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CHAPTER 1
INTRODUCTION

1.1 Purpose of Document

The purpose of this document is to serve as a final report on
NASA Contract No. NAS4-2148 awarded to the University of Kansas Flight
Research Laboratory (KU-FRL) for the time period from February 1, 1974
to August 1, 1976. The work accomplished under the contract can be
summarized as follows:

1. Fabrication of necessary electronics to implement an
attitude command control system on a Beech Model 99
airtiner using separate surface controls.

2. Modification of a Beech Model 99 to include separate
surface controls.

3. Performance of a fault analysis and an environmental
test of the control system electronics.

4. Compietion of a flight test program defining the
performance of the SSSA attitude command control
system.

Steps one through three above are documented in References 1 and 2 and
will not be discussed in detail in this report. The bulk of this report
deals with the performance and evaluation of the SSSA Model 99 flight

test program.

1.2 Program Objectives

The primary objective of the 5SSA Model 99 program was to
determine whether an attitude command control system could be imple-
mented on a Beech Model 99 airliner using separate surface controls.
Two secondary objectives were to determine whether the pilot workload
required to perform a specified maneuver modeling an Instrument Landing
System {ILS) approach in turbulence was reduced, and whether the ride
qualities of the aircraft were improved by the SSSA attitude command
control system. The results of the flight test program and the
accomplishment of the specified objectives will be discussed in this

report.



b3 Program Organization

Theoretical and wind tunnel studies for the S5S$SA program were
done under NASA grants from September 1, 1971 to January 31, 1974. The
hardware fabrication and installation and the flight test prOQram‘Were
done under NASA contract NASL-2T48 from February 1, 197k to August 1,
1976. A complete list of reports detailing this work is included in
the Bibliography.

KU-FRL was the prime contractor responsible for all aspects of
the program. The feedback control network was designed, fabricated
- and installed by KU-FRL. The control surfaces were designed and the
flight test program was planned by KU-FRL.

Beech Aircraft Corporation, Wichita, Kansas, was subcontracted
to make the necessary aircraft modifications and control surface
installations. Beech Aircraft was also responsible for the flutter
evaluation and for supporting the flight test program under the
direction of KU-FRL engineers. ;

The Boeing Company, Wichita, Kansas, was subcontracted by
Beech Aircraft to perform the flutter analysis, and by KU-FRL to reduce
the flight test data.

Figure 1.1 shows the organization of the program and responsi-
bilities of the various organizations involved. | For a detailed summary

of previous KU-FRL organization see Reference 1.

1.4 Acknowledgements

The authors would like to acknowledge Dr. D. G. Daugherty and
Mr. Leland R. Johnson for their contributions in the electrical design
area, and the cooperation and contributions of Beech Aircraft Corp.

and Boeing Aircraft Co. of Wichita, Kansas.
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CHAPTER 2

ATRCRAFT CONTROL CONCEPTS

2.1 Rate Command Control

Conventional aircraft are controlled in the roll axis by a rate
command system. This means that the pilot commands a rate of aircraft
response with a control deflection. A typical roli response to a step
aileron input for a rate command system is shown in Figure 2,1.

When the pilot of a rate command system wants to fly a constant
bank angle he must make the followiﬁg physical and mental manipulations:

1. Determine the desired bank angle (mental);

2. Determine how fast the aircraft is to respond (mentai);

3. Displace the lateral controls to attain the desired
response {physical); .

4. Determine the precise time to reduce the control displace-
ment (mental);

5. Displace the controls to command zero roil rate and the
desired roll attitude (physical); and

6. -Monitor the aircraft attitude and make necessary control
inputs to maintain the desired attitude (mental and
physical).

Under certain circumstances, the pilot's ability to make these manipula-
tions may be exceeded resulting in a degradation in control or complete
foss of control of the aircraft. Examples of circumstances that may
degrade the pilot's performance are weather conditions, cockpit dis-
tractions, system failures, vertigo, nausea, atmospheric turbulence and

inherent aircraft instabilities.

2.2 Attitude Command Control

A basic premise of attitude command is that if the manipulations
required by the pilot to control the aircraft are reduced, the chances
for loss of control under the circumstances described in sectioq 2.1
will be reduced. Attitude command control means that a control input

establishes a steady state attitude, not a rate. An attitude command

4
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roll response as a result of a step aileron input s shown in Figure
2.2. The attitude established is directly proportional to the control
input which reduces the pilot manipulations required to fly a constant
bank angle to the following:

1. Determine the roll attitude desired (mental) and"

2. Displace the control wheel to attain the desired roll
attitude {physical). '

No mention has been made of the aircraft®s response in the
pitch and yaw axes. The conventional aircraft appears to respond as
attitude command about these axes as shown in Figure 2.3. Close
examination of the aircraft equations of motion (Reference 3} reveals
that the attitude is not being controiled directly, but indirectly by
the angle of attack, a, or the angle of sideslip, B. Attitude command
is the control of the Euler angles: bank angle, ¢; pitch angle, 6; and
yaw angle, Y. These angles are described in Figure 2.4. However, the
Euler angles, 8 and P, can be related to éhe angle of attack, o, and the

angle of sideslip, B, by the following relationships: -

Flight Path Angle, v + o (2.1)
Aircraft Track - 8 (2.2)

8
b

These relationships are graphically presented in Figure 2.5. The

equations of motion indicate that the controls of é conventional air-

craft directly control o« and B and affect.B and ¢ by the relationships
described by equations (2.1) and (2.2). This gives the pilot the impression
that he has attitude command but, in the strictest sense, it is not

attitude command because there are no forces or moments that are

generated to maintain the Euler angle or attitude. The only forces and
moments generated are those associated with angle of attack, o, and

sidesltip, B.
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CHAPTER 3

IMPLEMENTATION OF ATTITUDE COMMAND

3.1 Attitude Command Control System

The concept of attitude comman&:-as described in the previous
section, was extensively investigated by the NASA Dryden Flight Research
Center (NASA-DFRC), Edwards, California. This investigation was
summarized in Reference 4. The conclusion of that investigation was that
attitude command resulted in a significant improvement in the handling
gualities of the airplane while Flying an ILS approach in turbulent
air.

The method utilized to implement attitude command for the NASA
investigation was as follows:

1. All aircraft control surfaces were servo controlled.

2. An irreversible, hydraulic system was installed to activate
the control surfaces.

3. An on-board computer was installed to control the
hydraulically activated, servoed control surfaces.

This configuration worked quite well for the investigation;
however, it would present some practical limitations if the system were
implemented on a production aircraft.

The first limitation is the prohibitive cost of this type of
control system. Most light, general aviation aircraft do not have a
hydraulic system. Therefore, this cost alone would substantially
increase the unit price. :

Another limitation to consider is the weight of this type of
configuration. In many instances this installation couild reduce the
payload of the aircraft by as much as 50%.

The complexity of this configuration al§o presents some |imita-
tions. Due to the requirement for a hydraulic system rework, the
possibility of modifying existing production aireraft is impractical.

The final jimitation, and possibly the most important, Is

meeting the Federal Air Regulations (FAR) .certification criteria for

10



control system malfunctions. The FAR specify aircraft response 1limita-
tions in the event a servo controlled surface fails in a hard-over
condition. The aircraft must meet these criteria or provide an adequate
level of redundancy to preclude the possibility of a control hard-over.
It would be quite difficult to meet these criteria with the entire
control surface servo controlled, which implies that redundancy would be

required. This would result in a further increase in weight and cost.

3.2 Separate Surface Stability Augmented, Attitude Command
Control System

3.2.1 Separate Surface Stability Augmentation (SSSA) Concept. One

method of minimizing the l1imitations mentioned above is ‘Separate Surface
Stability Augmentation. This concept is depicted in Figure 3.1. The
existing, conventional control system is retained. However, a small
separate surface 'is isolated from the primary control system and
operates independently for implementation of attitude command.

This configuration alleviates some of the most critical limita-
tions that existed on the NASA attitude command control system. The
system is relatively-lightweight; it does not require a hydraulic
system; and the conventional control system is retained intact except for
the loss of the separate surface area. The most important consideration
is that the surface can be sized to meet the FAR hard-over criteria,
therefore eliminating the necessity for redundancy. The actual sizing
of the separate surface, or secondary control, considered the trade-off
between sizing the control for saturation during atmospheric turbulence
versus aircraft performance in the event of a control surface hard-over.
The control surface sizing for the Beechcraft Model 99 is described in
detail in Reference 2. A summary of SSSA control surface areas is

presented in Tabie 3.1.

3.2.2 Model 99 SSSA System Operational Description. The KU-FRL SSSA

system provided attitude command in all three axes: roll, pitch and vaw.
There were two operatfonal modes for the System: slave and command.
The siave mode did not provide attitude command; the secondary

or separate surfaces were slaved to the primary control surfaces

1]



FIGURE 3.1. General Arrangement of the SSSA Surface

Table 3.1.

SSSA Model

99 Control Area

S5SA RUDDER
PRIMARY RUDDER

SSSA ELEVATOR

RIMARY ELEVATOR

PRIMARY AILERON

' Total Area sssA A )
SSSA Aft of SSSA Area, ] rea
fontrol Hinge Line, me (ft2) % of Total
m2 (ftz)
) 20.7%
Elevator 8.0k (26.39) 1.67 {5.46) 7
.6%
Aileron 2.172 ( 6.95) 0.80 (2.6}?) 37
; 29.1%
Rudder 3.68 {12.08) 1.07 (3.52 ?
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providing primary control tracking by the separate surfaces. This mode
also represented the basic Model 99 with the exception of a slight
reduction in control forces.

The command mode, which implemented attitude command, is
represented in block diagram form for the roll, pitch and yaw axes in
Figures 3.2, 3.3 and 3.4 respectively.

In all three axes the attitude command control loop can be
represented as shown in Figure 3.5. This diagram is not intended to be
an accurate representation of the control system but it does exemplify
the basic attitude command control system: a single input or control-
ling function, primary control deflection, and two feedback loops,

angular rate and angular displacement.

3.2.3  555A Sub-System Operational Déscription. The previous section

simplified the system block diagrams by considering only the attitude
command control loop. However, to physically implement the control
system several sub-systems were required which complicated the basic
system. These systems are listed below.

1 auto-trim;

2. gyro erection cut-out;

3. pitch reference; and

L. yaw attitude command (heading hold) _
The following paragraphs provide a detailed description of the purpose

and function of the sub-systems listed above.

3.2.3.1 Auto-Trim - The auto-trim system was incorporated to perform
two functions. The first and primary function was to keep the separate
surface elevator position as close to zero as possibie.

The basic pitch axis attitude command system is rather limited in
authority, approximately +10° pitch attitude control. Therefore, it
would not be unusual for the basic system to become saturated. If a
malfunction occurred or the pitch axis system was disengaged under these
saturated conditions, the aircraft would experience a rather drastic
trim change. To preclude this possibility, the auto-trim system

monitored the separate surface elevator position and automatically

13
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trimmed the aircraft until the separate surface elevator position
returned to approximately zero.

The auto-trim system also fulfilled a second purpose. The
automatic trimming .increased the authority of the basic attitude

command system to a full +10° of pitch about any pitch attitude.

The auto-trim system was incorporated into an existing aircraft
system, the standby trim system. The Beech Model 99 is designed with
a main electric and a back-up or standby trim system. The main system is
controlled by a thumb operated switch on the pilot's and co-pilot's
" control wheels. This system operates at approximately three times the
speed of the standby trim system which allows the piiot to override
a standby trim system failure. The standby trim system is normally
operated by a two position on-off toggle switch and separate up-down
trim switches. The auto-trim system was wired into the aircraft
standby trim system by way of the standby trim on-off switch. Provided
this switch was in the '"off' position, the auto-trim system controlled
the aircraft mounted standby trim relays which controlled the standby
trim motor. [If the pilot selected standby trim ''on'', the auto-trim
system was disabled. For a compiete description of this system see
Reference 5, page 27.

]

3.2.3.2 Gyro Erection Cut-Out - The SSSA System obtained the roll and

pitch attitude information from a vertical gyro. This gyro automati-
cally erected itself relative to the normal acceleration force that it
experienced. |In straight and level flight this reference point was
the vertical position. However, inm a turn, when the afrcraft experi-
enced accelerations other than gravity, it erected to a reference
different than the vertical position. [f this occurred the gyro would
provide an erroneous signal to the control system. To eliminate this
the bank angle was monitored and the system automatically cut out the
erection circuit whenever the roll attitude exceeded a pre-set value.

For a complete description see Reference 5, page 29.
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3.2.3.3 Pitch Reference - Figure 3.5 graphically describes that the

pilot's input to the attitude command system is primary control deflec-
tion. However, the pilot must_physically overcome the aerodynamic
forces generated when the primary controls are deflected. This does
not present a problem in the roll and yaw axes because the pilot
normally does not fly for extended periods with large lateral or
directional control defliections. However, the pilot is required to
sustain long duration elevator deflections. To relieve this load in a
conventional aircraft the pilot is provided with a longitudinal trim
system.

The SSSA system utilized the aircraft trim system in the same
fashion that the conventional aircraft utilizes it; it traded primary
elevator position for stabilizer position. This was accompiished by
monitoring the pilot's main trim switch position. Anytime this switch
was in the trim up or down position a time varying signal was generated
which replaced the primary elevator position signal in the attitude
command control system. For a complete description see Reference 5,

page 22,

3.2.3.4 Heading Hold Implemented by Roll or Yaw Command - The heading

hold was actually a portion of the basic attitude command control
system. |t was included in the sub-system section of this report
because there are two methods for Emé;ementing heading hold: (I} roll
axis control, and (2) yaw axis control. The two methods were incor-
porated to evaluate which axis would prov%de the most.effective heading
hold. The two systems were not designed to be used simultaneously.

The system operation-was as depicted in Figures 3.2 and 3.4. A
heading error signal was generated which produced a control deflection
in the roll or yaw axis depending upon which had been selected. For a

complete description see Reference 5, page 12.



CHAPTER 4

SSSA MODEL 99 INSTRUMENTATION PACKAGE

5.3 PCM Data Acquisition System

The SSSA Model 99 was equipped with an 80 channel Pulse Code
Modulation (PCM) digital data acquisition system that was supplied,
connected and calibrated by NASA-DFRC.

Each of the 80 channels was scanned at a high frequency and
the results stored on a magnetic tape. This tape, when reduced,
yielded a quasi-continuous time history of the recorded parameters.

No data telemetry was used in this program.

The parameters recorded and their identifications and channel
numbers are listed in Table 4.1. The variable name is an abbreviation
of the parameter required for the Boeing computer data analysis. The
parameter identification name appears on all data and plots generaged
by the Boeing Company.

It should be noted that there are two sets of angular displace-
ment and angular rate gyros. NASA-DFRC supplied the second set of
gyros to obtain an independent source of aircraft performance. The
S5SA system gyros are identifiable by a -gyro suffix on the parameter

identification name.

b.2 Turbulence Intensity Measuring System

The SSSA 'Model 99 was equipped with a Turbulence Intensity
Measuring System (TIMS}, manufactured by Meteorology Research, Inc.
It consists of a high frequency dynamic pressure sensor coupled to
a TIMS computer which filters the transducer signal and generates
a DC voltage ranging from 0 to 5 volts. The TIMS computer filter
network incorporates a 6 Hz to 20 Hz bandpass filter (i.e. passes
frequencies from 6 to 20 hertz). Reference 6 indicates that this
filter adequately removes the aircraft response to both control

inputs and turbulence from the turbulence intensity measurement. The
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Channel

01

02
03
ol
05
06
07
08
09
10
il

12
3
14
i5
16
17
18
19
20
21
22

23-1

Table 4.1.

Parameter
Normal Acceleration
Lateral Acceleration
Longitudinal Acceleration
Angle of Attack
Angle of Sideslip
TIM = Turbulence
TIM = Airpseed
TIM Transducer
Altitude Coarse
Altitude Fine
Airspeed Coarse
Airspeed Fine
Primary Elevator Position
Primary Right Aileron Position
Primary Left Aileron Position
Primary Rudder Position
Aileron Trim Position
Rudder Trim Position
Stabilizer Position
Left Throttle Position
Right Throttle Position
Flap Position

Pitch Axis Status

List of Recorded Parameters

Parameter-ID

ZACC
YACC
XACC
ALFA
BETA
TIM-TUR
TIM-A/S
TIM
ALT}
ALTIFINE
VIAS

VIASFINE

-PELE

PAILRIGHT

PAILLEFT

- PRUD

AIL-TRIM
RUD-TRIM
STABPOS
THROLEFT
THRORGHT
FLAP

PITCSTAT
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Channel

23-2
23-3
23-4
23-5
236
23-7
23-8
23-9
24-1

24-2

24-3
24-4
24-5
24-6
24-7
24-8
24~9
25
26
27
28
23
30
31

22

Table 4.1 ({(cont.)
Parameter

Roll Axis Mode

Pitch Axis Mode

Yaw Damper - Heading Hold
Roll Axis Status

Roll Heading Hold

not used

Yaw Axis Mode

not used

Yaw Axis Status

not used

not‘used

Heading Hold Logic

Event Marker

Tape On

not used

not used

not used

Secondary Elevator Position
Secondary Right Afleron Position
Pitch Angle

Roll Angle

Secondary Left Aileron Position

Secondary Rudder Position

Aileron Error Signal

Parameter~i{D

ROLLCOMM
PITCCOMM
YAWDONLY
ROLLSTAT

ROLLHH
YAW-COMM

YAW=STAT

HH-~LOG
EVENMARK

TAPEON

SELE
SATLRIGHT
TETA

PHI
SAILLEFT
SRGD

AlL-STGN



Channel

32
33
34
35

36
37
38
39
Lo
b1
42
h3
b
45
ke
L7
48
k9
50
51
52
53
5k
55

Table 4.1 {cont.)
Parameter

Rudder Error Signal
DC Voltage Monitor
Yaw Angle

not used

Pitch Rate

AC Voltage Monitor

not used

not used

Roll Rate

Pitch Acceleration

Yaw Rate

Roll Acceleration

Yaw Acceleration

Rudder Actuator Current

Elevator Actuator Current

Right Aileron Actuator Current
Left Aileron Actuator Current
Yaw Rate Gyro

not used

8 Command

¢ Command

¥ tommand

Ay Command

Elevator Error Signal

Parameter-1D

RUDDSIGN
DC--VOLT

PSI

Q
AC--VOLT

QDOT

R

PDOT
RDOT
AMP-RUAC
AMP~ELAC
AMP-RAAC
AMP-LAAC

R=~=GYRO

TETACOMM
PHI-COMM
PS1-COMM
DPSICOMM

ELERSIGN
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Channel

56
57
58
59
60
61
62
63
64
65
66
67
68
69
70
71
77
78
72

80

24

througﬁ 76

Table 4.1 (cont.)

Parameter

Heading Hold~Yaw Demod
Pitch Vertical Gyro

Pitch Rate Gyro

Rudder Actuator Voltage

Elevator Actuator Voltage

Right Aileron Actuator Voltage

Left Aileron Actuator Voltage

Roll Vertical Gyro

Roll Rate Gyro‘

not used

not used

Alternate Localizer
Alternate Glideslope
ILS Localizer Deviation
ILS Glideslope Deviation
not used

Qutside Aif'Temperature
Sync-code 000 CG0C 011

Sync-code 001 100 101

Sync-code 101 011 111

Parameter—~1D

HH-YDEMO
TETAGYRO
Q---GYRO
VOLTRUAC
VOLTELAC
VOLTRAAC
VOLTLAAC
PHI-GYRO

P~~-GYRO

ALT-LOC
ALT-GLID
Loc

GLID

OAT



TINS computer filter network is designed so that a full scale output
of 5 volts is equal to 1.33 meters (4.36 feet) per second equivalent
gust velocity. Assuming a linear relationship between the TIM
computer output and equivalent gust velocity, the following conversion

factor can be used to convert TIM output to equivalent gust velocity:
1 voit = 0.266 m/sec (.872 ft/sec) equivalent gust velocity.

