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PROPOSED REVISION TO THE LATERAL~-DIRECTIONAL
COUPLING REQUIREMENTS OF MIL-F-8785

INTRODUCTION

The military flying qualities specification MIL-F~-8785B(ASG) was
adopted in 1968. In the intervening years the specification has been applied
by designers, government procurement agencies and flight test organizations,
The Air Force Flight Dynamics Laboratory has sponsored a number of contracts
with airplane design organizations to make detail comparisons of existing
aircraft F~-4, C-5, F-5, and P-3 with MIL-F-8785B. Alsoc a number of research
contracts have been let to develop and propose revisions to the requirements,
Under two of these contracts, attention was directed at the lateral-directional
coupling requirements in MIL-8785 and revisions to those requirements have been
proposed for consideration in References 1 and 2. The purpose of this paper
is to present the proposed revisions developed by Calspan Corporation in Refer-
ence 1 and to compare the requirements for limiting sideslip proposed by Cal-
span with the aileron-rudder crossfeed requirement proposed by System Technology

Incorporated in Reference 2.
DISCUSSION OF LATERAL-DIRECTIONAL REQUIREMENTS PROPOSED BY CALSPAN

The lateral-directional coupling requirements proposed by Calspan
and the associated terminology definitions are included as Appendix A to this

paper.

Bank Angle and Roll Rate Oscillatory Requirements

Requirements to limit bank angle and roll rate oscillations result-
ing from the pilot's use of aileron were introduced in MIL-F-8785B(ASG)}. These
requirements have now been tested by additional data and have been subjected
to the test of application, From this experience it is concluded that the re-

quirements are basically valid and certainly should be retained, but certain
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problems in the present statement of the requirements have come to light which

should be rectified.

1.

3.

It has been found that certain combinations of stability
derivatives result in -g— of the Dutch roll mode between
180° and 270°. Because of this, the use of two V% scales
in the requirement and the rule for deciding which scale is
to be used based on ¥ —ﬁ has been re-examined and found to
be an inadequate feature of the requirement, Both this
problem and the problem identified in Item 2 can be remedied

by using #; rather than g@ in the requirement.

When |¢¢3Id is large, the amplitude of the Dutch roll oscil-
lation in sideslip is quite small and measurement of the

phase angle is difficult and inaccurate,

When the spiral root is not at the origin, the measures

gosc/gAV and posc

relate with the flying qualities rating. This problem can

/pAV are severely distorted and do not cor-

be remedied by removing the spiral mode contribution to the

@ and p time histories.

The symmetrical shape of the requirement boundary is inaccur-
ate; additional data permit defining the boundary more accur-

ately.

The requirements on roll rate oscillations require step ail-
eron inputs to be held for 1.7 Td sec in one case and until
bank angle has changed 90° in another case. To avoid extreme
roll attitude at the end of the test, it is desirable to
start the maneuver from banked turning flight in one direc-
tion and to roll through wings level to bank in the opposite
direction. The requirement that the rudder pedal be free
during this maneuver prevents setting up zero-sideslip ini-

tial conditions or if the rudder is used to zero initial
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sideslip and is then released when the aileron step is
applied, the resulting response is not to the aileron input
alone, This problem can be remedied by specifying that the
rudder pedal be held fixed for the requirements that are

based on aileron step inputs.

6. The large difference in the magnitude of Posc/pAV permitted
by the requirement for ﬁ% = -240° relative to that per-
mitted for e% = -40° is primarily a result of the fact that

Pay tends to zero for large adverse yaw due to aileron.

This causes Pys to tend to infinity, but the pilot

c/pAV
rating does not degrade nearly so rapidly, thus the gradient

of pilot rating with p is shallow, making location

osc/PAV
of Level 2 boundaries imprecise. This situation can be
alleviated by changing the denominator of the ratio to ﬁ;

Fa) Fay

and @., respectively,in the definitions of ﬁosc/pl and
”
gosc/ﬁl‘

7. The formula using two peaks to calculate posc/pAV and
gosc/QAV when ja > .3 has been found to have a characteris-
tic which results in lack of discrimination for certain

74 or ¢b phase angles, This situation can be
pstep impulse

avoided by using a formula based on three peaks for all
cases regardless of the value of the Dutch roll damping
ratio, When J& is high and there is no third peak, Ps = Pje

Sideslip Excursion Limit Requirements

The roll oscillation requirements are quite effective in limiting
Dutch roll excitation resulting from control of roll rate and bank angle
when the roll coupling derivatives L; and Q% are significant. When these der-
ivatives are small, however, the roll oscillation requirements are ineffective
in limiting the Dutch roll excitation which will be manifested as a yawing

oscillation with little roll. The flying qualities problems for configurations
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of this type are most serious if the Dutch roll frequency is low and the damp-
ing is light. For the situation of low roll-yaw coupling, it is important to
iimit the excitation of the Dutch roll mode in sideslip and yaw rate resulting

from the pilot's use of aileron to control roll rate, bank angle and heading,

In MIL-F-8785B(ASG) the parameter.Aﬁhax/k versus zﬁgtep was intro-
duced to limit the Dutch roll excitation in sideslip resulting from a step

aileron input, The requirement has several undesirable features.

1. The requirement is based on step aileron inputs up to the
magnitude that causes 60 degree bank change in a time of
2 sec or Td sec, whichever is longer. For low frequency
Dutch roll roots, it is necessary to restrict the size of

the aileron input to quite small values.

