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INTRODUCTION

System Identification From Tracking (SIFT) is a new flight
test and analysis technique for evaluating pilot-in-the-loop
handling gualities. Normal stability and control flight test
data are obtained during pilot-in-the-loop, mission-oriented,
precision tracking maneuvers, These data are analyzed in the
frequency domain to obtain frequency response transfer functions
and modal parameters of the airplane aerodynamics, the flight
control system, and the overall system (aerodynamics plus control
system). These quantitative results are correlated with quali-
tative pilot comments and ratings obtained from the test maneuver.
This correlation of gquantitative and qualitative results provides
insight into the pilot-in~the~loop handling qualities character-
istics of the airplane,

Numerous applications of the SIFT technigques at AFFTC over
the past two and a half years include a longitudinal short period
pilot-induced=-oscillation (PIQO) investigation, an evaluation which
uncovered the existence of a previously unsuspected lateral-direc-
tional coupling into the pitch axis, and a fixed-base simulator
investigation.

The purpose of this paper is to briefly and informally out-
line the test and analysis technigues which make up SIFT. Formal
preliminary documentation of the SIFT techniques and ¢of AFFTC
experience with these techniques is available in Reference 1,
Development of these technigues is continuing at AFFTC, using
flight test data and fixed-~base simulator studies.
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DISCUSSION

A schematic outline of the SIFT techniques is presented in
Figure 1. For the purpose of discussion, this outline may be
roughly divided into "test techniques" and "analysis technigues®,
Both quantitative and gualitative data are obtained during the
test maneuver. Quantitative data are in the form of time histories
of normal stability and control parameters recorded during the
maneuver. The qualitative data are in the form of pilot ratings
and comments. The guantitative data are analyzed in the frequency
domain and the results are correlated with the gqualitative pilot
comment data to obtain insights into the pilot-in-the-loop handling
qualities characteristics of the airplane.

Test Technigues

Test data are obtained during pilot-~in-the-loop, mission-
oriented, precision tracking maneuvers. Three test maneuvers
have been successfully used at AFFTC. One of these is a specially
developed "tail chase" precision air-to-air tracking maneuver
called a Handling Qualities During Tracking {(HQDT) maneuver. The
other two are precision formation flying and aerial refueling.
The latter twc maneuvers are essentially standard maneuvers, f£lown
just as they are flown "in the field".

The HQDT test maneuver is a nominally constant angle of attack,
constant Mach number, constant altitude, carefully controlled pre~
cision air-to-air tracking maneuver. Special piloting technigues
are used to assure good frequency content in the pilot's stick
and rudder pedal inputs. These special piloting techniques include
agressive and persistent attempts to correct even very small track-
ing errors. Good frequency content and controlled test conditions
are important to a good data analysis. The HQDT test maneuver
has been formally documented in Reference 2.
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Extensive experience at AFFTC has demonstrated the HQDT
test maneuver to be an excellent maneuver for eliciting useful
pilot comments as well as good quantitative test data.

Analysis Technigques

The gquantitative test data (time histories of stability and
control parameters acgquired during the test maneuver) are analyzed
in the frequency domain to obtain open~loopr frequency response
transfer functions. These transfer functions may be the airframe
aerodynamics, or the flight control system, or the overall airplane
(aerodynamics plus control system}, or some other component or
system {e.g., a filter or a servoactuator). One of the advantages
cf the frequency response curves identified by SIFT analysis tech-
nigues is that they are a measure of the actual system as implemented.
They are not based on a presumed model of the system.

After the frequency response curves have been identified, they
may be curve fitted using a modal analysis program. The modal
analysis program identifies the system gain, transport time delay,
and first and second order characteristics. This identification
is based on a system model provided by the program user.

The frequency response curves and modal parameters are correlated
with pilot ratings and comments to provide insights into the handling
qualities characteristics of the airplane being tested. This correla-
tiocn of guantitative and gualitative data obtained from the same
test maneuver has provided some interesting results at AFFIC. 1In
one case, a previously unsuspected cross—-coupling of lateral-direc-
ticnal dynamics into the pitch axis was discovered using SIFT techni-
ques, This cross-coupling was evident to the pilot in the form of
a two to three mil pitch bobble at twice the dutch reoll frequency.

A complete classical stability and control test program, conducted
prior to the SIFT testing, had not uncovered this cross-coupling
problem, In another case, the Smith PIO criteria were used with
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SIFT techniques to confirm pilot reports of longitudinal short
period PIO. In yet another case, the influence of an air-refuel-
ing boom on the dynamics of a refueling aircraft was observed,
This was done by comparing the frequency response curves of the
refueling airplane before hook-up with the frequency response

curves after hoock=-up.