In addition, Table 4.2 can be used as a "rule-of-thumb' relation

between equivalent gust velocity and subjective turbulence level.

Table 4k.2. Relationship Between Subjective Turbulence
Level and Equivalent Gust Velocity

Equivalent Gust . - Subjective
Velocity m/sec (ft/sec) “Turbulence Level
0.305 (1) light
0.61 - 0.76 (2 to 2.5) moderate
1.22 - 1.33 (& to 5) severe

A complete theoretical description of TIMS and its application to
the -S5SA Model 99 can be obtained from References 6, 7 and 8.
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CHAPTER 5

INTRODUCTION TO THE FLIGHT TEST PROGRAM

5.1 Flight Test Objectives and Proposed Schedule

The objectives of the flight test program were to optimize
and evaluate the performance of the SSSA Model 99 in order to determine
whether the handling and ride qualities of the aircraft were improved
by SSSA. The proposed schedule, designed to accomplish this objective,
is shown in Figure 5.1. The remainder of this section will define
briefly the terms used in the proposed schedule. Chapters 6, 7, 8
and 9 of this report will cover the most important aspects and results

of the flight test program in detail.

5.2 Definition of Terms

Envelope expansion: Determination of the stall speed, minimum
control speed, and flutter envelope of the S$5SA. Model 99.

Functional Checks and Tuft Study: Verification of correct
operation of all three SSSA axes in both slave and command mode:
and an investigation of the flow pattern around the control surfaces.

Problem Definition Meeting and Memo: A meeting to discuss
any problems encountered to date and proposed solutions to those
problems in Memo form.

SSSA System Optimization and NASA Evaluation: Selection of
the feedback loop gains to obtain optimum aircraft performance and
subsequent evaluation of the performance by NASA pilots.

Quantitative Evaluation: Determination of the aircraft
performance in both slave and command modes as defined by the following:

1. Static longitudinal stability;

2. Dynamic longitudinal stability;

3. Dynamic lateral-directional stability: and

A

Aircraft responses to step control inputs.
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§35A MGDEL 79
FLIGHT TEST 'ROGRAM

TOT. FLT. TIME = 60 hrs,*
NO. DATA FLIGHTS = 44

CALENDAR D2\ YS FROM
ENVELOPE EXPANSION =213 DAYS

WORKING DA.YS FROM
ENVELOPE EXPANSION = 146 DAYS

REV. 4, NOV. 20, 1975

|

I—— DEVELO PMENT PHASE :i
9 July 75 23 July 75 6 Aug 75 12 Aug 75 26 Jan 76
3 £lts/4 hrs 2 flt/3 brs [ 17 flt/20.5 hes
Envelope Functional Problem | 555A System Optimizatlon
Exponsion [ C-rteffg:;f o MD;flgm}:mo | & NASA Evaluation —
14th Progress Report Limit Cycle 15th Progress Report
15.July 75 Test Report 15 Qct 75
. 16th Progress Report
. 15 June 76
}—- EVALUATION PHASE >I
26 Jan 76 25 Feb 74 1 Mar 76 1 April 78 1 June 78
4 Flrs/8 hrs 2 flts/2 hrs 16 fl85/22.5 hrs l e
Quantitative Pilot NASA Qualitative| | Qualitative Refurbishment
2—!— Evaluation ®=— Familiarization — Eveluation Evaluation
{Slave & Comm) Flights (Basic & SSSA) {Baslc & S55A) KU-FRL Flight
Test Report
Flight Test Complete I
Boeing Fiight Data
*Does not Include 10 br for aircraft farry time Reductlan Report

15 Aprll 76

FIGURE 5.1 Proposed SSSA Model 99 Flight Test Schedule



Pilot Famjliarization Flights: Flights by the evaluation
pilots designed to familiarize them with SSSA attitude command and
Model 99 characteristics.

NASA -Qual itative Evaluation: NASA pilots' performance of the
gualitative flight profile in both slave and command modes and sub-
sequent rating of the aircraft using the Cooper-Harper pilot rating
scale. The qualitative flight profile is described in Figure 5,2 and
the terms used are defined in Table 5.1. The Cooper-Harper pilot rating
scale is outlined in Figure 5.3 and the terms used are defined in
Table 5.2.

Qualitative Evaluation: Evaluation pilots performance of the
qualitative flight profile in both slave and command modes and sub-
sequent rating of the aircraft using the Cooper-Harper pilot rating
scale.

Aircraft Refurbishment: Restoration of the aircraft to its

original Model 99 configuration.

£.3 Actual Flight Test Schedule

The actual flight test schedule differed slightly from the
proposed schedule due to S$SSSA system gyro maifunctions and a program
contract renegotiation. The actual flight test’schedule including the
number of flights and hours flown in each phase of the program is

included in Reference 9.
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Table 5.1. Definition of Terms Used in Qualitative Evaluation Profile

TASK |:
Vertical S

Maintaining a 152 m/min (500 ft/min) rate of
climb in a steady banked turn for 305 m

(1000 ft} climb, then converting to a 152 m/min
(500 ft/min} rate of descent in a banked turn in

the opposite direction for 305 m (1000 ft) descent.

TASK 2:

Precision Heading

Maintaining a given heading as accurately as
possible.

TASK 3:
ILS Intercept

A 90° intercept of the localizer approximately
3.6 km (6 miles) from the outer marker.

TASK 4:
ILS Approach

Performance of a Standard Instrument Landing
System approach.

TASK 5:

Go~Around

An acceleration and climb following a missed
approach - incorporates retracting gear and
flaps.

TASK 6: (Optional Test)

Precision Heading

Maintaining a given heading as accurately as
possible after the go-around.
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Table 5.2. Definitions of Terms Used in Cooper-Harper Pilot Rating Scale

Compensation

The measure of additional pilot effort

and attention required to maintain a

given level of performance in the

face of deficient vehicle characteristics.

Handling Qualities

Those qualities or characteristics of an
aircraft that govern the ease and precision
with which a pilot is able to perform the

tasks required in support of an aircraft
role. )

Mission

The composite of pilot-vehicle functions that
must be performed to fulfill operationatl
requjrements. May be specified for a role,
complete flight, flight phase, or flight
subphase,

Performance

The precision of control with respect to
aircraft movement that a pilot is able to
achieve in performing a task, (Pilot-

vehicle performance is a measure of handling
performance. Pilot performance is a measure
of the manner or efficiency with which a pilot

moves the principal controls in performing a task.)

Rotle

The function or purpose that defines the
primary use of an aircraft.

Task

The actual work assigned a pilot to be per-
formed in completion of or as representative
of a designated flight segment.

Workload

The integrated physical and mental effort
required to perform a specified piloting task.



CHAPTER 6

ENVELOPE EXPANSION AND TUFT STUDY

6.1 Introduction

The objectives of this flight test program did not warrant an
extensive envelope expansion program. An abbreviated expansion program
was performed with the major emphasis on the flutter characteristics.
The minimum control speed and the stall speed were investigated for
one center of gravity location - approximately 28% of the mean aero-
dynamic chord. Additionally, the separate surface controls were
tufted for flow visualization. The purpose was to determine if any
unusual aerodynamic cross coupling occurred between the primary and
separate surface controls during maneuvering.

6.2 Stall Speed

The installation of the SSSA controls did not alter the basic
aerodynamic characteristics of the Model 99. A§ a consequence, the
stall speed of the modified aircraft was identical to that of the
basic aircraft. The area that was affected was the control charac-
teristics during the stall. Consequently, these characteristics
were subjectively evaluated for the slave (basic aircraft), off
(sSSA controls free floating), and command modes.

In the slave mode the stall control characteristics were
identical to those of the basic Model 99.

The off mode was somewhat different from slave. Because of
the reduction in the available pitch control power, the stall recovery
rate was reduced from that of the basic aircraft. The aircraft was
compietely recoverable; however, pitch control was obviously degraded.
The roll and yaw control was not noticeably degraded because of the
lack of basic aircraft excursions in these axes and consequently

the tack of demand on roll and yaw control.
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The command mode stall was also quite straightforward. There
were no unusual characteristics. Initially, some concern was expressed
concerning the effect of auto-trim on the stall. This system tends
to trim the aircraft into the stall. However, thishproved to be
an insignificant consideration because the pilot retained complete
autHority of the main trim system. The roll attitude command provided
some improvement due to the tendency to keep the wings level. This
advantage was provided with the roll heading hold system off. With
the roll heading hold on there was a low frequency, approximately 0.5 Hz,
oscillation in roll below 90 knots. This oscillation was very similar
to the heading hold oscillation that occurs with most auto-pilots at

low airspeed.

6.3 Minimum Control Velocity, Ve

The minimum control velocity was calculated for the modified
Model 99 using an incremental change in control power by assuming two
separate surface rudder failure conditions: '

1. Separate surface rudder faired (unpowered),

2. Separate surface rudder hardover. in adverse direction
(powered) . '

These calculations were made at aft center of gravity, 38.4% MAC.
The results of these calculations were 90 knots ‘for the unpowered,
faired condition and 111 knots for the powered, hard-over condition
in adverse direction. This corresponded to an increase of 12 and 23
knots in UHC’ respgctive]y. . "

During the envelope expansion phase of the flight test program,
VHC was evaluated for the unpowered, faired condition at a center of
gravity at 27% MAC. This evaluation revealed a Ve of 90 knots. The
hard-over condition was not evaluated due to the apparent accuracy of

the faired condition calculations.
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6.4 Fiutter Envelope Expansion

Definition of the flutter envelope was accomplished in three
phases: 1) Analytical definition of flutter speed using $SSA control
laws, 2} ground vibration test to verify elastic modes in analytical
analysis, 3) flight evaluation to define the actual flutter speed.
Results of phase 1 and 2 are on file at KU~FRL, and results of phase
3 are included in Reference 10.

The results of the analytical evaluation revealed that the roll
axis, command mode was the limiting axis. Both the pitch and yaw
axes had flutter boundaries that far exceeded the operational requirements
for this program. However, the roll axis did reveal an instability
that was strongly affected by roll axis feedback gain. As a consequence,
prior to the first flight the analytical flutter envelope was defined
as shown in Figure 6.1.

The flight evaluation was conducted by investigating the
nominal and 1.5 times the nominal roll axis gain. For the nominal
gain a sustained roll oscillation occurred at 215 knots at an aititude
of 3050 meters (10,000 feet) pressure altitude. At 1.5 times the
nominal gain at 1800 meters (5900 feet) pressure altitude, the
oscillation occurred at 220 knots. The oscillation occurred at a
frequency of 6 Hz with all motion confined to the roll axis. No cross

coupling between axes was detected.
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CHAPTER 7

SSSA SYSTEM OPTIMIZATION

7.1 Introduction

The purpose of the system optimization portion of the flight
test program was to identify and solve any developmental problems en-
countered, and to optimize the SSSA Model 93 feedback 1oop gains to

obtain peak performance from the system.

7.2 Developmental Problems

Prior to and during the system optimization portion of the
flight test program several developmental problems or system malfunctions
occurred. In all cases the source of the problem was either SSSA
system gyro malfunction, inadequate electronic design, or improper
sizing of the SSSA system feedback loop gains. A discussion of each
problem encountered, its cause and its solution is given in the following

sections of this chapter.

7-2.1 Roll Asymmetry. On the first flight of the SSSA Model 99 it was

determined that the rol) response obtained from a primary aileron

deflection was not the same to the left and right. Electronic trouble-
shooting of this problem determined that there was a zero position off-
set in the roll raté gyro. The zero position offset was counteracted
by adjusting the SSSA roll trim potentiometer, but this adjustment
induced an electronic saturation of an amplifier in the roll computer
jeading to the asymmetric roll response.

Inttially, a new roll rate gyro was installed in the aircraft.
but it a]so had a zero position offset. " In order to eliminate the
asymmetric roll response without replacing the gyro, the roll axis
gains were redistributed in the SSSA electronics to reduce the impact
of the SSSA roll trim potentiometer adjustment and eliminate amplifier
saturation in the roll computer. For a detailed discussion of the

electronic modifications necessary see Reference 11.
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7.2.2 Pitch Oscillation. A sinusoidal oscillation of the pitch

attitude of the SSSA Model 99 was noticed on flight one. The amplitude
of this oscillation varied with airspeed and was caused by a sinuscidal
oscillation of the separate ‘surface elevator of amplitude ranging from
+1° to +6° at a frequency of approximately 1.25 hertz. The pitch
attitude oscillation resulting from this separate surface movement

was not detectable on the instrumentation, but a pitch rate oscillation
of amplitude +3°/sec could be observed.

Adjustment of the feedback loop gains in the pitch computer
changed the amplitude of the separate surface elevator oscillation, but
did not eliminate it. Further troubleshooting indicated that the pitch
angle signal from the vertical gyro was oscillating in flight with the
SSSA system off. This indicated a gyro malfunction, and subsequent

replacement of the vertical gyro eliminated the pitch axis oscillation.

7.2.3 Bank Angle Overshoot and Settling Time. Once the asymmetric

roll response problem was solved on the fifth flight of the SSSA Model
39, it was realized that the bank angle overshoot and settling time were
greater than predicted in Reference 2. The bank angle overshoot (¢OS)
is defined as the difference between the maximum and steady state bank
angles (¢SS). The settling time (Ts) is defined as the length of time
required to reach and maintain 95% of the steady state bank angle.
Figure 7.1 is given to help clarify these definitions.

A program to redefine the roll axis gains in an attempt to
minimize the bank angle overshoot and settling time using flight test
results was begun. An analysis of the SSSA Model 99 roll axis {Appendix
A) indicated that the bank angle overshoot and settling time were

functions of K¢, Ke and Kg, .+ K, and K: were fixed at K = 9 deg/deg

¢ A ¢ [ b
and K$ = 18 deg/deg/sec due to the flutter evaluation detailed in
chapter 6, An increase of K from 15 deg/deg to 60 deg/deg yielded

AP
satisfactory roll performance with no measurable overshoot and minimum

settling time. !

§

It should be noted that at K = 60 deg/deg the separate sur-
. . AP .
face aileron saturates in the following direction. This saturation
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invalidates the linear analysis of Appendix A and the bank angle over-
shoot and settling time then become functions of the magnitude of
primary aileron deflection as well as of K¢, Ké and KSAP'

Flight test roll responses for the approach configuration
included in Appendix B indicate that separate surface aileron satura=-
tion does not noticeably affect the bank angle overshoot; however, it
does significantly affect the settling time as shown in Table 7.1.

Table 7.1. Effect of Separate Surface
Aileron Saturation on Settling Time

¢SS’ deg TSat’ sec TS’ sec
14 1.0 1.4
24 1.2 2.4
26 1.3 3.2

7.2.4  Excessive Aileron Forces. An inherent problem in the SSSA

attitude command concept is that a constant aileron deflection is
required to fly a constant bank angle. The wheel force required to
maintain a constant bank angle is directly proportional to the primary
aileron deflection. The amount of primary aileron deflection required
is a function of the forward loop gain Ké ; for large values of KGAP’
less primary aileron (and therefore less wheel force) is required to
fly a steady state bank angle. It should be noted that large values of
KGAP also make the aircraft very sensitive to primary aileron inputs
and change the roll response as discussed in section 7.2.3. K6 =

60 deg/deg was chosen to minimize control forces required to fly a con-
stant bank angle, and still not make the aircraft too sensitive to pri=
mary aileron inputs. Figure 7.2 shows the steady state wheel force as
a function of bank angle with SSSA system gaing.of K¢ = 9 deg/deg,

.K$ = 18 deg/deg/sec and KsAP = 60 deg/deg. .

7.2.5 Pitch Trim Overshoot. After the fourth flight of SSSA Model 99,

the pilots indicated that the aircraft had a pitch trim overshoot

problem. When the pilot commanded a new reference attitude with a pilot
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trim input the aircraft overshot the commanded attitude and then
gradually returned. This overshoot made it very difficult for the pilot
to reach a desired attitude with the pilot trim,

The overshoot was caused by improper sizing of the primary
elevator gain (KG ) in the SSSA electronics. When the primary elevator
gain was initially sized, the aircraft response to trim inputs was not
considered. As a result of a pilot trim input, the attitude commanded
by the SSSA computer was much less than that attained by the aircraft.
Consequently, the separate surface would saturate trying to oppose the
aircraft motion and the pitch attitude would overshoot the commanded
attitude. The auto-trim system would eventually trim the aircraft back
to its commanded attitude. The probtem was solved by increasing KGEP
so that the commanded attitude matched the basic aircraft response to a
pilot trim input. For a complete technical description of this problem

and its solution refer to Reference 12.

7.2.6 Go-around Pifch Transients. Comments following the first NASA

evaluation flight indicated that the pitch attitude performance of the
SSSA Model 99 in a go-around acceleration was unsatisfactory. The basic
Model 99 has very large pitch trim transients during configuration
changes. These transients, represented by elevator control forces
required to maintain a constant pitch attitude éuring configuration
changes, are summarized in Table 7.2. The SSSA system as originally
designed would lighten these forces. However, due to its limited
authority, the separate surface elevator became saturated, which resulted
in the loss of pitch attitude command. As can be seen from Table 7.2,
the largest factor contributing to pitch attitude changes on the Model
99 is flap retraction.

The approach taken to eliminate the loss of pitch attitude
during a go-around was to allow the auto-trim system enough time to
prevent separate surface elevator saturation by slowing the flap re-
traction speed. The flap retraction speed was slowed by the '‘fiap
interrupt modification'. This modification was designed to interrupt
the flap retraction any time the separate surface elevator exceeded a

preset Timit of +5°. Then the auto-trim system would reposition the
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Table 7.2. Basic Modei‘99 Trim Characteristics

Elevator Push Wheel Force
Configuration Change Required to Trim F, - N (Lb)
Gear Up - Down 33 ( 7.5)
Flaps Up - Down 222 (50.0)
Haif = Full Power 80 (18.0)

separate surface elevator to within +.5°, and the flaps would continue
retracting. By proper adjustment of the separate surface elevator
deflection limits the flap retraction time was minimized for the

go-around conditions. This modification increased the flap retraction
time from 15 seconds to 25-30 secends. The aircraft response to a
go-around acceleration before and after installation of the flap inferrupt
modification is shown in Figures 7.3 and 7.4 respectively. It should be

noted that this modification also changed the flap extension time.

7.2.7 Electronic Design Problems. Two electronic design problems were

encountered during the system optimization portion of the flight test
program. First, uncommanded high frequency movement of the separate
surface controls appeared on flight fourteen. This problem was called
the electronic '"glitch' and was caused by an excess current demand from
the SSSA actuators which induced electromic noise on the 28 volt DC bus.
This problem was eliminated by capacitive filtering‘of the SSSA power
amplifiers. The details of the solution are given in Reference 9.

The second electronic design problem was in the switching net-
work of the yaw attitude command system. Due to the sensitivity of the
digital electronics used in the heading hold function, the aircraft
often selected an erroneous heading. This problem was also solved by
electronic filtering which once again is .described in detail in

Reference 11.