2. For some configurations, the maximum sideslip occurring
within Td sec results from the residue of the spiral mode
rather than the Dutch roll mode. For landing approach data,
the‘resulting sideslip does not correlate with pilot rating

data,
@

t
3. The definition of the parameter K = E—EEEEEEQ involves

trequirem.ent
the roll performance requirement, Thus, the validity of the

sideslip requirement depends on the validity of the roll

performance requirements.

4, Permitting use of rudder to determine @ in a require-
command
ment based on rudder-pedal-free aileron inputs leads to con-

fusion and additional work. This is a cumbersome aspect of
the requirement because it requires a series of tests or
analyses to define the roll performance as a function of
aileron input amplitude and a separate series of tests or

analyses to determine the sideslip excursions as a function
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6.

of aileron input amplitude, For analytical checks of the
requirement there is no guidance as to how to calculate

Qt . This aspect of the requirement is not substan-

command

tiated in the BIUG because none of the data presented was
treated in that way. The data were reduced in the form

A . . .
ﬁmax/gt=l for step aileron inputs and then multiplied by

what was considered to be the appropriate gt-l requirement
for each experiment with no consideration being given to

use of rudder to prevent adverse yaw,

Because the Qt required values are different for Levels 1
and 2, it is necessary to calculate two separate values of
Ayﬁax/k for each data point to be compared with the require-
ments, one for Level 1 which is compared with the Level 1
boundary and one for Level 2 which is compared with the
Level 2 boundary. This '"double relaxation" of the require-
ment, i.e., lower required roll performance and a separate
Level 2 boundary in the A%hax/k versus %% plane, is involved
and cumbersome and is not shown to be necessary by the

available data.

Although the ayﬁax/k requirement in Figure 6 of MIL-F-8785B(ASG)
has three boundaries, one for Level 2 and two for Level 1 as

a function of Flight Phase Category, the requirement is actu-
ally the most complex and finely defined requirement in the
entire specification. This is because the parameter k depends
on the roll performance requirements which are specified as

a function of Class, Flight Phase and Level, In the BIUG

the parameter k is discussed as being the ratio of roll per-
formance attainable from a specific aileron input to roll per-
formance required by the specification and is presented as a
replacement for the scaling rule in MIL-F-8785, paragraph
3.4.9, In paragraph 3.4.9, the sideslip resulting from a giv-

en input was scaled by the ratio of aileron deflection used to
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the aileron deflection required to meet roll performance

requirements,

“Anax
@

If the A /k parameter is written as @
Pnax ‘required "t

. command
it seems that a better interpretation is that the ratio

/9
éfmax tcommand

ﬂt which makes the requirement a function of Class,
required
Flight Phase, and Level, In other words, the requ%rement
max

must be multiplied by a weighting constant

could have been written such that the measurement )

tcommand
is compared with a new Figure 6 which would have about 45

different curves on it, one for each @ value in
required
3.3.4 and 3.3.4.1. Scme of the 45 curves would be coinci-

dent with Class I, Flight Phase Category A, Level 2 would
be coincident with Class I, Flight Phase Category B, Level 1

because Qt is 60° in 1.7 sec for both situations. If
required
the sideslip excursion requirement had been presented in the

latter format, it would no doubt have received much more

criticism,
“Pmax : o
The — requirement of MIL-F-8785B(ASG) is tied to the bank

angle response through a number of assumptions implicit in this requirement,
The requirement assumes that a measure of the undesired response (sideslip
excursion) resulting from an aileron input ratioed to the desired response
(bank angle at a specific time) resulting from the aileron input will reflect
flying qualities., The use of bank angle response as the measure of the de-
sired response to aileron was intuitive, but to an extent arbitrary. In the
roll oscillation requirements, the oscillatory component of roll rate or bank
angle is ratioced to the average roll rate or bank angle resulting from the
aileron input, This is a straightforward requirement relating an undesirable
component of a response to the desirable component of the same response., In
the case of the sideslip excursion requirement, the Dutch roll component of

sideslip is identified as an undesirable component of the airplane's response
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to aileron commands but it is clearly am assumption to expect a measure of
bank angle to be a universally valid parameter to use as the measure-of the
desired response to aileron. The situation is one of dividing "apples and
oranges' so if a successful correlation parameter of this form does exist, its
discovery will depend on intuition and empirical correlation, Using intuition
one might argue that sideslip is a yawing motion and should therefore be
ratioed with an aspect of the airplane heading or yaw rate response to aileron.
Based on this intuition and examination of qﬂ/ﬂ type measures from several
experiments, it was determined that better correlation of several sets of

data could be obtained by introducing the factor Vg—" Specifically, the fol=-
lowing parameter has been found to have potential gs a flying qualities param-

eter,

For aileron impulse:

IAPmax [t <1.2 T,
aJT g a ] versus -?%&mpulse
d VT 1

[

od

The Laplace transform for a step command is 1/s and the transform for an im-
pulse command is unity. As a result the inverse transform of a variable to
an impulse input is identical to the inverse transform of the derivative of

the variable for a step input. Therefore,

For aileron step:
[ ]
!Aﬁmx[t <L2T,
L. 7
@, [v pl]

step

versus V/é

T

Advantage is also taken of this fact in stating the requirements
for bank angle oscillations for an impulse input and the requirements for roll

rate oscillations for a step input, In this example

A [l

P p

gsc - 25c and W - yﬁ,

Py step g1 impulse step impulse
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For an impulse aileron input, the sideslip response will consist
mainly of the Dutch roll component with no problems from the spiral mode un-
less it is highly divergent. Thus, the measure of sideslip is df%nax defined
as the maximum peak-to-peak excursion occurring within 1.2 Td seconds. This
time interval is stated to eliminate problems with an unstable Dutch roll mode
or a highly unstable spiral mode. This measure of sideslip is divided by
£ 5
\7 1

