therefore to
be quite dependent on mission segment. The MIL-A-8866A (USAF) specifi-
cation.maskes allowance for variation in Mission segments in its defini-
tion of the maneuver load factcr spectra requirements, The relalive
severity of these spectra across the different mission segments is
fea,sonabiy consistent with the rel;ga_tivé méasured load factor occurrences
within comparable mission segments of Re“fefences 1and 2. Figure 15
presents a com;arison of the specified and méasured load factor occur-
rences for the data frém Reference 1., Based (;g. this comparison: it would
appear vhat wher using the MIL-A-8866A specified maneuvér spectra in a
degign, that the rol.ing maneuver spectia based on 13% of the numbér of
riormal load factor up to and including the unsynnnetmcal xmr.-mver load
factor wauld be distributed in a reasonable man'xer across.all aission
segments. It is assumed that thiq will ho’d for all classes of airplanes.

) To detemine the abruptness of a roll maneuver, statistical infor-
mation on the t‘me to reach the ro}.ling velo»i ty Hould ba requirad,
This Momatl.m ‘;.s not aveﬂab ‘but could be obta&ned from spécial
studies ubily. 'ring the orzggmal time historias. .é.ny sPec:Lfied nanouver:
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For many years the symnetrical loads to be used for fatigue purposes
nave Faen based on balanced conditions. There is no reason why this
wpproach cannot also be used in the determination of loads for antisym-
motricsl 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 woult. then provide an acceptable alternative

te the specification of maneuver abruptness.

In certain cases an airplane's maximum rolling velocity or pb is
reacred only aitver tke airplane has rolled through exc»ssively l§¥ge
angles which exceed any design requirements. It is then more realistie
to counsider maximum rolling velccities attainable within a bank to bank
roll, where the bank angles are as determined by the design maneuver

ived factors.,

In summary, all previously discussed considerations may bYe ccmbined
to form the following general procvedure for determining the rolling

maneuver spectra for any aircraft.

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

number of flight segments or usage blocks,

fa
s

Determine the maximum available value of the helix angle pb

for each flight segment, 2V

. Trom Figure 12 calculate the probability of exceeding pb.
2V

L, Using the speed V and the dimension bf2 for each segment,
caleulate the probabiiity of exceeding rolling velocitles.

5. Tor each segment determine the losd factor occurrences which
include rolling maneuvers by teking 13$ of @he specifiod load
factor spectrum up to and including the unsymmetric maneuvar
loed factor.'

R

6. Distribute the rélling velocities:at each*load factor=level
according to the probability curves derivei in 3 above,: - ~=i.

10
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SECTIORN 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 wing tip helix
angle probability of exceedance curve. This curve may ©s used with the
analytical maximum value of the parameter pb to estimate the probability
of excsedance of rolling velocity magnitud%g for a y sircraft.

It hac 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 occurresces when specified for an aiveraft typs
according to the MIL-A-8856A specification. Since all aircraft generally
perforn the same types of maneuverz, the parameéter time histories will be
identical, and the number of rolling occurrences will be squally 2ivided
between left and right rolling conditions for & . aircraft.

Comparisons with available F-84F and F-102A data have provided
increased confidence in the gppreasch of this study. Although the results
are eni.ouraging, data comparison with other typeﬂ‘of aircraft is desir-
able and necessury. -Nevertheless, the .present approach doas provida a

more realistic-description of ar&isymmetrl cnl maneuver Spactra then vas

aveilable previously. At the same time it is realizad that- taa number
of load’ poiks on sone ‘ircraft cumpnnent Ay not necassarily”directly
related to the mmber of paaks ot & singla yarameteé. Hoﬁa;eé, foﬁ$§ur~
poses of comnonent loading spectrs for rolling conditions the rolling

velocity parametsr is definitely'the mout. aignificant ard should provide

adsquate results.

-

Those rolling volocitias uhich occur bolou thc thrashold nay be
¥ Imd ‘condit,iom. S o
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.- FIGURE 15 - CIMPARISCN OF iOAD FACTOR OCCURRENCES
A3 A FUNCTIOR OF MISSION PHASE