7-2.8  SSSA System Gyro Malfunctions. Part of the original SSSA design

concept was to use inexpensive gyros. This concept was justified
because overall system cost was of major importance. Since the aircraft

was controllable, even in the event of a hard-over failure, expensive

43



Ly

5,000 -~

Altitude,

P ,

U

e T 15,000

R e

Hp~Ft
0

rm o m———— ——— e m e e e . —— mmmr e ed v mEm——————
[ s oo . L
0....!.. [ P N s 2 . O N PP 1
. Ir . $out T U T vk F—+
o o = e s e = et § = - — — iy~
H 2 = R ] - T - - "

. .
H st . = = s e —— s

L Throtties advanced, — iy

0 -1._..:;._.;,.__

gear ond flaps, retrocted. — TR TR —

30-|':+—-':T:~T->--—li.=z§l=.".!"—f

[ 1 S S e R i LR B

ND.i'

P e L v

b

Pitch Angle, o

f~deg

1
. 1 il
;-_—g.. ..._l_.. - -— 1 T T —
. T DolchaTa - . 5 .
[ - i ...-: i ......:....,_...5.._:....... T e ! —— -
i e T Ir..... o ke v .:._3_.:___-:_..__... "J

TS Y BN I S AN BRI

R S R —k—!-—i—‘-—t—ﬂ—-—'——i——r—h—i-—t——t-—

Primary Elevator 7

v
:
|2 TP - L U N O SO S O G T R
.U ! SR O 1 Ly : SETE
B SN S0 VARG S - S S R Y SN
[ ] 1 L . . M - P R
"i l'i — 7....5 - -~ : " p ot = ., -
— e - e amdan
. —_—F - e i e P e _I....._..‘T......_'.I__’_.._'...:_.
Rl E PP P AP VRNPIRS U] SRS A — - daam
* 1

8ep ~deg P

15 I-‘___.__.....,_...- o 10 Seconds ...__._._,;' I R —--—"";—"""- “""-:“'—':"

15-'— T

T T T

-

T T 173 ——

1
e e A LI PR,

e _._':_"_:': Nofe:

Secondary
Elevator,

o ey feanfuags 8 mm ey wlmeere e———

==—=-"1." Data from Eit. 010
s T 2. Pitch Axis gains

Bgg ~ deg il LI TUT ke T= 0, Ky =4, Kge

15

Tl T eyt W

TED’

it i "_‘_;_....._h...3 Accel. Accompllshed

2. 4-} o T B s "Hands~Off ",
T.EU T b A TR
Stabilizer T e e e :
Position, —= SN :
iy ~deg ol S R s ST s i e

O D MO P o TP SO T S-SR TS SR S

1~

R L T it YT -

i s ——————

T T S R —— A . R o

FIGURE 7.3 Aircraft Response to Go-Around Acceleration (Flap

Interrupt Mod. Not Installed)

10



5,000
Altitude,
m

0
250

Airspeed,
A/S ~ Kis.

Pitch g
Attitude
§ ~deg N::’RJ.

T.E.U.

Secondary
Elevator,

SES‘“degls

T.E.D.

2.4

T.E.U.

Stabilizer
Position,

iH --rdeg 4.4

T.E.D

0

Flap
Position

5§~ deg
40
Full

Throttle
Position

idle

15,000

Altitude
Hp~Ft

—_— T 0

Note:

1. Data from Flt. No. 014
2. Pitch axis gaing —

Ke =20,0 Ké =4’ KSEP=24
3. Accel, accomplished "Hands~Qff".

FIGURE 7.4 Aireraft Response to Go-Around Acceleration (Flap

'nterrupt Mod. Installed)

L5



gyros were not required from a safety of flight standpoint. Several
developmental probiems are directly related to the use of inexpensive

gyros.
The roll asymmetry discussed in section 7.2.1 was. directly

related to a zero-position offset of the roll rate gyro. The pitch
oscillation discussed in section 7.2.2 was caused by a faulty vertical
gyro. Finally, the SSSA system directional gyro had an intermittent
heading drift which seriously degraded the optimization and performance
of the yaw attitude command system. In retrospect, it would have been
less expensive to have purchased higher quality, better precision gyros
than to have expended the flight time and manpower required to solve

gyro related problemg.

7.3 Summary of Optimum SSSA System Gains

The optimum forward and feedback loop gains for the 5$5SA Model
99 as determined by flight tests are given in Table 7.3. These gains
were selected to minimize Euler angle overshoots and obtain aircraft
performance desired by NASA, Beech and KU flight test personnel whiTet
staying within the flutter envelope. Aircraft performance obtained

with these gains will be discussed in Chapters 8 and 9 of this report.
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. Table 7.3. Optimum SSSA System Gains

Aircraft Optimum
Axis Parameter Gain Units
Roll K6 60 deg/deg
AP
K¢ 9 ‘ deg/deg
K$ 18 deg/deg/sec
Pitch K 28 deg/deg
d
EP
Ke 20 deg/deg
Ké 4 deg/deg/sec |
Yau Ks 1 deg/deg
RP
K¢ 4 deg/deg
Ki 6 deg/deg/sec
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CHAPTER 38

QUANTITATIVE FLIGHT TEST RESULTS

8.1 Introduction

The quantitative flight test program was performed to define
the static and dynamic responses of the SSSA Model 99 in the attitude
command mode, and to compare those responses with the basic Model 99.
The quantitative flight test program consisted of step control
responses in the pitch and roll axes; phugoid, short period and dutch
roll dynamic responses, and a static longitudinal stability test. To
save time during the flight test program the basic aircraft responses
described in Chapters 8 and 9 were obtained with the SSSA system in. the
slave mode. This eliminated the problem of bolting the primary and
sec0ndary.surFaces together and making separate flights to evaluate the
basic aircraft. The only difference between the basic aircraft and the
slave mode was a reduction in control forces caused by the reduced
primary control surface areas.

All tests were done in both the slave and command modes, and in
both the approach and cruise configurations. The approach configuration
is defined as gear down and flaps 40° down at 110 knots indicated air-
speed. The cruise configuration is defined as gear and flaps up at
170 knots indicated airpseed. The center of gravity was approximately
28% MAC for all flight conditions. All computer generated plots re-
ferred to are contained in Appendix B and were generated by the Boeing

Company, Wichita, Kansas. o

8.2 Roll Axis Response

The responses of the basic Model 99 (slave mode) and the $SSA
Model 99 (command mode) to step aileron inputs in both the approach and
cruise configurations are given in Appendix B, section 1. Sample roill
responses are given in Figures 8.1 and 8.2. The important things to

notice are that the Model 99 responds as a rate command system in the
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slave mode, and as an attitude command system in the command mode.

Also, in the command mode the bank angle overshoot Is not measurable and
the settling time is a function of separate surface aileron saturation

as discussed in section 7.2.3. The reader is reminded that the variables
plotted by Boeing are labeled with their parameter identification names

and can be translated using Table 4,1.. e

8.3 Pitch Axis Response

The responses of the basic Model 99 (slave mode) and the S$SSA
Model 99 (command mode) to step elevator inputs in the approach and
cruise configurations are given in Appendix B, section 1. Sample pitch
responses are given in Figures 8.3 and 8.4. Once again notice the

attitude command performance of the SSSA Model 99 (command mode).

8.4 Dynamic Responses

Time history responses for the phugoid, short period and dutch
roll modes of motion are given in Appendix B, section 2. The tests
were run on the basic Model 99 (slave mode) and the attitude command
Model 99 {command mode). The short period test was performed in the
approach configuration only. The phugoid and dutch roll tests were
performed in both the approach and cruise configurations. The phugoid
response was initiated by an elevator deflection with the aircraft
trimmed at the specified configuration. The elevator deflection was
held until the airspeed decreased 10 knots and then released. The
aircraft response was then recorded with no further pilot inputs. The
short period response was generated by an elevator doublet with the
aircraft trimmed at the specified configuration. The dutch roll
response was generated by a rudder doublet with the aircraft trimmed at
the specified configuration.

Tables 8.1 and 8.2 are given to summarize the dynamic responses
of the various modes of motion of the basic and $SSA model 99 by giving
their damping ratios and undamped natural frequencies. These values

were calculated using the subsidence ratio method described in Reference

13.
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The command mode phugoid responses and the short period
responses were difficult to analyze due to the high damping and there-
fore should be considered approximate values. The short period response
in cruise was not available, The important thing to notice from Tables
8.1 and 8.2 is the improved phugoid and dutch roll damping in the atti-

tude command mode.

8.5 Static Longitudinal Stability

The static longitudinal stability of the basic Model 99 (slave
mode) and SSSA Model 99 (command mode) was determined for both the
approach and cruise configurations. The test was performed by changing
the airspeed from the specified trimmed conditions with an elevator
input, and then measuring the stick force required to maintain the new
airspeed. The results of these tests with the primary elevator gain

at K = 28 deg/deg are given in Figures 8.5 and 8.6. The effect of

8
. EP
varying KG is shown in Figure 8.7. This figure shows that the static

E
longitudina? stability can be adjusted as a function of KGEP’

independent of aircraft center of gravity.
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Table 8.1

Dynamic Responses in the Approach
Configuration at 635 kg (1400 1b) Fuel

Undamped
SSSA Damp ing Natural
Response Mode Ratio Frequency
Phugoid Slave 14 176
Command .54 .h80
Short Slave .5k ~ 1.58
Period Command .63 2.24
Dutch Slave .15 1.60
Roll Command .31 2.76
Table 8.2 Dynamic Responses in the Cruise
Configuration at 635 kg {1400 1b) Fuel
Undamped
SSSA Damping Natural
Response Mode Ratio ‘ Frequency
Phugoid Slave .16 127
Command .50 .260
Short S1
Period ave Not Available
Command
Putch Slave .08 ' 2.36
Roll Command .30 2.36
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CHAPTER §

SSSA MODEL 99 QUALITATIVE EVALUATION

9.1 Introduction

The qualitative evaluvation phase of the flight test program was
performed to determine whether the handling and ride qualities of the
Beech Model 99 were improved by implementation of the SSSA attitude
command control system. The primary objective of the evaluation pro-
gram was to generate subjective pilot opinions of the handling and ride
qualities of the Model 99 while performing a simulated IFR (instrument
flight rules) mission. The mission was designed to test the operational
characteristics of the aircraft and pilot and is described in Figure
5.2 and Table 5.2,

Prior to the evaluation flights the primary evaluation pilots
attended an '"Evaluation Pilot Seminar''. This seminar accomplished the
following objectives:

1. Described the philosophy of qualitative flight evaluations
and specifically described the Cooper-Harper pilot rating
scale and its usage.

2. Described the attitude command control theory and how it
was implemented on the Model 99 using SSSA.

3. Described the evaluation profile and the purpose of each
task.

Following the seminar each evaluation pilot flewa 1 to 1.5
hour familiarization flight to acquaint himseif with the Modei 99
characteristics and the evaluation profilé. After the familiarization
flight, each evatuation pilot flew the qualitative flight profile in the
basic Model 99 (slave mode)} and gave a Cooper-Harper pilot rating; then
each pilot flew the same profile in the SSSA Model 99 (command mode)
and gave another Cooper-Harper pilot rating. The second profile was
flown immediately after the first to allow as nearly identical atmos=
pheric conditions as possible., The two Cooper-Harper ratings were then
used as a relative measure of aircraft handling qualities. |In addition,

all parameters described in Chapter 4 were recorded and analyzed as a
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quantitative measure of pilot performance and aircraft handiing and

ride quaTities.

9.2 Evaluation Pilot Experience Summary

Three primary evaluation pilots and three NASA evaluation pilots
participated in the program. The three primary evaluation pilots'
resumes are given in Table 9.i. None of these pilots had any previous
experience with the Beech Model 99, or the attitude command control
system. )

The three NASA pilots® resumes are given in Table 9.2. None of
these pilots had previous experience in the Model 99; however, two of the
pilots had flown the NASA PA-30 attitude command system extensively and

the third was very familiar with attitude command.

9.3 Qualitative Evaluation Results

The SSSA Model 99 handling and ride qualities are a function of
the atmospheric turbulence level, The six evaluation pilots flew a
total of eight flights at various turbulence levels. Each evaluation
pilot was asked to give his opinion of the turbulence level during the
flight. Figure 9.1 relates the pilots' subjective measure of turbulence

to the actual turbulence level recorded by the TIMS system,

9.3.1 Pilot Rating Summary. Figure 9.2 shows the relationship between

Cooper-Harper pilot rating and RMS turbulence level for the basic

Model 99 (slave mode) and the $S5SA Model 99 (command mode)., Figure 9.3
shows that the pilot rating in the attitude command mode was improved by
an average 1.12 pilot rating points. Figure 9.4 shows a least squares

curve fit to the data points.

9.3.2  Summary of Pilot Comments. After each evaluation flight, the

pilots were debriefed on the performance of the aircraft in both slave
and command modes. The transcripts of the entire pilot debriefings are
included as Appendix C. Some specific comments related to the handling

and ride qualities are included in Tables 9.3 and 9.4, respectively.
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Table 9.1. Quatitative Evaluation Pilot Experience Summary
Pilot Total Total Light Total
Number Affiliation Ratings Time Twin Time fnstr. Time
] Beech Comm, ASMEL 2300 430 300
INSTR
2 Beech Comm, ASMEL 4000 1500 ---
INSTR
3 Beech Comm, ASMEL
INSTR, ATR 3600 1900 600
NOTE: A - Aijr
S - Single engine
ME - Multi-engine
L - Land
INSTR - Instrument rating
ATR - Airline transport rating
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Table 9.2, NASA Evaluation Pilot

Experience Summary

Total Total Light Total
Number Affiliation Ratings Time Twin Time Instr. Time
4 NASA Comm, ASMEL 2800 175 370
iNSTR
5 NASA Comm, ASMEL 6000 600 -
INSTR
6 NASA Comm, ASMEL 6000 700 --
INSTR
NOTE: A - Air
S - Single engine
ME - Multi-engine
L Land
INSTR Instrument rating
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Table 9.3 Handling Qualities Comments

Pitch attitude command:

{ liked the decoupling effect of being able to con-
trol the giide slope and the rate of descent with the
pilot trim and the speed with power.

Glide slope was more positive with the system on.

Pitch attitude command is probably the biggest
improvement that | see in that the attitude tends to
be locked in.

Not much change in the pitch axis except for the
gear and flap transients.

Missed approach much easier, aircraft well con-
trolied.

When the go-around was executed, | was forced to
establish a climb attitude. The basic aircraft would
naturally pitch up with acceleration.

Roll attitude command:

The 'workload is much lower, especially in the roll
axis; I felt much more confident of my ability to per-
form the mission.

The localizer was easier to maintain.

Heading hold:

The basic aircraft wallows around. It is difficult
to hold heading. The aileron forces are high. When you
turn your system on, it reiieves the pilot workload,
particularly when maintaining heading in turbulence. If
turbulence knocks you off {the heading), the system brings
you back to it.

Initially | was fighting the heading hold system; |
wasn't turning loose and letting it settle down. | found
out later if | flew almost hands off, heading hold was
pretty good.

]
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Table 9.4 Ride Quality Comments With
Attitude Command System On

In all the axes, as soon as you turn the attitude
command on it seems as if the turbulence decreases by
half.

The ride is much smoother.

The airplane seems as if it is on a rail or track.



In summary, the pilots were favorably impressed with the
elimination of contfo] force transients that accompanied configuration
changes. They also felt that their workload was greatly reduced for
precision maneuvers such as glideslope and localizer tracking and
heading hold. In general, the pilots felt more confident of their
abilities to perform the IFR task in command mode. Most pilots felt that
the ride qualities and turbulence response of the aircraft were improved
by the attitude command system. Finally, the pilots did not like the

necessity of holding aileron forces in turns.

9.4 Qualitative Flight Test Data Summary

The parameters described in Chapter 4 were recorded and analyzed
for each evaluation flight in an attempt to support ‘the subjective
opinions of the evaluation pilots. A samﬁle set of time-histories and
statistical calculations for flight number 36 is given in Appendix D.
Time-histories and statistical calculations for all evaluation flights
are on file at KU-FRL.

The following sections summarize the pilot performance, pilot
workload, and aircraft ride qualities during the evaluation flight
profile. Care should be taken in drawing strong conclusions from these
data. The following points should be considered when reviewing the
statistical data summaries:

1. This program had a very limited number of data points which
makes it difficult to make valid statistical calculations.

2. The evaluation profile was developed to generate qﬁa]itative
or subjective pilot opinfons, not quantitative data.

The data presented in this section is represented in three
formats:

1. Data points with no curve;

2, Mean representation of the data points; and

3. Least squares curve fit with assumed data points at the
origin.

The siope of the least squares curve fit line is strongly

affected by the lack of data at low turbulence levels. Therefore, a
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data point at the origin was assumed in several cases and this assump-

tion is noted and explained in the appropriate section.

9.4.1 Pilot Performance Summary. Three parameters were chosen to

summarize pilot performance; heading deviation during the precision
heading task, and glideslope and localizer deviation during the ILS
approach. Figure 9.5 shows the standard deviation of aircraft heading
as a function of RMS turbulence level during the precision heading
maneuver. Figure 9.6 shows that the average heading deviation of the
basic Model 99 (slave mode) and the SSSA Model 99 (command mode) was the
same. Figure 9.7 shows a least squares curve fit to the data points
with an additional point assumed at the origin. This assumption means
that in the hypothetical case of no turbulence, or absolutely calm air,
the aircraft will hold heading perfectly.
h Figures 9.8 and 9.9 show the RMS localizer and glideslope
signals as a function RMS turbulence level during the ILS approach.
Figures 9.10 and 9.11 show that the average RMS localizer deviation was
slightly higher in the SSSA Model 99 (command mode) but that the average
RMS giidesliope deviation was slightly less. Figures 9.12 and 9.13 show
that least squares curves fit to the RMS localizer and glideslope signals
as a function of RMS turbulence level. Points at the origin were )
assumed; the assumption means that in the hypothetical case of no
turbulence, the pilot can fly a perfect ILS intercept.

The data. contained in Figures 9.5 through 9.13 Indicate that for
the tasks selected the pilots' performances were not significantly
improved by SSSA attitude command. However, the pilot's subjective

opinions were that their performance was improved.

9.4,2 Pilot Workload Summary. Three parameters were chosen to

summarize pilot workload: primary aileron activity during the precision
heading task, and primary aileron and elevator activity during the ILS
approach. Figure 9.14 shows the standard deviation of primary right
aileron position as a function of RMS turbulence level for the precision
heading maneuver. Standard deviation was chosen to represent workload

so that any constant aileron deflection required to maintain wings Tevel
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would not increase the measure of worklba&. Figure 9.15 shows that the
average pilot workload was reduced 72% for the SSSA attitude command
system. Figure 9.16 shows a least squares -curve fit to the data. A
point at the origin was assumed; the assumption means that in the case
of no turbulence, the aircraft will hold heading with no pilot activity
required. -

Figure 9.17 shows the standard deviation of primary right
aileron position as a function of RMS turbulence level for the ILS
approach. Figure 9.18 shows ;hat the average aileron workload was
reduced 62% by the S$SSSA attitude command system. Figure 9.19 shows a
least squares curve fit to the,data. A point at the origin was assumed;
the assumption means that in no turbulence, once the pilot was
established on the localizer he would not have to change his position
with an aileron deflection.

Figure 9.20 shows the standard deviation of the primary elevator
position as a function of RMS turbulence level for the ILS approach.
Figure 9.21 shows that the average elevator workload was increased by
21% by the S8SA attitude command system.. Figure 9.22 shows a least
squares curve fit to the data, A point was assumed at the origin, this
assumption means that once the pilot was established on the glideslope,
he would not have to change his attitude with an elevator deflection.

