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FOREWORD

The need for an all digital completely automatic presimulation
capability becomes readily apparent as one views the complexity required
to provide a hybrid or analog simulation of today's aircraft systems.
This work is intended merely as the stepping off point for others to
follow in implementing more complex and technically precise systems.

It is my hope that this work shows the feasibility and practicality of
an in depth study of today's simulation problems using the digital
computer as a tool to feed those systems where man must in the end make
the acceptance or rejection decision.

This research was accomplished from 1 Jan 74 to 28 Feb 75 while
the author was assigned to the Systems Dynamics Branch of the Flight
Control Division. The job order number assigned was 19860212. This
technical report constitutes the final report for that project. This
research was accomplished as a dissertation for the Air Force Institute
of Technology and has also been published by AFIT as DS/EE/75-1.

In this report wherever the words Mil Spec Turbulence or 8785B
or Mil Spec 8785B appear, they refer directly to the Background Infor-
mation and User Guides for Mil-F-8785B(ASG), "Military Specification
Flying Qualities of Piloted Airplanes."

Copies of the FORTRAN IV digital program or listings are available
on request from

AFFDL/FGD v 4 ,
Multi Axis Pilot Model (19860212) (&

Wright-Patterson AFB, Ohio 45433
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ALL DIGITAL SIMULATION FOR

MANNED FLIGHT IN TURBULENCE

I. Introduction

The man-machine interface problem which is exemplified by today's
modern aerospace systems has been a subject of much discussion [1l]. Yet
a reliable method of predicting man's performance and his opinion of
these complex systems is still not readily available although both
conventional [2] and modern [3,4,5] control theory have been applied to
provide digital, analog, and hybrid simulation with methods for closing
the feedback control loop without resorting to actually placing the non-
repeatable human subject in the control loop. Numerical difficulties,
search techniques, and non-uniqueness have hindered progress using these

~methods,

This research addresses the particular problem of digitally simu-
lating manned flight in modern conventional aircraft vanging in size and
maneuverability from the Northrop F-5 to the Boeing 707. This multi-
axis control problem is considered with the pilot assisted by conventional
stability augmentation systems but hindered by a requirement to fly in a
turbulent environment. The simulation pilet is taught to perform five
different but common tasks: (1) a pitch attitude hold task, {2) a roll
attitude hold task, (3) a heading attitude hold task, (4) an attitude
hold task comsisting of (1), (2), and (3) simultaneously, and (5) the
power approach or landing task. The purpose of this study is to provide
a completely automatic and reliable method of performing manned closed
loop simulatien inecluding a simulated pilot in any conventlonal aircraft

under turbulent environmental conditions using digital computation methods.



This problem is attacked by designing a pilot model capable of
decision making and constrained by the known human limitations. The
model consliders the control problem based on the urgency for action
concept whereby the pllot considers his available alternatives and,
welghing them one against the other, takes action on that alternative
requiring his attention most urgently [6].

The following assumptions are made in conducting this study and are
considered to be a good balance between reality and practicality:

1) The aircraft is assumed to be 2 constant mass rigid body
possessing symmetry with respect to its centerline.

2) The earth is considered an inertial reference.

3) The aircraft is assumed to travel a steady-state or equilibrium
path and is perturbed only slightly from this path during the flight
time under cunsideration.

4) The aircraft equations of motion can be linearized and
decoupled.

5) The pilot is presented a standard set of instrumentation from
which he determines errors and control actions subject to the constraints
that errors in pitch and glideslope tracking will be corrected by
elevator deflections, errors in roll will be corrected by aileron
deflections, and errors in heading and localizer tracking will be
corrected by using the vudder. This assumption is made for practicality
with the full realization that in some aircraft longitudinal errors will
be corrected with power setting changes and some lateral errors corrected
here by rudder would be corrected in reality by alleron deflectioms.

6) A turbulent environment is adequately represented by the Dryden

Spectral Model described by Miiitary Specification 8785B [7].



The original centributions made by thils research are:

1) the development of a multi-axis, multi-input, multi-output
pilot/aircraft system with the pilots' actions coupling the aircraft
loops

2) the development in Chapter V of a pilot model which uses
concepts from both conventional and optimal control theory [8,9,10]

3) the development of a means of digitally solving the turbulence
equations of Chapter IV [25]

4) the development of a pilot model capable of handling aircraft
from different classes [7:10]

5) the application of statistical testing to verify the digital
simulations adequatety compare to actual manned simulations

6) the Implementation of the above concepts on a high speed
Jigital cowputer.

The digital simulator runs in near real time using a relatively
small core requirement (50K octal) and thus provides a quick, accurate,
and straightforward means to the investigation of aircraft in manned
flight under turbulent conditicns.

The method of presentation of this study is as follows: Chapter II
will derive, as simply as possible, the necessary aircraft equations of
motion. Chapter III will add on a2 common generalized stability augmen-
tation system. In Chapter IV, the turbulent environment will be
considered. Chapter V introduces the digital pilot model developed
in this study. Chapter VI ties together the models presented in the
first five chapters and discusses problems pecullar to computer imple-
mentation and other specilal topics. Chapter VII describes the four

major alrcraft systems studled In an attempt to validate the adequacy



of the dipgital pilot model. Chapter VIII presents the results of
studying the different aircraft using the digital simulation. Chapter IX
treats some special applications of the developed digital simulator.
Finally, Chapter X presents some conclusions and recommendations for

further study.



II. The Aircraft Equatlons of Motion

The first step in the engineering analysis of any system must be
the modelling of the physical process involved by a set of mathematical
equations.which adequately represent the actual system. Newtonian force
and torque equations are applied here in a six-degree-of-freedom
environment along with a suitable set of assumptions to allow mathe-
matical tractability. The notation of this chapter is included in the

List of Symbols given on page X.

A. The Reference System

All physical processes are necessarily carried out within some
given frame of reference. An inertial refgrence frame fixed in the stars
is employed for wide area navigation of afrcraft. However, for the short
periods of flight considered here {generally about three minutes or less),
a topocentric coordinate system fixed to the earth can be considered as
an inertial frame. A set of commonly used axes for this reference
system called the Earth Axis System Is given as shown in Figure‘l. T.e
x-axls points North, the y—axis East, and the orthogonal triad is
completed with the z-component down. With this as the basic frame to
which all other frames will be referenced, the alrcraft itself must be
fitted with a suiltable axis system.

A search of the literature [11,12,13,14] reveals that several
suitable axis systems exist for the aircraft. All of the axis systems
discussed here are body axis systems with their origin located at the
center of gravity of the aircraft. This type of axis system has its

x-axis oriented generally forward and out the nose of the aircraft, the

y~axis out the right wing and the z-axls downward.
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Figure 1. The Earth Axis System
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Certain orientations of the many possible body axls systems have
received special names and are useful in different types of analysis.
One such system is called the body centerline axis system where the
x~axls is oriented through the nose of the aircraft along the aircraft
centerline. This axis system is fixed with respect to the aircraft.

A second system is called the principal axis system of the air-
craft. Here the axes are the principal axes of inertia of the alrcraft.
The forward axis will normally approximate the centerline of the
aircraft. This system also remains fixed with respect to the aircraft.

A third set of body fixed axes commonly used in stability and
contrel analysis 1s called the stahilicy axis system. This axis system
aligns 1ts x-axls with the projection of the total velecity of the

ajrcraft on the plane of symmetry eof the airecraft. The trim angle of



attack, o,, is the angle between the x-axls of the stability axis
system and the x-axis of the body centerline axis system described
above.

For completeness, the wind axis system should also be mentioned
here. The x-axis of this system aligns with the relative wind. The
y and z axes are oriented similar to the above described systems. The
major difference is that this system orients itself with respect to the
flight path of the vehicle and thus has time varying moment of inertia
and product of inertia terms. Thus, this axis system is unnecessarily
complicated for analysis of rigid body motion. It is mentioned here
since it occurs in the literature and it was desired to distinguish its
definition from the three axis systems defined above.

An excellent treatment of axis systems is presented in AFFDL-TR-
64~70 by Thelander of Douglas Aircraft [14]. The derivation of the
alrcraft equations of motion which follows will be accomplished for
body centerline axes, notlng that the stability axes equations exist as
a special subset., Other derivations of similar equations have been done

by other authors [11,12,13].

B. Application of Newton's Laws

The derivation of the aircraft equations of metion starts by apply-

ing Newton's 2nd Law. Here both the linear and rotational versions are

used:
IF = -3 [ V] (1)
dt )
— d —
i = S [H] 2)

where the I subscript denotes application is tv occur in a non—-accelerating

inertial frame of reference, and V& is the total alrcraft velocity.



For the ailrcraft problem, there are both equilibrium or steady-
state forces acting on the vehicle as well as perturbational forces.
These forces are basically threefold in nature: aerodynamic,
gravitational, and propulsive. In this study no propulsive or thrust
changes are included in accordance with assumption 5 of Chapter I,
although their inclusion is a simple extension [13].

Expanding equations (1) and (2) into the equilibrium and pertur-

bation components, they become

IF = EFO + I AF = FT [m VT]I (3)
M= IN + T &M = =2 [H] (%)
o dt 1

where the o subscript indicates the equilibrium forces and moments.
With the assumption of a constant mass alreraft (a valid assumption
for short intervals of flight during which no stores are expended) and

considering the earth as an inertial reference frame, (3) and (4)

become:
— d —
LAF = mg VTIE (5)
— d —_
oAM= H|E (6)

IF =0 (7)
and

M =0 . (8)



C. The Linear Acceleration Equations

Using the Theorem of Coriolis [16], the total derivative of the

vector v& as scen from the E frame of Figure 1 is given by [15]

dv dv
T _: T —_ ¢
= IVT —EE—-+ W x VT {(9)

where w is the angular velocity of the aircraft with respect to the
earth reference frame. Both the linear and rotational velocities can
be written as the sum of their x, vy, and z components, when coordi-
natized with respect to the body frame, as

Vr

]

iU + §v + kW 10

and

@ = 1P + 3Q + kR (11)

The derivative indicated on the right hand side of equation (9) is
given by

~ d VT A "y .

lVT—Tl'E—"=iU+jV+kW . {12)

The cross product 1is given by

Tx V= I1ik|=1@Q - VR) + (13)
PQR| J(R - wP) +
Uvywl kve - UQ)

Similar to equations (10) and (11) ihe components of the perturbation
force are written as

L AF = 1I &Fy + 3T AFy + kT 4F, (14)

Then equations (9), (12), and (13) can be combined to give

I AF = u[i{l +Wwq - VR) + J(V + UR - WR) + k(W + VP - UQ)] (15)



Writing the components out explicitly using equation (14) results in
L AF, = m(U + WQ - VR)
L AFy = m(V + UR - WP) (16)
I AF, = m(W + VP - UQ)

n

Generally the following notation is used, although no firm standard

has been established:

E AF, = I AX
E AFy = I AY (17)
L AFp = T AZ

and so equation (16) becomes

L AX = m(U + WQ - VR)
T AY = m(V + UR ~ WP) (18)
L AZ = m(W + VP - UQ)

D. The Rotational Acceleration Equations

For a three dimensional rigid aireraft the angular momontum, M,
is defined by [16]
H=TI& (19)
where
W is the rotational rate of the ailrcraft with respect to the earth

and
Ixgx ~JIxy —JIxz
I=[-Jxy Iyy ~Jy.
=~Jxz ”Jyz Izz

where each T is a moment of inertia and the J's are products of inertia.
Applying Newton's 2nd Law given by equation (2), the torques are

expressed as

(20)

10



Transferring from the alrcraft to the inertial earth axis system,
equation (20) becomes

d

M = 1[1m r

W+ W x w) (21)

Equation (21) can be expanded by noting that

-~ d — o ~ Ap
lgr @ = 1P + 30 + kR 22>
and
1]k
TxT=|PQR|=0
PQR

Thus recalling equation (8) and substituting equations (22) and (23),

equation (21) becomes

Ixx ~Jxy ~Jxz||P
T AM = -Jxv Iyy —Jyz Q (23)
~Jxz ~Jyz izz|[R

Expanding equation (23) leads to

by ﬁMx = Ixxb - nyé - szi
z AMy - Iny - nyP - JyzR (24)
z AM = IzzR - szP - JyzQ

Assumption 1 in Chapter I was that the alrcraft was symmetric about
ite centerline which implies

Jgy = Jyz = 0 . (25)
With this assumptlon, the torque equations become

L AM, = Ixxi - JxzR
I AMy = Iny (26)
L AMz = IzzR - szP

11



Generally, the following notation is used for the aircraft problem

) AMx = ¥ AL
z AM& = ¥ AM (27)
L AMZ = L AN

Substituting equation (27) into (26), the rotational acceleration
equations become

E AL = TP - J R
L AM = IgyQ (28)
L AN = I pR - J,,P

3

E. Linearization of the Aircraft FEquations of Motion

Having developed equations (18) and (28), these equations are now
linearized about a nominal trajectory. The nominal trajectory chosen
is a non-accelerating wings-level flight with all components of velocity

except U, and W, zero.

Po-._-Q =R =YV =f’=é=1‘{ =¢ =]':]={7 =i]

(29)

Setting Wo = [ 18 purely arbitrary since the topocentric earth frame
can be reoriented to any desired nominal heading.
Having chosen this nominal flight condition, the aircraft

parameters become

P=p é = ﬁ
Q=q Q=gq
R=r ﬁ = ;
6 =6, +6 6 =0
& = ¢ ¢ = ¢
Y=y ¥ =y
U=1U, +u U=
V=yv 6 = ;
W=W, +w W=

C

12



wnere the capital letters designate the total aircraft parameter, the
subscripted parasmeters represent the nominal condition, and the lower
case letters represent perturbations from the nominal trajectory.
The common approximations for perturbation theory are made here
to facilitate the linearization of the alrcraft equatlons of motion:
1) products of perturbations and powers of perturbations
higher than one will be ignored
2} the sine of a small angle is approximately equal to the
small angle; the cosine of a small angle is approximately equal to omne.
Further, assumption 4 from Chapter I will be used and the
longitudinal and lateral aircraft axes considered decoupled, i.e.,
an elevator deflection causes changes only in the longitudinal system
and aileron and rudder deflections cause changes only in the:lateral

system.

F. Gravitational Force Determination

Before proceeding, the contribution of the gravitational force in
each of the aircraft axes must be determined. The coordinate transfor-

mation from the earth axis system to the nominal body axes is given

by [14]
- -
cosf, cosy, cosf, siny, ~8ing,
CB _ | sin¢, sin8o cosy, sin¢o sin®g sinyp sing, cosg, (31)
E ~cosd, sing, +cosdy cosig
cosd, sinby cosy, cosdp sinby singg cosdp coshy
L+51“¢o sinfg ~sing, cosyy

13



Thus, the components due to gravity are

Fgx = -mg sinb,
Fgy = mg s8ing, cosb, {(32)

Fgz = mg cos¢, cosby .

G. Perturbation in the Gravitational Forces

The gravitational forces are perturbed by small changes in the
orientation of the body axis system with respect to the earth axis
system. This is reflected by perturbations of the transformation
matrix described by equation (31). This perturbation can be treated
as an orthogonal small angle transformation between almost coincident
coordinate frames [15]. Thus for the transformation to the perturbed

body axes, the transformation matrix is

cosB cosy cosb siny ~5inb 1
CB'== sin¢ sin® cosy sing sin® siny sind cose (33)
B ~cos¢ siny +cos¢ cosy

cos¢d sinb cosy cos¢ sin® siny cosd cosd

+sin¢ siny -ging cosy

Applying this to equation (32), the perturbed gravitational forces become

Fgy = -mg sinb, cosb cosy + mg cosb, singy cosd siny
-mg cosd, cosb, sinb

ng = -mg sind, (sin¢ sind cosy ~ cos$ siny) + mg cosf,
sind, (sin¢ sind siny + cosd cosy) + mg cos¢o (34)
cosb, sind cosbd

Fg, = -mg aind, (cos¢ sinb cosy + sing siny) + mg cosB,
sing, {(cos¢ sinbd siny - sind cosy) + mg cosd,
cosB, cos$ cosd

Removing the steady state value of the gravitational force given in

equation {32) and consldering only a disturbance 1n ¢ by setting ¢=y=0,

14



the changes in the gravitational forces with respect to a change in 6

are determined to be

= -mg cosf,

2 F
% = (35)

= -mg sing@,

where the perturbation approximations have been used and the nominal
value of ¢o = (0 has been substituted.
Similerly changes in the gravitational forces with respect to

changes in ¢ and Y are determined to be

3 ng o 3 ng -0

3¢ 3y !

3 Fg, 3 Fgy

3 = mg cos0, o +mg siné, (36)
] Fg, ¢ Fg,

a¢ = 0 L] a‘l’ = »

H. The Longitudinal Equations of Motion

Under the decoupling assumption, the longitudinal system inputs
do not disturb the lateral system and hence
P=R=V=V=20. (37)
Recalling equation (30), the longitudinal variables and their

derivatives are

U=U, +u U =1
W=W,+w W=w (38)
Q=gq Q=g

15



Substitution of equations (37) and (38) into equations (18) and

(28) leads to

PAX =m(u + (W, +w) q)

LAY = 0

I AZ = m{w - (U, + u) q) (3%)
L AL =20 A

£ AM = Iyy q

LAN=0

Using the perturbation approximation, the non-zerc elements of equation

{39) are
I AX = mla + Wy q)
I AZ = mlw - Ug q) (40)
LAM = Iyy g

Now it is necessary to expand the lett hand side of equation (40); a
Taylor series expansion about the nominal flight condition is used so

that, for example,

AX:.a_x.u.‘._a_}E'.'.gl{.W.}..a_x.‘.bﬂ ..|..._BX_

au a0 7w 3w ¥ T 3q 11 55, 0 (41)

where the expansion has been truncated using the perturbation approx-
9x oX and oX corresponding to

35T ° 36F 3ssP
throttle, flaps and spoilers could also be added as necessary.

imation. Terms accounting for

Substituting the form of equation (41) into equation (40) and including
the gravity perturbations from equation (35) explicitly, the linearized

aircraft perturbation equations for the longitudinal system become

X X . oX X . 3X 90X .