» which can be viewed as a measure of the yaw rate response to the ailer-
Fal

ol input., @

A

1 is the first peak of the bank angle response. A measure like

@AV could be specified to better reflect the yaw rate resulting from the steady
bank a;gle but this was not considered likely to be significantly different
from ﬂl for the low Iﬁéeld caies for which the sideslip excursion requirements
are critical., The parameter @1 is proposed to eliminate the possibility that

there would not be a peak if the spiral mode were unstable.

The residue of the Dutch roll mode in the sideslip response to a

step aileron input is roughly proportional to @, -2, however, the residue for
d
an impulse input is roughly proportional to a% ‘1_ Because of this character-
d

istic, it is necessary to divide 4B ox measured from an impulse input by‘«ﬁ
in order to preserve the empirically demonstrated correlation between pilot
rating and the éﬁhax/k criterion in MIL-F-8785B(ASG). To clarify this point,
assume that pilot rating is found by experiment to be a function of ‘y%sc for a
step aileron input, P.R., = fgﬂoststep: Then it follows that pilot rating
should be correlated with qﬁgsc X when an impulse aileron input is used,
P.R, = £ osc) it ] M . ; . -1 .

R 2/ Aimpulse. This is tge rationale for including q41 in the

n L)
definition of the new sideslip parameter proposed by Calspan.

COMPARISON OF CALSPAN SIDESLIP REQUIREMENT AND STI AILERON-~RUDDER CROSSFEED
PARAMETERS

The épmax/k vs %é requirement of MIL-F-8785B(ASG) was criti-
step
cized by the authors of References 2 and 3 as being '....based on aileron-

only parameters and the effects of rudder control are only indirectly apparent

as they may have influenced individual pilot ratings.'” The authors of
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References 2 and 3 further claimed, 'the fact that these criteria are not
satisfactory is shown in Figure 10 where several configurations which vio-
lated boundaries based on aileron-only parameters were given good to excellent
pilot ratings." The data and figure referred to are reproduced herein as
Figure 1, Specifically, data points 4B, 5A and 5B from Reference 4 were
singled out as gross violations of the Aphax/k requirement and held up as proof
that the Aﬁhax/k requiremgnt was inadequate to handle cases which required

the pilot to use the rudder for coordination, In fact, however, the violations
of data points 4B, 5A and 5B illustrated in Figure 1 are fictitious because
these points, and others in Figure 1 , have been plotted by the authors of

Reference 2 at the wrong values of %% » The errors in locating these points
step

relative to the specification boundaries are indicated on Figure 1. It is
seen that when the points are properly plotted, they are not in gross violation
but are quite well accommodated by the specifications requirement boundary.
Although there are many reasons for making revisions to the Af%ax/k requirement
which were discussed elsewhere in this paper, the c¢laim made by the authors of
References 2 and 3 that the requirement does not account for the pilot's use
of rudder to coordinate turns is quite unfounded., The evaluation pilots were
free to use the rudder during all of the experiments and their ratings reflect
the feasibility of using rudder to cecordinate maneuvers. The shape of the

requirement boundary as a function of y% is partly determined by this con-
I'step
sideration,

Calspan in Reference 1 and STI in Reference 2 have taken two
different approaches to development of requirements for limiting sideslip dur-
ing rolling and turning maneuvers., The time histories in Figure 2 illus-
trate two aspects of the problem and suggest the two approaches. Figure 2
shows the bank angle and sideslip responses for a given configuration that result
from a step aileron input with rudder zero. Also shown on Figure 2 is the
rudder input that must accompany an aileron step input in order to maintain
zero sideslip. The bank angle response to the combination aileron and rudder
input is identical to that for the aileron step alone for this configuration

because the roll yaw coupling is very low., The Dutch roll mode is excited by
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the aileron-alone input and has a residue in the sideslip, yaw rate and heading
responses. The Calspan approach, described previously, is to develop require-
ments to limit the magnitude of the oscillatory component of the sideslip re-
sponse to an impulse aileron input as a function of the phase angle of the
oscillation. The STI criterion is based on the aileron~rudder sequencing re-
quired to achieve coordinated turns, defined as turns with zero sideslip. The
ideal ail;;on-rudder crossfeed is the ratio of transfer function numerators
I WA

The STI criterion is based on the assumption that the ideal rudder
crossfeed transfer function can be adequately represented by a first order

- K(s +
lead=lag form YCF = - (s + zp) .

be shown to be invalid for the YF-16) a parameter, s« , is defined as the ratio

Under this assumption (which will later

of the separation of the zero from the pole normalized by the value of the pole
of the lead-lag network. The STI criterion consists of empirical boundaries

drawn on a plane defined by the 4+ parameter and the ratio of Ng- L%- calcu-
a a
lated for stability axes. Under the assumption that the crossfeed transfer

function can be approximated by a lead-lag, the p parameter can be defined in
terms of the initial and final values of a time history of rudder pedal for a

step aileron stick input to the simplified lead-lag transfer function,
= final value -1
initial value *

In general the ideal aileron-rudder crossfeed transfer function
will not be a first order lead-lag. For an unaugmented airplane the transfer
function can be the ratio of third order polynomials and for the augmented
YF-16 airplane the crossfeed is the ratio of sixth order polynomials. The
authors of Reference 2 define a set of rules for simplifying higher order
crossfeed transfer functions to the first order form., These simplification
rules will be illustrated and the STI requirement will be compared with the

Calspan requirement through application to two examples.