The data contained in Figures 9.14 through 9.22 indicate that
the pilot's primary aileron workload was reduced significantly in both
the precision heading and ILS approach tasks by the S5SSA attitude
command system. The primary elevator workload was increased slightly

in the ILS approach.

9.4.3 Ride Qualities Summary. Three parameters were chosen to

summarize ride qualities: normal and lateral acceleration during the
precision heading task, and lateral acceleration during the ILS inter-
cept. Figure 9.23 shows the standard deviation -of normal acceleration
as a function of RMS turbulence level for the precision heading task.
Standard deviation of normal acceleration was chosen because the steady
state value of normal acceleration is one g; the normal acceleration

varies above and below this value; therefore, an RMS value would not be
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an accurate measure of ride qualities. Figure 9,24 shows that the
average value of normal acceleration standard deviation of the basic
Model 99 (slave mode) is nearly the same as that of the SSSA Model 99
(command mode) for the precision heading task. Figure 9.25 shows a
least squares curve fit to the data. A point at the origin was assumed;
the assumption means that in the case of no turbulence, the normal
acceleration on the aircraft is constant at one g during the precison
heading task. ‘

Figure 9.26 shows the RMS lateral acceleration as a function of
RMS turbulence level during the precision heading task. Figure 9.27
shows that the average RMS lateral acceleration was increased 6% by the
SSSA Model 99 (command mode). Figure 9.28 shows a least squares curve
fit to the data. A point at the origin was assumed; the assumption
means that in the case of no turbulence, the aircraft was subjected to
no lateral acceleration in the precision heading task.

Figure 9.29 shows the RMS lateral acceleration as a function of
RMS turbulence level for the ILS approach. Figure 9.30 shows that the
average RMS lateral acceleration of the basic Model 89 (slave mode) was
decreased by 11% by the $SSA Model 99 (command mode). Figure 9.31 shows
a least squares curve fit to the data. A point at the origin was
assumed; the assumption means that in the case of no turbulence the
aircraft was subjected to no lateral acceleration during the 1LS
approach. ’

The data presented in Figures 9.23 through 9.26 do not indicate
a significant Improvement in ride quatities with the SSSA Model 99
functioning in the attitude command modé, However, the pilots indicated
that they felt the attitude command system improved the aircraft ride

qualities,
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CHAPTER 10
CONCLUSIONS AND RECOMMENDATIONS

10.1 Conclusions

The flight test program on a Beech Model 99 has demonstrated
that Separate Surface Stability Augmentation {(S$5A} can adequately
provide attitude command and improve the handling and ride qualities
of the aircraft without control force feedback to the pilot. 5SSA
also has the capability of performing less demanding augmentation tasks
such as yaw damping, wing leveling, and auto-pilot functions.
Additionatly, this program supports the conclusions of a NASA Dryden
Flight Research Center PA-30 program: attitude command improves the
handling qualities of an airplane while performing an instrument flight
rules (IFR) task in turbulence. The Cooper-Harper pilot rating was
improved by an average of 1.12 points for the mission flown. The
maximum improvement on an individual pilot basis was 2.0 points and
the minimum was O points of improvement.

" The 'improvement in pilot rating can be related to the reduction
in pilot workload in performing the IFR task. Reductions in aileron
activity and pitch trim transtents are the most prominent areas of
improvement. Another area that can be related to the improvement
in pilot rating is apparent improvement in ride qualities. The evaluation
pilots subjectively felt an improvement in the ride qualities.

The aspect of the system that tended to degrade the pilot
rating was the necessity to hold aileron force for a banked turn. Even
though the forces were minimized, the pilots generally objected.
Additionally, the apparent static longitudinal stability was increased
significantly by the $SSA system which made the aircraft feel very stiff
in pitch. The rationale for this change was ‘that while flying attitude
command the pilot should make attitude changes with the pilot's trim.
However, the evaluation pilots still wanted to make small pitch attitude
changes with elevator inputs. Consequently, the increased forces tended

to degrade the pilot rating. (It should be noted that this problem
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could be eliminatedaby incorporating separate forward loop gains for

the primary elevator and pilot trim inputs.)

10.2

Recommendations

1.

Based upon the results of this program, attitude command
in the roll axis is not acceptable without an easily
accessible trim system in bank. The most logical system
would be an electric trim mounted on the pilot's control
wheel. The most desirable system would be rate command/
attitude hold in the roll axis.

Adaptation from a conventional rate command system to an
attitude command system requires a significant amount of
familiarity (5 - 10 hours) before the full advantage of
the system is attained. Therefore, additional familiarity
should be given to the evaluation pilots.

Separate Surface Stability Augmentation should not be
viewed as merely a means for implementing attitude command.
I't should be viewed as the name implies, as a viable
method of stability augmentation.

Several of the aircraft step response problems are related
to separate surface control saturation. The problems were
solved adequately for this program; however, a complete
analytical description of the effect of control saturation
is lacking. This description should be developed.

10}



BIBLIOGRAPHY OF SSSA REPORTS
(IN ORDER OF PUBLICATION)

An Artificial Force-Feel System for a Fixed-Base Flight Simulator, KU-
FRL #103, May 1970.

55SA~Quarterly Report #1, KU-FRL #301, December 1971.

§SSA-Quarterly Report #2, KU-FRL #302, March 1972.

Force and Moment Test of Separate Surface Allerons and Rudders on a
Cessna 210 Model, KU-FRL #361, April 1972.

SSSA-Quarterly Report #3, KU-FRL #303, June 1972.

SSSA-Quarterly Report #4, KU~FRL #304k, August 1972.

A Survey of Actuating and Sensing Equipment for General Aviation Air-

planes, KU~-FRL #305, August 1972.

Eng. Aerodynamics Report (BAR #1050) Aerodynamic Data for KU/Beech AACS
Test Bed, KU-FRL #324, September 1972.

Weight Distribution and Inertia Data Model PD 280 (BAR #E22209), KU-
FRL #327, September 1972. :

SSSA-Quarterly Report #5, KU-FRL #306, December 1972.

S$SSA-Quarterly Report #6, KU-FRL #307, March 1973.

SSSA-Quarterly Report #7, KU-FRL #308, June 1973.

. Flight Test Program, Attitude Command Control,lKUHFRL #309, July 1973.

Bolton, Willard R., Jr., User Guide for the Fiight Research Laboratory
Fixed—-Base Flight Simulator, KU-FRL #105, September 1973.

555A-Quarterly Report #8, KU-FRL #310,. September 1973.

Boiton, Willard R., Jr., Status Report: SSSA Simulation and Flight Test,
KU-FRL #311, November 1973.

Collins, Donald J., Status Report: SSSA Design and Development, KU-FRL
#312, November 1973.

102



SSSA-Quarterly Report #9, KU-FRL #317, April 197k,

Hinson, Michael L., An Iron Bird for Static Test and Performance

Evaluation of a Separate Surface Attitude Command System, Ku-

FRL #318, May 1974.

Collins, Donald J. and Bolton, Willard R., Jyr., A SSSA System for a
General Aviation Airplane, KU-FRL #319, June 1974.

Boeing Report, Beech 99 Flutter Analysis, KU-FRL #328, June 1974.

Jenks, Gerald E., Fault Analysis of An Attitude Command Control System
Using SSSA, KU-FRL #320, July 1974,

$SSA-Quarterly Report #10, KU-FRL #321, July 1974.

Model PD 280 SSSA System Flutter Analysis, KU-FRL #322, September 1974.

Boeing Report, B899 Flutter Analysis Using Revised Airplane Math Model,
KU-FRL #329, September 1974.

$SSA-Quarterly Report #11, KU-FRL #323, October 197%.

Daugherty, Dr. D.G., A Critical Review of An Automatic Attitude Command

Control System Electronics Design, KU-FRL #325, November 197k.

SSSA System/0.R.R. Package, KU-FRL #330, December 1974.

Henry, Samuel A., Some Methods for Analyzing Aircraft with Linear
Automatic Control Systems, KU-FRL #362, 197k,

SSSA-Quarterly Report #12, KU-FRL #338, January 1975.

Model 99 Attitude Command Flight Evaluation Pilot Seminar, KU-FRL #339,
January 15975. ‘

§SSA-1st Environmental Test Report, KU-FRL #340, February 1975.

SSSA-Quarterly Report #13, KU-FRL #343, April 1975.

§SSA-2nd Environmental Test Report, KU-FRL #347, April 1975.

KU-FRL Response to FRR Committee Findings, KU-~FRL #348, May 1975.

Boeing Report 'Beech 99 SSSA System Gust Analysis,'” KU-FRL #350,
May 1975.

103



Beech Drawing List, KU-FRL #313, May 1375.

SSSA Mech. Drawing List, KU-FRL #314, May 1975.

$SSA Electrical Drawing List, KU-FRL #315, May 1975.

NASA Instrumentation Drawing List, KU-FRL #316, May 1975.

Instrument Landing System Simulation Methods for a Fixed Base Simulator,
KU-FRL #105A, June 1975.

Instrument Landing System Simulation Methods for a Fixed Base Simulator,
KU-FRL #106, June 1975.

Environmental Test Report PD 280 SSSA System, KU-FRL #352, June 1975.

Schunselaar, Henri L.J., Flight Test Program For a SSSA Beech Model 39,
Parts | and 11, KU-FRL #349, June 1975.

$SSA~Quarterly Report #14, KU~-FRL #351, July 1975.

Operation and Maintenance Manual of a Separate Surface Stability
Augmented Attitude Command Control System, KU-FRL #326, July

. 1975.

Implementation of An Attitude Command System Using Separate Surface

Stability Augmentation on a Beech Model 99 Airplane, KU-FRL
#354, August 1975.

55SA-Quarterly Report #15, KU-FRL #353, October 1975.

Elimination of the Pitch Angle Overshoot Bue to Pilot Trim Inputs on
the SSSA Model 99, KU-FRL #355, December 1975.

$SSA-Quarterly Report #16, KU*FRL‘#BSG, January 1976.

SSSA-Quarterly Report #17, KU-FRL #357, April 1976.

Beech Report, "Flight Flutter Tests on Model 99 With SSSA System (PD 280
Program),' KU-FRL #358, April 1976. :

A Summary of the S$SSA Attitude Command Electronic System Design and
Development, KU-FRL #359, April 1976.

Analog Matching of the Dynamic ‘Response of a Beech Model 99 Aircraft With

Separate Surface Stability Augmentation, KU~-FRL #360, June 1976.

104



REFERENCES

Jenks, Gerald E. and Ashburn, Madison H.: Implementation of an

Attitude Command System Using Separate Surface Stabiiity
Augmentation on a Beech Model 99 Airplane, KU-FRL 354,
August 1975.

Collins, Donald J. and Bolton, Willard R.: A Separate Surface

Stability Augmentation System for a General Aviation Air-

plane, April 1974,

Roskam, Jan: Flight Dynamics of Rigid and Elastic Airplanes,
c. 1972.

Loschke, Paul C.; Barber, Marvin R.; Enevoldson, Einar K.;

and McMurtry, Thomas £.: Flight Evaluation of Advanced

Control Systems and Displays on a General Aviation Air-
plane, NASA TN D-7703, June 1974.

Daugherty, Dr. D.G.: A Critical Review of Automatic Attitude

Command Control System Electronics Design, KU-FRL 325,
November 1975.

Schunselaar, Henri L.J.: Flight Test Program for a Separate

Surface Stability Augmented Beech Model 99 Airliner and

an Investigation of its Turbulence Intensity Measuring

System, June 1975.

Ehernberger, L.J.: "TIMS Output as Configured for the Beech-99
(N10315)." NASA-DFRC Memo, February 3, 1975.

-MacCready, Paul B., Jr.; Williamson, Robin E.; Berman, Stephen;

and Webster, Alexander: Operational Application of a

Universal Turbulence Measuring System, NASA CR-62025,
November 1965.

Brown, William E.: Final Report-NASA/KU/Beech Separate Surface

Stability Augmentation Test-Bed Program {PD 280), Beech
Aircraft Corporation Engineering Report 99E201, May 1976.

105



10.

1.

12.

13.

106

Nagaraja, K.S.; and Hooper, E.H.: Flight Flutter Tests on
Model 99 with $5SA System {PD 280 Program), Beech Aircraft
Corporation, Engineering Structural Dynamics Report 99E198D,
January 1976. -

Johnson, Leland R.: A Summary of SSSA Attitude Command Eiectronic

System Design and Development, KU-FRL 359, April 1976.

Henry, H.F.: Elimination of Pitch Angle QOvershoot Due to Pilot

Trim Inputs on- the SSSA Model 99, KU-FRL 355, January 1976.

Belton, Willard R., Jr.: User Guide for the Flight Research
Laboratory Fixed-Base Flight Simulator, KU-FRL 105,
September 1973.




APPENDIX A
DETERMINATION OF THE -FACTORS AFFECTING
BANK ANGLE OVERSHOOT AND SETTLING TIME

Appendix A contains a theoretical determination of the

factors contributing to the SSSA Model 99 bank angle overshoot and

settling time.
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The S$SSA Model 99 roll axis block diagram can be expressed as
shown in Figure A.1. The .61 and .39 terms represent the control power
percentage of the primary and separate surface &ilerons respectively.
The £, and €, represent intermediate signals in the electronics and are
used to simplify the block diagram algebra. The ¢/6A transfer function
is the basic airplane ¢/GA transfer. function and is represented in this

analysis by the single degree of freedom roll approximation of reference

3.

9(s) A

§,(S)

Therefore applying block diagram algebra:

e (8) = .61 8,,(5) + .39 6,.(5)

Spg = €5(8) [S+9 5]

2 = Ky o) 7 (557D (KK (6(9))
4 (5) $ﬁi%_7 e, (5)

substituting for GAS {S) in the e, expression:

[

_ 9.5
ey = -618,,(s) + .39 [e, (5%=%)]
substituting for €yt
_ 9.5 S+1
g = 61 8, () + .39 [ (555%) (Kg 6 (s) - (5g)

AP
(sKj+K,) (4(S) ) ]
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FIGURE A.1 Roll Axis Block Diagram




from block diagram algebra:

NORSL

L

¢(S)

S

o(s) = §T§%E;7 (e)

]

substituting for e, and simplifying leads to:

1

Sp AP
S‘Lp) (s+9.5) (3S+1) + L6 (.39) (9.5) (S+i) (5K$+K¢)

[ L. (35+1) [.61 (S+9.5) + .39 (9.5) (K6 }]
. ]

$(S) =
A

Spp (8)

This equation indicates that the dynamic response (represented by bank
angle overshoot and settling time) of the SSSA Model 99 to a step aileron

input is a function only of K,, K:, K, , L. and LP.

7797 SppT Gy

In the case of the SSSA Model 99, L

and L are fixed and K,,
6 P

$
K$ and KGAP can be varied to change the rollAaxis dynamic response.

It should be noted that this is a linear analysis and assumes no
saturation of the separate surface controls. |If the separate surface
controls saturate the analysis is no Tonger valid. Also, due to the
negative feedback laop and the S535A electronic sign convention of a

positive control defiection vielding a positive. Euler angle, the sign of

L6 should always be positive.
A
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APPENDIX B
QUANTITATIVE DATA

Appendix B contains the time-history plots generated
during the quantitative flight test program. Section 1 confains
aircraft responses to step control inputs in the roll and pitch
axes, and section 2 contains aircraft dynamic responses. All
plots were generated by the Boeing Company, Wichita, Kansas, at
the request of KU-FRL. .
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APPENDIX B - SECTION 1
AIRCRAFT RESPONSE TO STEP CONTROL INPUTS

See Table 4.1 for parameter identification.

Computer printout scales may be read as follows:
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X '\
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K é?
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\\O L Q,q( X © ‘\Q
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APPENDIX C

PILOT COMMENT TRANSCRIPTS

Appendix ‘'C contains written transcripts of the evaluation pilots' comments.
The comments were recorded during the debriefing session after each evaluation
flight.
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Date: Feb. 25, 1976 Flight: 026 Takeoff: 1527

Pilot number: 5 SSSA mode: Command, heading
hold roll on, heading hold yaw on

Pilot rating: 3.0
Turbulence level: Intermittent light

Task 1 Wheel.forces are a bother. Seems to increase workload. Rate
of climb, h, control seems to be poor due to gyro precision.

Pilot rating = 3.0

Task 2 Heading hold is good for an accuracy of #2° to +3°. However,
if vou need to fly heading *1° the workload is as great as the
slave aircraft.

Pilot rating = 3.0
Task 3 & 4 Heading corrections seem to be slow, i,e. the aircraft seems to
respond slowly to heading command. The first ILS approach was
too close to the O .M. Could not get established well on ILS .,
Second approach was better but not much. As a conseqguence the
system was downgraded overall by approximately 1 pilot rating.

Pilot rating = 4.0
Task & Missed approach was much easier. The aircraft was well
controlled without being hurried.

Pilot rating = 3.0
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Date: Feb. 25, 1976 Flight: 026 Takeoff: 1527
Pilot number: 5 S5SSA mode: -Slave (basic airplane)

Pilot rating: 4.0 Turbulence level: Intermittent light

I'1] talk about the vertical S's first, here. OK. There isn't anything specific.
I'll just say it requires a lot of work, continuous high workload, and I'll give it a
pilot rating of 4 but I think the bagic thing that makes it hard to do are the facts
that gusts upsets and the fact that if you are not perfectly trimmed it just drifts away
from the commanded attitude. Also, 150 knots is particularly flat on the speed
power curve and airspeed tends to drift a lot and it takes a lot of throttle motion to
keep it somewhere in the general ballpark. It does make it quite a lot easier if you
know what power settings to use for the climb and the descent, It looks like about
1,100 foot-pounds torque for the climb and about 400 or 500 for the descent worked
out about right.

Small heading changes—the airplane is really fairly nice for that—not too much
workload and it is fairly easy to make small heading changes. About a 3 for the
pilot rating on that. Does require fairly continuous attention or else the heading
does drift off, I think a 3 probably covers the pilot rating there OK. I will mention
that there is slight turbulence, slight intermittent turbulence throughout the evalua-
tion. There is one little nuisance factor and that is that the vertical index on the
attitude indicafor is hard to see with the goggles on and it is hard to hold a 30° bank
because it is hard to actually see the 30° index. OX.

The ILS itself—I wouldn't have any particular objections to it but the overall
workload is high and I think I would give it a pilot rating of 5. But I must say that
the approach actually worked out a little better than I thought it would. But the
workload is high and continuous. I was satisfied with the pattern and the procedure
we used.

I think the level of performance achieved was adequate for the goaround and I
would give that about a 5 also; it wasn't quite as difficult to deal with as I thought
it would be. And I think the performance was adequate although it was during a
eritical part of the workload that I had fo add power and I really didn't have enough
attention span fo set the power adequately. I just pushed on a lot of power and then
controlled aircraft attitude. The overall result was pretty good except that the safety
pilot had to watch what I did with the throttles there to keep from overboosting .
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Date: Mar. 9, 1976 Flight: 028 Takeoff: 1140
Pilot number: 6 S58SA mode: Slave

Pilot rating: 4.0 Turbulence level: Light to moderate

Separate surfaces seem to lag the primary surfaces quite a bit.

Roll and yaw axes are very difficult to control in turbulence.
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Date: Mar. 9, 1976 Flight: 028 Takeoff: 1140

Pilot number: 6 SSSA mode: Command, yaw damper
only
Pilot rating: 2.5
Turbulence level: Light to moderate

Trim change with gear and flaps is very nice.