Example Test Results

A fixed base five degree of freedom engineering simulator was
used at AFFTC to obtain test data, using SIFT test techniques.
Two simulated HQDT test maneuvers were "flown" to obtain the
data discussed here. A target was presented on a cathode ray tube
(CRT) display for the tracking pilot. The target was programmed
to fly a constant load factor, constant Mach number, level turn
{3g, .080 Mach, 15000 ft). Seventy=-one seconds of data were
obtained during the first HQDT test maneuver, and sixty-three
seconds of data were obtained during the second maneuver. The
pilot flew these two maneuvers with his feet on the floor, i.e.,
without making any rudder pedal inputs. The pilot's Cooper-~Harper
rating for the configuration flown was a 3 for the pitch axis, a
3 for the lateral-directional axes, and a 3 overall.

The data obtained during these two maneuvers were analyzed in
the frequency domain to obtain frequency response curves of the
flight control system, the airplane aerodynamics, and the overall
system (aerodynamics plus control system)., The frequency response
curves of the flight control system transfer function of stabilator
deflection to pitch stick force (Ge/Fs), along with power spectral
density and coherence function plots, are presented in Figure 2,
The power spectral density plot of pitch stick force shows the
good frequency content elicited by the agressive, persistent,
precision piloting technique used in SIFT testing.

The aerodynamic frequency response curves of the pitch rate
to stabilator deflection transfer function (q/-Ge), along with
power spectral density and coherence function plots, are presented

417



in Figure 3. The overall system frequency response curves of
the pitch rate to pitch stick force transfer function (q/Fs),
along with power spectral density and coherence function plots,
are presented in Figure 4.

It is evident from Figures 2 and 3 that a better identifi-
cation was achieved for the flight control system than for the
aerodynamics. This is largely because a very simple pitch axis
control system was implemented for this test, consisting only of
a stick force gradient and a servecactuator. Because the control
system required relatively few components to simulate, there
were fewer sources of noise and error compared to the more complex
aerodynamics portion of the simulation.

Modal analysis of the identified frequency response transfer
functions shown in Figures 2, 3, and 4 yielded the results pre-~
sented in Figures 5, 6, and 7. The modal parameters are shown in
the familiar factored transfer function form. Plots of the modal
analysis curve fit overlaid on the identified frequency response
transfer function curves are alsc presented.. These overlaid plots
provide an indication of how well the modal analysis matched the
identified frequency response curves. For example, the short
pericd frequency and damping ratio identified from the aerodynamic

frequency response curves are W, = 5.69 radians/second and
sp

csp = 0.8l. These parameters, with the identified numerator time

constant (1/T, = 2.04/second) and gain (Kq = 1,82 degrees[secend)'

2 - degree

provide a pretty good match of the aerodynamics.

Equivalent System Identification'Using SIFT Techniques (Testing to
the New MILSPEC)

One of the proposed changes to the current flying gualities
MILSPEC is the implementation of a second order equivalent system
criteria for the pitch axis. An equivalent system criteria would
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be easy to test to using SIFT techniques., However, there are

some questions concerning standardization of analysis procedures
which need to be resolved. Two of these gquestions are: (1) how
will the user initially estimate the equivalent system parameters,
and; (2) what will be the frequency range of the curve fit.

Three examples illustrate the problems which may arise from
these questions. The following equivalent system model was used
in each case:

S
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Table 1 shows the results of three equivalent system fits of the
q/Fs transfer function presented in Figure 4. Two fits were con-
strained to the region zero to ten radians/second. The third fit
was over the region zero to fifteen radians/second. Table 1 pre-
sents the initial user estimates of the equivalent system modal
parameters, the final modal parameter estimates produced by the
modal analysis program, and the cost function corresponding to
each fit. The cost function provides a measure of how well the
frequency response curves in Figure 4 were matched. Smaller cost
functions indicate a better match. The respective matches are
presented in Figures 8, 9, and 10.

It is apparent from Table 1 that it is possible to obtain
different equivalent system matches of the same frequency response
curves. The equivalent system parameters identified by modal
analysis depend on the user's initial estimate of these parameters
and on the frequency range being analyzed. This problem of non-
uniqueness of fit has been widely recognized and emphasizes the
need to develop uniform procedures for obtaining equivalent system
parameters.
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CONCLUSICONS

AFFTC experience with SIFT pilot-in-the-loop handling gqualities
testing has been uniformly encouraging, SIFT has been success-
fully used to identify and evaluate some unusual handling gualities
problems as well as to identify traditional handling qualities
parameters such as short period frequency and damping ratioc. SIFT
techniques are readily adaptable to the equivalent second order
system criteria proposed for the revised flying qualities MILSPEC.

A standardized procedure should be developed for identifying the
eguivalent system parameters.
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Ralph Smith, SRL: 1I'd like to merely comment that it is unfor-
tunate that the equivalent systems work seems to detract from
what I believe is the valuable part of your work. Namely, the
frequency response measures of airplane response. This is what
we need, I believe. I further believe that it's all we need.
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