The first example is configuration P-8 taken from Reference 5 .

The ideal crossfeed transfer function for this example, together with a time

48



history for a step aileron wheel input, is shown on Figure 3. Following the

rules for simplifying this transfer function given in Reference 2, the simpli-
fied transfer function and time history shown on Figure 3 is obtained. Eval-
uation of the s parameter from the simplified transfer functions and time his-

tory is also shown on Figure 3.

The effect of the simplified crossfeed on the sideslip response
of configuration P-8 is illustrated in Figure 4. In this case, the simpli-
fied crossfeed is effective in eliminating excitation of the Dutch roll mode
and in constraining the sideslip to be nearly zero for the first seven seconds.
After seven seconds the effect of eliminating the low frequency factors of

the crossfeed is seen to result in an increase in the sideslip.

The roll rate and sideslip rate responses of configuration P-8
to a step aileron stick input without the crossfeed are shown in Figures 5
and 6. In Figure 5 it is seen that the p response exhibits a significant
residue of the unstable spiral mode and measurement opros/pAV of MIL-F-8785B(ASG)
would be severely influenced by the spiral mode. The p time history has been
calculated by subtracting the contribution of the spiral mode as was described

earlier, The reduced time history has been analyzed to calculate the parameters

ke

VS %

recommended by Calspan in Reference 1. The calculations are illustrated in

S

step

Figure 5, In Figure 6 it is seen that the/5 response to the step aileron
stick input is dominated by the excitation of the Dutch roll mode whereas the
A response to the step input illustrated in Figure 4 was highly influenced
by the spiral mode residue. The calculations to evaluate the new sideslip

coupling requirement recommended by Calspan are illustrated on Figure 6,
Now that the Calspan and STI recommended flying qualities param-

eters have been calculated for configuration P-8, they can be compared to the

criteria boundaries in Figures A4, A5 and 7. Configuration P-8 was evaluated
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by three different evaluation pilots and was rated as follows: Pilot A PR = 8,
Pilot B PR = 9-10, Pilot C PR = 6-6,5. Unfortunately,none of the requirements
are successful in screening out this configuration, It should be pointed out
that a configuration that is rated PR > 6,5 does not have to appear outside

the 6.5 boundary on all the flying qualities parameter plots; it only need
exceed that boundary on cne plot to have been properly screened ocut. In this
case, the pilot complaints were directed at the sideslip and heading control
difficulties and.the large and difficult-to-accomplish rudder inputs required
to prevent these problems. Therefore, one should not expect the 505/51 Te-
quirement to screen cut this case but it should be screened out by the Calspan
sideslip requirement or the STI aileron-rudder crossfeed requirement. Actually
this case was chosen by the author because it was anomalous in the Calspan data
correlations reported in Reference 1 and was considered to be a test case of
interest in comparing the STI and Calspan requirements, Extensive data cor-
relations treating the data from fifteen flying qualities experiments are

shown in Reference 1 but are too voluminous to report here,

The second example chosen to compare the Calspan and STI require-
ments is the YF-16 as it was known to Calspan at the time Calspan simulated
the aircraft in the T-33 VSS airplane prior to its first flight, Reference ¢.
This aircraft is augmented in a manner which results in higher order transfer
functions and for this reason it is an interesting case to use in exploring
the applicability of the proposed flying qualities requirements. The ideal
aileron-rudder crossfeed transfer function for the YF-16 is the ratio of two
sixth order polynomials in S. The rudder pedal force required for a step
aileron stick force is shown in Figure 8. This is a complex time history
involving a rapid rudder pedal force reversal within the first tenth of a
second followed by a dip at t ¥ .4 sec and then a fairly steady growth with
time. The complete crossfeed transfer function is noted on Figure 8. Using
the STI rules for simplifying that transfer function, the reduced transfer
function and time history illustrated on Figure 9 is obtained and//b = -,408.
It should be recalled that the parameter was defined under the assumption that
the crossfeed transfer function could be approximated by a first order lead-

lag. Obviously the simplified YF-16 crossfeed which is third order in numerator
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and denominator does not meet that assumption. Also, because of the second
order complex factors in the numerator which cause a notch effect, the shape
of the YF-16 crossfeed is quite different than that implied by a 4¢= ~-.408
value for the first order lead-lag model. The first order model would imply
a rudder pedal time history that starts at unity initial value and decays
exponentially to the steady state value of .592. The time constant of the
exponential decay is normally the roll mode time constant but in the case of
the augmented YF-16, it is not obvious which of the three factors in the sim-
plified crossfeed transfer function should be considered to be the roll mode,
To make an extreme interpretation, the author assumed that the root at s + 1
should be used to relate thq/& = -.408 value to a first order crossfeed model,