Workload is definitely much less with the system in command. The roll axis
attitude command is very helpful; it lightens the workload a lot. .

The heading hold function is not tight enough to suit me. Heading hold
switching is good! The aircraft localizer is not.really sensitive enough. I noticed
on Einar's flight that it lags quite a bit.

Overall I had much more confidence in ‘my ability to perform the mission in the
command mode. .

The biggest improvements are in the roll and yaw axes. Outside of gear and
flap transients, there is not much change in pitch axis.
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Date: Mar. 9, 1976 Flight: 028 Takeoff: 1140
Pilot number: 6 SSSA mode: Command, heading
hold roll on, heading hold yaw on

Pilot rating: 2.5 o
Turbulence level: Light to moderate

The heading hold functioned much better with the yaw axis engaged.

I feel that the pitch trim response is too sensitive while the primary elevator
pitch response is not sensitive enough.

I suggest doing both a long turn in and a short turn in on the ILS approaches.
I think the pilot can better evaluate all aspects of the system on the long turn-ins.

The wheel forces needed for sustained maneuvers (especially banked tirns)
are objectionable. I suggest some sort of roll axis trim on the control wheel.

The heading hold drift is annoying, but it's still much better than the basic
airvcraft. - : .
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. Date: Mar. 17, 1976 Flight: 031 Takeoff: 1450

Pilot number: 3 SSSA mode: Slave

Pilot rating: 3.5 Turbulence level: Very light

Task 1 Once you get set up, it's very easy to perform these vertical
S's. You don't have to do anything.

Task 2 The heading is not difficult to maintain with basic aircraft.

Task 3 I was very busy trying to perform this maneuver. I thought

1 was going to be much closer to the outer marker, but as it
turned out I had plenty of time to set up on the glideslope.

Task 4 No problem, I fly the localizer by maintaining a heading.

Task 5 There were very large trim changes with gear and flaps and
as a result it was difficult to trim to a nose up attitude.

Task 6 I could maintain heading very well.

In general, the trim changes were the most detrimental factor in the basic
airceraft performance.
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Date: Mar. 17, 1976 Flight: 031 Takeoff: 1450

Pilot number: 3 SSSA mode: Command, heading
hold roll on, heading hold yaw on
Pilot rating: 2.5
Turbulence level: Light

Task 1 The wheel forces required to maintain a sustained bank angle
were very objectionable. I liked the basic airceraft performance
in this maneuver better because of this. 1 want to note that the
piteh axis performance does not seem to be much different than the
basic airplane.

Task 2 It is easier to hold a heading with the augmented airplane.

Task 3 I couldn't read the DME very well on' the slave approach, but
overall I couldn't tell much difference between the two on the
turn-ins.

Task 4 Glideslope control was not much different, but it may have

been a little more positive with the augmented airplane. The
localizer was easier to maintain with the augmented airplane,
probably because of the heading hold.

Task 5 The goaround was much better. There were no trim changes
with gear and flaps and a trim input gave immediate nose-up
attitude. I would say this is the biggest area of improvement over
the basic aircraft.

Task 6 The heading was more difficult to maintain here. I couldn't
: control it within #5°, I don't know why, I just can't explain it.

Pilot rating I would give the augmented airplane a 2.5 if an electric roll

trim switch could be implemented. If not, I'd have to give it a
4.5 because those wheel forces are very objectionable.
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Date: Apr. 6, 1976 Flight: 30

Pilot number: 2 SSSA mode: Slave/command
Pilot rating: Turbulence level: Continuous light
Slave — 4.0

Command — 4.0

First thing that I am going to make a note of here is that we got a lead and lag

in the altimeter which is bouncing the altimeter around anywhere from -25 to -30

“up to a +50. It is probably going to show up in the vertical S maneuvers, I didn't
mention it yesterday but the gyro wings level marker isn't quite on. In other
words it's very slight right wing down position for wings level flight apparently,
if you put in the center on the gyro it tends to drift a little bit. I've retrimmed the
airplane now so that I seem to get a wings level ¢ondition. The airplane needs
retrimming here. Still getting the glare in the turns that gives me some trouble as
far as sight of the instruments is concerned. [End of second day.}

Today I still have a little bit of trouble with chasing the rate of climb on this
thing getting the airplane trimmed, to give me the rate of descent that I want and
to keep it constant. It's really smooth out today I really shouldn't be having any
particular trouble with it. I still have the tendency with the basic airplane to over—-
shoot the heading slightly. The needle and ball and the trim on the airplane don't
all go together, We've got, at 3,000 feet we've got an occasional shear that gives a
bump that's not what you would call a continuous light turbulence situation but an
occasional shear type turbulence. Turbulence is now becoming a consigstent light
chop. In this light chop I've got the same thing again, I've got to chase the rate of
climb just slightly more than I would like to be real comfortable. It's difficult to
tell with small changes in the altitude because the altimeter is still fluctuating some
without the rate of elimb indicating anything, sort of just a bounce on the needle
of the altimeter. In answer to your question about vertical S maneuvers, I was
having some trouble with chasing the rate of climb and it was a little bit tricky
because the altimeter fluctuates a little to a -25 to a +50 fluctuation. Still I feel on
the basic airplane I've got to chase it some on pitch trim. I made a comment on tape
to that respect. Also, made a comment on the tape that the turn and bank indicator,
that the ball is not really centered up and the needle is not really centered when the
airplane is trimmed for level flight so that also tends to give you the sensation of
carrying the wing all the time. But other than that.I didn't note any particular
dislikes on the transitions to elimb and glide. The airplane is a little slow to get
going up again. It seems to trim over pretty well but it's a little more tricky to
trim for a climb attitude with the power setting. In response to the question of
precision heading, I didn't seem to have too much trouble today as far as precision
heading was concerned related to basic functions of the airplane. The pitch trim is
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still a little bit difficult to come by to keep a nice level attitude that you would want
to take your hands off of. After Mike got through with it, it was trimmed up so that
I didn't have much trouble with wings level as long as I kept into account what the
needle ball configuration was. In relation to the 90° intercept I tried to pop it over
a little quicker today. I went to about 30° to 35° bank and kept the altitude a little
better; however I still didn't get it trimmed over for the flaps. The basic system
has got a lot of pop up on the nose with gear and flaps and you've got to be aware
of it and lead that and I still don't have a good hold on that. I still am behind the
airplane as far as getting the trim in for that pop up on the nose. Other than that

I had no particular problems on the intercept; I had one and a half overshoots till

I was on course and then a slight trim in the rudder trim setting and as soon as I
got that down, even with the light oceasional turbulence we were getting, I didn't
have much trouble with the glideslope from there on in. I agree that a light chop is
a good evaluation of the turbulence. On the missed approach and goaround, here
again when you pull the gear and flaps even with the torque set at red line torque
you have a real sensation of the basic airplane sinking. It's indicating zero rate of
climb and it's slow to transition to a climb but you have a sensation in the airplane
that you haven't established a climb yet and you really tend to watch the airspeed
closely because you get this feeling of sinking quite a while before you really get

a rate of climb going. After I had the rate of climb going and had turned to the
given heading of 060 I didn't have any particular trouble other than what I
mentioned before in the vertical S maneuvers (it was somewhat touchy and you had
to work at it to trim an attitude on pitech) . In relation to the Cooper-Harper handling
quality rating scale, the airplane is controllable and it certainly is well within the
average pilot's capability . Capability on performance for pilot tolerance is satis-
factory. The controls are a little bit heavy and it's a little bit of a nuisance to have
to fight the pitch trim quite as much as you have fo but it's still satisfactory. 1
would say the airplane is satisfactory without improvement. Let's put it this way;
some improvement would be desirable but is not something that would necessarily
be required. Looking over to the side now, the ratings of 1 through 6, which is
the level that I have gotten to, I better go back to the without improvement and say
that it has a minor shortcoming in longitudinal trim. It's a nuisance and I would
put it in on, probably on, a 4 rating. It's a minor but annoying shortcoming in the
pitch axis. Probably a 4.

Still have a little difficulty keeping the airplane over in attitude according to
gyro position. Need just a little more trimming . I am having some difficulty
right now with big changes in pitch attitude. Little slow getting the nose over
there, it's more of a deal of trimming it over a little faster than anything else. The
turn is set to the right now. Seem to feel a little pressure on the rudder that I
didn't feel yesterday—maybe it's just my imagination. Now I am getting the nose
trimmed into position for descent, I'm about 350 feet behind my altitude in my furn.
Behind and trim it over just a little more and now it's coming down better. Now
this heading and altitude is just about right. Let's steepen it up a little bit. That's
better—a little smoother. The airplane seems to kick back and forth a little more
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than I would like it to on ailerons. It's hitting and engaging and disengaging the
system. Thing was chasing the ailerons in left turn and was more my fault than
anything else. Just getting used to it again. I got up and transitioned to descent
of 500 feet a little better that time. Turns and everything came out about the same,
together. It was a better transition on that change from climb to a glide. I'm not
having as much trouble this time with the aileron. Still get something that feels
like I'm getting some help on the ailerons which doesn't seem to be from turbulence.
With the SSSA, I'm working the level stuff on this trim system a lot better foday.

I find the feel of the grip and the less I fiddle with it the better it stays where it's
supposed to be put. It doces have some drift in the heading hold with hands off;
however, it is not bad. It still isn't tremendously stable; you got to fiddle with that
but not as much as I did the basic airplane. When you get a turbulence bump,
though, it doesn't come back together and it's a light touch almost hands off wings
trimmed for 310 and drifting to the right a little increasing the heading but it's

800 foot per minute rate of descent a little turbulent and it's holding well. It's a
little solider hold on the trim system. Would probably be a real neat arrangement.
It's gotten up to about 170 there as I'm coming down toward altitude, SoIgotupa
little fast. Seem to affect as much as you stay with the trim. It's kind of nice if
used to help on the longitudinal pitch from power change although it's not a very
significant power change. That's nicer on the longitudinal trim in the gustier air.
I can feel it working against it on the ailerons and on the pitch trim. Holding up
about 185 here so will reduce the power a little and let it slow down. We'reon
final heading before intercept on 220 here headed for the ILS. I got to chase the
aileron thing a little bit trying to get the wings to level out I tend to over control
that and messing with that and I overshot my localizer again by quite a bit of
degrees and 100 feet headed in and corrected it back so we didn't go too far off.
The system works a lot better if I don't touch it, Tend to fight the rudder a little
bit here; it seems to want to run the ball out to the right. Putting in the rudder
seems to be trimming it, and it takes quite a bit to keep it that way—to try and keep
the ball in the center. We won't fight it, let it run a little ball out to the right
'cause I think I remember Jerry saying that it was an acceptable thing.

In reply to the question about the vertical S's. On power changes on the climb
of the vertical S, after I finally started letting the system do more of the work
ingtead of trying to chase it on the second vertical S. The first one was kind of
sloppy but [ was working the system and it was working against me. The second
vertical S I was letting the trim system do more of its own thing. I found thatI
didn't have as much trouble with the aileron beating back and forth as I did on the
first vertical S and consequently I could regulate my turn a little better. I still
had trouble with the pitch trim changes on this. However, I don't think that it
takes as much to get to an attitude. But when this gets bumped away from an atti-
tude it doesn't come back real well. In other words it takes more fiddling to work
it back to its trim position than it does getting there initially. That was my impres-
sion on the climb. On the descent in it, it seems to be a lot more stable there in the
piteh trim mode, and the second one was a lot more comfortable than the first one.
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Pitch trim in the descent it was easier o transition to if and it was a lot more stable
in the descent as far as being pitched out of the thing and getting it back on trim
again. That probably has something to do with power effects on it; 1 don't know,
the difference in speed, et cetera.

In reply to the question on the initial precision heading, there again I was
fighting the system. In other words I wasn't turning loose and letting it settle
down. I found a little later on that if I flew an almost hands off situation that
heading was pretty good. It drifts some, but it's not fast and it seemed to be
continually to the right so I could correct it back. Also by doing this I got away
from fighting the microswitches on the yoke. However, the wheel is still loose and
sloppy. On straight level headings and so forth, you play with the things on pitch
trim almost as much as you do as with the basic airplane but you don't have the
heaviness in the controls with the system on that you do with the basic airplane.
You got more force in the ailerons, it's heavier to handle laterally with the trim
system on than it is in the basic airplane. Ninety degree intercept, by that time I
was getting a little more familiar with letting the controls do more, although I didn't
get around as fast as I did with the basic airplane. I found that it's heavy on ailerons
to hold over at 30°; that is pretty good heft there and that's kind of a nuisance—
that's something that you'd want to correct. I didn't get around as fast so it took me
two and a half overshots as compared to one and a half getting it back on. But there
again I wasn't keeping quite as much angle of bank because it was heavy on the
aileron. But once I got it around and got it on the heading, by going almost hands
off again, it was doing a good job of keeping me going where I wanted to, on the
azimuth. I'm still chasing the rate of climb on the thing but I don't think I was
having to do as much trimming on the glideslope with this-as I did with the basic
airplane plus the fact that I could definitely feel this control system. There wasn't
as much pitch on the wings against the ailerons with the trim system on as there
was on the basic airplane so I was getting some benefit from the aileron corrections
against the turbulence on the glideslope. In fact more so on the glideslope than I
noted in level flight. It was damping it more than there, particularly before we
got in close. The last few minutes weren't quite as bad for us but earlier in the
approach it was choppier. The basic airplane, I didn't do any hands off. Now you
know I'm not really familiar with getting this thing all trimmed up but I flew it
quite a bit hands off for just real light touch on the second approach on the SSS5A
system approach. However, on the approach whenever 1 got turbulence that
exceeded the capability of the system I had to chase the attitude. Okay, now go
ahead and finish the remarks on the glideslope thing. When I got to a point where
I had to take hold and get back to a trim position it was a little shaky. The controls
are a little heavier and it's a little touchier to control movements and trim. Getting
it settled back down took a little conecentration which was a little bit of an annoyance.
I flew the localizer with a lot more hands off; that's what I was talking about on the
approach after I got set up on the glide path and on the heading. It was a lot easier
to fly it as long as I was within the trim situation of the airplane and as long as it
didn't get 2 bump from turbulence and get out of the trimmed attitude. When I did
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pitch it that way then I was having a little difficulty getting it back on trim again
so I could take my hands.off. It was a real nice relaxed approach when it was
doing its thing. Except for the turbulence condition. The missed approach straight
out was a lot-more-comfortable with the system on (but then I rotated and got into
a climb attitude a little quicker and Mike mentioned that). Consequently, I didn't
get that sinking feeling so 1 wasn't playing with the airplane quite so much;
however, I did notice that when I did that the airspeed was slow and I had to do
quite a bit of trimming till I got the pitch at a position that it would stay at. In
other words for 2 or 3 seconds there the nose continued to come up and I didn't
have enough trim in and I had to trim quite a bit to finally get it to settle down for
climb attitude. Once I did that it was all basically light, hands off, for the rest of
the climbout and it did real well. It has a slight tendency to drift off heading and
seems to be to the right most of the time and it does have a tendency, if it's
pitched off its basic attitude, not to come back by itself to that original attitude.
It's more nose up than it is nose down. Nose down seems to do better than nose up
coming back. There again I was more familiar with the system at that time and
basically if you set it up, as long as you don't get bumped out of it, it does real
well. Probably the two most annoying things about the system are (1) the extra
weight on the ailerons when you are making turns or trying to correct headings
and (2) trying to let the rudder do its own thing. The ball wanted to be out at the
right side and I put in right rudder and put it to the center and the system would
push it on out again. I had to get up to a point that I had a lot of rudder pressure.
A lot more than you would like to have. Like maybe about 40 pounds before I
could override and keep the ball toward the center without it going ahead and
pushing its own way out. I got the feeling the system was working against me on
that. When I turned the rudder loose and just let it do its thing it just went ahead
and held the heading pretty well and I didn't have to bother. Bui there was almost
a full ball out to the right on the rudder. That kind of correlates with what I was
doing with the vertical 8's. I was having to trim in a little bit of right rudder on
those. I didn't want to do that because 1 remember Jerry saying that if you don't
trim the rudder the system would handle it okay.

The system was definitely controllable and I didn't have any trouble with it
at all. I'd say it was satisfactory (as adequate performance and tolerable pilot
load). If you got to a situation where you had to spend an hour in holding pattern
with the system having as much force as there is on the ailerons you probably
would get tired of that. I think we can probably move it up into the next category
without any hesitation. Okay, I think I would have to call it back into the box on
"improvements" for two things. First of all, it probably could handle the aileron
situation without quite as much heft on the ailerons. In other words lighter force
on the ailerons (that would be tiring in a long flight, you would have trouble with
that) . The second thing would be the rudder system for low power settings
situation. I don't know, it seems to me to be contrary to basic pilot {echnique to
let the ball float out to the side that way and yet when you tried to put it in you
felt that you wanted to crank in rudder trim. I know now, for a fact, if I crank in
rudder trim that I am just fighting the system. That is an undesirable trait.
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I remember Jerry mentioned that saturation thing so I let it do its own thing.
Another thing is that pitch trim situation if you get bumped out of the limits of the
system or if you get bumped out of a particular attitnde. I think that I would
still have to go along with just the one I had with the basic airplane, "Its designed
performance requires moderate pilot compensation". And on this one rudder and
ajleron are a-problem., -On-the basic ship it's more pitch,
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Date: Apr. 9, 1976 Flight: 39

Pilot number: 1 SSSA mode: Slave/command

Pilot rating: Turbulence level: Light
Slave — 5.0

Command — 4.0

Basically, I felt that my original comments from the first flight will apply to
this flight. On this flight, basieally 1 confirmed what I suspected before but could
not remember due to devoting most of my attention to flying the airplane. That is
that with the system slaved it provides or reduces the pitch changes with configura-
tion quite a bit. It makes glideslope intercept or configuration changes upon inter-
ception of localizer much easier, and with the system slaved I gained hardly any
altitude at all, With it unslaved I gained 200 to 300 feet in configuration changes.
80, in command, stick forces and the configuration changes were much less than in
the slave position. Heading hold, the maintaining heading maneuver, was essentially
the same as I commented before; in the command mode it was very easy to maintain
heading in turbulence, required very little pilot attention, the workload was very
small whereas in the slaved position constant pilot attention was required to main-
tain heading . Vertical S's. .This time I trimmed out aileron as suggested by
Jerry Jenks, whereas before I did not—on the first flight I did not trim out the
forces. On this flight I did and find that method unacceptable. I found it overall
more difficult to {ly the vertical S's by trimming out the aileron than I did on the
previous flight when I didn't trim it out. I still maintain my previous position that
trimming out ailerons with the wheel down there where it is now in the normal posi-
tion would not be good pilot procedure. Putting the aileron trim on the yoke may
provide a better response. Now it just takes too much time, particularly where,
_ now once you get it trimmed up in the vertical 8§, you trim the aileron in and trim
the pitch trim and you are just sitting there adjusting power to maintain your air-
speed and your rate of climb with the pitch and that is very nice, but it's the transi-
tion that's the problem. That's what flying is, mostly the transition when you are
trying to control the airplane rather than the steady state condition, straight and
level, or turning, or elimbing. So I didn't find that satisfactory in the vertical 8
maneuvers, although as I said during the steady state portion in the steady bank,
steady elimb, that it maintained it fairly well and reduced workload during that
period. The transitioning, you just had your hands full, trimming aileron, trimming
pitch but even if you put it on the wheel you would have to trim and pitch, trim and
aileron at the same time in the transition vertical S, changing heading, changing
piteh and you have no hand left for your throttle. Power is quite, on the vertical S,
is critical during the transition whether command or slave. ILS, in the slave posi-
tion again, the heading was slopping all over the place, it was difficult to maintain
heading, additional workload was created with the airplane because when you put
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the gear and flaps down or just gear, probably the gear, you get a Iarge change in
rudder trim which you have to trim out in addition to the other workload. Again,

as 1 mentioned before, the large stick forces with configuration changes—putting the
gear and flaps down—and of course when you have something like this, you get
vertigo effects on the pilot, like when your pitch is changing radically, trying to
get it back messes everything up. It's not a favorable aircraft response. Again,
the basicflaw of the aircraft during the ILS in the slave mode is wandering in-the-
heading and the pilot workload to correct the heading, that is high aileron forces
primarily high aileron forces, rudder isn't too bad. The aileron, you almost have
to use two hands.