- —_— —_— ——— — — - B =

e bt at oWty Wt 5q 9 + Y de - mg cosBy 8 = m(u + Wyq)

3z aZ 32 97 . 3z 92 N

— —— — — —_— + e et - ﬁ = —

it ity vt vt 3q d IR Se - mg sind, m(w - Uoq)

M M - aM M - oM oM : s

o o <2 £ 2 g + L = 4
R T v R * 3q d 3se Se = lyy 4 (42)

16



lhese equations are awkward te handle and so the following definitions

are made:

1 M
M, = —-—

X Iyy ax

_ 1 3Z

Zx = T {43)
_ 1 83X
X = m 9x

where x represents any of the aircraft variables. Using these

definitions and rearranging, equations (42) become

u = Xu u + X& u + XW w + X& W+ Xq q + Xﬁe Se - gb cosf - Wo q
w = Zu u + Za u + Zw w + Zé W+ Zq q + Zée e - g8 sinf, + U, ¢
Q=M u+Me ut+M wt M w+ Mq q + Mﬁe Se (44)

the relative sizes of each of the partial derivatives represented in
equation (40) must be weighed against each other; however, generally
some of these coefficients are orders of magnitude smaller than others
and can be safely eliminated [17,18]. From calculations based on wind
tunnel testing, the following derivatives are set to zero-

Xe = Xo = X =X, =2
u W

q  “se =2, =2, =M. =0 (45)

u - “q T w
With these coefficients eliminated, equations (44) become

u = Xu u + Xw w - Wo q - gd cosb,

W= Zu u + ZW w + ZGe de - gb sinb, + U, q (46)
q = Mu u + Mw w + M& w + Mq q + M6e de

and
0= q

where the last line follows from the definitign of q

17



Terms involving the veloecity w can be converted to terms relating

to the angle of attack, a, since by definition

o= (47)

Substituting into equations (46), the aircraft equations are

U=X,u+X a-W q- gdcosb,
. z* * g8 .HE
a=2Z,u+2z ot ZGe e ~ Vo sing, + Vi q (48)
c'1=Muu+Mau+M&&+qu+M5e Se
6 =q
where
X, = Vp X, 23, = Zgo/Vr
Z, = 2, M, = M, Vg (49)
zy = 2,/ My = Mg Vp

I. The Lateral Equations of Motion

In a manner parallel to the derivation of the longitudinal
equations, the lateral equations can be developed. Recalling from
equation (29) that on the nominal trajectory

Po = RO =V =0 (50)

and by the decoupling assumption
Q=w=u=U=W=20 (51)

the lateral aircraft varilables and their perturbatione are

P=p I"l:f}
R=r R=r (52)
Ve=y Ve=v

18



Substitution into the equations of motion (18) and (28) vields

LA =0

5 AY = u(v + Uy ~ Wp)

LAZ =0 (53)
EAL = Ig P =y, T

I AM =0

TAN=1I,, —-Jg p

Using the form of equation (41) and the non-zero equations in (53),
the lateral perturbation equatiomns are

24 v + 2 v +‘§z-r + 24 p + 24 §a + o §r + mgd cosd
v . ar op 9 o 0
ov Ga dr

+ mgy sinb, = m(; + Usr - Wop)

AL 3L * . 3L 3L 3L aL . . .
v v + - v + ar * + 5p p + 5 Sa + 3 8t = I, P sz r (54}
v da §r
OV R S R A T
av . ar ap d 3
v Sa ér

Again to use more compact notation, the following variables are defined

_ 1 8y

Yx = m oex
1 3L

L, S -—=—— = (55)

x Ly 0%
1 N
N = —— =
X Iz ox

Using equations (55), equations (54) are rewritten as

v=Y v+, v+Y T+ Yp p + Yéa da + YGr ér + g cosh,

+ gy sin€, - Uyr + Wyp
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J
» KZ .
T r + Lv v + Lv v + Lr r + Lp p+ Lﬁ{1 da + Lér dr (56)

i

J . .
Xz p + Nv v + Nv v + Nr r + Np ? + NGa da + Nér 8r

[
H

Izz
Considering the usual relative amplitudes of these coefficients in the
tasks considered here, the following partial derivatives are set to
zero:

Y =Y =Y =X

P r da ;I=L

v = N =0 (57)
Further, the lateral equations can be written in terms of the sideslip,

8, instead of the slde velocity, v, since by definition
v
B =5 (58)

Rewriting equations (56) incorporating the results of equations (57)

and (58) leads to the following set of lateral perturbation eaquations:

U W
. 3 ﬂ ﬂ Q o
B=YqB+Y Sr + cosh®_  + sinfy = o=t + 5
§r Vr ©  Vp Vip VT
. JXZ .

- le
r = i, p+ NB g + Np P+ Nr T + Naa da + N<5r dr
where
*
Ysr Yﬁr/vT
NB = Nv VT

Using the inverse of the transformation matrix piven in equation (31)

along with swall angle assumptions, the remaining dynamics are found

20



to be [14:41)

$ p+r tanBO

(60)

] r sec,

using the nominal condition ¢, = 0 .

J., The Stability Axes Equations

In the stability axes, the x axis is aligned with the wvelocity
vector and so

U =Vp and W, =0 (61)

Substituting this into equations (48) and (59) and using the small

angle approximation, the aircraft perturbation equaticons in stability

axes are
u-= Xu u + Xa o - g8 cosf,
- *
o= Z* u+Z o+ Z, Ge - 88 sinf, + g
u o 8e Uy o
q=M ut Ma a + M& o + Mq q + MGe de
0 =g
" * gé g4
= =20 + —
8 Y, B+ Ysrﬁr + Uy cosd U, sinb, - r (62)
L] szl
P=7T + L8 B+ LP p+ Lr r + L5a da + Lsr dr
XK
r=-20+N B+N p+N_r+N, Sa+N,_ 6r
I B p 2T % 8a &t
22
¢ =p+r tanBo
Y =r seceo
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K. The Usc of the Primed Stability Axis System [14]

Some flight simulation in thils research will use an axils system
that has not been discussed up to this point. The primed stability
axls system 1s a mathematical construct which artificially eliminates
the c¢ross product of inertia terms which appear in the P and r
equations. By careful definition, the following primed stability
derivatives take into account the eross product of inertia terms when

second order effects are ignored.

L,”=L,+BN N."=N,+AL

B g B B B B
Lp' = Lp + B NP Np' = NP + A LP
Lr' = Lr + 3B Nr Nr' = Nr + A Lr (65)
Lsa = Lig ¥ 3 Ny, Neo ™ = Neg 74 Lg,
Lﬁr’ = Lg, * 3B Nﬁr NGr' - NGr A Lﬁr
where
A= Jepl Tyx
and B = Jy,/1,,

Substitution of these derivatives into equation (62) yields the aircraft
perturbation equations in the primed stability axis system
u = Xu u + Xa o~ gb cosBo

* * g
6a=2 u+Z o+2 Ge - : sinB_ + q
u o o

de Ug
q-= Mu u + Mu o + M& o+ Mq q + MSe de (66)
0 =q
2w * 58 + BY o -
B Yv B + Yér &r + U, cosGo U, slneO T
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[

ptrx tanB0

Y = r secao

Thus in equations (48), (59), (62), and (66), the aircraft perturbation
equations have been written in the body centerline axis, stability axis,
and primed stability axils systems, respectively.

Often these equations which adequately describe the bare airframe
dynamics are found to have low damping coefficients and even 1nstabilities.
Thus it is often necessary to augment the bare airframe with a stability
augmentation system to assist the pilot in accomplishing his mission.

Mil Spec 8785B reguires such autowaiic assisiance to improve the flying
qualities of military alreraft whern the bare airframe alome is not

adequate to provide good handling qualities.
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III. The Stability Augsmentation System
and Servo Actuator Linkages

The inclusion of inertial platforms in the navigation systems of
many military aircraft and some commercial aircrart nas greatly aided
the design of stability augmentation systems for today's aircraft. The
platform makes aircraft angles, angular rates, accelerations, and
velocities readily available. These quantities can be used for imple-
menting a stability augmentation system. An excellent example is a
stability augmentation system which has been employed on the F-4B
Phantom [18,19,20]. The pitch loop uses a washout circult for the
pitch rate, q. The roll loop’uSES roll rate feedback while the yaw
loop uses lateral acceleration in conjunction with a washout circuit
applied to the vaw rate, r.

The model chosen for implementation with this study is gencral
in nature and allows the following variables to be fed back:

1) pitch angle

2) pitch rate

3) pitch acceleration
4) normal acceleration
5) roll angle

6) roll rate

7} yaw acceleration
Lateral acceleration could have been added with no difficulty [18] but
was not needed for the aircraft investigated in this study. By setting
the gains of undesired feedback variables to zero, any desired

configuration of the above seven feedback variables can be achieved.
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A. The Pitch Feedback Loop

The feedback designed for use with the pitch loop makes use of
three pure gains and a washout circuit. TFigure 2 shows a block diagram

of the feedback loop.

]
Ge !
K&s ” q
Seug (tgstl) !
Xq
a
K q_zp
azs
Figure 2. Pitch Feedback Loop
The equations which the block diagram represents are
581 = Ge 5] (67)
Sey = Kés(q)/(rqs + 1) (68)
563 = Kq q {69)
6e4 = Kazs azp (70)

where the definition of dyp the normal acceleration at the pilot's

station is given by [17:C-1]

2,5 = w - U, q+gh sindy - & g (71)



Summing the individual feedbacks in (67), (68), (69), and (70), the
total elevator deflection commanded by the automatic stability

augmentation system 1s

6eaug = de, + fe, + Sey + Ge4 an
Only equation (68) presents any difficulty for implementation.
Johnson [21] manipulated equation (68) in the following manner.
Since
K(1 sq
Sey = T oA (68)
q
and defining
y3 = T4 8¢, - K: 4, 73
then by expansion and substitution equation (68) becomes
1 ks
e, = —— y, + q (74)
2 Tq 3 g
Since from equation (68)
Tq Ge2 + dey = Kﬁ q (75)
or, rearranging terms,
5e2 = T4 6e2 + K& q (76)
Comparison with equation (73) shows that
vy = -fe, (77)
Substitution of (77) in (74) yields
“ 1 ke
N (78)

which in conjunction with equation (74) gives a simple method for
implementing the washout circuit. Thus equations (67), (69), (70),

(72), (74), and (78) define the available feedback for the pitch loop.
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B. The Roll Feedback Loop

The roll feedback loop is simple, haying only pure gains applied

to the roll angle and the roll rate.

Figure 3 1s a block diagram of

the Roll Feedback Loop where the available feedbacks are fed through

constant gain blocks and combined.

Sa
2
@

Figure 3. Roll Feedback Loop

The equations for this block diagram are

and thus

Gaaug = G¢ b + Kpaug p

C. The Yaw Feedback Loop

(79)

(80)

(81)

The yaw feedback loop consists of a conventional yaw damper as

gshowvn in Figure 4.
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8t
aug Kraugs .
- Tragg ot

Traug

Figure 4. Yaw Feedback Loop

The equation of this yaw damper is

Kr sT

& = __aug _
: Tr,..,S T 1 (82)
aug

or in the time domain

. K .
Sr - Sr 4 —faug._ ¢ {83)
aug Traug aug = Trgye

By substitution of equation {66), this equation can be put in a form

for state variable analysis [22:13].

D. The Aileron-Rudder Interconnect

Aileron to rudder coordination was accomplished using a conventional
gain feed through loop from the aileron command to the rudder command

as shown in Figure 5.
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coord a = 8a + &3
c p

Figure 5, Aileron - Rudder Interconnect
Thus the interconnect equation is

Kari(ﬁaP + 6aau 3

Feoord g

where
Gap is the pilot's alleron command

and Gaaug 1s the augmentation system command
which together form the aileron command, 6ac .

E. The Servo Actuator Linkage

(84)

With the control augmentation determined, the problem of trans-

mitting the commands of the augmentation as well as those of the pilot

must be considered. A general diagram is presented in Figure & where

the servo actuator is represented by a first order lag.

8x

%

1
Al —n
§x z " s+ 1 &

Figure 6. Sample Servo Actuator Linkage

o
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Here

pr is the pilot's commanded input
Gxaug is the augmentation system's input

and 6x is the surface interconnect (rudder only).
coord

Such a servo actuator exists for the elevators, the ailerons, and the
rudder in most aireraft.
In this study

T, " the elevator actuator time constant

Tcon = the aileron actuator time constant

T = the rudder actuator time constant

con?

where the symbology of Johnson [21] and Taylor [22] has been retained.

The appropriate differential equation for Figure 6 is

Sk = - —2— 6x + L (6x_ + &x__ + 6x
T P- aug

L ox 4 1 (85)

coord)
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IV. A Turbulent Environment

The controversy over what engineers should use as representative
disturbances to evaluate an aircraft and ite stability augmentation
system remains very much alive at this time. The arbitrarily chosen
Gaussian continuous colored noise dictated by Military Specification
87858 [7:419] 1s relected by many purists as unrealistic from a
theoretical point of view; yet, to date, it remains the only stochastic
environment which engineers (and mathematicians) are able to handle with
any facility or confidence. Optimal pilot modelling theory is tractable
only for processes which are adequately described by theidr first and
second moments since the assumptions of the Kalman filter [4,5] must be
satisfied,

While there is no reason why any turbulent environment which can
be represented by stochastic differentilal equations (not necessarily
linear) could not have been used here, that environment specified in the
Mil Spec was chosen as the most tractable and complete model currently
available. It is also the model which must be satisfiled for compliance
to the Mil Spec for aircraft design. While pilots sometimes compldin
of the lack of accurate realism from the model, they readily accept its
presence as a factor making any task more plausible since 1t increases
the pillot’'s workload to a level comparable with that encountered in
actual flight. Secondarily, a simpler longitudinal model used in other
research [23] is treated since 1t had to be used to allow comparison

of simulation data from that research.
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A. The Mil Spec Turbulence Model

Confusion arises as one atrempts o interpret the intent of the
Mil Spec with regard to its turbulence model. The Mil Spec defines the
steady state covariance or, equivalently, the rms (root mean square)

intensity as

¢, % = [ 35 (@) du (86)

Q

where ¢, (w) is the power spectral density. Elsewhere [24], a more

standard definition which is also based on Fourier Transforms with

coefficients a,b such that ab = E%—-is found to be
2 1 [
oy = 7 { ¢i(m) dw . (87)
o

Apparently the equations employ different definitions of ¢i(m). Since

(87) is the more commonly accepted definition, the power spectral densities
given in the Mil Spec must contain a factor of 1/7 which is not actually
part of the power spectral density. Removing thls undesired factor,

the power spectra of the Mil Spec for the linear components of the gust

model become [7:424]

2
20 L 1
g T 1+ (2 )
Vr
L 2
cw2 Lw I+ 3(V¥-m)
to (W) =5 T 1242 89)
3 T 1+ (¥ w*)
Vo
and .
oyl L, 1+ 3G )
QB {w) = i Ty 2.2 (90)
B 1+
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where conversions from spatial to temporal frequency and from linear
to angular measure have already been made. L,» LV, and LW are called
scale factors and will be defined later in this chapter. Converting

the power spectral densities to transfer functions ylelds

1 u
Xug(s) = Ou Y%'I:}l -——1.—1 R m = _ﬁ_g (91)
T -v-—- 5 u
T
1+ /5_ LW s o
Gw yff""‘- . V_T_ g
xu (S) = i,__ l 1, 2 = ?{_ (92)
B T Vr a + ‘_]E, s) @
T
and, finally, Ly Ly
S A v- % B
X, (8) =Y "7 Vi_ .8 (93)
Pe Vi g L, 2 Mg
T {1+ V':-[‘- g}

Thus in generating ug, 0, aud Bg five first ovder differeuncial equations
and three independent noise generators are necessary.

From (91) the following differential equation for ug is immediate

a +u =o¢ u n (94)

v o
. T 2V
u == E: u, + oy T (95)

From [25], the steady state covariance of this first order linear
stochastic differential equatien is

\'j
20 2 L
2. 4 bu _,2 (96)
u VT u
LU

as might be expected.
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The problem of reducing the transfer function for “g to state
variable form is slightly more difficult since it is second order.

Equation (92) can be rearranged to

(~’£-§: VT + )

o
w Y3Vg Ly
X &=
(s + )
Ly
which has the form

% (s + a)?

In a manner similar to Heath [26] and discussed in [27], this form can

be expanded by partial fractioms as

X, = K¢

1 (b - a)
a s+ a + ) (99)

g (s+a)2 .

This is the transfer function of the second order system given by

= x40 (100)
0 - 1

o, = K[(b - a) 1] ¥ . (101)

and

However, since a differential equation describing oag is desired, the

derivative of (101) is taken yielding
o = K[(b - a) 1] X = R{(b - a) ("axl + xz) + K(_axz) + K Ny

= «a[R{b ~ &) X, + Kx2] + K(b - a) X, + K,

= -a o + K(b - a) X, + K oo, (102)
which lmnplies
re - -a 0 ug‘ 1
s | - + n, (103)
l?g K{b-a) -a G4y K



where ug’ has replaced X5+ Equation (103) can also be derived by
inspection if equation (92) is placed in standard controllable form.

Writing out K, a, and b in equation (103) leads to

e » h [ T
Uy - VoL, 0 ragJ 1
&, e N S § I P % /v
i | VT Lw Voo Ly L Vr 1
(104)
Almost identically, the equations for Bg become
"1 T . N T )
. VT F
. -4 0 B~ 1
Be Ty g
T e, F v ¥ st
2 s oa-An 2 X oy V3Vg
] g L T v I‘v . L A th I*V -
{135}

The rotatlonal components of the gust model, Py

the following power spectra according to the Mil Spec [7:459]

s qg, and rg have

o L 1/3
™ Gwz 8¢ 4bw )
& (w) = — (106)
Pg Vr Ly r il w)z
i VT
w2
b (w) = o {w) (107)
q W
& Vr o+ (%9 @) &
2
? (w) = = &, (») (108)
r 2 3b 2 v
& vy t 8

where a factor of 7 has been Imbedded in (106) to account for the

diffcrence between (86) and (87) and b denotes the wingspan.
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The transfer function for pg is then

JW‘}.__.II..__.._ Y.8 . LW )1/3 y'n'VT ™o, /.8 T Lw)l/3
X (8) = L VT " L twwe A (109)

& 1+~ 58 +
L &
T 4b

Similar to the work for ug, the differential equation for pg is

. Wy . Oy T /ﬁVT /.S(H L, )1/3 (110)
Py =~ 75 Pg T Ip I, &b "p

Now the transfer functions for rg and q4p are treated slightly

differently, although they are basically shaping filters. From (108)

NZ/VTZ
@rg(m) = mz @vg {111)
T!‘VT
So
X (8) = — o X, = —"S— Ca (112)
g 1+-%%; s Bg 14 %%; s '8

Although the minus sign of equation (112) is not required from spectral
factorization, it is retained from other work [26]. Taking the derivative

implied in equation (112), the following transfer function is determined

-8
r
g £
Xp (8) === (113)
g T]S 3b
ne{l + —— s)
3] T Vo
Multiplying this out yields
3b - - _r
Ty rg + rg = Bg (114)
and hence
M A A
rg = b Tg 3b Bg {115)

36



Similarly, for qg the apprepriate differential equatlon is

™V
. T Yoo
R TR TN a16)

Thus equations (95), (104}, (105), (110), (115), and (116) represent

the six-degree—of-freedom Mil Spec turbulence model.