Then

A = —2—; -1 0= 222
The first order crossfeed model implied byf14J= -,408 then would
be
_ 262 (s + .592) !
YorP ° TG D : 592
RP

et
i

t

where the gain has been calculated by rules given in Reference 3. This cross-
feed was used to calculate the sideslip rate response illustrated in Figure 10,
Obviocusly this crossfeed does not constrain sideslip to be zero and, in fact,
by comparison with the sideslip rate time history in Figurel0 which was cal-
culated for an aileron stick force step input with no crossfeed, it is seen
that the first order crossfeed for which 4¢ = -,408 has aggravated the sideslip
response, It is the author's opinion that this case demonstrates that the
assumption that the crossfeed can be adequately represented by a first order
lead-lag in the frequency band .33 <« w < 6§ is not valid and can lead to mean-
ingless values of the w- parameter. This, of course, does not invalidate the
aileron-rudder crossfeed approach to analyzing and evaluating flying qualities;
it simply means that the first order model and the 4« parameter are an over-

simplification.
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Although the YF-16 is highly augmented and the lateral-directional
transfer functions are higher order, the p and/é time histories in Figure 11
are amenable to evaluation of the flying qualities parameters recommended by
Calspan in Reference 1. The calculations are illustrated on Figure 11. The
parameters evaluated fall within the Level 1 requirement boundaries in Figures
A4 and AS,

GENERAL OBSERVATIONS

It should be observed that the Calspan sideslip requirement and
the STI crossfeed requirement are both related to the numerator of thefS/éhS
transfer function. Both requirements are aimed toward achieving airplanes
that can be maneuvered in rolling and turning flight without sideslip. The
information required to accomplish that cbjective is contained in the coef-
ficients of the ,G/QAS

of the sideslip response is minimized when the factors of the numerator cancel

transfer function numerator. The Dutch roll component

the Dutch roll roots of the characteristic equation., The sideslip response

is completely eliminated when each of the numerator coefficients is zero. The
following equations are derived by setting each coefficient of s in the}B/SAS
numerator to zero, The numerator polynomial being considered does not account
for servo dynamics, sensor dynamics or electronic shaping networks. The equa-
tion applies to linearized equations of motion with augmented stability deriva-

tives, including the artificial derivatives Né, L; and Y¢ which would result

from feedback of bank angle to the rudder and aileron Ng = C353 + 0252 +
C S1 . C AS
1 0*
C,=0when Yy =0
3 AS
C,=0when N§ =« L (1)
2 As 0 s
N/
= / ZE ’ - N7 r
C1 0 when NP V+°fo (LP Nr)+Y‘ E?—
AS "8
AS
- ’ = . 8 vy
CO = (0 when Nﬂ = v N
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These equations indicate that independent control of side force and yawing
moments is required to eliminate the sideslip response to aileron stick.

Side force control is necessary to cancel the side force due to aileron stick
commands, This component is not normally a significant consideration and, for
practical augmentation design, can be ignored, The remaining coefficients,
Cz, Cl’ C0 can all be set to zero through generation of yawing moments with
the rudder that are proportional to &AS’ p and @, Expressed in equation form,

the rudder augmentation required to constrain sideslip to be zero is:

érc £ grc grc
£, = *+ — p+* — P (2)
T, 3;5 AS p P @

The augmentation gains in this equation can be calculated from Equation 1.

An example will be used to illustrate that an equation of this form will
accurately represent the rudder time history calculated from the ideal aileron-
rudder crossfeed transfer function. This process is illustrated in Figure 12,
Note that it is necessary to have time histories for the p and @ (or at least
§) responses to the aileron stick step which are calculated with the ideal

aileron-rudder crossfeed included.

This interpretation of the rudder augmentation required to con~
strain sideslip to be zero suggests that crossfeed of aileron stick through a
shaping network is an idealization that does not properly represent the task
the pilot must accomplish. If he could fly the airplane in smooth air using
only aileron stick inputs, then crossfeed of the stick inputs through the
crossfeed filter to the rudder would prevent excitation of sideslip. The pilot,
however, must fly the airplane in rough air and he may occasionally '"miscoordi-
nate' with the rudder. In these circumstances, the airplane motions are the
result of more inputs than just the pllot's aileron stick commands, In this
situation, the pilot must resort to the contrel law of Equation 2 which re-
quires independent observation of JAS’ p and ¥. In many cases that task is too
demanding and the pilot may decide the best way to fly the airplane is not to
attempt to use the rudder,
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CONCLUSIONS

i.

2.

3.

4.

Although the lateral-directional coupling requirements of
MIL-F-8785B(A5G) are generally valid, application experience
and additional data has revealed deficiencies., These defi-
ciencies have been addressed by Calspan in Reference 1 and
revisions to the definitions of the parameters involved have
been proposed which are designed to alleviate the observed

deficiencies.

The sideslip requirement recommended by Calspan and the
aileron-rudder crossfeed analysis proposed by STI are both
useful in understanding the cause of flying qualities defi-
ciencies., The /f& parameter used in the STI heading control
criterion, however, is based on the assumption that the
aileron-rudder crossfeed transfer function can be adequately
represented by a first order lead-lag network. This assump-
tion is not generally valid and in some cases the magnitude
of the _u«e parameter resulting from the assumption implies
quite different rudder coordination from that actually re-

quired to restrain sideslip to be zero.