In the slaved the primary problem was with heading. Go around again you
have stick forces generated with power application which are fairly significant.

On the command, it seemed like the ailerons were more sensitive this time.
I had a slight problem with heading hold like we discussed that was probably
primarily due to the aileron not trimmed to neutral. I remember after the goaround
I did trim out some aileron. I noticed that we got into smoother air that the ailerons
were not trimmed up. Obviously, if I had noticed this on the ILS I would have
trimmed it, but with the turbulences either I didn't notice that they weren't -
trimmed or I was not sensitive enough to the situation to recognize it. When you
have turbulence it is difficult to trim either in pitch or laterally because it is
difficult with all the turbulence to tell what is going on with everything bouncing
around like that. This may be a shortcoming in the system. Again in command,
on the ILS, the pitch changes or stick forces generated with configuration changes
were negligible and I gained only 50 feet or so as I recall on the interception when
I put the gear and flaps down. Ihad more frouble this time with the heading and
we have discussed the possible cause of that. Goaround, I noticed no problem
there with the power application or configuration changes on the missed approach.
Overall rating, I wouldn't change my rating from what it was before which I think
was a 5 in the slave and a 4 in the command.
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Date: Mar. 22, 1976 Flight: 033 Takeoff: 1240
Pilot number: 1 SSSA mode: Command, heading
hold roll on:, heading hold yaw on

Pilot rating: 4.0
Turbulence level: Light to moderate

I think the most obvious advantage is that it's much easier to maintain heading
in the command mode. .

I also thought that the ride was much smoother.
The aileron forces were objectionable in sustained banked turns.
The pitch transients during configuration changes were reduced.

Overall, I felt it was much easier to perform the ILS in tlie command mode,
with a noticeable lightening of pilot workload.

Flight test engineer comment: The dutch roll seemed to be much less annoying
from a passenger standpoint on this ILS approach.’
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Date: Mar. 22, 1876 Flight: 033 Takeoff: 1240
Pilot number: 1 SSSA mode: Slave

Pilot rating: 5.0 Turbulence level: Light to moderate

The aileron forces were very high.

The heading was difficult to maintain and it was necessary to use the rudder
to make small heading changes.

The pitch transients with configuration changes were very large.
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Jenks:

Pilot:

Jenks:

- Pilot: .

Jenks:

Pilot:

Jenks:

Pilot:

Jenks:
‘ Pilot:
Jenks:

Pilot:

Jenks:

[The following discussion concerns the same flight.]

Here are your comments from the slave mode. I guess really the orly
thing I wanted to do is to go through the comments again and see if you
had any more detail or any more thoughts that may have been generated
afterwards. The comment here . . . the aileron forces were high.

Is this particularly objectionable during the vertical §'s themselves?

Slave, now is that when the system is on?
No, that's system off.

No, it . . . of course when you are doing vertical 5 there is no aileron
force.

Right, just the normal input.

Just turning, the reason that is in my mind now is that we are doing
aileron tests for a lot of different airplanes so I am particularly sensitive
to that particular adverse characteristic.

On the heading comment down here, the day that you flew this thing do
you recall what type of turbulence inputs they were? Yesterday we flew
it and we had a lot of lateral gusts.

No. He asked me what the turbulence level was and I think I called it
moderate, but I'm not sure.

Yes, we've got it written down here. Light to moderate.

You know as if whether they were vertical or lateral gusts.

-On your comment here that you made your small heading changes with

rudder, how do you normally do that? Just rudder input then follow
it with aileron?

I don't know really. Maybe you could say primary rudder and secondary
aileron. Then for very small by the time you throw aileron in it's too
late.

So that would cover pretty much the precision heading task. How about
the localizer intercept? Did you notice . . . how did you feel about
the transition to the approach configuration? In other words, gear and
full flaps and speed reduction?
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Pilot:

Jenks:

Pilot:

Jenks:
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This is one fallacy of your test technique. The [inaccuracy in the] first

“approach was probably 70-percent pilot error, straight pilot error. I

just didn't execute the approach right, in other words I didn't maintain
aircraft control. It was just lousy. I you look on the tape where I say
"Okay , dummy , do it right this time," you might see a big improvement
which is not necessarily due fo the two systems. I'll falk about that
later. T ) e

The thing we are really looking for right now as our primary data
source is going to be the subjective comments and the quantitative data
that goes along with it is going to be a supportive sort of thing. In some
instances, in our data analysis we might be coming along and taking the
data and trying to support what the subjective comment was and then

in another instance we might turn around and say well, no, in this

" instance it is detracting and that sort of thing. So, our real assessment

as to the improvement in this system isn't necessarily going to be
generated just from the pérformance itself.

As I recall there was a lot of pitch change with gear and flaps intercepting
the Jocalizer, which added to the difficulty. As I told Rick, [ was trying
to think after I had the system on whether it was any better. I think [

told him it was probably better but I just can't remember specifics—

. whether it was 5 better or 10 better—because I was primarily flying the

airplane. Pilots, having a problem with ego, you try to fly the airplane
and do a good job. When it is new your mind is only keyed to one thing
rather than somebody who had a lot of time in the airplane, he could . .
. he is not paying attention to flying the airplane . . .1 just can't
remember, but I do remember that the very last approach I made with

.the thing in the command mode was much easier and 50 undoubtedly

there was less piteh change due to gear and flaps. If Ifly it again,
being more used to everything I can devote more of my time to feeling
forces and my mind won't be 100 percent occupied with trying to fly
the girplane. | :

It is valuable to find out what the learning curve is on the control system
becasuse it is somewhat different and we can't deny that so it seems like
there are two barriers that we have to get through. The first barrier

ig just as you say, familiarity with the airplane in general, whether it

is slave or command, just location of throttles and power response,
piteh response and things like that. Then we have to get through the
barrier of the difference of the two control techniques. That is what we
hope to do by being able to get another flight and possibly even at a,
higher level of turbulence, Yours Iknow was at a fairly low level of
turbulence today. During the ILS approach itself in the slave mode,

.did you have . . . could you perceive any problems with maintaining



Pilot:

Jenks:

Pilot:

Jenks:

Pilot:

Jenks:

Pilot:

Jenks:

Pilot:

the glideslope, good glideslope track, in other words being able to set
up a good positive . . .

1t was practically nonexistent the first time. Probably no more than I
normally have, considering I was flying a new airplane.

Then the goaround, the thing we were looking for there, of course,
was a look at the pitch transients due to configuration changes due to
the power, gear and flaps.

I don't remember anything about that.

The rating at that time for the basic airplane was a 5; and the rating

of 5 says moderately objectionable shortcomings for aircraft character-
istics and adequate performance requires considerable pilot compensa-
tion. One of the things you might consider is the difference between a
4 and a 5—minor but annoying shortcomings versus moderately
objectionable shortcomings. Can you be specific? Have you thought
about it enough or do you have anything specific that you recall that
would differentiate it between a 4 and a 5?

In the 5, in the basic airplane, it was just sloppy. It just wallows
around like a big moose or an elephant or something. It was difficult to
hold heading, aileron forces were high, just based on the ideal airplane
it was just erummy. Now then when you flip your system on and the
one reason, the only reason I rated it to be 4 was that it relieved the
pilot load, particularly in turbulence, of maintaining heading, which
was bad in the basic configuration. Because the pseudo autopilot

effect of returning it back to neutral was a significant improvement on
heading hold.

Made the cross check a little less critical.

If the turbulence knocks you off, the system brings you back. I thought
it was significant enough to increase the rating. Now, for the ideal
airplane the aileron forces are still too high and this I'm sure could be
corrected. As it stands now .

Yes, that's precisely what we want to do. We want to rate this airplane

" as it stands.

The aileron forces are much too high. You can do it with one hand but
it's tiring .
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Jenkas:

Pilot:

Jenks:
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The one thing that we didn't do with any of you guys was to actually
talk about any of the control techniques, this is in the command mode
itgelf, and that was different than what we did yesterday with Phil,
What we did yesterday during the familiarization flight was to actually
talk about techniques because it seemed that we did indeed have a
technique problem where things were simplified with technique. Yes,
even-more specifically than that, yesterday we pointed-out to-Phil that
if he desired he could use the pilot's trim for bank angle. Then you
don't have to hold the force. You can just crank it off to the bank that
you want and let her set. The other thing that seemed helpful, to Phil,
anyway , was that again in the command mode, my perception of the
control system has been that it tends to decouple the pitch axis. What
it does is to give you throttle for speed control and give you trim for
alfitude control. It effectively decouples the two. In other words you
can for a fairly long period of time—4, 5, 6 or maybe 10 seconds—you
can make power changes and not change the vertical descent. Whereas
in the basic airplane, the minute you make a power change you
immediately get a pitch transient, which means you have to get an
immediate trim change, and that immediately causes a descent. With
the system the only descent change you get is due to the fact that when
you shove the power up you go faster and it . . . The descent rate is
just the sin of the descent angle—sin of gamma times the velocity so
that effectively decouples for a long period of time. That proved helpful
to Phil so we hope to be able to point all those things out on your next
flight so you might get a little more familiarity . - Now these are just the
comments then on the command mode, The most obvious advantage is
that it is much easier to maintain heading in the command mode, also
the ride was much smoother. Where did you perceive the ride's being
smoother? Was it in the lateral response or in the g response, the z type
response do you think? - .

i
I would: probably think it'would be the lateral response, although 1
really -can't distinguish between the two, I just felt that the airplane

_seemed to ride smoother, at least in the pilot's compartment.

I have perceived the same type of feeling. Looking out in front of the
airplane it is not uncommon to see a gust hit you and hit two complete
overshoots with the nose, with the system off. However with the
system-.on you just see the initial gust input and bang . . . We have’
already talked about the aileron forces' being objectionable in a
sustained bank. The pitch transients during configuration change were
reduced. I guess in the vertical § maneuvers, we want to bank up here
a little bit . . . In the vertical S maneuvers with the system in
command, vesterday when we were talking with Phil, his initial
perception was flying the vertical S system on and system off he didn't
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feel-that there was much improvement and that was when we got into
this discussion about the technique of using throttle for speed control
and trim for pitch control for h control and we fooled around with it
some more and it completely changed his opinion. He said, oh, I see
what you mean, that works much better. Then he said he thought the
gystem was quite impressive in the vertical S. I'm not trying to
influence you or change your comment. The thing I am trying to do is
see if you encountered the same thing. In other words, you may have
had a more conventional airplane sort of technique, where you were
shoving the throttle and pulling back on the yoke or trimming something
in.

When I ¢id them I really couldn't tell the difference in doing the two
maneuvers. But when I was doing them they said don't worry about
airspeed. That's vertical S's, that part of it, airspeed and then towards
the end I was kind of doing it myself but I wasn't required to maintain

a constant airspeed. That relieves your workload 50 percent. Just

let that airspeed slop around wherever it wants to within reason. I

had a constant power seiting. I set one for climb and he said that was
about right for descent and I would pull it back for the descent.

What type of airspeed deviations do you think you encountered?

Twenty knots at least. One hundred fifty maybe, I mean 20 total. When
I was climbing, it may have gone from 155 down to 140. Some of the
last ones I tried to do the way I preferred to. I was fiddling more with
the power . . . The way I did them I couldn't really tell much differ-
ence between the two systems.

In the unaugmented airplane did you do the same thing? Did you fly
the slave airplane the same way as far as airspeed was concerned?

Yes.

Aileron forces objectionable in sustained bank turns, pitch transients
during configuration changes were reduced. That is more or less the
comment you probably had on the localizer intercept. It was undoubtedly
reduced but you couldn't really feel it. How about on the ILS itself?

Did you detect any improvement in the pitch trim response at all there?
Did you ever reach a point on the ILS where you felt you had the airplane
trimmed up and locked on to the localizer? Where you could take your
hands off?

Just about through all of them. But as far as breaking it down into that
much detail, I couldn't make any comments other than what I made before
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in that the last 1LS (the IOUTTI ONE, [OUTl LLdl, LI LUIE CULHIIGLIU 1IUUe )
seemed to be much much easier than any of the others. Of course
you've got a learning curve there. But even so it can't be all learning
curve. There is some difference in the two modes. It can be pitch;
heading . all combined in there, and power response, T'm sure.

.. .The thing is., you see, all the data we're taking is being compared, not

just your data but also the data of everybody else. Everybody who is
evaluating the airplane is basically being subjected to the same profile.
They are experiencing the same learning curve process, in other words
they are getting through familiarity with the airplane and the profile

and stuff like that such that we can fo a certain extent normalize it so

the thing we are going to say is if you perceived a bigger improvement
than someone else or the same delta then we have to conclude then that
perhaps that we are gaining some advantage from the control system.
How about the missed approach, the goaround? Any additional comments
on that? :

No, Ican't . . . there again you are talking about power and pitch

response and 1 don't rémember.

So, the overall rating was a 4, the minor but annoying shortcomings,

I think you have already mentioned that is probably the aileron forces.
Do you think . . . How do you think your opinion would be changed
if you consisteritly used the trim knob?

I wouldn't do that. I don'tlike that. Pitch is fine, trim is fine in pitch
but not in bank. In the normal turns you meke it's . . . If I understand
the system right, if you trim it into a bank, you've got to untrim it _
when you roll out, although you could override-it. It's nota satisfactory
method . . . :

How would you feel about it if you had an electric trim, a coolie hat trim
on the wheel for ailerons?

I don't know. It might, I would say I still wouldn't do it. But here you
have ingiained habits just like going from a stick to a wrist control.
1 know I'll never like that. You-don't really know until you try it,

Do you feel that way because you feel it's unsafe to be trimmed into-a
bank?

Yes, that's probably got something to do with it. If you are turning, the
pilot more likely needs to change direction rather than pitch as-you are
maneuvering, say to get out of somebody's way. or to change headings



from command on the ground or wherever you are going. Bank is
probably more than pitch. I just like to be in control of it all the time
and to be able to put my own yanking and banking in there. If you had
one conveniently on the stick where you just flip the thumb, it might
be satisfactory. To move your hand down and crank a wheel . . .1
might try it next time just to see.

Jenks: It's pretty close in convenience, it doesn't take too many turns, it goes
1, 2, 3 and you're at a 30° bank turn, about 10° a wrist flip.

Pilot: If you are right handed , most pilots fly with their right hands, it means
this business . .

Jenks: I normally fly with the left because I have my right over on the throttle.
Except during takeoff or something like that. Then I normally fly with
two hands.

Pilot: That airplane you've got to fly with two hands.

Jenks: Did you notice any problems with the control sensitivity in the ailerons?

Did you find it difficult to fly in a banked turn or did you f1nd yourself
giving the PIO to the airplane?

Pilot: There was probably a liftle sensitivity but I didn't find it objectionable.
You could tell it was .

Jenks: Probably initially-when you first started.
Pilot: It wasn't nearly as bad as a T-33 for example. But it was no problem.

If you put somebody in a T-33 the first time he couldn't fly it, probably.
This one you could tell was sengitive but it was no problem.
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Date: Apr. 1, 1976 Flight: 036

Pilot number: 3 SSSA mode:; Slave/command
Pilot rating: Turbulence level: Occasional light
Slave — 4.0

Command - 2.0

Pilot: . . . Tuck to transition smoothly in pitch during the vertical S's, that
was in the command mode.

The whole thing as we all know is modified by the fact that I've been
flying a straight airplane all my life, so I am a little more adept at
making it smooth than I would be with the new system. From the first
time I flew it, which was a couple of weeks ago, 1 had the same problem
with the slave mode—holding the aileron—and I don't like that,

Jenks: With the control system in command?

Pilot: Right, command and holding the ailerons in the vertical S can be a real
pain. For two reasons - (1) It's pressure you have to hold in but (2) it's
difficult to hold the same amount of pressure for a length of time.
Consequently your accuracy is degraded. So with the suggestion of
trimming it out, once I had it in it was like an autopilot. That was good.
So that just gives basis to my original suggestion of the electric coolie
hat trim. Because if you can electrically trim that would be fine. The
real problem though is if you try to do it manually. It's when you're
transitioning from a right turn to a left turn or from the ILS to a goaround
or something, you have a lot to do without having to sit down and
manually trim an aileron. That could really be a hazard if you had it
manually but with an electric trim that would all take care of itself and
that could be a real nice system. There was a very distinct advantage
once I got it trimmed up, but the transition into it was somewhat
awkward due to the lack of the electric trim. The straight airplane is
fairly stable to start with, so once I got it into the maneuver without the’
command system it still held it pretty well, but I had to monitor it more
then I did the command system once I got it trimmed, but without the
trim I had to have a bunch of force on the aileron. You could trim the
pitch but I could trim the.pitch in the straight airplane too. So without
the electric trim it was an inferior system fo the straight airplane,

With it trimmed up though it was a better system than the straight
girplane.
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How about the transitioning on the bottom and the top of your vertical S.
Did you notice any difference there between the basie and the . .

No, not really. I normally trim an airplane with the button anyway and
so it really doesn't make that much difference to me. Other than the fact
that we noted on the way home that if 1 was trimming a straight airplane

I would hold the wheel to where I wanted it and trim off the pressure
whereas on this system it is difficult to do that so you just more or less
trim it with the button and it seems to set up an oscillation that is

damped out very rapidly but especially on a long fuselage such as the

99 the guy in the back seat would really feel it, which obviously wouldn't
work for an air carrier because he would get everybody sick in the
back.

How about turbulence today?

[While] we were doing the vertical S's it was smooth. [When] we got
down below about 4,500 feet we started getting into the haze layer or
the inversion layer, and it started getting bumpy, but really I noticed
it when we started into it but I didn't really noticeiton . .. .Iwould
have to say light would be the overall . . .

Light turbulence is turbulence that momentarily causes slight erratic
changes in altitude and/or attitude. Light turbulence as opposed to
chop, which is usually considered the bumpy road sort of criteria.

Not for the whole flight, though. Just in the lower realm.

At the higher altitudes, during the vertical S maneuvers, then we're
talking about smooth, and at the lower altitudes where we did the
precision heading and the rest of the profiles then we are talking about
light turbulence.

How about the reporting term, ocecasional, intermittent, or continuous.
Occasional is less than a third of the time, intermittent is one~third to
two-thirds, and continuous is more than two-thirds.

Well, I would have to say occasional, because I didn't really consciously
think about that. Once I got on the ILS I was more concerned about the
wind shear that we got in a little bit close than I was about the turbu-
lence. I didn' think we were bouncing around that much.

So smooth and occasional light?

Yes.
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How about the precision heading task with the basic airplane?

In theory, the command should be a whole lot better and in past experi-
ence it was ,, but today it didn't seem to be. On the ILS it was but not.
on the precision heading, but I can't explain why because it should be
like an autopilot. Today I held, I think the tapes will prove me out, 1
held my heading befter, raw data, than I did with the command system,
but I cannot explain why.