B. The Scale Factors

In all of the above equations Lu, LV’ and LW are scale factors
specified by the Mil Spec [7:444]. If hh is the altitude of the aireraft
given in feet, then the following Table shows the values for the scale

factors.

Table I. Mil Spec Scale Factors

Altitude (Feet) Scale Factors
h > 1750 L,=L, =1L, =1750
= = - 1/3
106 < h < 1750 L., =hy L =1L_= 145h
= W u v
. . o1 = 1azi /3
h < 100 LW = 100; L, L,= 145h

C. Intensities
The Mil Spec {7:435] further gives standard values of o,, Oy, and

o, to generate moderate turbulence:

1.25

_ h
0 = 3+25 - logq [16665—] 117)

Then the other intensities are found from

v
== (118)
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D. The Powered Approach: A Special Case

The Mil Spec treats the power approach as a special problem and uses
fixed values of intensities and factors that are the same as determined

for h = 500 ft.

E. A Simpler Longitudinal Model

In his thesis work, Major John Arncld [23] used a model based on
concepts similar to those which the Mil Spec is based upon. However, an
attempt to match his data using the Mil Spec model showed considerable
differences. Thus his meodel was temporarily incorporated so his data
could be used for comparison. Dealing only with a small aircraft
(variable stability T-33) he eliminated ug and qg from the longitudinal
gust model and simplified the wg model from second te first order. His

model was described by

ag = - Wy ag + k Ny where wy = /5—‘VT/LW {(119)

As in equation (96), the theoretical value for k can be determined for

any given value of o,
&

o 2. - L (120)

For a particular case to be used in Chapter VIII, if VT = 488 ft/sec

and h = 9500 ft, then

ag = -.483 Cg + .0203 Ny (121)

where o, = 10.15 ft/sec. A similar medel could, of course, be defined

W

g

for the lateral system using Bg as first order only, Extreme caucion
must be employed when using this type of slmplified model since

elimination of the six—~degree-~of-frecdom model may produce a truly
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unrealistic turbulence environmeni. A case in point will be treated
in Chapter IX.

A comparison of the Mil Spec power spectrum and the Arnold spectrum,
which is defined in equation (119), is shown for the particular case of

equation (121) in Figure 7.

20— T T

10 "'*‘*‘""=3 ==

. ] . o
dh . ..fi - R TR P,
e E T S ANt MIL SPEC &

0 o ' L ARNQLD_ T

W (radssec)

Figure 7. Spectrum Comparison for og
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V. The Pilot Model

Many researchers have suggested methods of modelling the human pilot
in the aircraft/control system problem. Specifically, two major models
have emerged:

1) the crossover model introduced by Tustin [28] and further
developed by McRuer and Krendel [9,29]. A state-of-the-art presentation
for this model was made by Systems Technology Inc. [30). This model is
referred to as the conventional model in the following pages.

2) the optimal pilot model developed by Kleinman, Baron, and
Levison [31,32].
Both of these models have advantages In given situations but they also
involve inherent problems. Nelther of these methods have been fully
applied to the six-degree-of-freedom aircraft problem although theory
for such hac been postulated.

The conventional crossover model requires some method of determining

the parameters Kp, T T,., and 7 where the transfer function of the pilot

L? "L

model assumes the form

KP(TLS + 1)
(TIS + 1)

-T8

Yp(s) = e {(122)

and where the Pade” approximation is often made to model the time delay
in the pilot's transfer function.

Some [21,22] have fixed T and '1‘I based on human factor limitations
while others have considered the four parameters to be free. Anderson
[33] and Dillow [34] have used the Paper Pilot concepts successfully for
predicting these pilot parameters. Dillow's scheme employs a conjugate
gradient minimization of a cost functional designed to yileld pilot

rating, Others have developed post-facto methods for parameter
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identification including Kugel [35] using a Newton-Raphson method and
Walker [361 using filtering methods. Regardless of the methed chosen,
searching out the parameters is a time consuming and numerically
difficult task.

On the other hand, the optimal pilot model has only been demon-
strated on a simplified longitudinal system. Its capability and
theoretical applicability to a multi-axis, multi output task has not
been demonstrated. TFurther, the optimal pillot model is currently
limited in its application because of the need for choosing weighting
matrices in the optimal cost criterion. The model also encounters
problems in the solution of the infinite time Riccati equation, One
type of solver [49] using linear system theory has difficulty with
multiple poles at or near the origin while another solver [49] cannot
tolerate multiple roots. Both cases occur when considering the lateral
equations of motion of an aircraft on approach.

The model implemented in this research aveids the above mentioned
problems. It takes liberally from the concepts involved in both the
conventional and optimal plilot models. Other points and concepts not
addressed by either of the models are also incorporated. The model uses
a two part approach. First, the displays to the pilot are interpreted
and a decision made as to which variable requires attention most critical
Figure 8 shows a general block diagram of the decision making process.
The second part of the model leans heavily upon the conventional pilot
model for the form of the pilot control action to be implemented.
However the parameters are determined differently and the results applied

in a different manner than previcusly, Figure 9 presents z general

block diagram of the control implementation schenme.
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A. The Pilot Model:; Part I = — A Decision Making Model

B. Pilot Delay and Lead Generation

Human limitations hinder a pilot's capabilities to interpret
and process displayed information which 1s changing in time. Previous
research [37] has placed a value of between .1 and .5 seconds on the
pure time delay associated with receptor delays, afferent transmission
delays, and central processor delays. The latter value of .5 seconds
appears representative only of a very sluggish pilot with more suitable
values for the manual control problem lying between .15 and .25 seconds
[38]. Commonly, a value of .3 seconds has been chosen; however, in
this study an effective time delay of .175 seconds was used. Further
discussion of the rationale for the selection of this wvalue will occur
later in this chapter.

To offset this delay, it is conjectured that the pilot has the
capability to project his errors forward in time making use of
rate information presented to him. For fast-moving signals he will
not project much, perhaps only enough to compensate for his own delay.
On slower moving signals, such as altitude error and localizer deviation,
he is capable of projecting forward further with accuracy and thus take
better advantage of his knowledge of the system's state. Such projections

can be made mathematically using an equation of the form

*new xdelayed + kr idelayed (123)
where
{1for rapidly moving signals such as pitch, roll, yaw error
T 2/t for slower signals such as altitude and localizer error
and

the pure time delay of the pillot.

A
]
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Equation (123) is equivalent to the (TL s + 1) term considered by the

conventional pilot model.

C. Instrumentation Normalization Effects

The displays which the pilot uses to base his decisions on generally
are not scaled such that a one inch displacement of one Instrument
corresponds to a one inch displacement of another instrument. Rather
different scales appear and hence different displacements Imply different
errors. Additionally the distance between pointer tips and the instru-
ment faces introduces differences in the interpretation of the displayed
data. It is necessary to account for these effects upon the pilot's
capability to make decisions, Pillots indicate they do not actually read
numerical values from Instruments but rather they obtain a measure of
their error with a tendency to correlate larger displacement with larger
error.

A survey conducted by the author of pilots and engineers familiar
with standard flight instrumentation revealed that the minimum deviations
they would react to would be 2° in pitch, 2° in roll, and 3° in yaw.
While the roll and yaw scales are physically the same size, the pointer/
indicator on the HSI (Heading Situation Indicator) is separated by a
larger distance from the scale and hence the larger error before action
is predicted.

The localizer and glideslope error indicators give angular infor-
mation on errer and thus have increased sensitivity as the runway is
approachad. The localizer error indicator generally has a maximum
error indicated of about 2.5°. Thus a deviation of .5 degrees is

easily detectable, The glideslope error indicator genecrally has a
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maximum deviation of between .5% and 7%, A deviation of 1/16° was
easlly detectable,

These different angular displacements, which were indicated as
minimum reaction values, lead to normalization of the raw data by
dividing each error by its corresponding normalization factor. For
example consider a 6° pitch error. This corresponds to a normalized
error of 3 units (6°/2°), whereas a 3° heading error is only a 1 unit
(3°/3°) error. Thus, the purpose of normalization is to determine how
many units of deflection each instrument is indicating at any given time.
Equations used for normalization are given in Figure 11.

Figure 10 shows the standard primary flight instruments considered.

D. Queing Factors

In addition to evaluating his displays, each pilot must treat in
his own way the problem of correcting more than one axis of the air-
craft system. In this regard, the human operator tends to become a
queing system where the time since last corrective action tends to
increase the importance of applying corrective action at the present
time, Others [39] have previously addressed this problem of queing
information.

To take account of this need, a factor of 2 was applied to each
error that was not the last ervor acted upon. Thus the model places
requlred emphasis upon those errors which are not the largest in
absolute magnitude. TFigure 11 shows the implementation of the queing

concept.
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E. Task Dependence

The pilot model was required te learn to perform five specific
tasks related to the aircraft/control system problem:

1) a pitch attitude hold task in which the pillot was taught
to hold pitch attitude while disregarding altitude errors but
maintaining supervision of the lateral system

2} a roll attitude hold task in which attitude was disregarded
but pitch and yaw control were to be maintained as secondary tasks

3) a heading attitude hold task in which attitude was
disregarded but roll and pitch control were to be maintained as
secondary tasks

4) a landing task where glideslope and localizer errors were
to be minimized
and 5) an attitude hold task in which equal emphasis was to be
placed upon pitch, roll, and yaw control.

Emphasis was placed on the appropriate wvariables by using a
particular set of actual simulation data and adjusting the relative
weighting on each variable until the errors between the digitally
generated data and the simulation data were satisfactorily minimized.
With this one particular case optimized for each task, the relative
weightings on the variable errors were fixed for the duration of the
study. Table II1 shows the resulting relative weightings used to achieve

the indicated task.
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Table I1. Task Dependent Relative Error Weightings

Task Relative Weightings

Piteh  Roll Yaw Glideslope Localizer

Error  Error Error Error Errox
Pitch Hold 1.25 1.00 1.00 0. 0.
Roll Hold 1.00 1.25 1.00 0. 0.
Heading Hold 1.00 1,00 1.25 0. 0.
Landing 1.50 1.00 1.00 $2 .2
Attitude Hold 1.00 1.00 1.00 g. 0.

¥. Pilot Distraction

In normal flight a pilot can be expected to spend some of his time
in side tasks not directly related to causing surface deflections. An
example of this is required radio communications. Throughout this
research the distraction rate was held at 10%. By using a random number
generator, the pilot model was forced to take no control action on the

average one of every ten attempts.

G. The Comparative Decision

Having attempted to quantify the decision making process, a compar-—
ison of the relatively weighted normalized errors is made with the largest
magnitude error receiving the decision for control action. Figure 11

shows a flow diagram of the decision making process.

H. The Pilot Model: Part IT ~ ~ Control Action Implementation

Having decided which variable requires the most urgent attention
and a value for the predicted error having been determined, a method

for control action determination 1s necessary,
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I. Initial Value Theorem Application

Since the pilot acts continuously and is commanding control surface
deflections almost continuously, the aircraft will generally be in a
transient state in which information can be obtained by applying the
initlal value theorem from conventional control theory [2:92]. This
theorem states that

1im sF{s) = 1lim £(t) if lim £(t) exists. (124)

500 t=>t t-o

J. Alrcraft Transfer Functions

From [13:I11-7], the following transfer functions describe the

ratio of pitch angle and angle of attack to elevator deflection

6(s) _ Woe ¥ Zge M) 8+ 2y M, - Mg Z) (125)

Se(s) s(g2 - (U, Mﬁ + ZW + Mq) s + (Mq z, - U0 M)
and

- 7

als) _ 1/uy) (ZGe s + (UO Mée Zse Mq)) (1269

se(s) s(g2 - (U0 Mﬁ + Zw + Mq) s + (Mq ZW - Uo Mw))
Additionally the yaw, sideslip and roll transfer functions are
[13:111-59]

AW 53 + B, 32 +C, s+ D

v{s) _ 1) ¥ v (127)

8r(s) D2
where

Ay = N + By Lso

N _ _ +

Bw YGr(NB + Bl LB) + Lér(Np .Bl YV) Nér(YV Lp)
- * —— —

Cw = YGr(LB Np NB Lp) Lﬁr(Yv NP) + NGr(Lp Yv)

D, = (8/U) (Lg, Ng- Noo L)

D, = s(As& + Bs3 + 052 + Ds + E)
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B, = /1,

Al = JXZ/IXX

B = —Yv(l - A

1 Bl) - Lp - Nr - Al NP - Bl Lr
C = NB + Lp(YV + Nr) + Np(Al Yv - Lr) + Yv(Bl Lr + Nr) + Bl LB
D = —NBLP + Al g/UO) + NP(LB + Y Lr) - Lp Nr Y, - LB g/U,
and E = (g/Uo) (LB Nr - Nr LB)
3 2
+
8(s) _ s(AB 8" + BB s” + CB s DB) (128
8r(s) D2
where
A, =Y (1L - A, B)
B 8r 1 71
...._* — -
BB = Yﬁr(LP + Nr -+ Al Np + Bl Lr) Lér B1 Nér
%
cB = Ydr(LP Nr - Np Lr) + Lar(g/Uo - Np) + Ndr(Al g/U0 + Lp)

=
|

B Nﬁr(g/uo) L, - Ldr(g/uo) N,
and finally

s(A¢ 52 + By s + C¢)

p(s) _
sa(s) D2 _ (129)

where the variables are defined as above and further

A¢ = Léa + Al Nﬁa

-]
-5~
1

A Yv)

= —Lﬁa(Nr + Yv) + Nda(Lr - A

(2]
R=2
[

LSa(Yv Nr + NS) - Nﬁa(LB - Yv Lr)
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It is also necessary to define the ratio h(s)/8e(s) to control
altitude errors. From [40:13]

sh(s) = u sineo - wcosh, + Ixp 88 + Uy cosB, 8 + W sinb, & (130)

where fyp is the distance from the aircraft center of gravity to the
pilot's station. Under the assumption that 6, is small and second order
effects can be ignored

sh(s) = -w + &xp q + U, 6 (131)

Further, if altitude error is measured with respact to the center of
gravity (Rxp = (), then

sh(s) = -w + u, 8 (132)

or in the time domain
h=-w+u, 0 (133)

Considering now the velocity vector heading angle, X,

vTo W

o
8B =~ p + T (134)
Uo €, Eg

ero
vhere e, = cosfB, + (WO/UO) sind

In stability axes, W, = 0 and VTo = U, so that

o
A= BtraB (135)
or by integration
A=B+1y ' (136)

where the initial conditlons are assumed zero.



Taking the ratio of the altitude error and velocity heading errer
to surface deflection, thelr respective transfer functions are deter-

mined to be

U, 6(s
2 2B e w
where
w(s) = a(s) U,
and
si(s) _ sB(s) , s8u(s) (138)

Sr(s) 5r{s) S (s)
Locallizer error is controlled by maintaining the desired velocity vector

heading.

K. Application of the Initial Value Theorem

The initial value theorem will now be applied to equations (125},
(126}, (127), .28), (129), (137), and (138) in order to obtain their
approximate transient response to an impulse of control surface deflection.

In the case of equation (125), for example,

_q(s) _ S(Mde tlse Mﬁ) + (ZGe My - MGe zw)
- T gl - R ' -
Se(s) s (U, Mw + Zw + Mq) s + (Mq Zw U0 Mw)

F(s) (139)

where the substitution q(s) = s6(s) has been made.

Then

2
s (M + Z M+) + (Z M - M Z.)
sF(s) = sq(s) _ Se fe w fe W fe “w

= - : - (140)
Se(s) s (U, Mw + ZW + Mq) s + (Mq + ZW Uo Mw)

Now applying the initial value theorem to equation (140) by dividing
through by s2 and taking the limit or by repeated usage of 2 Hospital's
rule

lim sF(s) = Mée + Zﬁe Mb = 1dn £(cr) {141)
g t->0



Considering that normally Mﬁe >> Zﬁe M&, equation (141) implies that

q/ = M, (142)

6elt+o
Thus in this case, an impulse of surface deflection is actually a

commanded rate. In a similar manner using similar approximations,

1

pléal L

rao Ga (143)
r = N
/ arlm 3 (144)
4]
= = 0 (145)
Ge'taﬁ
_5_” . *
5r| ° Yor (146)
0
h =U M
lsel,,, = o e (147)
A =Y +N 148
/6r dr dr (148)
2o

Thus relations have been obtained which relate impulses in surface

deflection to the rates of aircraft variables

L. Validation of the Initial Value Theorem Applicability

To show the validity of equations similar to equation (142), the
actual time response of an impulse was obtained for equation (125) and
is here compared with the initial value theorem approximation, 6 = Mﬁe Se.

Derivatives for the 707 described in Chapter VII were used.