It is shown that the following rudder control law will con-

strain sideslip to be zero during rolling and turning man-

suvers, ,
br s §r i’
5 = ¢ + < P + ___C Q
Or 3;; AS. P g

The gains in this contrel law can be evaluated by setting
the coefficients of Nfs to zero.
%&S

Both the Calspan and STI requirements can be applied during

the design phase of an aircraft development, The STI cross-

feed criterion, however, would be difficult to evaluate
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during the flight test phase. Evaluation would require
identification of a complete set of stability derivatives
from flight test data and use of these derivatives to show
compliance through calculations, The Calspan requirements
can be evaluated directly from recorded time histories of
responses to step or impulse control inputs applied by the

pilot.

355



REFERENCES

Chalk, C. R., D. DiFranco, J. V., Lebacqz and T. P. Neal: "Revisions to
MIL~-F-8785B(ASG) proposed by Cornell Aeronautical Laboratery under Con-
tract No. F33615-71-C-1254," AFFDL-TR-72-41, April 1973.

Ashkenas, I, L., R, H. Hoh and S, J. Craig: ''"Recommended Revisions to
Selected Portions of MIL~F-B785B(ASG) and Background Data," Technical
Report No. AFFDL-TR-73-76, August 1973,

Hoh, R. H. and I, L. Ashkenas: '"Handling Quality Criterion for Heading
Control," J. Aircraft, Vol. 14, No. 2, pp. 143-150, February 1977.

Stapleford, R. L., R, H. Klein and R, H. Hoh: "Handling Qualities for
the Space Shuttle Orbiter During the Terminal Phase of Flight,'" STI Re-
port No, 1002-1, August 1971.

Wasserman, R., F. F. Eckhart, and H. J. Ledder: "In-Flight Investiga-
tion of an Unaugmented Class III Aircraft in the Landing Approach Task,
Phase I — Lateral-Directional Study,' AFFDL Report No. AFFDL-TR-71,
October 1971,

Hall, G, W, and R, P, Harper, Jr.: "In-Flight Simulation of the Light
Weight Fighters," AIAA Paper No., 75-985, paper presented at the AIAA 1975
Aircraft Systems and Technology Meeting, Los Angeles, Califormia, August
4-7, 1975,

356



XYW

10d T sA N/ 79U NO YLVQ NOILYTIHY0D | 4nbid

(bap) T
05§ - 00¢ - 062- 002- 0S!- 00I-

oS-

| | | | ] |

4

\ / [ —._-m

1
sitld

4

¥s

\ .

Amwum [2A87 jowixoiddy

(3¢)1 12807

ot

b
Xowgf o

Gl

02

Ge

357



SI7dWyX3 ISNOdSIY 1704 2 24nblLy

.. 90" ~r-£0" -
-lc'.,ll."’
-~ v0 -F20° -
..ltlll
=
- 20°-F10"-
i . 73S - IWIL N 0
Oy
Y z20' k1o
< L)
=
¥ 20" ©
/ m
Yeotso°
\
’A
80+ +v0°
. 5 23S - 3WIL ] 0
—_ 1 -+ ....O
-2
|4
do1s "¢ Bap | :IndNI VAR ¥
]
T@ .WJ\
s
-01

358



8-d NOILWHN9TANOD ¥0d4 0334SSO¥D Tva3dd ¥3aany € s4nbry

l-lllr.
LK .
e e
T — e v —
-
W —
',
l,
b Y

J3S-IRI1
9 S b € 4 T

S (0p-£+4S) dy

Mg (08°5-S)

S (99° L1+S) (Ot~ €+S) (#920°-5) 4y

Mg (65°€2+S)(08°G-S)(66/0°+S)LLL

359



8-d NOILVYN9IANGD 40 ISNOASIY d11S3QIS ¢ sunbiy

JIS-IWI L
b1 A ot 8 9 »
_ i 1 _ _ T ] _
\
Ve
/7
/7
V4
/
/
/
*—————-p2a34s504) paLiLduLs YIm \\
/
P33} 55047 oz/r\\
— 7
\\\\ .l....l....f...ll-..l..ll‘\\\
”~
”
7
~
”~”
-
-~
.\\\
-
\\I.\\\

da1s 1un ~ "%

(v €+S) Ele

Sa|NA [1S ~ paljldwis (8°5-5)766° = A

o [og 2, 2]
mmw%ﬁ\,n +h nm&m

0Z°0 000 Qe’0-

0b°0

]
9°0

d134

360



(8-d NOTLVYNDIINOD)} NIILS NOYITIY d3LS 404 3LvY 1708 G d4nbiy

73S - IMIL
91 L 71 0l 8 9 v Z 0
L E 1 1 | 1 1 1 Po
L |
lse- = gl - ge€- = g2 . uls - pog &8 . - 354
0 -0 0 - 8/ P
. Ly
6Ll - (0s¢" )2 . d L5
- (li€7)e - ss€” + 056 SO,

361



(8-d4 NOILYYNOIANGD) ¥IILS NOYWITIY dILS ¥0d4 3LvY¥ d11SIQIS 9 3anbig

J3S - JMWIL

bl 21 ol B y 2 0
| 1 | ) 1 0

.
-1 =
mU
L 2
. d3Ls
S {,-,,E8 - g L ¢
= ofl - 80l = g2 uts =|g - L + gy ) 0% = 74
L
L, Iale
. 0S€° 2728 €L 4 5|7
9wy = Z8L° 822 )

Pl 5 1oa _Ezmi

362



S
|-
a
2
13
£
1]
[ 8
o
O
on
=
e
-
7]
-
3 N's ¢
5 S (Log Scale)

