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Reply by Authors to C.R. Chalk
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Table 1 Data from Ref. 6 for 1/7. -0.8 rad/s, cof = 1.6 rad/s2
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Table 2 Pilot ratings for optimum combinations of U0/g
and I/TV, (Ref. 6 data)

W HEN we wrote that MIL-F-8785B "was developed
...for unaugmented airplanes," we did not intend to

*ive the impression that simple feedback systems were not
:onsidered; our statement was, instead, made in the context of
:he title of our article.1 In this context, "augmentation" that
>erves only to modify the response characteristics of the
aircraft, without increasing system order, is indeed covered by
V1IL-F-8785B. These are aircraft which behave, as described
in the background document for the more recent MIL-F-
3785C,2 "in the classical manner: response to control and
disturbance inputs characterized by transfer functions of
familiar form."

The statement by Chalk that MIL-F-8785B "does not
properly address augmentation systems that unnecessarily
:reate HOS" is hopefully not intended to imply that HOS are
unnecessary. As Moorhouse and Woodcock2 explain,
:'Prefilters, forward-loop compensation, crossfeeds, etc., are
Legitimate design tools which are being used on many current
aircraft and indeed seem to be the norm." The Space Shuttle
is an excellent example of a nonclassical aircraft utilizing
:omplex augmentation to achieve its response characteristics
in approach and landing.3 Indeed, so-called "super-
augmented" aircraft4 such as the Shuttle may have dynamics
requiring an extensive investigation to devise an appropriate
set of flying qualities descriptors.

With regard to the statement by A'Harrah and
Lockenour5'6 that we quoted in our article, we recognized that
nz as used by A'Harrah and Lockenour did not necessarily
represent the "real world" n/a=(U0/g) (1/7^). This was
the reason that we chose to look further at the original data
and examine only those cases where the wing was fixed on the
fuselage, thus removing any doubt as to the meaning of nz .
In doing this, we found—as clearly illustrated in our Figs.°4
and 5 (Ref. 1)—that this set of data was still consistent with
the conclusions of A'Harrah and Lockenour. Those con-
clusions were not "misapplied" in our article, since they are
even more appropriate to the set of data that we used.

The experiments conducted by A'Harrah and Lockenour
contain a wealth of information on the effects of airspeed and
short-period dynamics on pilot opinion ratings. We removed
any questions over the meaning of A'Harrah and
Lockenour's nz by the data we presented.1 Chalk, by listing
a series of pilot ratings for \/Te =0.8 rad/s and wfp = 1.6
rad/s2, attempts to refute one of the points of our article.
Unfortunately, neither our earlier work1 nor this reply allows
space to present the detailed A'Harrah and Lockenour data in
its entirety. Therefore we will only show here the causes of the
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pilot rating spread mentioned by Chalk, and in doing so will
introduce more support for questioning the applicability of
n/ot. The data to which Chalk refers are shown in Table 1 .

Since no pilot rating was given for configuration 2, we have
included configuration 80, whose test conditions were
identical. The ratings are a strong function of U0/g, which is
not the same as n/ot. Recognizing that the pilot's control of
altitude is with attitude,1'7 the effective h/6 transfer function
is

U
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In this case, U-0 is airspeed and not closure (or approach)
speed, which was constant for Ref. 5 at 95 knots. The
A'Harrah and Lockenour data were reviewed more than a
decade ago by Ashkenas,7 who suggested that "if U0 is made
artificially high relative to the closing speed, the pilot may
consider that the airplane is overly sensitive to changes in
attitude; conversely, if U0 is artificially low, the configuration
could be deemed too sluggish."

Influence of U0/g can be evaluated in the A'Harrah and
Lockenour data by plotting pilot rating vs U0/g for all the
data and extracting the "best" ratings for any combination of
1/7^ and u2

p. For example, from the list above, the pilot
clearly prefers C/0/g = 5-10 (pilot ratings of 2 and 2). If we
concentrate only on the u2

sp = 1 .6 and 0.8 rad/s2 cases, we find
the results shown in Table 2.

Ashkenas7 discussed similar effects from the A'Harrah and
Lockenour study. The data above show that 1) pilot ratings do
not correlate with n/a.\ 2) pilot ratings degrade for
\/Te <0.2; and 3) ratings of 1 were given for n/a = 2 and 1
g/rad, well within the level 2 and 3 regions in the MIL-F-
8785C (Ref. 8) requirement.
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