Table ITI. Initial Value Theorem Approximation

t (seconds) Actual Response IVT Response % error
0. 0. 0.
.025 -.261 -.263 .8
.05 ~.517 -.525 1.6
.1 -1.015 ~-1.G50 3.3
.15 -1.492 ~1.575 5.3
.20 -1.942 -2,100 7.7
.25 - =2.365 ~2.625 10.0
+30 ~2.757 ~3.15 12.5

M. The Control Action Criteria

Using equations (142) through (148), the problem of what control
action the pillot should take 1s now ready to be sclved. The required
and accepted assumption is that the pilot will act to wminimize his
errors or deviations from the desired equilibrium conditions. Thus
considering again the pitch error, an equation indicating the pilot's
desire to minimize his errors is

*

ae + ec t =20 {149)

where t* is the expected duration of the commanded pitch rate., Equation
(149) {s notationally rewritten as

*
Be + q. t = 0 (150)

Thus solving equation (150), the necessary value of q, can be deter-

mined to be

9. = " Tk (151)

Using equation (142), and substituting in (151) for Qs the necessary

elevator deflection 1s found to be

= dc o -fe
be, T (152)
Mae je
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Similarly the equations for the other alrcraft error variables are

sa_ = 2% (153)
c Lﬁat

“pe (154)

sr o
¢ Né‘.rt

~he
e = —/——— (155)
c UoMaet

Sty = o (156)
sty

N. Determination of t*

The time of application of the commanded surface deflections
is determined from strip chart recordings of actual simulations.
Figure 12 shows recordings of e vs, time for three different aircraft.
As might be expected, the time of application is a function of the
aireraft involved. The YF-16 with a nominal landing weight of about
20,000 1bs. shows control application durations of about .25 - .50
seconds. The B-1 and the 707 with gross landing weights of about
190,000 1bs. show corrections lasting from 2.5 to 4.0 seconds.
Graphing these three points against the aircraft weight leads to the
conjecture that control application duration and aircraft mass may be
linearly related. <C{onsidering this relation, equations (152) to (156)

take the form

~Xa (mref) .85
fx =
c (Yx) (ma) T

(157)

where

ﬁxc is the commanded surface deflection

xe is the aircraft variable error
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Yx is the appropriate stability derivative combination

m 1s set at 350 slugs

ref

m, 1s the aircraft mass
T 1s the pilot time delay ~ .125 seconds
and the .85 factor has been determined from experimental data matching.

0. Remnant

With the parameters for the determination of control action now
defined, the effects of processing Inaccuracy as well as neuromuscular
noise need to be accounted for. A typical form for the statistics
of such noise is given by [10]

V= & * E[6c?] (158)

where

Vm is the variance of the motor noise

6c is the commanded deflection

and < is the motor neoise to signal ratio.

Here p, was used as .01 yielding a 1 to 5% variability in the motor
noise.
Additionally a minimum value or threshold value was established

such that the minimum value of UVm was .1° as shown in Figure 13.

1]
Il’lﬂ

.0025 rad

Uac

Figure 13. A Threshold on Motor Noise
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This effect was necessary to account for results seen in longitudinal

systems where errors tend to be small.

P. Physical Limitations

In addition to other constraints already considered, the physical
limits of a contrel surface to maximum deflection should be incorporated
to avoid misleading results. For an aircraft with good aerodynamic
behavior, these limits will not be reached during flight in moderate

turbulence. Typical walues of such limits are

Variable Limit
Se +26.5°
sa +25°
ér +24°

The above values are for an A~7D on power appreoach [41]. For the cases
in this study, the physical limits for all control surfaces were

artificially fixed at +16°.

Q. Pilot lag

In addition to his pure time delay, the human pilot possesses the
undesirable attribute that he cannot instantaneously input his desired
commands Into an aircraft system. Rather a definite lag of .08 to .2
seconds is encountered [37). 'Thus a typical control input segquence

might appear as shown in Figure 14§,

Time

Figure 14. Control Input Sequence
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The labeled points can be dinterpreted as follows:

A

control action begins

B - peak achileved; no further action required

(]
1

action begins

L=}
1

additional action required
E - further action requilred

F

no further action required.
From the urgency for action concept, control actions are prohibited
in theé non-critical variables other than a return to neutral

position while contreol action 1s occurring in the critical variable.

R. An Engineering Approximation

To facilitate programming of the concepts presented here, an

"engineering approximation"

that the pilot lag equals the pilot delay
was made. Looking more closeiy at this approximation (as in Figure 15)

allows differing implications to be drawn.

Time
Figure 15. A Single Pulse
Somewhere between points B and C effective control begins. For
purposes of this study, the time between A and B® will be called the
effective time delay and defined by eguation (159)
Te = 1.4t (159)
where T is the pure time delay of the pilot. This leaves an effective

lag time of

e = «6T (160)
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For the cases shown here,
1= ,125 seconds
. = .175 seconds

e

T = (075 seconds

Le

Figure 16 presents an overall flow diagram of the control action

implementation,

8. The Pilot Rating

Many simulations and flight tests have made use of the subjective
Cooper Harper rating scale to obtaln pilot opinion either of aircraft
performance or task difficulty. Many others have quantified this
rating in terms of both performance errors and lead generation require-
ments [21,22,23,33,34] for a single axis control task.

Based on equations (142 - 148) an attempt was made to determine
pilot rating quantitatively based solely on rotational angular rates.
Some background on this idea is given by Systems Technology Inc. [40]
who give some ideas of the acceptable limlts of certain variables
during power approach.

Other observations from psychologlists concerning the assignment
of maximum and minimum ratings also seem pertinent [42]. The tendency
to avoid extremes clearly atems from the unknown of the next occasion
which could significantly affect the opinion of the current situation.
Thus over mid-range ratings a more gentle slope is experilenced than
at the extremes. With these factors in mind, the plecewlse linecar

relationship shown on Flgure 17 was determined through data matching.
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The equations represented by thehfigﬁfé are

Tr = V; 2 + o 2 o 2 = the total rotational rate
P q r
For Tr < 4.5 Pr = 2, + .22 Tr
4.5 < Tr <11 Pr = ,615 Tr + .35
(161)
11 < Tr < 23 Pr = .25 Tr + 4.25
Tr > 23 Pr =10

With this formula the pilot rating seems predictable within 41 rating
unit which is about the expected inter-pilet deviation in ratings.

Data on this subject is presented in Chapter VIII.



VI. System Integration and Special Requirements

The models described in Chapters I through V were incorporated
in a digital computer program using the Fortran IV language. The
program was compiled and executed using a Contreol Data Corporation
Cyber 74 configuration. Implementing these models into a computer

program introduces several requirements not mentioned up to this point.

A. The Turbulent Environment

The sclution of linear stochastic differential equations of the
type discussed in Chapter IV in conjunction with the turbulence model
is not a straightforward process. Understanding of both the method
of time propagation of the driving white noise sequence as well as
the method of integration are essential in order to obtain correct
statistical results from the sclution of these equations. Here the
nolse process was propagated by linear interpolation between two
Gaussian distributed points across the Integration interval which
was equal to the pilot's pure time delay. 'The integration routine used
was a fourth order Runge Kutta routine with an Adams-Moulton predictor
corrector. The method of solution used was researched as part of this

study and is presented in [25].

B. Generation of the Pilot's Commands

The pilot's commands are generated by linear interpolation from
present position to the desired position across the integration
interval. Whenever the pilot's command is for a different control surface,
the remaining two surfaces are returned to a nevtral trimmed position

and are disturbed only by the remnant injection. If the command is for
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additional input in the same channel, it is implemented without
returning to the null position as depicted in Figure l4. These pulses

provide impulse-like inputs to control the system,

C. The Complete State Model

The aerodynamics of the aircraft, the stability augmentation
system equations, and the localizer and glideslope deviation equations
were combined with those of the turbulence model to give the complete
state model as shown below.

The following additional definitions are needed:

o + ugust =% + *15 (162)
2y + ugust: T % + *17 (163)
23 7 B+ Bgust T %Xyt Ey (164)
Zp T P + pgust RSN + %19 (165)

= r + = + x {166)

Toust ™10 © *22
The coefficients cL of the gust model were determined in Chapter IV

and are repeated here for convenience

v
= ..'T
€1 Iy
u
= Ty?2Vp
c, = /L
2 u
< VT
eq = =7
W
c4 =1
oy Vo -
C = T T (l_ 3)
5 l‘tq ]‘\J
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Uw /EQT

c, = -
6 VT Lw (167)
.- —ﬂVT/
7 4b
. o ViVp /.schw)l/a
8 4b Oy 4b
v
T
ey, =~ /
9 Lv
Ov VVT
c10 = ET‘ — {1 - Vghs
v v
g VSVT
v
c =
11 VT Lv
MV
Cig = /3b

With these definitions the complete state model emploved was:

Variable State Equation Equation #
8 = ) X = xh 46
u = x, Xy = Xy Z4 + Xu Zg T 8 X cose0 - W0 X, 48
o= x Xa = 2%z +2z 2, +2% x, - g sing_ X1/
3 3 u “1 a "2 e 6 0 VA
48
X
+ UO 4/VA
q=x, X, = M& Zy %y + (M, + M& zu) zy + (Mq + M&) ®y
48
+ Mq X1 * (MGe + My zGe) X
» l K‘
¥q T % Xg = = /tq X = q/tq X, 78
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Variable

aug

8y

State Equation

5e2=1~% x5+—1§§~ X,

Geaug = Gel + 692 + 5e3 + 554

ié = - %; Xe + %E (wSeaug + 6ec)
X, =

7 = 1/10 sect

Xg = Y, 24t (g x9/VA) cosBy + Yo X,
- Up ZSIVA + (g x7/VA) sing  + W, xll/VA
x9 = X4 - xlO tanGO
X0 = NB z4 + Nr zs + Néa X; 9 + Nﬁr xla + NP z,
Xy T Lg Byt Dy 2o Flgy Xpp Flgy Xy Tlpgy,
* l l
X577 ¥ t (Sa_ + 82 )
12 Lcon 12 con ang c
}-{ = Krallg [N z. + N =z + (N + K N
13 t 8 "3 L p paug da
Faug
* KPaUB Kari NSI) %4 + (Néa + Kari Nﬁr)
Gac + (Nér — ) x13]
Kraug
X4 = " : %Xy, t [x,, + 6r
14 1 T 13 e
con2 con2
6rcoord]
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Variable
ug’ = X6
Y
g = *18
pg T X9
Bg’ = ¥20
Bg = X1
LY
d = Xon
b= %
Ay = Xoe
Ay T X

vhere

16

* 0, X +

3 17
¢y Xyg =

18

Xlg +

cg X +

g ¥21 T

c10 (g5

-x. VA
x3 -+

2

-+ Wo x|

(x8 + Xq
v

T
e (¢ +

f(ﬂi> =

State Egquation

<, f(na)

Cg X1g + g f(nu)

Cg f(np)

f(ns)

10 ¥y T eyp £lng)

21)

')
A xl

X sineo - X, Va cosﬁ0 + U, X1 cose0

sing,
b] secﬁo

R)

Y T
Wy

where (1:1 = u,a,p,B8)

and Wy = 1'8/T where T is the integration

step size.

0

7 (g +owy ngd

Equation f
104

104

116

110

105

105

115

132

130

134
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D. Intepration of the State Equations

Integration of the state equations wags performed using a variable
step size 4th order predictor corrector scheme. Credit for the pro-
gramming of this routine goes to Major James Funk, formerly of the Air
Force Institute of Technology. The integration routine is quick,
accurate, and dependable allowing the system of equations to be
integrated in near-real time. This routine as well as the program
created by this study can be obtained through the Air Force Flight

Dynamics Laboratory as described in the foreword.

E. Statistical Computations

The statistics computed in the program are simple. The mean was
calculated from [43:12]
1 B
X = ‘E z Xi (168)
i=1
while the vardiance was determined from

2 1

° % A1)

n n
[ 2 ox? - (2 o e g -0 . (69)
i=1 i=1

The standard deviation, ¢, is the square root of the varlance. The
data, Xy» for these computations was taken at 8 samples/second {1/71)
with no data taken during the first few seconds in order to avoid
transients. The maximum and minimum of each variable were also stored

during the runs.
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VII. Aircraft Investigated

Several different alrcraft were investigated during the course
of this research. The primary criteria for selection of the aircraft
to be studied were:

a}) suitable aerodynamic and control system information was
readily available

b) the aircraft were from different classes [7:10] (i.e. trainer,
fighter, fighter bomber, and transport)

¢) the aircraft had been simulated using a man-in-the-loop sim-
ulation and a sufficient set of data was collected to make a comparative
analysis possible.

With these criteria in mind, four aircraft were selected. They

are shown in Table IV.

Table IV. Alrcraft Investigated

Aireraft Data Source Reference
¥-5 Northrop Corporation [44]
A-7 Northrop Corporation [44]
707 AFFDL/FGD [45]
T-33 AFIT —— AFFDL/FGD [23]

Some other aircraft for which a comparative performance data set was

lacking were also processed.

A. The F-5 and A-7 Adrcraft

Both the F-5 and A-7 aircraft were investigated by Mr. E. D,
Onstott of Northrop Corporation. The research was performed for the
Adlr Force Flight Dynamics Laboratory as reported in [44]. Basically

three tasks were flown: pitch, roll, and heading hold. Both the
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lateral and the longitudinal axes were always flown simultaneously
although lateral tasks had only lateral gusts and the piteh task had

only longitudinal gusts. A gust model which employed only w

]

gust
v s q , and r was used. Since both of these aircraft have
gust gust gust
short wingspans, pgust’ can be eliminated and ugust contributes
negligibly to performance degradation.
Specifically, the tasks can be described as:
Task Requirement
Pitch Hold pitch altitude, wings
approximately level
Roll Hold approximate altitude, maintain

wings level, ignore heading

Heading Hold approximate altitude, maintain
heading

Duration of the simulated flights on the moving base simulator was
about 120 seconds with data recording beginning after a 10 second lapse
to allow acquisition of the task., Instrumentation was standard for IFR
flight with the notable exception of the presentation of the roll error
during the roll task. No visual display was used providing a strictly
IFR condition.

The variables recorded and presented were 6,¢$,y, and B. Pilot
ratings were taken based on the Cooper Harper rating scale. However,
the pilots were instructed to rate the difficulty of the task without
trying to compensate the rating for the turbulence level. The pilots
defined the turbulence levels they flew as light, moderate, or heavy
for each flight condition [44:23] and hence were probably aware of

the turbulence level by the time data recording began.
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For the F~5 and A-7 the pilots chose the followlng intensities

as corresponding te light, moderate and heavy turhulence:

Level Intensity
Light 3 ~ 5 ft/sec
Moderate 6 - 11 ft/sec
Heavy 11 - 15 ft/sec

These choices are only approximate and varied somewhat depending on
the aircraft and the flight condition. The moderate level agrees
approximately with the levels given in Mil Spec 8785B. Twice the
nominal Mil Spec level corresponds with the heavy turbulence condition
indicated above.

Table V gives the values used for the physical, geometric, aero-
dynamic, and control system parameters of the F-5 and A-7 aircraft in
the flight configurations of this atudy, The A-7 values were
validated by comparison with another published report [17]. This
crosscheck revealed that the stability derivatives given were for
body centerline axes and so the additional variable, o,, is necessarily
included in Table V. Other work [22] has assumed the body and stability
axes to coincide which may be valid for o, small but in several cases
considered here this assumption causes a marginally stable (unaugmented)
Dutch Roll to become unstable or nearly neutrally stable and hence less
desirable for analysis and realism. With this in mind, the F-5 data
was assumed body axils also and comparisons with the root locl of [44])
confirms fhis assumption. From the root loci, a s for the F-5 was
estimated. Additionally, one typographical error was found in F-5
Case #4 where Lp' should be -1.360 instead of ~.1360. Conversations

with Mr. Onstott confirmed this error.



Table V. ¥-5/A-7 System Parameters

Aircraft F-3 - A-T7

Flight

Condition #1 #2 #3 #4 # #2 #3 #h

X, -.082 -.009 -.022 -.006 ~-.006 ~.044 .003 ~-.0L9

X, -66.194 -75.867 83,801 ~84.379 34.1 32,273 8.526  27.682
z: -.000 -.001 =-,000 -,000 -,000  .000 -.000 -.000

Z, -1.717 -.924 -1.993 -.681 ~-1.16 -2.12 -.554 -1.01

Z%, -.435 =.221  ~.459 -,148 -,157 ~,220 -.074 -.114

M, -10.3  -3.59  -11.4 ~4,11 =-9,081 -27.8 -4.15 ~-13.14
My, ~47.2  =10.5  -64.4 ~15,48 -18.9 -41,7 -8.19 -20.20
M, -1.35 ~.478  ~2,04 -4.93 -.696 -1.07 -.330 ~-.539

M -.065 -.,004  =-.152 ~,028 ~.133 ~,267 ~.065 ~-.143

Mass 350. 350, 350.  350.  680. 680, 680.  680.

U, 889.  439. 988.  789.  635. 952. 584,  876.

a, 0.8 8.0 0.0 6.0 4.0 2.5 7.5 3.8

K 055 .123 ,055 .09 .25 .25 .25 .25

K .008  ~-.031 .008 ~-,031  0.00 0.00 0.00  0.00

t, .01 .01 .01 .01 01 .01 .01 .0L

£y .08 .08 .08 .08 10 .10 .10 .10

Y, -.584 -,288  -,787  -,192 ~-.187 ~.310 =-,085 ~.145

Vi, , 095 . 061 . 086 041 .054  .055  .027 .035
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Aircraft

Flight
Condition

6/

LGr

t
con
tc0n2

traug

aug
Kpaug

ari

#1

~74.8

13.8

28.0

-3.28

801

35.6

-12.,15

2.04

.154

-.839

.01

01

.50

031

0.00

0!00

25.3

0.00

#2

~22.4

4.23

8.43

""10746

<395

7.43

-3.74

1193

.062

-.365

.01

.01

.50

.62

0.00

0.00

25.3

0.00

Continued

#3

-102.1

12.28

26.5

-3.57

1.028

56.3

~12.34

2.80

.188

-1.02

01

.01

.50

.27

0.00

0.00

25.3

0.00

14

"27.6

5.16

12.01

-1.36

.231

11.54

~-4.75

.619

.051

~.283

01

.01

.50

.52

0.00

G.00

25.3

0.00
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#1

-29.2

7.27

17.60

~2.73

.868

3.12

—5154

1.37

-.116

-.541

01

.01

.10

<25

-.10

147

38.7

0.60

#2

"66’0

11.20

24,10

-6.19

.843

10.20

-8.80

1.64

—1207

_-975

.01

'01

.10

«25

-.10

.153

38.7

0.00

#3

-14.90

3.09

7.96

-1.40

599

1.38

~2.54

.652

-. 080

-.247

.01

.01

.10

.25

-.10

.20

38.7

0.00

f14

-30.6

6.55

14.20

-3.00

<563

4.72

-5.11

1.01

-.112

-.455

01

.01

.10

.25

.20

38.7

0.00



Alrcraft

Flight

Condition #1

G 0.00
¢

Altitude 5135.

Kazs 0.00
3 12.0
X

Note:

Table V. Concluded

F-5 A-7

#2 #3 #4 #1 2 #3

0.00 0.00 0.00 0.00 0.00 0.00

4

0.00

4950. 5000. 32150, 15000. 15000. 35000, 35000.