Fac
]l | L de 1 [ | |
’ I I bi B ]
-.5 -0.1 -.0% .05
-
Level 2 -2

Level 2

Level 1 Level 1

Figure 7 AILERON-RUDDER COORDINATION LIMITS:

363



9L-3A ¥04 0334SS0YD Y034 ¥30any 8 S4nbl4

JAS-JWIL

€ (4
1 I i 1

AT A

292 = © 92z

(L) (S1) Lyvo- N F b
(6-2v-)}(/8°21)6210" - Amvmmm

(Lr+5)(G1+S) (014S) (S€2+S) (L4S) (420" -S)
(6721-S) (£8721+S) (1+S)[BYL €+5566 +,5 (811 +S)c62 -

n

dy

T

364



gL-4A Y04 03T4SSO¥D WA3Id ¥3CCNY GITAINIWIS 6 24nbL4

JIS-ITI1

b € (4 T
l | { i

807" -
| - 265 =
L- ()% =

(0L+S) (S€"2+5) (145) dy
(v+S)[8YL €+5566 " +,S |

=
SL°0

52°0

0S°C

00°I

dd

365



0% - = 777 A8 Q31 dWI

G334SS0UD HNISN 91-4A ¥0d ISNOJSIFY FLWH dI153QIS 0L 24nbiry

J3S-IWIL

ot 8

e —

@334SS0¥) LNOHLIM —— =~
d334SS0¥) HLIM

(1+S)
(265 +5)292"

Q%.&Wﬁww hmw erg"
; ;

43

|
000 01°0-

01°0
{ 2-01X) ¥.39

0

0e*0

366



91-4A

“32U04 NOYITIY dILS

0L S3SNOdS3Y J1vd 4I1S30AIS OGNV ILvd 1704 L1 94nbiy

8g1- =
[-]
EX .u_m..___.wQ
Cws-lz-se 7 |o9E- = -
i ﬁ r 4
bOF" =
-9 oo ZzE 7Y ‘“ 6 F,
4.0l 0TE gz YEWoo *A
£g - =
L-J
_H m...m..;._ o315,
M n - - o - =
MN\- s z-1+ P 7€ 72
gLl =
- /
(cio)z (A
(6200 )7 - s2800°+ 010" %

J3S-3WIL
9 b

01°0-

JAS-IWIL

9 L4
i |

"0
.0l X &

o1°0

‘0
OLxdgd

o1°o

367



AYOLSIH 3WIL G334SS0YI 40 NOILYWIXOdddY gL d4nbLy

J3S - 3MIL

@ opo0” - dFEleT ~

z %
8 20 =
e S Y
£ A 938 - JWIL L 0
1 1 1
0
-2
dos ®s Bap | :lndNI
-
INdNI d3LS = (s) %% -9
7
(% (7% = ()% L g
st, [ (59998 > Emd _
s) g |37 = ()¢
=) _H (s)p e -0l

- - —80° -

.I@O.l

IIQO-I

I-NQ-I

930 s

93¢ ¢

368



Appendix A
REVISED LATERAL-DIRECTIONAL COUPLING REQUIREMENTS PROPOSED BY CALSPAN

A -
3.3.2.2 Bank angle oscillations. The value of the parameter ¢L$C//bﬂ
following a rudder-pedals-free impulse aileron control command shall be within

the limits in FigureAd4 for Levels 1 and 2. The impulse shall be as abrupt
as practical within the strength-limits of the pilot and the rate limits of
the aileron control system. For all Levels, the change in bank angle shall

always be in the direction of the aileron control command.

3.3.2.2.1 Additional roll rate requirement for small step inputs. The value

of the parameter ;ng/eg following a rudder-pedals-fixed step aileron
command shall be within the limits shown on FigureA4 for Levels 1 and 2.

This requirement applies for step aileron control commands up to the magnitude
which causes a 60 degree bank angle change in 1.7 7; seconds. For all Levels,
the change in bank angle shall always be in the direction of the aileron

control command.

3.3.2.3 Sideslip excursions. Following a rudder-pedals-fixed step aileron

control command, the sideslip increment, 442, shall be less than the values
specified herein. The aileron command shall be held fixed until the bank
angle has changed at least 90 degrees. '

Flight Phase A
Level Category P
1 A 6 degrees
B&C 10 degrees
2 All 15 degrees

3.3.2.3.1 Additional sideslip requirement. The amount of (sideslip) (rate

of change of sideslip) following a rudder-pedals (-free) (-fixed) (impulse)
(step) aileron control command shall be within the limits shown on Figure AS
for Levels 1 and 2. The impulse shall be as abrupt as practical within the
strength limits of the pilot and the rate limits of the aileron control
system. The requirement shall apply for step aileron control commands up
to the magnitude which causes a 60-degree bank angle change within 7
seconds.
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Lateral-Directional Parameter Definitions

¢ bank angle measured in the Y¢ = ¥, Pplane, between the Ys

- stability axis and the horizontal

“+ roll rate about the x_ stability axis

5
¢(t)-‘" é)'f-‘(,ﬁ (r.& ) Bank angle response to an impulse
lﬂMSF
aileron input w1th the spiral component subtracted.
s R .
?,(c)zﬁ(tj-r!(s G c )J'qs,frgp oll rate response toc a step aileron

1nput with the spiral component subtracted.

_ﬁ"r’_‘ a measure of the ratio of the oscillatory component of
F1 roll rate to the roll rate at the first peak following a

rudder-pedal-fixed aileron control command.