Do you recall any change in technique or anything at this time?
No. The one thing that wasn't on the tape, where it was really the worst,

was in that descent, but we were descending on the straight airplane.
Before, 1 might have gotten -a couple of degrees off but I don't think I

got more than '2° or 3° off. Where this one I looked down and I was 10°

off - So I don't know how to explain that. Just from my knowledge of
what I've flown in the past, I would have to give the command system
the nod on precision, because it tends to hold like an autopilot and you
can direct your attention to other areas. You don't really have to stay
on top of it as you might. But, again, the airplane is fairly stable, so
we don't have too much trouble even with a straight airplane if you
have it trimmed up.

]

How about the localizer intercept?

' Today, I noticed a lot bigger change than I did the last time I flew it.

[ wasn't all that aware of it when we were flying a straight airplane.

I overshot the localizer a little bit. I thought1 was in closer than I

was and I took a little bit bigger heading just to get back on it and then
I didn't quite catch it. I think I was on it by the time I got to the marker
okay . But I noticed that my altitude varied probably 200 feet. We
entered at about 3,000 and I think it got as low as 2,800 maybe 2,750 at
the lowest. So what's 200 feet, no big deal, but it wasn't as precise

as I think the tapes will show that I was on the command because the
command held the altitude almost perfectly and I was able to monitor

the airspeed and the heading much closer. Consequently, I was on the
localizer within . . . my heading went through the localizer course
inbound . I think it went-to 090 . . . and the inbound is 129 but the
course only overshot maybe half a needle. By the time I started coming
back I was into a 30° angle bank the other way and I really locked it on
right there. I was on it pretty much the rest of the way in so that was

a great advantage. I'm not sure why I didn't notice that when I flew it

2 weeks ago but 1 didn't. I couldn't tell any difference. Today, 1
noticed a distinct difference. I noticed a good difference on the ILS too.
I set up that rate of descent. And Iset up the heading and it was almost
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like an autopilot approach. I think the tapes will show I was a lot closer
to the localizer on the second approach than I was on the first. We did
have some kind of wind shear out there which played a little havoc with
my first approach. I didn't notice it as much on the second, but it might
have been that I was chasing the needle more and I just didn't . . .1
don't think I got more than half a needle without on the first approach
either. The fact of the matter is that my workload was a little higher on
the straight airplane. Getting back to the vertical 8's, my airspeed
control was much better on the vertical S with the command system
trimmed. The aileron trim I could almost go hands off and I was pegging
everything right where I wanted it, whereas on the straight airplane I
had trouble maintaining the airspeed. I was getting the rate of descent
and the standard rate turn but I wasn't maintaining the airspeed as
well. On the other when I was not trimming out the aileron I had as
much trouble as I did with the straight airplane, but once I got the
aileron trimmed out it really held the profile better. That would be an
advantage there too. After the ILS and into the goaround the same thing
applies although I was a little more aware of the airplane this time than
I was last, as you know I don't have any time in a 99 other than in this
program. The first time I flew the profile, 2 weeks ago, I was surprised
how much trim it took to change from a descending ILS attitude to a
climbing out, missed approached attitude. What happened there was I
gave it the power, gear and flaps up and gave it a bunch of trim
forgetting that the 99 and our 100 models are quite similar. It takes a
lot of trim just to take care of the gear and the flaps and I found that I
was in accelerating level flight but I wasn't climbing. This time I was
aware of that and I was monitoring closer and I put in enough trim to

get me climbing, but I did have to put in a bunch of trim. Whereas with
the command system it takes care of your gear and flaps automatically.
Any trim that you add is actually climb trim, and that is a big advantage
for somebody that has a heavy workload. I figure probably some acci-
dents are caused where the guy thinks he is climbing where he really
isn't. There is such a big change, especially in that airplane, there is
such a drastic change from full flaps to climbout. Probably 6° or 7° in
trim, I would imagine.

We have measured the force—it is around 65 pounds. It is the trim
change force on the elevator. ’

- L2
I don't doubt it. This is the worst airplane we make for that. Out of 200,
you probably won't find 10 pounds of change if it's 65 on the other because
it's gbout that much better. It's overpowered, too, so when you get all
the power going you are climbing whether you've got everything down
or not. So that would make a difference too, and we were grossed out
today too, which would have another effect. I would have to give the
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command system the nod again on the goaround. The climbing out and
the precision heading again would be the same as my other comments,

Why don't we walk through the basic airplane then. AsIsay, ! think
the idea here is not to feel compelled at all to come up with the reading
that you came up with the last time. Again, we are evaluating this
airplane on this day based upon your own perceptions today. So, the
firgt question of course is, is it controllable?

Obviously, it is.

Is adequate performance attainable with a tolerable pilot workload?
I think so.

Is it satisfactory without improvement?

Yes, I would have to say the straight airplane probably is satisfactory
without improvement, although certain things like trim change and s0
on, I don't know what you would do to change that. It would be nice
if we didn't have such a big trim change.

This question always seems to present some difficulty when you get to
this point, so let's just kind of ignore this for the moment and.look at
aircraft characteristics and the demands on the pilot. If you had
answered that question no, obviously for aircraft characteristics at

the top of that block is minor but annoying shortcomings. Middle is
moderately objectionable shortcomings, very objectionable but tolerable
shortcomings. We are referencing this thing to the amount of workload
that you as a pilot, today, under these conditions could actually
tolerate. We are saying that at the top of the block—of course, desired
performance requires moderate pilot compensation versus considerable

versus extensive,
We are also doing it for the whole flight, not just one .

That's right. That's the entire profile of the entire mission. This is
supposed to be indicative of possibly a cruise portion followed by
vectors to a descending altitude followed by approach giving the
vectors to the localizer and missed approach. We are indeed talking
about the entire profile. :

Trim changes would be, especially since the command system is so
much better than the aileron, and the other thing is the rudder on the
command system chases the ball, it seems like a little bit and that's



Jenks:

Pilot:

denks:

Pilot:

Jenks:

somewhat aggravating . Especially if you have been taught all your life
that the ball ought to be in the center. You try to do that and it's all
over. I would have to say minor but annoying shortcomings for the
straight airplane, which is about a 4.

Now for the modified airplane.

For this airplane without the electric trim I say it would be almost
objectionable shortcomings in a turn—you know, the vertical S maneu-
ver and so on. When you once get it straightened out like in localizer
approach or precision heading or something like that, then that
portion would be eliminated because it holds it well.

You are saying that the aileron forees, if you have to hold them, during
any period are very objectionable .

Yes, almost objectionable, but tolerable. About a number 6. If you can
trim those out where those aren't a factor any more, you increase the
system completely as far as I am concerned and almost get it up into
good but negligible—2. I think it would change it that much because
for somebody, especially somebody that is used to a straight airplane
where you can put it in, take out the forces, and it's there and then you
get in there and have to hold it in there it's aggravating and also after a
while you forget about it and if you have another workload, taking a
clearance or changing a radio, in the meantime your standard rate turn
has gone to pot. So, I think that would be objectionable, tolerable
shortcoming, but if you can trim it out I.say the airplane is probably
good with negligible detractors because everything else, the localizer,
monitoring the altitude while you are changing your heading and so, the
goaround, heading hold, all those would be good characteristics that
would pan out but that one shortcoming, obviously it seems like it could
be changed without oo much trouble.

So we are talking about a 2 then with the stipulations that we have

already talked about.
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Pilot number: 4 SSSA mode: Slave/command

Pilot rating: Turbulence level: Intermittent
Slave — 4.5 moderate
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I wasn't fully aware of the function of the controls with the system on
as in relation to the basic control of the aireraft. In essence I was
utilizing them in combination as always, but still in more or less the
same manner in which I would use the controls if the system weren't
on. In other words, in a conventional airplane rate command sort of
way. I'm talking principally about pitch axis because roll axis was

an axis which I largely ignored other than occasionally cross scanning
the attitude gyro to see that I had about the right bank angle. That
axis I really short changed and didn't make a real fight closure on that
at all. We are talking mainly about pitch. My initial comments with the
system off were based on a technique which is relatively conventional,
and once we had the discussion about the throttle being principally g
controller of airspeed and elevator being prineipally a controller of h,
things fell into place. However, along with that philosophy of control
usage it is extremely important to combine timely use of the trim system
to control the elevator, because without timely use of the trim system
even with the proper manipulation of the controls in relation to h and
gspeed. . . Ithink it would be less effective, much less pleasing, if
we didn't use the trim system when it was appropriate in timely fashion.

Timely , meaning getting input in rapidly enough as opposed to delaying
for some time and then . .

What I'm talking about really is minimizing yoke force in the elevator
shaft. Because the force gradient is I think unacceptably high. I think
the thing that makes the system acceptable is the fact that you have a
trim system. I think it would be much nieer if you didn't have to trim
so often. If the gradient were lower and didn't require the use of the
trim so often but the trim, as long as you know to use it, it's still
reasonably nice. I think an incremental improvement would be to lower
the gradient, but I realize that you have other problems.

" The thing is, we can do that quite simply. That's not that big a deal.

We can get it to the point where even with the existing system right now
without making any modifications fo the system: we can change that
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digital clock and optimize for the pitch trim response and also get the
static longitudinal stability back down to a more nominal level. So that
is possible.

Forewarning to use the pitch trim immediately upon initiating or
realizing that you are going to initiate elevator position movement takes
care of the problem. It's something you have to be forewarned about
and you have to do it a couple of times just to make sure that it becomes
second nature. Do that whenever you want fo move the elevator.

I think that is probably the reason that I haven't appreciated the problem
very much. I've gotten to the point where when I want a new atfitude
I don't even pull on the yoke, I just hit the {rim.

That's how I was flying the airplane later on in the day, since I
normally like to fly an airplane that way anyway if it has an electric
trim. Normally, meaning if it works out well, and if I don't excite the
phugoid or something like that. For instance that's a good way to fly
the F-4 and F-8 airplanes, especially if you are trying to be a smooth
formation lead. Fly it with trim. I am accustomed to doing that. I like
to do it that way. I didn't object particularly to flying it to trim. Itis
just a matter of realizing by trial and error procedures that you do in
fact have to do it that way. The previous undesirable comments were
based on first of all and primarily on flying the airplane by trying to
control speed principally through elevator position and principally
through throttle manipulation. Of course, there is always a mixture

of the two, but those are the principal techniques I was using to start
with., Then when I ehanged they changed. They became more accurate
and . . .Iwas using the . . . My performance was better. It was
significantly better with even less workload than before. I was trying
as hard as I could.

This is going to be the evaluation in the. slave mode and we have already
talked quite extensively about the vertical S's and .

I wanted to say a few more things about the recorded runs we made after
you left the airplane. On the first several runs, what I am essentially
saying, task 1, the vertical § maneuver, there was a lot of degrading

in performance due to the fact that T was wearing the glasses and the
sun was coming through the windshield and hitting the glasses. It was
extremely difficult to see. Later on I realized that.there was a sun visor
up there. I realized what the problem was and I put the visor in between
myself and the glass but your visual acuity was just miserable. It was
very difficult to see things and it definitely detracted from performance.
It was just hard to read the gauges. You couldn't see them peripherally
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well at all. So my performance was very much worse than it had been
when I had been flying without them even though when I was flying
without them I had been ignoring the horizon. The conditions as far as
having a horizon were for all intents and purposes the same but1had a
lot better . . . Icould see the instruments themselves much much
better. The performance on the vertical § maneuver, the first run
especially, was very very poor. I had-a-very high workload.on that .
task, but in spite of that, in spite of all the effort I put into it, I found
it difficult to perform the task accurately. In fact, [I found it] impossible
to perform it very accurately. lIwas generally very dissatisfied with
the performance. I did it quite a few times. I probably have about
8 or 9 180° turns because I wanted to continue and see if I could dampen
out those deviations. Especially when I first put on the glasses, that
screwed things up. I had some real bad turns. I was working very
hard and there were a lot of upsets from the turbulence that were
causing me to work . . . a lot of pitch upsets that were disturbing nie.
I was getting speed fluctuations of *15 knots. I just couldn't get things
squared away very well. In spite of all the work and along with the
‘pitch upsets . . . there was alot of thermal activity. I was getting
extreme deviations on h too. Iwas working real hard and I let ¢ go
entirely on that one. I think that at some time I was probably in 30° to
39° of bank, sometimes I was in a 15° bank because I was trying to
close the loop tighter omr h control and speed. With the system on it was
much much much better. It was very . . . we.will come back to that.
I want to go into the heading maneuver. On this task I was getting .
1 found that I was able to hold heading at about *4° and there were
frequent deviations, right and left. I could correct them but in just a
few moments, it was just a matter of a few seconds, I would have an
upset that would send me back off. . . -
Jenks: I noticed today that it seemed the turbulence, the nature of the turbu-
lence was getting a lot of yaw inputs, predominantly a roll but
occasionally we would get a yaw input. .

Pilot: Right, I was getting some yaw inputs up there too. That is about all I
have to say on that. I characterized my level of effort as moderate in
terms of frequency with which I had to be active in the loop. I would
guess there were periods of 2 or 3 seconds where I was completely’
inactive. Then the upset . . . there was nothing I could do to compen-
aate for the upset, really, while it was going on. If was a fairly guick
event in periods of time.. It would just be a matter of flying the airplane
back to the right heading. In a period in which again it was relatively
quick as a matter of having a sequence of steps,or squarewave where
every now and then you would get just the top of the squarewave .
nothing and then all of a sudden an input, short duration input then

188



Jenks:

Pilot:

another one later on. That is about all I have to say right now about
precision heading. On the intercept . . . the intercept task which I
flew without the system was the last of two approaches. It so happened
that my technique in flying it was different and the results were better.
Namely, as soon as the needle started to move I used about 45° or 50° of
bank, which produced less overshoot. I had the gear down a little bit
sooner and the flaps down a little bit sooner and I got steady on the
localizer much earlier but it was not so much due to the fact that I didn't
have the system on, it was just a matter of the initial procedure when
the needle started to move and I don't think it is significant in terms of
system characteristics. It is only significant in the fact that 1 happened
to make a better initial guess where to start and what to do." It would
have been a little bit extreme for most people's liking and on the other
hand a 80° intercept I guess depends on how far out you are. I would
do it right away if I were the only one in the airplane. I wouldn't do it
that way if I had somebody on board because I would be trying to make
a more gradual smoother procedure out of it. So, anyway, the localizer
performance with the system off is going to look better because I just
happened to do the right thing that time and got squeared away on the
localizer. '

How did you feel about the workload during the transition? Did you
notice the pitch transients with gear and flaps and power?

With me the transition is kind of an open loop procedure where you
make the turn and you drop the gear and you drop the flaps and you
put the power up. I already had approximate numbers for the power
and it just turned out about right. While these things are going on
simultaneously I am not doing much of anything except trying to control
altitude in a gross sense. If you change to 75 feet, it doesn't bother too
much and of course the flaps coming down and everything it could very
well happen. I think again in this case I probably had a better transi-
tjion too with the system off than with the system on. But again I don't
know without doing it a number of times, just doing the transition

itself with configuration change and the turn and the intercept and
altitude control I don't know, I can't tell that the system's being off or
on was particularly significant. Again I feel it is kind of like an open
loop task where I just throw everything down and I wait to see what
happens. I'm not really active here particularly. And everything I

do is a guess, not everything, but things are largely a guess or maybe
they are coming through at a lower level in terms of accelerations .
When I feel a heave my natural tendency is to start trimming forward
because I know that I'm ballooning, I know I'm gaining altitude. 1do
that regardless of whether the system is on or oif, I think. I was fltying
the system later on in the flight, in fact once I started using the trim 1

189



Jenks:

Pilot:

190

used it in both configurations pretty consistently rather than moving
the wheel. I moved it with the trim to . . . Because that is the way
I normally fly an airplane. I don't know if that was the intent or not
but 1 guess you want whatever technigues seem to be .

That's right. We haven't been dictating at all because we didn't want
1o cause any greater deviations than- we had fo.from the guy's. normal
techniques. If the guy is accustomed to poking in elevator then we
wanted to see what the effects were. I think that is valuable sort of data ~
that if a control system like this is indeed implemented the guys that
fly witha lot of elevator may indeed have some trouble.

That's what [ did so I was.about equally active . . . but when I felt’

I needed to move the elevator I normally did it by use of the trim. The
approach itself with the system off was probably, the performance might
be a little better for maybe the first two-thirds of it because again I did
have an easier task and my overshoot wasn't so much. I would guess
maybe at least in pitch attitude I was working a little bit harder than I
was later on. I found it tobe . . . there was some thermal activity
that caused some pretty significant deviations during the approach and
required let's say a moderate fo high level of activity in terms of control
inputs. ‘On the goaround, again that was pretty much an open loop type
task to me. Open loop in this respect has a limit on the amount of power
T could use. The gear was going to come-up.. There is no bank input
particularly necessary. Again I congidered it more or less a loop
maneuver and I know what the maximum torque is, the flaps coming up,
the gear coming up, the only task that'I really have is to try to stay in
sufficiently asbove VMC and try to maintain a positive rate of climb. 1
really needed to do, to sort of separate things out on this goaround, I
should have done probably two or three or four of them just as I should
have done two-or three or four localizer intercepts by themselves fo
look at them because there'was lot going on in a hurry there:. One of
the things that is disconcerting about the system off goaround is the
great pitch change when you bring the flaps up. It is hard to keep your
positive rate of climb. It requires a concerted -effort. Not being :
familiar with the rate of flap retraction, it came as a little bit of a
surprise to me each time -how much I had to pull back and how much I
had to really get on the trim. I was anticipating it. It was a high work-
load tagk in that there was an amount of siress that was associated
merely with an unanticipated pull force, a combination of a pull force
sort of lack of the body cues that sense that you are in fact climbing,
that you are transitioning to a climb and then the altimeter confirmed
that in both cases or in case of the system off first, I didn't lose any
altitude but I sure didn't gain much. That bothered me a little bit
because | like to be able to power up there and set up the gear and
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thing. It bothered me a little bit because I like to be able to have a little
more positive missed approach profile in that . . .

Ten degrees up and positive climb?

It was not a positive climb for some period of time and due largely to
the fact the flap retraction was something I didn't really anticipate very
well and I was concerned about decelerating too because in the full
flaps configuration even when you pull the gear up, even when you go
up to 1,250 torque you aren't climbing a whole lot. And the airspeed is
still bleeding off and it is not real . . . I think it is something that
you need to go out and be able to have a sense for in terms of time of
control manipulation so you can do an open loop relatively open loop
and have good results.

I think one thing you said here is real consistent with the comment you
made with the vertical S maneuvers. You said that you found that it
was very important to be very timely with the trim. I think because
you recognized this you didn't feel the most drastic effects that could
have occurred in the goaround on the basic airplane because I found
that if you don't get right on the trim, and I assume that is probably
the technique you used . . . In other words, when you start
trimming or when you start changing configuration on the trim, if you
delay that just a little bit, if you try to use the elevator in order to hold
the attitude then the system gets away from you. Even by the time you
get to the point when you say, oh, I need some trim, you are still
sitting there with 50 pounds of force on the wheel trying to trim it off.
I feel that I've noticed that with some of the goarounds thatI . . .

I wasn't as timely on the trims or configuration changes as I was on the
S maneuvers becausge I practiced the S maneuvers much much more than
I practiced the goaround maneuvers. I really didn't have it figured out.
The forces did build up each time on the goaround maneuver to an
uncomfortable point which to me I noted as gut feeling, I'm really
working, it got a lot of my attention. Because of the fact that I don't like
to fly with a lot of control force on the controls, I have to have it
trimmed up.