0.00 0.00 0.00 -.00054 -.00054 ~.00054 -.00054

12.0 12.0 12.0 16.0 i6.0 16.0

Derivatives are body centerline axis derivatives.
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Figures 18 and 19 show the appropriate stability augmentation for
the F-5 and A-7 respeectively. They are both rather conventional systems

employing a pitch damper, a yaw damper, and roll rate feedback.

B. Boeing 707 Alrcraft

The Boeing 707 was simulated on a moving base simulator by the
Flight Dynamics Laboratery for the Federal Aviation Administration (FAA).
As part of the research work, the author in conjunctlon with other
membere of the Systems Dynamics Branch of the Flight Dynamics Laboratory
developaed a high sample rate digital magnetic tape data collection
system which allowed 50 aircraft related state variables to be sampled
at a rate of 10 samples/second, A task group headed by Captain R. V.
Gressang made preliminary investigations of visibility effects upon the pilot's

powered approach performance of a task in the 707, Among the data collected

were 10 approaches each by 2 USAF pilots in dense fog (100 ft breakout/1200

ft runway visual range). These IFR runs provide a basis for the analysis of the

707 in powered approach made here. Light turbulence (2 ft/sec rms)
was used in conjunction with this experiment in order to provide a
turbulence which might normally be encountered in fog without decisively
increasing the workload of the pilots. A complete six~degree-of-freedom

gust model wag used with the followlng average intensities:

o“gust = 2 ft/sec Opgust " .4 deg/sec
Woust 2 ft/sec Sqgust = .3 deg/sec
Uwgust = 1.4 ft/sec Oroust " .4 deg/sec

A value of approximately .25 times the Mil Spec nominal value produces

this light turbulence.
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The Longitudinal Feedback

de Se i o
F-5A -
- q
Kq 8 -
.08s+1
Kq FpE——
The Lateral Feedback
r &r ““"""""L’
e F-5 r -
K’faau.tgs
.58+ |[Eb———

Figure 18. F-5 Stability Augmentation System
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The Longitudinal System

8y
A-7 q I
-.25
| -.00054
The Lateral System
da -
< A s
Kari 5a P
A=7 Rl
8r -
s

Figure 19. A~7 Stabllity Augmentation Systen
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The powered appreach was simulated from approximately 3 miles from
the GPIP (Glide Path Ihtercept Point) to touchdown. An American
Alrlines Redifon Visual System was usgsed; however, until breakout at
100 ft altitude (2000 ft range), there were no visual cues available
and thus strictly instruments were used for flying the apprecach down
to breakout. All landings were made in daylight using a strobe marked

apptroach.

Instrumentation included an ADI (Attitude Director Indicator)
and HSI (Horizontal Situation Indicator) incorporating the FD-109 flight
director system. Additionally radar and barometric altimeters, air-
speed, angle of attack, g, and mach meters were available in the 707
simulator cockpit.

The pilot's assigned task was to land the aircraft using those
procedures he would have used in an actual aircraft. A pilot rating
of aircraft performance under the given conditions was obtalned using

the Cooper Harper rating scale.

C. System Parameters for the Boeing 707

The Boeing 707 was simulated as an unaugmented aireraft although
the actual aircraft may employ a stability augmentation system (yaw
damper). Particularly the yaw damper adds increased stability to the
lateral system in the actual alreraft. Accordingly the lateral system
was modified by changing Lp to yield improved handling qualities
without a yaw damper.

The stability derivatives for the 707 are presented in Table VI.
These derlvatives are given in the primed stability axis system.

Note these derivatives are for power approach where the flight path

angle 1s -3°,
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Note:

Table VI, 707 System Parameters

) 040

1%3.115

-.001

"a597

-.030

-1.003

-.863

~.687

-.271

3900.

233.

0.

0.

.0l

.50

".095

.033

~1.628

LGr

Teon
Tcon2
Traug
aug
KPaug

ari

Go

«211

141

-2.026

.610

567

-.382

.0L1

-.136

-.248

.01

01

130.8

Derivatives are primed stability axis derivatives.



D. NT-33 Aircraft

The NT-33 aircraft was simulated by Major John Arnold for his master's
thesis [23]. The simulation was performed using a fixed base simulator
at the Ailr Force Flight Dynamice Laboratory. Instrumentation was an
oscilloscope with the horizontal trace representing pitch angle dis-
placement much as an ADI. Air Force pilots were used and an average
set of deviations for the variables 6,q,x,8e and de was obtained for
different longitudinal configurations of the variable stability NT-33.

The gust model used was described earlier in Chapter IV. The gust
intensity level was set at 10 ft/sec. Pilot ratings based on the

Cooper Harper scale were taken. This was a one-axis simulation.

E. System Parameters for the NT-33

The longitudinal parameters for eight different longitudinal
configurations of Interest are presented in Table VII. The longitudinal
axis of the alrcraft is unaugmented and represents varying degrees
of damping and different natural frequencies. Configurations 9, 10,
and 11 are heavily overdamped and not generally representative of
typical aircraft dynamics. A typical setr of lateral dynamics [46]
for the NT-33 was chosen and a yaw damper added to provide a system
which would not detract from the pilot's capability to control the
longitudinal system. Table VIII shows the parameters used for the

lateral axis of the NT-33.

F. Other Aircraft Simulated

Although comparative analysis data was not avallable, the DC-8,
F-4B, YQM-98A, and the A-7D in power approach were dipgitally simulated.
The stability derivatives and augrmentation systems employed are glven

in Table IZ.
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X

nass

-007
22.287
-.000
-1.58%
-.091
-6.64
=14,54
1.13
-2.579
.69
2.2
488
9500
6.53

425

Note:

Table VII. NT-33 Longitudinal Dynamics

2D

.007

22.287

-.000

-1.59

-.091

"'6-64

-14.54

-10.92

5.653

.70

4.9

488

9500

6.53

425

3A

007

22.287

-.000

~-1.59

-.091

~6.64

~14.54

~54,99

44,387

.63

9.7

488

9500

6.53

425

4A

.007

22.287

-.000

-1.59

-.091

-6.64

-14.54

-11.55

10.336

.28

5.0

488

9500

6.33

425

84

S5A

.007

22.287

-.000

-1.59

-.091

-6.64

-14.54

-12.18

11.935

.18

5.1

488

9500

6.53

425

S

.007

22.287

~,000

~1.59

-.091

-6.64

-14.54

.850

~7.080

1.7

2.3

488

9500

6.53

425

Derivatives are stability axis derivatives

10

. 007

22.287

-.000

-1.59

-.091

-6.64

-14.,54

.850

-4.78

1.2

2.3

488

9500

6.53

425

11

. 007

22.287

-.000

-1.59

-.091

-6.64

-14.54

-2.672

~-2.998

1.1

3.3

488

9500

6.53

425



Table VIII. NT-33 Lateral Dynamics

Y, -.128
v .036
Ly ~7.42
Ly, 1.39
Ly 11.70
L, -1.56
L 256
N 2.60
Ny -3.21
Ny, .121

N, ~.038
N, -.204
K pug 1.0
Traug 1.0

b 37.5

Note: Derivatives are stability axis derivatives.
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Table IX. Other Adircraft Longitudinal Parameters

Adrerafti DC-8 F-4B YQM984A A-7D
% ~.037 071 " -.058 - 046
X, 31.008 6.70 10.917 21.075
Zu ~,001 -~,001 -.002 -.000
Za -.750 -.373 -2.451 -.708
Z -.04 1 -.041 -, 088 ~.111

de
M, ~-1.051 ~-1.962 -2.697 -2.5
Mﬁe -.823 =1.702 -4, 042 ~3.86
Mq -, 594 ~,285 -1.232 -.388
M& ~.194 ~. 134 -.292 -, 075
U0 228. 226. 169, 253,
h 500. 500, 500. 500.
Ex 25.2 17.8 0. 16.
Gy 14.7
Mass 5580 1031 177 642
kq 0. D. 0. 250
ke 0. .65 0. 0.

q

1 10.1. 502 -Ol -01

a

Tq .01 1.00 01 .55
KaZS 0. 0. 0. ~,00212

Note: Derivatives arc stability axils derivatives except: for the T-4B
which are body centerline axis.
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Alrcraft;

Table IX. Other Alreraft Lateral Parameters

DC-8

-.089
.031
~L.40
.159
1.13
-1.,04
47

. 368
-.368
0.00
-.029
~.257
. 000
.01

142.4

-6094

=470

2.567

~1.095

846

2.228

"'-773

o 058

"‘0022

-.252

87

YQMI8A
~.156

041
~2.174
.030
3.364
-10.62
.0%6
1.379
-.940
-.1bb
=1.204
~.274
0.

.01

Bl.2

A-7D

-.251
.045
-11.80
2.24
14,4
-2,24
.915
2.43
~1.69
« 045
-.143

~.405



VIII. Results of the Digital Simulation

All of the aircraft described in Chapter VII were simulated
using the digital computer program developed by this research. The
output of each of these cases is included in the Appendix. The
various parameters avallable for comparative analysis will be pre-
sented in both tabular and graphical form showing the correspondence
between the hybrid man-in-the~loop simulation and the digital
simulation of this research. Appropriate statistical tests are per-
formed which verify the data match between the different methods of

simulation.

A, F-5/A-7 Comparative Analysis

Since the F-5 and the A-~7 were both simulated by Northrop
Corporation, their comparative analysis will be treated simnltaneously.

Three particular environmental conditions were chosen for amalysis:

Condition Description
1 Augmented Aircraft/Mil Speec Turbulence
i Augmented Aircraft/Double Mil Spec
Turbulence
3 Unaugmented Aircraft/Mil Spec
Turbulence

Since the digital simulation, like the man-in-the-loop simulation,
produces one realization of a stochastic process using a particular
noise set, the results of each digital run were compared with the
avallable Northrop data sets. The set of Northrop data which most
closely approximated the digital data was chosen for comparison when

more than one set of Northrop data was available. For example,
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for the augmented A-7 #1 with Mil Spec Turbulence, the following

Northrop data was consldered:

Run # % Iy Og Ovg Pilot
732 4.08 .70 .60 4.66 WWK
733 2.88 .63 .64 4.89 WWK
738 4,20 .59 .64 4.94 JBJ
739 3.41 .57 .66 5.03 JBJ

The digital results were

2.85 .91 .67 4.84
Thus run #733 was chosen as the best data match. The results of these
data matches were plotted for the various condition considered. The
heading and pitch tasks were flown. Tigures 20, 21, and 22 show the
results of the individual conditions while Figure 23 provides a com-
posite of all three conditions, The plots show one sipgma values of
8,¢,p and B with the digital simulation always on the vertical axis
and the manned simulation on the horizontal axis. Tables X, XI, and
XII show the plotted data in tabular form. The run numbers referred
to are the Northrop designators given in [44].

Statistical F tests were performed on ;ach of the runs [43:74].
Performance of this test requlres determination of the number of
degrees-of-freedom inherent in the data. Since the largest time
constant of the system was about 7 seconds, a value of 10 seconds
was chosen to imply the addition of a degree-of-freedom. Hence, with
a total run time of 100 seconds both the digital and Northrop data

were considered to have 9 degrees-cf-freedom. = 3,18 at the .05

Fa,9
level of significance and Table XIII shows the resulting F test ratios.
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Table XIII. I Tests of the F-5/A-7 Data F Test Ratio for

F-5 #1
ft2
i#3
{4
A-7 {1
2
#3
ft4
F-5 {1
{2
#3
4
A-7 #1
f#2
#3
#4
¥-5 il
#2
#3
4
A-7 1
#f2
{3
ith

* liypothesls rejected at .05 level of significance

8
1.43
1.00
1.50
1.00
1.07
1.67
1.06
1.00

1.33

1.23
1.14
1.00
1.05
1.41
1.10

1.48

3
3.08

1.58
5.28"
2,59
1.27
1.39
3.25
2.34
1.80
1.02
4.26"
1.16

1.03

¥
1.23

1.03
1.35
1.58
1.37
1,13

2.54

1l.41
1.40
1.26
1.66
2.46
1.60
1.19
1.48
1.13
1.09
1.20
1.13
1.13
2.32

1.03

97

B
1.53
1.80
1.46
1.57

1.07

1.29
1.36
1.46
1.92
1.36
1.11
1.77
1.40
1.02
1.52
1.27
1.08
1.18
1.18
1.40
2,77

1.29

Comments

Augmented; Mil

Spec Turbulence

Augmented Double

Mil Spec Turbulence

Unaugmented Mil

Spec Turbulence



Asterisks mark test points where hypothesis rejection occurs. All

of these vests for 0,y, and B accept the hypothesis that the variances
are representative of the same population. Almost 80% of the wvalues
for the secondary varliable ¢ pass the F test. Based on these tests,
the data scts were accepted as matching.

Additionally, the graphical data shows the degree of correlation
with the 45° line on each graph representing the line of perfect
agreement. Symmetric dispersions occur for 6,y, and G while ¢ appears
to have a rtendency to be lower In the digital simulation. The pilot
ratings, being subjective in the manned simulation, show the widest
dispersion. The F-5 digital pilot ratings tend to be slightly higher
than the manned simulation while the A-7's were slightly lower in two
instances. However, considering Interpilot variability, the dispersion

18 not intolerable.

B. Boeing 707 Comparative Analysis

Since the author was personally involved in the simulation of the
707, more comparative data were available on the 707 to test the validity
of the digital simulation. The followiag variables in particular were
studied: &,q,8e,¢,¢,8,¢,p,r,5%a,8r,h, and y. 1f reasonable comparisons
can be shown here, then a degree of coanfidence can be established for
the digital simulation method.

To make comparison of the digitally obtained data and the actual
manned simulation data as easy as possible, ten digitally simulated power
approaches were made using the computer program developed in this
study. The one-sigma values for the studied variables are presented in

Table XIV. Also presented in Table XIV are the average one-sigma valucs
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for each of the variables for each of the two pilots who flew the
actual manned simulation. More complete data on the Individual pilocs
is presented in [45]. These average standard deviations are also
presented in Table XV along with average values of the digital simula-~
tions and the extreme values of the manned simulations. The most
noteworthy difference between the average standard deviations is in the
rudder deflection. An assumption was made In Chapter I that the pilot
would tend to cerrect localizer and heading errors using the rudder.
The Dutch Roll mode of the 707 is easily excited by the human pilots
using the rudder. For this reason, they are trained not to use the
rudder during powered apprecach. They make the necessary corrections
rather by using the allerons. On several runs not considered by this
study, the pilot chose to depart his training and use the rudder to
make lateral corrections. When he did, the resulting one-siema value
for the rudder deflection closely matched those determined by the
digital model. The method of control aside, the performance variables
$,0 and B remain consistent with expectations,

The data of Table XIV are also presented graphically using bar
charts in Figure 24. Here the ten experimental values for each variable
from the digital simulaticn are plotted as circles and the average
values for the individual pilots are represented by a triangle and a star.
The object, clearly, is to imbed the triangle and star among the circles.
The tic marks to the right of the axis indicate the extreme values
achieved by the human pilots and given previously in Table XV. As
can be seen, except for q and dr, all values from the digital simulation

fall within the extremes achieved by the manned simulation.
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Table XV. Digital and Manned Averages and Manned Extremes

10 Runs Averape Average Pilot 1 Pilot 2
Average STD DEV Pilot 1 Pilot 2 Min Max Min Max Variable

.51 .05 .70 .54 .49 .91 .33 1.0l THETA

.29 .03 .57 55 .41 .72 .28 .84 Q

.55 .07 .87 .95 .40 1.27 .44 1.40  DE
1.22 .22 1.57 1.20  .8L 3.36 .54 2.20  PHI
1.18 .21 .91 1.05 .22 1.94 .30 2.22  PSI

.82 14 .66 .63 .20 1.11 .43 .8  BETA

.48 .06 .58 .53 .36 .85 .39 .82  ALPHA

.76 .15 .80 .97 .54 1.22 .80 1.28 P

.71 .16 .67 .57 .39 1.14 .35 .80 R
2,51 .62 2.57 3.82 1.74 3.38 2.83 5.40 DA

.84 .18 .00 .00 .00 .00 .00 .00 DR
5.57 .79 5.77 3.65 1.27 11.34 1.32 10.62 H
23.24  5.74  27.18  18.90 5.39 53.42 2.51 43.27 Y
2.00 .26 2, 2. . U GusT
1.96 .33 2, 2, V GUST
1.49 .20 1.4 1.4 W GUST
2.24 .05 2.6 2.6 PR
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Various statistical tests of both a parametric and non-parametric
nature were run upon the 707 data to test the hypothesis that the
variances determined by the digital simulation were representative of
the same population as those of the actual manned simulation., The
statistical M-test [43:78] was run using the digital data alone,
each of the pilots alone, the digltal data in union with each pilot,
and the digital data in union with both pilots. The results are
gshown in Table XVI. The M test found the digital data homogeneous as
was piloet 2 data. However, non-homogeneity was detected in the
variables h and y of the pilot 1 data. With thils in mind, the only
clearcut areas of difficulty between the digital data and the piloted
data was the variable dr which was known to differ because of
technique as described above.

The nonparametric Mann-Whitney U Test [47:140) for samples having
the same median was run against the data and found difficulty only in
g, 8e, and 6r as might have been expected from the bar graphs. A
Bhapkar V Test [48] for scale was also run on the data. The results are
presented in Table XVII. The only areas of difficulty added by the
digital data are q, 8e, and 6r. A Kruskal Wallis [48)] test yielded
identical vesults.