Pose. ! f’;}*??]
b o 4Ll ]

7

A la ) N
where #, , ;’:\L and fs are roll rates at the first, second and

third peaks, respectively (Figure 126).

a measure of the ratio of the oscillatory component of bank angle

_:ml)%'&;

to the bank angle at the first peak following a rudder-pedal-free

impulse aileron control command.

Bpee . 21(6,7.)(3-3)]
7 7

A

where &, , #, , and {3_3 , are bank angles at the first

second, and third peaks, respectively. (Figure 126)

Qfay maximum sideslip excursion at the c.g., occurring within 1.2 Ty
sec following a rudder-pedals-free impulse aileron control

command. Usually the peak to peak amplitude (Figure 127)
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:Qﬁ%"ay maximum sideslip rate excursion at the c.g. occurring within
1.2 73 sec following a rudder-pedals-fixed step aileron

control command (Figure 127)

proposed flying qualities parameter to limit sideslip excited

by roll commands.
|28 ax le <225

wy [—é; 5, ]

Y, phase angle expressed as a lag for a cosine representation
IMPULSE .
OF 5T€P of the Dutch roll oscillation in the (x) response resulting

from an aileron impulse or an aileron step input

IS S

g,
X - - e T
Y, = = 3L0 [73 + 7 rz} Stn 54 def
OF STEP

with n as in 1:n , below, Where (x) is bank angle, roll
rate, yaw rate, yawxacceleration, sideslip or sideslip rate
response with the spiral residue subtracted (Figures 126, 127)

% repvise phase angle expressed as a lag for a cosine representation of
)
o~ 57€F the Dutch roll oscillation in the (x} response resulting from

an impulse or step aileron-control command

where:

les of 1i ts f g 2
33 angles of line segments from zeros o m
transfer function numerator to the positive

conjugate Dutch roll root, for éf"s impulse or step.
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: x (s}

les of line segments from po of 1;——4L

g. ang _ gment poles e (5)
transfer function denominator to the positive

conjugate Dutch roll root, for ‘&s impulse or step.

time for the Dutch roll oscillation in the (x) response
to'reach the nth local maximum for a right step or impulse
aileron-contrel command, or the nth local minimum for a

left command. In the event a step command is employed, the
control shall be moved as abruptly as practical and, for
purposes of this definition, initial time, ¢ , shall be
defined as the instant the cockpit control deflection passes
through half the amplitude of the commanded value. For
pulse inputs, time shall be measured from the point halfway
through the duration of the pulse. Only peaks occurring
after ¢ = 31,
resulting from the roll mode.

should be used to avoid distortion

Residue of spiral root in the (x) time history response to

aileron impulse or aileron step input.
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Roger Hoh, STI: 1. Your primary argument with the y parameter appears
to be the simplification of the crossfeed. We no longer recommend

that high or low frequency roots be removed and that the crossfeed
(with unity high frequency gain) be used in its raw form to calculate
5r=(3). How does this affect your objections?

2. You show a rudder time history which is non-monotonic. This
is an important pilece of data because such large departures from the
assumed monotonic shape are expected to result in poor pilot ratings.
What was the pllot rating for that configuration? (Original YF-16)
What was the value of N for the original YF-167? (Obtain N

Suw Sw
Lsw
as high frequency gain of (Ngw )aug respectively).
3. What was NS on the configuration that met both criteria and
L
Sw

was bad?

Answer: 1. If the rules for measuring &_ (3) are different from those
published in the STI AIAA article and the® AFFDL report, then why
didn't Mr. Hoh describe these new rules in his presentation before
lunch today? I believe I have shown that cases can exist for which
the & parameter as defined in the written reports, implies a crossfeed
time history that is not at all shaped like the rudder time history
required to restrain sideslip to be zero and in fact will cause larger
sideslip excursiong than would occur if no rudder was used,

It is not clear to me what the new measurement rule is; therefore,
I am not prepared to comment on its utility.

Examination of the stick to rudder crossfeed required to constrain
sideslip is certainly worthwhile, and as I indicated in my paper, the
rudder time history can be interpreted in terms of crossfeed and feed-
back gains 6r/ GW, §,/p and Gr/¢ which can be used to diagnose the

coordination problem of a given alrplane. These gains are also
effective augmentation loops. Whether or not an adequate flying
qualities criterion can be developed which uses rudder amplitude
conformation at only one or two instants In time is not clear to me.
The STI approach does not seem to treat cases where the pilot chooses
not to use the rudder.

2. 1 do not know what pllot rating the YF-16 has been given for
the flight condition the transfer function represents. The ratings
from the NT-33A simulation should not be used because there was no
attempt to mechanize the details of the YF-16 lateral directional con-
trol system. The ratio of high frequency coefficients in r/8,, and
p/8,, transfer functions is (-.111).

3. For configuration P-8 the value of N;

T
Gw /L5W
Dwight Schaeffor, Boeilng: Do the feedbacks to rudder employed to
make RB/8w =0 adversely affect steady turn (hands off) coordination
or response to turbulence?

was t.035.
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Answer: The feedbacks Sr/p and Gr/¢ and the crossfeed Srlﬁw are

designed to help keep sideslip zerco in steady turns and rolling maneuvers.
The Gr/¢ feedback will effect the spiral root and it may be necessary

to useé yaw rate feedback to the aileron da/r to keep the spiral root
neutral or stable. The feedback signals are inertial, therefore the
airplane tends to be stabilized and to reject turbulence upsets,
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