My reaction to this [turbulence rating] chart is that it depends on

wind load. You were talking about airspeed. I would say judging

from this, call it moderate. Food service and walking would be difficult
if you were in the airplane, there is no,doubt about that. What Iwas.
noticing prinecipally was the airspeed changes. You were getting air-
speed fluctuations at times in the neighborhood of *4 or 5 knots. We
were definitely getting attitude and altitude changes; especially after
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you get out and you start operating over there, there was a good bit of
heaving in the airplane in the thermal activity .

Consider it turbulence as opposed fo chop?
Yes, I would say turbulence opposed to chop.
How about the reporting term? Occasional, intermittent, or continuous?

It was not continuous. I would say it was intermittent. It weighted
toward the high end of intermittent.

We are going to evaluate the control system, starting with the vertical S.

With the system on I got much better, with an exclamation mark. I
flew it without using the aileron trim wheel. I can't say that with the
blue glasses on, and I was probably trying a little bit harder, I can't
gay that I could ignore the control force, the lateral force. Especially
when I was making a left input just the geometry of the situation was
such that it was more uncomfortable for me to hold a sustained force at
the left the way my arm was situated on the armrest. It seemed to be
heavier to the left, I think just because of the fact that my geometry
and my arm and the wheel was different. However, I didn't find it
particularly annoying to the right. I found it mildly annoying to the
left and I went ahead and flew that way on some of the maneuvers just
to do it—to see how annoying it would be. I was able to control the
airplane much much better with a moderate to moderately high degree
effort compensation. The performance differences, the values of the
excursions, were roughly half of what they had been with the other
system. I think the nice thing about the system is that it gives you
better starting points. Initially your best guess is sort of an open
loop process to start with and then a guess iterative process.

Guesses to power and pitch attitude?

Right. My guesses with the system on were much better and then it
was also obvious that the turbulence was upsetting the airplane much
less. That was a very obvious result of having the system on. In
general it was just much much easier to fly with the system engaged.
My only derogatory comment would be mild and that deals with aileron
force.

How did you feel about the aileron sensitivity with the forward loop
gain? Did you notice any problem at all?



Pilot:

Jenks:

Pilot:

Jenks:

Pilot:

Jenks:

Pilot:

I noticed no problem at all. I say that with the understanding between
the two of us that my attention to bank angle was less than the attention
given to speed and attitude but there seemed to be much less to do
because it seemed to be held reasonably well by the system. In fact in
some Tuns I did trim ¢ and it held very nicely. What was the question
you asked again?

1 was asking whether or not you noticed any problems with the control
sensitivity—in other words, a tendency to overcontrol.

No, I noticed no problems at all. Again, some of it may have been
obscured by the fact that turbulence upsets were getting past the system
to a certain extent, but they were mild and I couldn't see any limit
cycle or oscillatory behavior, no pilot induced sort of thing being out
of phase with it. That didn't show up at all, It wasn't ocbvious to me.
It may in fact exist but with the conditions we had today it wasn't
obvious and I liked it. The only thing I didn't like was the force. On
the precision heading maneuver I thought it was really great. It held,
in fact what I did was take my hand off the wheel entirely, off the yoke
and I put it in the center of the wheel so.if I needed to 1 could tweak the
clevator a little bit and then I tried just resting it very lightly over it
so. If I needed to tweak the elevator I could do it with frim. It dida
beautiful job of heading hold. Every now and then there would be an
excursion or an upset that the airplane couldn't handle. It didn't
appear to drift and it was holding heading for a period of time—maybe
10 or 12 seconds, something like that—right on and then there would
be a small excursion that I would make a correction for.

Did you find the yaw inputs due to the separate surface rudder inputs
objectionable? In other words, did you feel the lateral acceleration
due to the yawing of the airplane? '

I didn't find it to be objectionable at all. On the other hand I was
desensitized to a certain extent to it then, due to the fact that we were
getting lateral turbulence anyway with the system off. Ifound the ride
to be better, really nicer, insofar as I can remember, with the system
on, even in terms of lateral acceleration. I don't know that the
records will show it but my perception was that it was nicer, they
accelerations were less objectionable with the system.

Could you detect the difference in the yaw damper? I've got an opinion
here and I was just wanting to draw it out of you.

I don't know the cause-effect relationship. All I'm trying to describe
is the effect. The effect was that the yaw rates, the excursions and the
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yaw both, the total yaw experienced as well as the rates were
considerably down.

{ think that was the sort of thing I was looking for. I noticed that I've
seen lateral gusts that hit you and we end up with the system turned
off without the yaw damper. Typically you'll hit a lateral gust and
you'll end up with two overshoots, at least two overshoots with the
nose sweeping across the horizon, and an amplitude of about 5°. I
noticed with the yaw damper on you get the initial gust excursion and
then it's right back on. The frequency seems to be a little higher, the
amplitude is somewhat less.

Today we had always the yaw damper on when the system was on.

There is no time when we're in command that you don't have yaw damper
on. .

I found it to be really great in the precision heading task. I thought it
did a real good job. There were occasionally excursions but they
weren't very frequent. The fact that they appeared less frequently
would lead me to conclude since they are appearing more frequently
before that it was handling a large percentage of the excursions without
my even noticing it. Of course the ones that got through were big ones.
The localizer intercept we've talked about. Again, I consider it kind

of an open loop thing. My localizer intercept with the system on was
pretty lousy. I overshot more, much more, and it took me longer to

get back to some nominally centered localizer position. As far as the
control of the aircraft, though, in terms of pitch axis, I felt that it was
much improved over the system off. I liked the decoupling effect of
being able to control the glideslope, the rate of descent with the
elevator, and the speed with the power. I think that made it a worth-
while improvement to the ease of flying the approach. Again, the
records will probably show, except maybe in closer, that the system-
off approach was better, but again the primary reason was that I got
squared away earlier on it with the system off than I did with the
system on. I still feel on the basis of the approaches we shot before

we taped the last two approaches that there is a definite improvement

-with the system on over the performance with the system off.

Do you have a feel specifically where you think the improvement's
coming? Do you think that it's the fact that the pitch transients are
trimmed out or is it in the roll performance?
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It's not in the roll. I don't think that roll was a particular factor, again
because of the fact that I didn't really have enough time to psyche out
a real accurate heading to maintain localizer track. As far as pitch,

I can't think real specifically it made airspeed control and control
easier. It's not too definitive but it may . . . I think that one of the
things, again because of the thermal activity , there were a couple of
points when glideslope maintenance required a fairly high level of
activity, and it was easier, it is characteristically easier, I feel, with
the system on than it is with the system off. I sort of hate to use the
two approaches we made because I would like it if the other ones .

I don't think that's what they show, I don't feel that what they are
going to show is going to be consistent with my opinion.

1 think that's really all right. The approach we are taking on this
stuff is our primary data, in other words, the primary data source we
are generating on this program is your subjective opinion. Then the
quantitative data that goes along with that is going to be merely
tagalong . If it supports, fine, if it doesn't fine. The real idea is that
we are going from your subjective comments, we are going to be able
to substantiate why the performance is what it is in the strip charts.

I am not particularly concerned about that right now.

The goaround again I feel like that was pretty much an open Joop thing
and we have already talked about precision heading. I don't really
have much more to say about that.

Vertical S's with the system on, I think the performance was satisfactory
without any improvement. I think due to the fact that there was aileron
force required without the trim for . . . either you had fo trim the
ailerons or you had to maintain some force into the turn. 1 would say
there was . . . the aircraft characteristics were between good and
fair. However, I didn't feel that compensation is the appropriate term
in terms of lead lag type relationship. If you are talking about pilot
compensation in terms of . . . it is kind of like a static gain you need
to maintain as opposed to some dynamic quantity. There is a certain
annoyance that comes in from the fact I guess that your skeletal muscles
are tensed up to a certain thing and it makes the task more difficult.

1t is kind of 2 bone head thing as opposed to something that you feel
you have to psyche out. It's just something that is annoying you. In
that respect I would have to say that the description which says that
pilot compensation is not a factor is not quite appropriate. I would

say that there is some compensation required for the desired
performance and I think that it would fall somewhere between a 2 and
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a 3, let's say a 2.5. Let me change that again, after looking at the
wording. The aircraft characteristics description here . . . says
"gome mildly unpleasant". I think mildly unpleasant characterizes

the nature of the task or the subtask which involves holding an aileron
force or trimming. I would say that trimming is less unpleasant as long
ag you don't have something else to do with your right hand such as
write down a clearance or sométhing of that sort. Trimming is less
unpleasant than holding the force. I would rather do it that way
because the trim is close at hand and it is very convenient and easy

to reach . . . put your hand down and keep it in that vieinity. On
the whole I would say it is mildly unpleasant and I think a 3 would be
probably most appropriate. On precision heading, again I thought

it was really great. Aircraft characteristics, I wouldn't giveital
because something got through the system. I don't think pilot compen-
sation was a factor for performance. I really thought that was really
good. I think a 2 on that would be appropriate. The intercept we are
leaving out on the approach.

Again, for the same reason because you really thought it was kind of
open loop like just a matter of configuring the airplane and waiting
and watching what happens.

With as little practice as I had, if I had repeated it a number of times
I think I would have been.able to perceive a difference. With the
exposure I got I couldn't. I was still doing it open loop.

Do you think if we change, of course I'm not talking about changing it
now because I think that would negate a lot of our test data that we
have at the present time. Do you have any recommendation on a
change in the profile that might prevent this from being an open loop
sort of task? .

No, I don't think it has to be an open loop. Iwas doing it open loop.
I don't think it has to be. If I had repeated it enough times . . .1
really wasn't scrutinizing the intercept as much. on our practice pass
as I was the other portion, such as the S maneuver and the precision
heading and the ILS approach. I didn't really have a feel exactly for
what I should be looking for there and then the practice didn't really
generate any particular response. Because of the fact that at least
task 1 and 2 I did over and over again. I had some experience. I
started to be able to perceive differences. I don't think the profile
needs to be changed. What I think you need to do or what I think would
be nice would be. to fly enough approaches so that somebody . . . of
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course maybe nobody else had the same impression. But for me I

would need to-fly enough approaches. so that I could practice.this
maneuver more times than I did. 'The same thing with the goaround.

On the ILS approach performance I thought w.as Tmuch better. Due
largely to the piteh axis control. Ireally . . . under the conditions
today there was better compensation than needed to be used because

of the turbulence do this to the basic airplane. I guess it's the response
to turbulence. I think the aircraft and the system is satisfactory without
improvement. I don't think it's great but I think it is satisfactory and

I think the system helped it a lot. I'm . . . a litfle bit hung up now
over pilot compensation being minimal or moderate. I hesitate to call

it minimal. I think I would have to gotoa 3 . . . I hate to do that
across the range because then your improvement is desired. I think
we'll let it go with a 3 on that.

. The type of compensation we are talking about is obvious or definite

trim inputs to reestablish the vertical descent . . up or down or
whatever it might be.

As an overall comment before we- get to the overall comment rating,

I thought the effects of turbulence were much reduced—the perceived
effects were much reduced—by the system. Maybe it's like talking
about noise. I felt that it was a lot better with the systemon. Idon't
know what the accelerations were but to. me it felt better. I thought
it was significant. .

I think riding in the airplane, sitting in.the back, I'think I can perceive
a difference and I never really noticed it before, in fact I had been
asked several times as to whether ‘we could detect an improvement in
the ride qualities. I couldn't. T

You are sitting near the CG.

Well, ves, I was normally involved in the stuff, and I just wasn't that
perceptive. However, Rick and another one of the guys that works on
the project, they were down and they flew on one of the evaluation
flights. They had time to just sit back there just riding. They noticed
a marked difference because it was fairly bumpy and the guys were
flying along doing the vertical 8§ maneuvers and Leland told me he
started getting lumps in his throat pretty quick. But when they went
to the command system, all of a sudden they noticed a big difference

to the point that it was much more comfortable.
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I could almost get with the aileron trim. When we were doing our
practice maneuvers, I could just about get the thing trimmed to fly
hands off, at least for some period of time. Then we would get an
upset that was large enough to get through the system and I would
have to make a correction. I couldn't come close to deing that, not

. even remotely close to doing that with a basic airplane and I'was

continuously makihg . . . going through iterations to-try to get what
I needed to take care of the last upset in my trend before the upset
occurred. I'm talking specifically sbout the S maneuvers. I like it
oW .

I think I would say that adequate performance is attdinable with-a
tolerable pilot workload. Going to the next block, it was satisfactory
without the improvements. Yes, I think it is satisfactory, but the only
real objection I have to the system, and again it depends whether you
use the trim wheel—whether I use the trim wheel or whether I iry to’
override, is . . . This is a little bit dependent-on the situation in
which I am flying the airplane. Sometimes it is convenient tc have your
right hand free to do something else and on the other hand there aren't
that many situations where you are making 180° turns. But if I were
making a 180° turn or maybe even a 90° turn this sort of depends on:
the type of airplane. If I am going along at 280 knots and I am making
a 180° turn you're talking about 200 indicated at 20,000 feet it takes a
long time to make a 180° turn even if at 30° of bank. I definitely want
to have a trim wheel. That would be very annoying to me to have to
hold . . . it's time dependent to me. The amount of satisfactionI -
have when it goes up . .- . it is just an integrated value. For the S
maneuvers, I felt that it would really be nice to fly it that way or to
take care of the force situation. Ideally, by lessening the forces or
making a little more, I don't think it could be too much more convenient
to trim. Maybe if you had a coolie hat trim switch . . . but there is
something about a coolie hat . . . [l would] actually like a displace-
ment conirol like these or like the F-8 has, where they just have wheels
on the stick grip rather than a beeper for this type of thing. I prefer
that over the coolie hat. .

It feels a little more vernier control as opposed to bank control?

Right. Youdon't . . . you know you are.

. I find myself doing .that, I say, well I'll take a éhort bleep or a long '

bleep or two long ones.



Pilot:

I hate to take long ones. I like to have it high gated enough so maybe

.a couple little short ones . . . never know with the long ones .

This is satisfactory without improvement. ‘I think I'll have to go with
the aircraft characteristics on the . . . under the fair category.
Some mildly unpleasant, mildly unpleasant being the lateral aileron

force situation. I think a 3 is what I would give it with the system on.
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APPENDIX D
QUALITATIVE DATA

Section 1: Sample Flight Time-Histories

Section 2: Sample Flight Statistical Calculations

Appendix D contains the time~history plots and statistical
analysis of a sample qualitative evaluation flight. Table D-1 relates
the digital condition number on the plots to the flight maneuver.

All material contained in this appendix was generated by the B8oeing
Comapny, Wichita, Kansas, at the request of KU-FRL.
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APPENDIX D - SECTION 1
SAMPLE FLIGHT TIME-HISTORIES
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QUALITATIVE EVALUATION
DIGITIZED DATA REQUEST FORM

Flt., No. 036 Pilot 3 Date of Flt. April 1, 1976
PCM Tape No. 092-1 Date of Request April 12, 1976
Digital
Condition Task Start Stop
" No. No. Manuever Time Tine Comments
1 01 Vertical-S 025650 030000 SLAVE
6 01 Vertical-S 032520 033040 COMM
2 0z Precision Heading 030130 030320 SLAVE
7 02 Precision Heading 033720 (033830 COMM
3 03 Localizer Intercept | 031125 031320 SLAVE
8 03 Localizer Intercept| 034050 034140 CoMM
4 04 ILS Approach 031320 031530 SLAVE
9 04 ILS Approach 034235 034550 COMM
5 05 Go Around 031535 031650 SLAVE
10 05 Go Around 034550 034650 - COMM

Table D-1 Qualitative Evaluation Data Request Relating
Digital Condition Number to Flight Maneuver
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CUALITATIVE ANALYSYS

FLT CCRD

124617 COND 9 CALISRATION PROGRAM
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E I
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QUALTITATIVE ANALYSIS
AZP NU. 0099 TEST NO. 0921 RUN NCs 1245617 COND 9 CALIBRATION PROGRAM FLT COND
BEGIMNING TIME EMDIMG TIME SAMPLE SIZE
3 42 35.U1 3745 49.01 T90T
.lgﬁlnuye HINIHFTLAT TIME EHM%) MAXIMUM AT TIME (HMS}) MEAN SIGMA RMS SAMP) ES
51 TETACUMM —Bo92TSE G0 3 45 40.99 1.G551F Gl 3 43 12.80 3.9461E~01 3.6542E 00  D.6754F 00 7907
52 PRI CUMM =1 199UE O 3 44 47.20 1.45317E 01 3 43 27.08 2.1090E 00  6.0142E G0 6.TTOAE CO 7907
53 P81 UMM ~6 06656 U0 3 43 40.206 LL,THZRE OD 3 45 3i.R8% 4EAZE £ LobGTE ﬂ&&E:%Q____;EQ%_
BLOPRICOME =2 UG TSE U0 2 42 AUe11 Leu1&6%E 00 3 43 4u.5?"‘%fG?7EEIUZ““§TTIEI§=%%“‘§f§t6s& 1 90
gg ELLRSTLN 3.0}?3& Ol 3 42 35.G1 3.01C5E 01 32 42 2£.C1 3.0105E G1I (.0 3.0105E 01 7907
57 TETAGYRQ —1.7341E 0G 3 42 35.01 6.89)6C GO 3 45 49,82  2.9164E 00 7383 00 3,3251F 00 7907
TETU T OYRT 224290 E=0T 3 &5 &0.7H bBetodib=02 3 &2 47.?3“=7775T7E=Uz““%f55§KE=b2 Be6595E =02 TAOT
£9 RUL ALT  =2.4650E Gl 3 43 5t .17 149503E CL 3 43 40.60 —B6.9455(—=(01 4.5760F (U  &4.62K4E QO ToL7
U ELI VALT  =l.vUdye O} 3 45 41,50 1.5841E 01 3 45 44.3%7 ©.877T6E~G1  5.0499E 0 L1454 0O 7907
61 KTALACY  ~1.T744E 01 2 44 77.87 Y1 008KRE 01 3 42 40 —1,9343F-02 6, 0I80F 00 6.01R 0
G LVALACT =T BEITE UL "3 %2 4. oB E L.%?“=%f§§77E=UI“'“§fE%€7 5.6918E 00 TO0T
63 PHL GYRU —143466E DL 3 45 32411 922707E Q0 3 45 16.82 =~2.4924F 00 3.4940E 00  &4.25%94E 00 707
2; P —6.23;&& 00 3 44 39,92 1e236QE GL 3 43 56,97 Tel593E-01 1.7926E GO 1.9362E 00 7907
T5 NTLC
&7 ALY-LO osh
88 FLI~LD 4 HLBGE-02 3 43 40.E0 T.94T3E-02 3 45 0,31 5.5C086E~02 S5.5047E~03  46.523BE-02 7907
69 L{'C =3, (IRIGE~D] 5 45 21.78 5.,0904E~01 3 23 £6, 114E6=01 3176E= 11 ¢ S
%l{ GLLD —!.bEf-.[.'EET—UI 3 %2 ZDe «GZ0 Be.23 =l. Ze B E~0 Z2eTHgY9E-]] TGT
72 NTC
73 NTC
T RTC
75 NTC
76 NTC
77 GAT 5423808 01l 3 42 48.58 6.1432F 0} 3 45 12,41 5.6224E 01  2.6413F 00 5.6286E 01 T9CT.
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GUALITATIVE ANALYSIS
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