A possible reason for difficulty with q and Se is failure of the
linearized equations and constant stability derivatives to describe
the longitudinal situation adequately. Optimal pilot modeling efforts
working on the same data are encountering similar difficulty in this

area.
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Table XVI. M=~Tests of the 707 Data

Variable Digital Pilot 1 Pilot 2 Digital + Diglital + Digital +
Pilot 1 Pilot 2 Pilot 1 +

Filot 2
0 1.5 7.5 2.6 10.01  8.51 16.16
q 1.9 7.6 3.1 34.77 28.53 46.20
de 2.9 6.1 5.2 26.63 20.54 35.81
$ 5.3 8.7 10. 14,06 20.36 29,17
v 4.9 14, 14, 19.44 19.38 35.81
B 5.0 3.6 13, 12.98 18.62 26.15
a 2.3 4.9 4.1 7.9 7.83 13,00
p 5.8 1.6 3.8 10.69 9.84 14 .47
r 7.9 2.8 7.3 12.72 15.17 20.03
sa 9.3 1.9 2.5 21.01 11,85 24 .37
br 7.6 0. 6. 260.2%  240.2" 465.2"
h 3.2 21.* 16. 26.97 21.66 47.01
v 10. 30.” 14. 40.64%  26.80 57.24*

* Hypothesis rejected at the .025 level of significance.
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Table XVII. 707 Bhapkar V Test Results

Variable Pilot 1 + Digital + Digital +
Pilot 2 Pilot 1 + (Pilot 1 +
Pilot 2 Pilet 2)
(3 way Test) {2 way Test)
8 .088 .077 .210
*
q 816 .000" .000
se .535 .002" .o01”
¢ .152 .368 671
v .752 .092 042
B .535 067 .027
o 757 .092 .576
p . 048 . 054 ,077
r 439 .206 .123
* *
sa .000 .020 040
* E
St 1.000 .000 .000
*

h 018" .000 .054
v .188 .236 .929

*
Hypothesis rejected at the ,025 level of significance.

106



As a final view of the relation between the digital and manned
results, a set of time historles for both the digital and manned
simulations are presented. Figures 25 -~ 31 have the digitally pro-
duced time history on the left and the manned simulation time history
on the right. The digital data was sampled at a rate of 8/second while
the manned data was sampled at 10/second which produces some higher
frequency content in the manned simulation graphs.

Based on the above analysis of the digital and manned data, the
digital simulator Is considered to have accurateiry simulated the 707

under the gilven conditions,

€. NT-33 Fixed Base Simulation Comparative Analysis

The analopg fixed base longitudinal simulation by Major John Arnold
[23] of the variable stabillity NT-33 was repeated digitally in the hope of
attaining further data comparison. Major Arnold's gust model was
employed for the longitudinal system. Values avallable for compariscn
inciuded 6,q, and 8e. The results of the digital simulation are
compared graphically with those of the analog simulation in Figure 32.
The piteh rate and elevator deflection appear to match reasonably
well; however, a clear offset of about .23° exists in the rms value
of the piteh angle, 9, with the digital simulation providing the higher
result. Conjecture as to the cause of the cffset ranges from amplifier
malfunction, display offset or other mechanical problems in the analog
simulation to using the multiaxis model in the digital simulator with

single axis data.
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Tabular comparisons of the data are presented In Tables XVIIL
and XIX. Good data matches are noted for q and de where problems
occurred in the 707 data. It 1s significant to note the dynamics
represented here do not necessarily reflect those of conventional
aircraft.

Statistical F Tests of the comparison data were made similar
to those done for the F-5/A-7 data. Table ¥X shows the ratios and

the rejected points. Each set of data had 9 degrees of freedom.

Table XVILI. Comparison of the NT-33 Data with Average Analog Results

Source Case Og Uq J§e
Digital 1p .548 677 .160
Analog ip 275 .639 .163
Digital 2D 742 .902 .199
Analog 2D 461 .996 .373
Digital 34 1.039 1.788 .230
Analog 3A .593 2.172 .252
Digital 4A 1.067 2.275 .300
Analog 4A 752 2.133 453
Digital 5A 1.208 3.245 .349
Analog 5A .877 2.903 461
Digital 9 .596 449 171
Analog 9 337 46 .235
Digital 10 420 .270 L142
Analog 10 .108 .155 .057
Digital 11 .322 .235 .135
Analog 11 .102 .195 136

Note: This table compares the average rms values of Arnold's data to
one Monte Carlo run of the digital simulation.
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Table XIX. €omvarison of the WT-33 Data with the Range of the Analog Results

Source Case Og cq I§e
Rigital in 548 677 160
Analog 1D .20-.37 «55-.77 .11-.20
Digital 2D 742 . 902 .199
Analog 2D +33-.60 .93-1,03 «27-.48
Digital 3a 1.039 1.788 .280
Analog 3A .55-.65 1.76-2.61 .18-.30
Digital 4A 1.067 2.275 .300
Analog 44 71-.84 1.95-2.25 +38-.49
Digital 5A 1.208 3.245 349
Analog 54 .80-.93 2.31-3.12 .22-.60
Digital 9 .596 449 171
Analog 9 .15-~.67 A42-.46 .16-.27
Digital 16 «420 .270 L142
4dnalog 10 07=.15 .13-.17 .02-.07
Digital 11 .322 .235 .135
Analog 11 07-.13 .16-.25 .09-.22

Note: This compares the maximum and minimum values of Arnolds data

with one sample Monte Carlo run from the digital simulation,
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Table XX. F-Test Ratios For NT-33 Data

Case Ua oq oﬁe
1D 3.75 1.12 1.50
2D 2.59 1.22 3.55
3A 3,27 1.48 1.33
4A 2.00 1.14 2,28
5A 1.90 1.25 1.75
9 3.00 1.00 1.83
10 18." 2.92 10%
11 10" 1.45 1.00

* Rejected at .025 level of significance.

Note: Cases 9, 10, 11 represent overdamped systems.

D. Other Aircraft Investigated

The DC-8 and A-7D Alrcraft were simulated digitally in the landing
task. Systems Technology Incorporated [40] used the Mil Spec gust
model in the design of an automatic control system for use with the
Microwave Landing System (MLS). Since their simulation was for an
automatic system, there can be no direct comparison so the results

are merely presented here in Table XXI.
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Table XXI.

DC-8 and A-7D in Power Approach

DC-8
Varilable Automatic

System
Tq 1.64
Oy 3.83
I 6
e 2.41
Oy 10
% 2.10
O4 5.47
9, -
9y 2.44
Tea 2.69
Use 5.67

Digital
Pilot

2.01

3.74

20

1.99

48

3.96

5.28

2.05

3.38

2.66

1.91

Units

deg
ft/sec
ft
deg
ft
deg/sec
deg
deg/sec
deg
deg

deg

A=-7D

Automatic
System

.70
3.99
18
.71
32
3.12
3.81
1.95
2.50

2.90

Digital
Pilot

1.23

3.36

+85

2.44

1.54

4.53

These results appear representative considering known differences.

An RPV (YQM-9BA) as well as an F=4B were also simulated but no

comparison data was available.
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IX. Special Program Applications

Simulation comparison is clearly not the only intended use for
the digital program developed here. Other proposed uses include:

1) Verification that proposed aerodynamic data are sufficient
for analog simulation.

2) Determination of the number of degrees of freedom for an

ppropriate gust model in a given simulation.

3) Choosing or delimiting proposed simulation conditions for
analog testing.

4) Preliminary verification of automatic or stability augmentarion
control system designs.

5) Preliminary comparison of aircraft under identical conditions.

6) System checkout for hybrid simulation.

Simulation of advanced design or preliminary design aircraft can
be extremely costly. Furthermore, analog/hybrid simulation, in addition
to being costly, contains many pitfalls such as patchboard failure,
trunking failure, amplifier failure, or even merely wire fatigue.
Consldering these factors, extensive presimulation analysis should be
performed to verify system operation and accuracy. Those modes which
appear critical in digital simulation should then be examined extensively
in analog simulatiom.

Two special applications of thils digital program have already
been made. The first involved the verification of the aercdynamic
data for the 707 simulation discussed in Chapters VII and VIII.

This unaugmented alrcraft as originally proposed was found unsuitable

for flight by the digital program, ylelding unreasonable values for
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the lateral performance measures. This was subsaquently verified on
the hybrid system and corrections to the aerodynamic data were made.
The digital program with the revised data generated the results presented
in Chapter VIII. If this digital program had not been in its develop-
mental stapges before confidence in its result had been established,
then considerable time and effort might have been saved in the
simulation set up.

The second program application involved the choice of a gust
model for use in an RPV (Remotely Piloted Vehicle) simulation. A
gust model based only on Vg and Wg was originally proposed. However,
the following tables shows the difference between gust models having

two, three, and six-degrees-of-freedom with an unaugmented airframe:

Table XXII. YQM-98A Lateral Axis Results

Gust Model 0¢(deg) cw(deg) ur(deg/5ec)cp(deg/sec) og(deg) 0, (deg)
vg,wg .120 .87 .75 .13 .93 12
vg,wg,pg 1.63 3.37 5.21 2.74 3.44 2.74
ug,vg,wg,qg,rg,pg 2.35 3.26 4.73 3.14 3.52 3.14

Apparently the inclusion of pg causes a significant change in the air-
crafts' controllability and hence should be considered in any hybrid
simulation. This might have been expected considering the large wing-
span of the RPV considered.

These two examples only begin to show the possible uses of the
digital program. Its careful and cautious use can provide insight into

many aircraft and control system problems.
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X. Conclusions and Recommendations

A. Conclusions

The study described in Chapters I to IX allows the following
conclusions to be drawn:

1) The all digital simulation of conventional aircraft in manned
flight through a turbulent environment is both feasible and extremely
practical.

2} Digital simulation can be accomplished reliably without
numerical difficulties, search patterns, or large amounts of matrix
manipulation.

3) The all digital simulation runs in near real time and its
cost 1s insignificant compared to the cost of man~in-the-loop hybrid
gimulation.

4) The digital simulation of this study, the hybrid scudy of
the Systems Dynamics Branch of the Flight Dynamics Laboratory, and
the analog studies of Major John Arnocld and Northrop Corporation concur
in performance results.

5) The actual value of the pilot time delay seems most
appropriately determined as lying between .125 and .25 seconds.

Larger values add significantly to system instability and detract from
data matching capabilitles.

6) A pllot rating based solely on the total alrcraft rotational
rate 1s demonstrated as adequately matching the opinionsg of actual
pilots for certain tasks.

7) A pilot model employing two parts (a) a logical (mental)
decision making model and (b) a control implementation {physical)

model is shown to model the human pilot adequately.
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8) The capability of digital simulation to assist in hybrid
simulation design is demonstrated by the special applications of

Chapter IX.

B. Recommendations

The following recommendations are made for continued study in
the area Investipgated here:

1) The aerodynamic coefficients should be studied in order
to determine the best method for including time varying coefficients
in the digital simulation.

2) Continued application of the digital simulator to assist
in hybrid simulation design and to verify hybrid and analog simulation
studies should be made.

3) A similar program should be designed for use with hybrid
simulator systems 1In order to assist in simulation checkout.

4) Effects of VFR flight conditions, motion base vs fixed base
simulation, poor but not IFR visibility conditions and other realistic
conditions should be further investigated for possible implementation.

5) The program should be expanded to allow the pllot to execute
the flare task as data becomes available,

6) Expansion of the program to cover non-conventional alreraft
seems stralghtforward.

7) The applicability of such a digital simulation to remotely

plloted vehicles should be verified as data becomes available.
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Appendix: Digital Program Results

This appendix presents the actual output of the digital program
developed in this study. These pages directly contain the data pre-

sented in Chapter VIII.

128



F-5 #1 (AFFDL-TR-71-162) MIL SPEC TURBULENCE

THE ASSIGNED TASK IS HEADING
THE PARAMETERS USED IN THIS ANALYSIS WERE

PILOT DELAY 475 SEGOND5. DISTRACTION RATE 18

FLIGHT TIME _ 100.0 SECONDS. FLIGHT PATH ANGLE 0.0 DEGREES B

XU = =,082 XA =-66.194 MASS= 353, SPAN= 25.3 IAS = aa9g.

ZU = -,000 ZA = -1,717 ZOE = =-,435 ALT = 5135, ALPHA=  .800

& = 32,200 MA =-10.300 MDE =-47.200 MG = =-1.350 MADOT= -.065

Yv = =.,584 YOR= +095

LBETA=-74,800 LDR= 13,800 LDA = 28,000 LP = -3.,280 LR = «801

NBETA= 39,500 NDR=-12.150 NDA = 2.040 NP = «154 NR = «~,839

AUGHMENTATION SYSTEM PARAMETERS ARE T T

TA = .040 TQ =  .080 FCON = L0410 TCON2=  .010 TRAUG= 500

KRAUG= «310 KPAUG= 0,000 KARI = 0.000 KQ = «055 KQDOT= -.008

KAZS =0.00000 ELX = 12.000 GTHETA= 0.008 GPHI = 0.000

GUST PARAMETERS ARE Su= H.612 SV = 5.612 SW = 5,612

EXPECTED STANDARD DEVIATIONS ARE o o

SUG= 5.612 SAG= « 362 SQ5= 1.640

SPG= 24958 5BG= +362 SRG= 1.300 o
VEHIGCLE IS UNDER PILOT CONTROL

VARTABLE UNITS MEAN STD DEV MINIMUM HAXTMUM

THETA (DEGY «002 428 -1.108 1.384

) {FT/SEC) 1.738 1.464 =1.576 Sel15

Q (DEG/SEC) . 000 J7L2  =2,713 2,060

DE (DEG) -.00¢0 +110 -+390 <4045

P51 (OEG) 025 « 587 -1.575% 1.524

BETA (DEG) -+070 «378 -1.190 «979

PHI {DEG) -+ 046 1. 386 -3.439 3.493

R (DEG/SEC) -.012 1.464 -3.971 4.067

p (DEG/SEC) 031 4.100  -11.300  12.279

DA ({DEG) «012 « 349 -1.021 1.134

DRAUG (DEG) +023 <707 -2.,061 2.242

aRr (DEG) «032 « 720 -1.89% 2.088

U GUST (FT/SEQG) =1.773 5.309 =16.930 16.503

ALPHA GUST (DEG) 002 372 -1.00% «865

3 GUST {DEG/SEC) « 302 1.550 -5, 549 4.820

P GUST (DEG/SEC) -013 2.709 ~8.036 8.658

BETA GUST {DEG) «078 «323 -+ 855 1.163

R GUST ({DEG/SEC) «B02 1.706 ~6.069 4,738

D {FT) 3.465 21.242 -36.682 56.011

LAMBDA (DEG) -+ D45 +«333 =-1.157 + 949

SVG6 = 5.01 5. 77

THE NUMBER OF DECISIONS ON EACH VARIABLE HAS

PITCH ROLL YAW GLIDESLOPE LOCALIZER NO ACTION
104 486 128 0 8 910
THE PILOT RATING IS 2.97
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F=5 #2 (AFFDL-TR-71-162) MIL SPEC TURBULENCE

THE ASSIGNED TASK IS BEADING

THE PARAMETERS USED IN THIS ANALYSIS WERE o
PILOT DELAY .175 SEGCONDS. DISTRAGCTION RATE .10
FLIGHT TIME  100.0 SEGONDS. FLIGHT PATH ANGLE 0.0 DEGREES

Xy = =,009 XA =~75.867 MASS= 350. SPAM= 2543 IAS = 439.

ZU = -.001 ZA = ~.924 ZDE = -.221 ALT = 4950, ALPHA= 6.000

& = 32,200 MA = ~3.590 MDE =-10.500 MQ = <-.478 MADOT= ~,00%

Yv = ~+288 YDR= {161

LBETA=-22.600 LOR= 4.230 LOA = B.630 (P = -1,786 LR = 395~
NBETA= 7.430 NOR= «3.740 NODA = «193 NP = « 062 NR = =,365

AUGMENTATION SYSTEW PARAMETERS ARE

TA = «010 TQ = «080 TCON = «010 TCONZ= « 010 TRAUG= «500
KRAUG= 620 KPAUL=" U.000 KART ~ = 0.000 XQ = L1223 KQDaTs =,031
KAZS =0.006000 ELX = 12,000 GTHETA= {(.000 GPHI = @.000
GUST PARAMETERS ARE SU= 5.632 SV = 5.637 SR = T TB.832 T
EXPECTED STANDARD DEVIATIONS ARE
SUe= 5.632 SAG= « 735 JUG= 1.646 T
SPG= 2.969 5BO6= « 735 SRG= 1.908%
“VEHICLE IS UNDER PILOY CTONTROL — 7 77T
VARIABLE UNITS MEAN STD DEV MINIMUM MAXL MUNM
THETA {DEG) ~«134 B0% T ~1,552 1.543%
u {FT/SEC) 1.905 +379 -+ 230 4L.067
ALPHA {DEG) « 038 «69% T ~1,835 T YB0E
q ) {DEG/SEC) -.003 « 737 -2,318 2.158
0t {OEG) -+ 015 IY-L:1 S B 13 I Y 17 - T
PSI ‘DEG) « 006 «9836 ‘2-288 2.652
BETA {DEG) -.198 v 667 ~2.53%4 2,061 T
PHI (DEG) -+139 2. 850 ~9.737 7T.382
R {DEG/SECT LO037TT T 1,387 T =5.3%2 K.205
p {OEG/SEC) « 042 6.204 «19,749 18. 430
DA {HEGY . 039 TTRY129 T .50 T TTes2e6 T T
BRAUG {DEG) 2327 953 -3.167 3425
OR {DEG) « 345 1.279  =h.161 TRLTET
4 GUST (FT/SEC) -2.565 Le856 “~144848 12.779
ALPHA GUST (DEG) + 008 AL IS Y -3 S £ 1Y
G GUSY ({DEG/SEC) « 300 1.706 =6, 309 5.516
P GUSY (DEG/SED) « 049 2.9563 -8.698 9,436
BETA GUST (DEG) «215 632 ~1,439 24546
R GUST {DEG/SEC) -~ 003 1.978 ~6.81% B.157
0 {(FT} ~107.082 50213 =181.740 1.519
H {(FT) =-95.9193 Lh8,U57  ~170.803 1,534
LAMBDA (DEG) - 190 726 -1.957 2,133
SVG = T SHG = 5,66 T T o
THE NUMBER OF DECISIONS ON EACH VARIABLE WAS
PIYCH ROLL YAW GLIDESUOPE LOCALIZER NO ACTION — -
80 516 117 ] ] 940
- THE 'PILOT RATING IS 43297 T -
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F-5 #3 (AFFDL-TR-T1-162) MIL SPEC TURBULENGE

THE ASSIGNED TASK IS HEADING

THE PARAMETERS USED IN THIS ANALYSIS WERE

PILOT DELAY .175 SEGONDS. DISTRACTION RATE .10
FLIGHT TIME _ 100.0 SECONDS. FLIGHT PATH ANGLE 0.0 DEGREES

Xy = =,022 XA = B83.801 MASS= 350. SPAN= 25.3 IAS = 933,
ZU = -,000 ZA = =1.993 ZDE = =-.459 ALT = 5000. ALPHA= 0.000
G = 32.200 MA =-11.400 MDE =~-64.400 M3 = =-2.040 MADDT= =-,152
Yv = ~+7TB7 YDR= «+ G856 R e
_LBETAz¥s##¥3% | OR= 12.280 LOA = 26,5040 LP = =3.570 LR = 1.028
NBETA= 56,300 NDR==-12.,340 NDA = 2.800 NP = +188 NR = =1.,0230

AUGHENTATION SYSTEM PARAMETERS ARE
TA = «010_7Q = +080 TCON
KRAUG= «270 KPAUG= (0.000 KARI
KAZS =0,00000 ELX = 12.000 GTHETA

+010 TCONZ=  .018 TRAUG=  .500
0.000 KQ .055 KQDOT=  .008

0.000 GPHYI = 0.0080

GUST PARAMETERS ARE SU= 5.626 SV = 5.626 SH = = S5.826
EXPECTED STANDARD DEVIATIONS ARE o ‘ o o
SUG= 5.626 SAG= 326 SQG= 1.644
$PG= 2.966 SBG= 326 SR3= 1.9105

VERICLE IS UNDER PILOT CONTROL

VARIABLE UNITS MEAN  STD DEV MINIMUM  HMAXIMUM
THETA {DEG) -<031 <463 -1.248 1.5G6
U (FT/SEQ) 1.936 1.562 -a436 4.732
ALPHA (DEG) -. 0010 « 357 ~. 849 T TUEaLTTT T
Q (DEG/SEC) +0G1 W70 -2.582 2,167
nE {0DEG) -. 000 101 -.295 .375 )
PS¥ {DEG}) . 037 «5862 -1.4286 1.640
BETA (DEG) -.363 «356 -1.085% .77
PHI {GEG} -2 033 1.212 -3.027 3.022 )
R {DEG/SEC) - 012 1.855 TT-4.541 .10 T
p {DEG/SEC) 2026 Le045  -12.240  13.948 _
DA {DEG) <018 o322 T -1.089 B P% 11 R
DRAUG {DEG) « 017 .739 -2.316 2.326
DR {DEG) . 025 732 -2.062 2.266
U GUSY (FT/SEC) ~1.677  5.369 =-17.502  17.069
ALPHA GUST (DEG) 002 <336 T =,4904 U798
Q GUST {OEG/SEC) 052 1.512 -5.696  4.668
P GUST {DEG/SED) =012 2.649 -7.908 8.453
BETA GUST (DEG) « 067 « 294 ~-a792 1.029
R GUST (DEG/3EC) - 002 1.651 -5.868 L.643
D (FT) 24,472 34.587 ~98,.878 28.0856
H FT} PR T2 34.587 T -98.878  T2e.0Be T
LAMBDA (DEG} -.026 2292 =.914 L840
TEVG = .07 SHG = TR, T T i
THE NUMBER OF DECISIONS ON EACH VARIABLE WAS
PITCH ROLL YAW GLIDESLOPE LOCALIZER NO ACTION
145 452 123 0 ] 90
T THE PILGT RATING IS 2+98 T e e




——Fm 54 A AFFPL=TR-24 1623 MIL SPEC TURBULENGE oo oo e oo e e

THE ASSIGNZD TASK IS HEADING
—FHE PARAMETERS-USED-IN THES ANALYSIS - -WERE——— —

PILOT DELAY ,L,175 SECONDS. DISTRACTION RATE + 10
—FLIGHTF-TIME— 1000 SECONDS+ FLIGHT-PATH-ANGLE - 0.0 DEGREES

xu = -.006 XA =-B4,379 MASS= 350. SPAN= 25.3 IAS = 789,

= = 303 TA = =681 LBE=— =148 ALT = 32150 ALPHA= - 6.0080-— - —— -
G = 32,200 MA = =4,110 MOE =-15.480 MQ = ~,493 MADOT= -+.028

YV = =102 ¥YDOR= « 3t

LBETA==27.,600 LOR= 5,160 LOA = 12,010 LP = =-1,360 LR = 231

NBETA= 41 540 NDA= =4 , 760 NDA-= 649 NP...= 051 NR—— = =, 283

AUGMENTATION SYSTEM PARAMETERS ARE
A= 34 FQ = 088 FCON—=—— o 010--TCON2= — 010 FRAUG=-—— 500 —
KRAUG= o520 KPAUG= 0,000 KARI 0,800 K& =  ,090 KQDOT= =-,031
KAZS—=0,55005 LN = 12,000 CTHETA= 0,000 GPHI = 0,905

il p

GUST PARAMETERS ARE SU= 44616 SV = 4616 SH = 4.6186
—EXRPECTED STANOARD DEVIATIGNS AR: —

SuUG= beB16 SAG= ¢ 335 5Q6= 1.349
—SRG=. 2,433 SBG= L3385 SAG= 1.563

VEHICLE IS UNDER PILOT CONTROL

MARIABLE URITS MEAN SID DEY MINIMUM MAX TMUM
THETA (0EG) - 014 « 334 -+ 870 1.038
| (ETLSEC) o514 1.001 _=3i.,9%4 2,723 . 000
ALPHA (DEG) «006 « 349 -+ 9329 +896

& {DEGLSEC)Y =003 L7088  =2,603  2.1k2
DE (DEG) -.002 « 201 -, 725 «851

-5 (DEG) GOk 54 0 =-1,277 @ 4,560 0000000000
BETA (DEG) -+057 » 371 =+ 955 881

PHI  (DEG} = ,8B3.... 2,148  =5,223 . B,828 _ . ___ I
R (DEG/SEC) -.004 « 898 -2+613 2,943

P (DEG/SELY —  L032 5.283 2 -iL.438 2 iL.898B
DA (DEG) 1238 1.167 =3. 242 3.184

—DRAUG —  (DEGY D37 . 588  =1.369 ... 1.838
DR (DEG) « 057 « 658 =24 204 2.525

A GUST (FT/SSEC)  =1,567 4,322 =13.,432. . 13.225 . _. SR
ALPHA GUST {DEG) «002 ¢ 365 - 93‘} o778

S HUSF—— A DEeASE)— 00— £ . 309 =4 947 4,102 00
P GUST (DEG/SEL) « 011 2.283 =671k 7.308

—BETA GUST—(DEGY 977 L2977  =,768 1,099
R GUST {DEG/SEC) «001 1.454 -5.172 4+066
0 (FT) =20.868 19,531 =4 8,582 14,378
H {FT) -19,.,288 19.421 =47.777 13.195

_LAMBOA .. (DEG) =01k ~336 =1.161 1.069
SVG = L,03 SHG = 4475

—THE NUMBER OF. OQCCISIONS ON EACH VARIASLE WAS

PITCH ROLL YAW GLIDESLOPE LOCALIZER NO ACTION
73 559 92 i | g -9 —_
THE PILOT RATING IS 3.67
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—— A=7 #1 (AFFOL-TR~71-162) MIL SPEC TURBULEMCE .

THE ASSIGNED TASK IS HEADING

~THE PARAMETERS USED IN THIS ANALYSIS WERE .
PILOT DELAY .175 SECONDS. DISTRACTION RATE .10

~FLIGHT TIME . 100.0 SECONDS, FLIGHT PATH ANGLE _ 0.0 DEGREES . _. ..

XU ~.086 XA = 34,1008 MASS= 680. SPAN= 38.7 IAS = 635,
w2 = =,000 ZA = =1,160 JDE = =.157 ALT = 15000. ALPHA= 4,008 . .
G = 32,200 MA = =-9.,081 MDE =-18.900 MQ = ~-,6%96 MADOT= =.133

Yy = =4187 ¥YDR= L8646 - [F

H

LBETA==20,200 LORT 7,270 LDA = 17.600 LP = =2.730 LR = +868
_NBETA= 2,120 NOR: =5.540 NDA = 1,370 NP _ = _=.4116 NR =  =.G4i
AUGMENTAT ION SYSTEM PARAMETERS ARE T
YA = L3130 TQ = ,120 TCON = .010.TCON2=_ . o010 TRAUGE . _ .100.
KRAUG=  .250 KPAUG= =~.100 KARI = o147 K@ = 250 KQDOT= 0.000
KAZS ==.00054 ELX = 16,000 GTHETA= 0,800 GPHT = 0,300 . _
GUST PARAMETERS ARE SU= 5,030 SY = 5.030 SH = 5,030
SUG= 5,030 SAG= 454 SQG= 1,180

SPL= 1.99% SBG= L0484 SRG= 1..3ZH9

VEHICLE IS UNDER PILOT CONTROL

VARTABLE UNTIS MEAN STD DEV MINTIMUM __ MAXTMUM
THETA {0EG) -, 015 « 365 - 864 «BLQ

u (ETZSED) 1.851 1.450 =+ 555 _ b 834

ALPHA (DEG) '0932 all‘bﬂ -.984 1.030

Q (DEGASED) +001 99 . =-41.631 t.,544
DE (DEG) -, 000 +126 - 411 515

PST {DOFEGY .115 + 737 =1, 8949 2.371

BETA (DEG) -»101 562 -2+ 144 1.636

PHT {OFEGY =090 2 .5610 =8,.,529 k.90 8

R (DEG/SEC) «003 1.02% -3. 567 26280

P {DEG/SEC) -,016 Lel153 -10,.,5493 11,537

DA (DEG) <321 « 587 -1.605 2.038

NRAUG (DEG) JN05 + 316 -, 899 »949

DR (DEG) «016 « 397 -1, 038 1.131

U _GUST (LETZSED) =1.8985 4,596 =14, 52 13,393

ALPHA GUST (DEG) «003 B4 -1.256 1.0086

Q _GUST {NEGISED) 001 1.2285 _  =4,52Q 3.980

P GUST (DEG/SEC) «013 1.995 =5, 855 6.335
_BETA GUST {NEG) o114 + 3958 =-a OGR4 1.528

R GUST (DEG/SEC) «000 1.428 -~y 856 J.681

1] (FT) -13.207 65414 =26. 054 0,080 _
H (FT) -8.803 6,905 ~19, 995 Sa482

LAMBDA {NEG)Y 015 w70 =1,.370  1.248 .
S5VG6 = Le39 SHG = S.14

IHE NUMAER OF NECISIONS ON FACH VARTABLE MAS

PITCH ROLL YAW GLIDESLOPE LOCALIZER NG ACTION
S8 549 107 o a9 ap
THE PILOT RATING IS 2+95
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A~7 #2 (AFFOL-TR-71-162) MIL SPEC TURBULEWNCE

THE ASSIGNED TASK IS HEADING
THE PARAMETERS USED IN THIS ANALYSIS WERE

W10
0.0 DEGREES

PILOT DELAY +175 SECONDS. OISTRACTION RATE
FLIGHT TIME 106.0 SECONDS. FLIGHT PATH ANGLE

XU = -.04k XA = 32,273 MASS= 580. SPAN= 38.7 IAS = 952,
Iu = +000 ZA = -2,120 ZDE = =-,220 ALT = 15000, ALPHA= 2.500
G = 32.200 MA =-27.800 MDE =-41.7060 MQ = -1.070 MADOT= -.267
YV = =-,310 YDR= . 055
LBETA=~66.0080 LDR= 11.200 LDA = 24.4100 LP = -6.190 LR = «843
NBETA= 10.200 NOR= ~8.800 NDA = 1.640 NP = =,207 NR = =,975
AUGMENTATION SYSTEM PARAMETERS ARE
TA = 0180 TQ = .100 TCON = .010 TCON2=  .B810 TRAUG= «100
KRAUG= .250 KPAUG= =,.100 KARI = «153 KQ = «250 KADOT= 0.000
KAZS =~+00035% ELX = 16,000 GTHETA= 0.000 GPHI = {0.000
GUST PARAMETERS ARE SU= 5.030 SV = 5.030 SH = 5.030
EXPECTED STANDARD DEVIATIONS ARFE o
SUG= 5,030 SAG= .303 SaG= 1.180
5PG= 1,995 SBG= «303 SRG= 1.369

VEHIGLE IS UNDER PILOT CONTROL T
VARIABLE UNITS MEAN STD DEV MINIMUM MAXIMUM
TRETA (DEG) -+ 004 251 = 577 <54 B
U (FY/SEC) 1.544 871 ~.085 3.235
ALPHA {BEG) . At . 307 Y -Y Y £ 4
Q {DEG/SEC) -« 001 +586 -2,015 1.749 o
DE {BEB) -. 000 . 1065 -.327 TLei9 - T
PSI (DEG) - 012 « 566 ~-1.529 1.624
BETA {0EG) - 062 <487 -1.6086 1.233
PHI (BEG) - 091 1.799 -5, 440 4742
] (DEG/SECY =L 00k 1.031 7 =ZLEIY T Te.asle T T
p (BEG/SEC) « 011 3.272 -83,343 10.378
DA (DEGY - 009 « 385 B DA 1 D B I ¥ A
DRAUG (DEG) 001 467 -1.530 1.370
R {DEG) 007 <498 -1.772 1.48640
U GUST (FT/SEC) =1.532 4,785 -15.473 15,117
ALPHA GUST (DEG) . 002 5 ¥ -.839 735
2 GUST {DEG/SEC) .002 1.188 ~4o 456 3.763 L
P GUST {DEG/SECH .010 1.939 T =5.,615 6.219
BETA GUST {DEG) .66 272 -« 729 «961
R GUST {DEG/SECY L0027 1,348 -4.710 3.667
1] (FT) + 645 7.2646 -10.201% 15. 446
LAMBDA {DEG) - D74 327 -.927 .675
SVG = .51 SWG 5.18 R ’ -
THE NUMBER OF DECISIUNS ON EACH VARIABLE WAS

PITCH ROLL YAW GLTDESEOPE LOCALTZER NO ACTION
60 539 118 ] i C1ij

THE PILOT RATING 15 2.76 -
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A-7 #3 {AFFOL-TR-71-162) MIL SPEC TURBULENCE

THE

ASSIGNED TASK IS5 HEADING

THE PARAMETERS USED IN THIS ANALYSIS WERE

PILOT DELAY
FLIGHT TIME

+17% SEGOND

5. DISTRA

CTION RATE
100.8 SEGONDS, FLIGHT PATH ANGLE 0.0 DEGREES

A0

iu = —.000 ZA = =,554 ZIDE = -,074 ALY = 35000. ALPHA= 7.51090
[ = 32.200 MA = -4.150 MDE = =8.1%80 MQ = ~.330 HADOT= =,065
Yy = =,08% YDR= D27
LBETA=-16.900 LOR= 3.090 CDA = 7.960 LP = =-1.400 LR = .599
NBETA= 1,380 NDR= ~Z2.540 NDA = «652 NP = =-,080 NR T = 247
“AUGGMENTATION SYSTEM PARAMETERS AR  — —~ —— /7 /777
TA = <010 7Q = «100 TCON = -010 TCONZ= »010 TRAUG= <100
KRAUG= 250 KPAUG= -,100 KARI = 200 K9 =7 J2%0 KGOOT= 0.000
KAZS ==.00054 ELX = 16.000 GTHETA= 0.000 GPHI = G.000 o
GUST PARAMETERS ARE Su= 4.570 SY = G.570 SW =TT 4.578
EXPECTED STANDARD DEVIATIONS ARE
Subz 4.570 SAG= bh 3 S5Q6= i.o¢2 T
SPG= 1.812 5B6G= « 448 SRG= 1.244
VEHICLE TS UNDER PILOYT CONTROL 77— "
VARIABLE UNITS MEAN STD DEV MINIMUM MAXTMUM
THETA (OEG) ~. 018 «403 ~» 945 FE-1.7: B
El) {FT/S5EC) 1.655 1.879 -1.655% 5.269
ALPHA {OEGY « 090 «H33 T T =1L 019 T T T eaz T T
Q (DEG/SEC) «001 405 -1.124 1.204
DE {DEG) -. 001 « 147 SPFLCY S Y "
PSI (DEG) . 085 +608 -1.770 1.569
BETA {UEG) ~. 081 024 =-1.732 1.434
PHI (DEG) -.137 2.265 ~5.812 6.342
R {DEG/SEC) L0 T WBBL LT T 2 ssy T
P {DEG/SEL) «0G2 3.707 -9.381 1i0.101
DA (DEGY} + 068 «939 =Y. 169 2.7 T
DRAUG (DEG) « 089 185 ~+514 «hBL4
U GUST (FT/3EC) ~-1.79% 4.129 -12.649 11.7a5
ALPHA GUST 1(DEG)Y JA03 PR LA AT -2 A - 1- 1 -
Q GUST (DEG/SEC) «001 1.11% ~4 40385 3.6T4
7/ N § V-2 1.817 -8.322 s, T3IRT T T
BETA GUST (DEG) «117 «389 -+ 349 1.522
R GUST (DEG/SEC) -.000 1.304 -4,393 3.302
] {(FT? ~20.0%95 12.997 -39,081 1.234
H {FT} <14.194 11,918 =32.413 7 E.398 T
LAMBOA (0EGY « 004 463 -1.308 1.151
SVG = 3.97 SWG = .66 e
THE NUMBER OFf DECISIONS ON EACH VARTABLE MWAS
FITCH ROLL YAW GLIDESLOPE LOCALYZER NO ACTION
61 S5o4 93 ] 0 90
TTHE PILOT RATING IS —~  Z2.83 T e
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A-7 #4 (AFFDL=TR-71-162) MIL SPEC TURBULENGE

THE ASSIGNEOD TASK IS HEADING
THE PARAMETERS USED IN THIS ANALYSIS WERE

PILOT DELAY .175 SECONDS. DISTRACTION RATE i

FLIGHT TIME  100.9 SECONDS. FLIGHT PATH ANGLE 0.0 DEGREES

Xu = =,019 XA = 27.682 MA3S= 680, SPAN= 38.7 IAS = 876.
ZU = -.000 ZA = -1.018 ZDE = ~.i14 ALT = 35000« ALPHA= 3.800
G = 32.200 MA =-13.140 MDE =~-20.200 MQ = -.,539 MADOT= ~.143
YV = ~-.145 YDR= _ .035 L
LBETA=-30.600 LDR= 5.550 LDA = 14,200 LP = ~-3,000 LR = «563
NBETA= 4,720 NOR= ~5.110 NDA = 1.010 NP = ~,4112 NR = =455
AUGMENTATION SYSTEM PARAMETERS ARE
TA. = «010 TQ = «1080 TCON = « 010 TCONZ2= «910 TRAUG= «108
KRAUG= «250 KPAUG= -,100 KARI = «200 KQ = «+250 KQDOT= 0.000
KAZS =—-.00054 ELX = 16.000 GTHETA= 0.000 GPHI = 0.800
GUST PARAMETERS ARE 5U= WaB70 SV = 4,570 SH = 4.570
EXPECTED STANDARD BEVIATIONS ARE
SUG= 4,579 SAG= +299 SQ5= 1.072
SPG= 1.812 586= +299 SRG= 1.244
VEHICLE 15 UNDER PILOT CONTROL

VARIABLE UNITS MEAN STD DEV MINIMUM MAXIMUM
THETA {OEG) =« 120 261 -.609 «b11
U (FT/5EC) 1.556 1.026 - 395 3.579
ALPHA {DEG) -. 002 + 301 -+ 650 « 762
] (DEG/SEC) -+ 001 « 4610 -1.621 1.518
DE {DEG) . 000 .120 -.396 Y4
SETA {DEG) -.558 « 487 -1.562 1.238
PHI (DEG) -2 071 1.736 -he260 beb00
R (DEG/SED) « 801 . 8660 -2.390 2+.4569
P (DEG/SEC) -.002 3.226  -8.067 9,402
DRAUG {DEG) « 104 « 317 -.966 «8790
g GUST {F1/SEQ) =1 .455 4.319 =13.743 13.459
ALPHA GUST (DEG) 2002 «308 -.831 71k
Q GUST {DEG/SEC) « 001 1.0910 -4,085 3. 474
P GUST {DEG/SEQ) « 010 1.777 -5.172 5.6937
BETA GUST (DEG) + 065 + 267 -+ 704 « 964
R G6UST {DEG/SEC) « 001 1.245 ~4,338 3.3563
0 {FT) -12.865% 9,422 =29, 441 1.499
H (FT} ~9,104 b.772 =22.131 1.951
LAMBDA (DEG) -.023 + 293 -.898 «699
SVG6 = 4.08 SHbG  bl.70 i
THE NUMBER OF DECISIONS ON EACH VARIABLE HWAS

PITGCH ROLL YAW GLIDESLOPE LOGALIZER NO ALTION

63 538 128 0 ] 99

THE PILOT RATING IS TZLTETT T e




F-5 #1 (AFFOL-TR-71-162) HIGH TURBULENCE

- THE ASSIGNED TASK IS HEADING
THE PARAMETERS USED IN THIS ANALYSIS HWERE
PILOY DELAY .175 SECONDS. DISTRACTION RATE 10 T
FLIGHT TIME 100.0 SECONDS. FLIGHT PATH ANGLE D.C DEGREES

{é

-+082 XA =~bb.194 MASS 350« SPAN= — 25,3 IAS - BB9.,
-.000 ZA -1.,717 20E .435 ALT = 5135, ALPHA- +800
T HAG =-1.350 HADOT= =.T65%

n
i

YV = -.584 YDOR= « 095

LBETA=-7L.,800 LDR= 13,800 LDA = 25,000 | = = R = <801

NBETA= 39,600 NOR=-12,150 NDA = 2.040 NP = AL}BAANR = =,839
“AUGMENTATION SYSTEM PARAMETERS ARE ~  — /7" 7/

TA = «010 TQ

«080 TGCON = « 010 TCONZ’ +01C TRAUG= «500
KRAUG= « 310 KPAUG 7.000 KART = 0,000 KU « 055 XQDOT= « 008
KA2S =0,00000 ELX 12.900 GTHETA= 0,000 GPHI = 0.000

W oupwn

“GUST PARAWMETERS ARE SU= 11,22% SV = 7 11,224 SW = 11,224
EXPECTED STANDARD DEVIATIONS ARE -

—sUG= 11,2725 SAG= « (23 SAG= 3. 280
SPG= 5,317 SBG= « 723 SRG= 3.799

VEHICLE TS UNDER PILUT CTONTROU -

JARIABLE UNITS MEAN STD DEY MINI MUM MAXIMUM
THETA TOEGY «071 e 632 =1+50% 1.862
U (FT/SEC) 3.485 2.728 -3.037 10.282

“ALPRE  (OEGY =L 002 T T .72B =1.603 T AL
Q {DEG/SEC) =002 +«365 -3.5629 2.736
UE {OEG) =000 + 118 -+ 30b "33
PSI {DEG) « {69 1,149 -2.918 J.122
BETA TDEGY -.146 751 S 1S U L | - S
PHI {DEG) -,088 21584 -6 443 6.179

R TOEG/SECY =019 23805 7 =7,775 ~ T.9887 7
p ({NEG/SEC) + 051 7.967 -21., 853 22.844
UR (GEG) « 017 PR Y44 -1sl 35 T:4917
DRAUG (DEG? «029 1.398 -4, 134 3.786
DR (DEG) «OG1 12406 =40 376 3L8u0L o T
U GUST (FT/SEC) ~3.547 10.623 -33,932 33.186

TALPHA GUST (DEGY L 00% 7 W ThRL T =g, mge T LTI
@ GUST (DEG/SELD) «003 3.100 =11, 701 9.641

TP GOST (DEGZSETY 025 T. %18 =-16.073 I7.316
BETA GUST ({DEBG) 156 * BLG -1,712 2+326

“RGUST {OEG/SECY <003 L3 T T b T A TY-7 4 - D
D (FT) 8.868 32.419 -37.682 9p.007

“H (FTY 11,343 33,347 =36.529 100,590 T
LAMBDA { DEG) -o077 +632 -1,983 1.878

-1 i3 1IT.02 SHG = 1155

THE NUMBER OF DECISIONS OMN EACH VARIABLE WAS
T PITCH ROLL T YAW GLIDESLOPE LOCALIZER WO ACTION — T+~
77 494 143 0 0 90

THE PILTOT RATING IS 5«60 T
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F=5 #2 (AFFDL~-TR~71-1562) HIGH TURBULENCE

TTHE ASSIGNED TASK IS HEADING 7 i o
THE PARAMETERS USED IN THIS ANALYSIS WERE

TPILOT DELAY 175 SECONDS. DISTRACTION RATE .10 ’
FLIGHT TIME 109.0 SECONDS. FLIGHY PATH ANGLE 0.0 OEGREES

XU = =,009 XA =-75,867 MASS:z 350, SPAN= 25.3 TAS = 4,39,
Zu = =4801 ZA = ~,924 ZDE = =,221 AT = 4950. ALPHA= §8.000
G = 32,200 MA = =3.590 MDE ==10.500 MO = -.478 MADOY= -.004
Yv = =,288 YDR= 061
LBETA==22,400 LOR= L4L.230 LDA = B8.430 LP = =-1,746 LR = 2395
NBZTA= T.430 NOR= -3,.740 NDA = «193 NP = +062 NR = =,365
AUGMENTATION SYSTEM FPARAMETERS ARE T -
TA = «J10 TQ = + 080 TCON = « 010 TCONZ= + 010 TRAUG= « 500
KRAUG= 620 KPAUG= 0,000 KART = #.000 KQ§ = « 123 KGBioT=  -,031
KAZS =0.,00008 ELX = 12.000 GTHETA= (.000 GPHI = 0.000
TRUST PARAWETERS ARE SU= 11,283 SV = 110263 SW =AU ERY T T T
EXPECTED STANDARD DEVIATIONS ARE
TSUGETTTTTTINLZET SAG:E 0 1.%70 SaG= 3292
SPG= 5.933 SBG= 1.470 SRG= 3.813
- VEHICLE IS UNDER PILOT TONYROL - -
VARIABLE UNITS ME AN STD DEV MINI HMUM MAXIMUN
THETA (DEDLY - 335 1.208 =2 9% 2etey T T T
u (FT/SEC) 3.70% 1.708 -, 582 7252
ALFPHA {D26G) « 091 VIS0 T =330 IR T T T T
Q (DEG/SEC) - B02 1.363 -3. 853 S.994
81 (DRG] - 036 « 420 -2« 009 I.8019
PSI (DEG) =-.1710 1.941 “5,607 5.207
BETA (UEG) =409 To44G L. B59 " G218 T
PHI (DEG) =217 5.5891 ~19, 3310 16,795
R (UEG/7SED) <007 2+ 891 <{1,729 ‘B OB T
P {DEG/SEC) +059 12,441 -40, 099 38.086
oA (DEG) JOU5% G, 325 13,318 A5 436
DRAUG (DEG) « 034 2.005 -be 432 T+360
R (U=G) « 060 Z2.612 =TU.B53 T 9L.eey T T —
U GUST (FT/SED) -5,129 9,711 -29.700 25.560
ALPHAR GUST  (DEG) +U1% 1479 =3, 924 B Y4 4 -
Q GUST (DEG/SEC) <000 3.011 ~12.619 11.033
P GUST TOEG/SED) «O038 B Y26 =17.392 18,373
BETA GUST (DEG) + 430 1.263 -2.878 5.093
TR GOST . (OEG/SECY 7 =L 006  3.955  SI3,830 7 10.315
0 (FT) =238.014 104,374 =-373.738 L.711
H {FT1} ~-217.964h 96.183 “354,.,523 T R.553
LAMBDA {DEG) -585 1.536 -5+ 339 J.922
SVG = J.568 SWG = 11.33
THE NUMBER OF DECISIONS ON EACH VARIABLE WAS
PITCH ROLCLC YAW GUIDESLOPE LOUALIZER NUO ACTION
83 513 118 0 0 =]
THE PILOT RATING IS 7 « 46 T
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F-5 #3 (AFFOL~-TR-71-162} HIGH TURBULENCE

TTHE ASSIGNED TASK IS HEADING — ~ 7 T
THE PARAMETERS USED IN THIS ANALYSIS WERE

“PILOY DECAY L175 SECONDS. UISTRACTION RATE .10 T

FLIGHT TIME 100,08 SECONDS. FLIGHT PATH ANGLE 0.0 DcGREES
XU T -,022 XA = 83,801 MASS= 350, SPANE T 25,3 IAS T = 9BB., T
Zu = =,000 ZA = ~1.,993 Z0E = =-.459 ALY = E000. ALPHA= 0O.C00
6 7= 3Z.700 MA T =-11.400 MOE =-BL. 400 HAQ = =2.040 MADOT=  =<.1%2
YV =z =,787 YDR= .nas
= = = TP = =3.57T LR = 1,028
NBETA= 56.300 NDR= -12 343 NDA = 2.800 NP = .188 NR = -1.020
TAUGNENTATION SYSTEW PARAMETERS ARE — 7~ - o T
TA = «010 TQ = +G80C TCON = «010 TCONZ= « 010 TRAUG= «500
*KRIUEE‘——_27H”KPIUE?__UTUUE_RIHI—_E““UTTHHFTGT“"*?”““TUBS—KHUUTE YIS
KAZS =0,00000 ELX = 12.000 GTHETA=z= 0.008 GPHI = (.9000
THUST PARAWMCITERS ARE SUT 11,253 SV = — 11,253 SW & 11,253
EXPECTED STANDARD DEVIATIONS ARE
SUG= 11,253 SAG= e 653 STGE 3,289
SPG= 5.932 SBG= « 653 SRG= 3.809
: - e,
VARIABLE UNITS ME AN STD DEV MINT MUM MAXIMUM
THETA TDEG) =, U%6 «B1% =183 ILESsSET T T
U (FT/SEC) 3.851 240D -e 183 7.996
TRALCPHA {DET) -. 002 TRBEY T TTUETVERE T LVB3IZ T T
Q (DEG/SEC) «001 1951 -3.519 2.639
OE TOEGY} =2 000 e 311 =+ 365 + 457
PSI (DEG) w078 1.110 =2+ 758 3.045
THETH (OEG) =3 129 + 705 “ 2. 069 Ti90%5
PHI {DEG) -+{152 2+296 -6 493 5.452
K {OEG/SETY =.0en FI- 7' R - -7 A B I P 3 S
p (DEG/SEC) « 45 74948 =21, 149 24.904
Uk [0EL) + U115 « 580 =1.597 2007
DRAUG {DEG) «023 1.461 4,516 4,520
R TOEG?} PRIRT 12429 =L, 032 43Ty T T
U GUST {FT/SEC) ~3.359 10.738 -35.116 34,082
TALPHA GUST (OEG) L RVEN Y S =1, 801 B 13- | A
@ GUST (DEG/SEC) « 003 3.025 -11,392 9,335
P GUST [OEG/7SET) <0724 5. 299 =15, 815 16,906
BETA GUST {DEG) «135 « 587 -1.584 24057
RGUST (DEG/SECY 'YL 3,302 =11,736 9, 284h
D {FT} -£1,077 Li. 434 =-135.030 23.011
H (FTH =515 077 &I L3% -135,030 2301y
LAMBDA {DEG) =, 051 581 «“1.777 1,649
SVGE = I6.13 SHG = 11.58

THE NUMBER OF DECISIONS ON EACH VARIABLE HWAS

PITCH RUCLC YAW GLIDESUUOPE LOCALIZER NU ACTION
79 476 i1 H 1] a0
TRE PILOT RATIRG IS 5.568
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F-S #4 (AFFDL-TR-71-162) HIGH TURBULENCE

TTHZ ASSIGNZD TASK IS HEADING

THE PARAMETERS USED IN THIS ANALYSIS WERE

TPILOT DELAY L1755 SECONTS, DISTRAUTION RATE 1T
FLIGHT TIME 100.0 SECOMDS. FLIGHT PATH ANGLE 0.0 DEGREES

T = =,006 XA =-8%,379 MASST 350, SPANT 25,3 IAS = 789,

[
i

ZU -+300 ZA = ~.681 ZDE = -.148 ALT = 32150. ALPHA= 6.000
TOTTT E 32,200 MA = SULTTI0WMOETESISGGRE0 MY = - .4593 HAOOT = =,028
YV = =,192 YDR= » 041
TLBETA==27,.500 COR= "57160 LUA = 12,010 LPF = =1.,3860 LR = Y430
NBETA— 11 540 NDR= -4,750 NDA = 619 NP = «051 NR = =,283

TAUGHENTATION SYSTEM PARAMETERS ARE

TA «018 TQ = «08C TCON + 010 TCONZ= + 010 TRAUG= «500

$.00000 ELX 12,000 GTHETA

KAZS =z 6.000 GPHI G.300
“GUST PARAMETERS ARE SUT 9232 SY = Y232 SH = 9. 232
EXPECTED STANDARD DEVIATIONS ARE

SUGE G.232 SAGE +B7T0 SULE 2098

SPG= LeBBT SBG= + 670 SRG= 3:125

T T T YERICLE IS UNDER PILOT CONTROL

VARIABLE UNITS MEAN STH DEV MINI MUM MAXIMUM
THETA (DEG) =+ 029 <500 =1 345 1802
u (FT/SEC) 1.011 1.232 ~2.366 hoebB5
TALPRN (DEG) <013 880  =17553 1.537
Q {DEG/SEGC) -.007 + 990 -4, 269 3,401
0E tDEGY . 004 PR3 =+ 970 1,064
PSI {DEG) «138 1.013 -2+ 367 3.445
“BETA  —  (DEG) =+113 «T2T =1.950 1816
PHI ({DEG) -+138 4,255 -11. 814 11.976
TR (DEGZ/SET) =3T010 1.730 =hL, 469 5845
p {DEG/SEC) «042 10.588 =-33. 342 28,345
DA (DEG) » 060 Z2eedl =6, 202 5.198
DRAUG ({DEG) « 077 1.126 =-2.459 3.657
TR (DEG) TIIS T T lW2%T T 4,233 5123
U GUST {FT/SEC) -3.11% 8.645 ~26, 864 26.448
TACPHA GUST {DEGY — —  «00% « 590 =1. 867 1.555
Q GUST {DEG/SEC) «003 2.618 -9, 893 8.205
P GUST {DEG7SECY 2022 4565 =13 427 1%.615
BETA GUST (DEG) +153 «593 -1.537 2+199
ROGUST A DEG/SEC)Y 002 ——Z+908  =10u345 8+132
D (FT) -383.688 30,716 -85.517 3.061
B 2 B - . = . *
LAMBDA (DEG) +326 .6?1 -2. 067 2.14%1
Sy6—= 8317 SHG = 950

THE NUMBER OF DECISIONS ON EACH VARIABLE WAS
o PITCH —ROEL————YAN GLIDESLOPE LOCALIZER NG ACTION —
59 567 94 0 0 90
THE PILOT RATING IS — 6398 "
0




A-7 #1 (AFFDL-TR-71-162) HIGH TURBULENGE

THE PARAMETERS USED IN THIS ANALYSIS WERE
TPILOY DELAY 175 SECONDS. DISTRACTION RATE — 10
FLIGHT TIME 100.0 SECONDS. FLIGHT PATH ANGLE 0.0 DEGREES

XU = =.006 XA = 34,100 HASS= 580, SPAN=  38.7 IAS = B835. -
Zy = =,000 ZA = =-1.,160 ZIDE = =.157 ALT = 150008. ALPHA= 4.000
TG = 3Z.200 NA = -9.081 NDE =-18.900 M@ = -.696 MWADOT= -.133
YV = -«187 YDR= «05%
TLBETA=S=29,.200 LOR= 7.271 LOA = 17.600LFP = -2, 730 LR~ = ".888 7
NBETA= 3.120 NDR= =5.540 NDA = 1.378 NP = =~,116 NR = =-.541
“"AUGMENTATION SYSTEM PARAMETERS ARE —— ———  —— —/ 77—/ 7/ /7
TA = «010 TQ = «100 TCON = «010 TCONZ2= «018 TRAUG= «100
TRKRAGG= L. Z50 KPADGE =100 KARI = JI&%7 KA~ = .250 KGOOT="0.000
KAZS =-.,00054 ELX = 16,000 GTHETA= (0,000 GPHI = 0.000
T GUST PARAMETERS ARE SU= 10,060 SV = ~10.060 SH = 10,080
EXPECTED STANDARD DEVIATIONS ARE
TSUGE 18,080 SAGE T W98 SO5ETT T Z2.3s0 e
SPG= 3.989 5BG= «908 SRG= 2.738
T T 7T VEHICLE TS UNDER PILOY CONTROL T }
VARIABLE UNITS MEAN STD DEV MINIMUM MAXIMUM
THETA {DEG) « 036 - 695 -1.41%1 1.771 T
u (FT/SEC) 2,168 2.2086 -1.512 6.542
ALPHA {DEG) =L .00l L8906  =1.890 2+ 117
Q {DEG/SEC) «001 «323 ~2.953 3.148
1] {0eG? =-. 002 <175 -«61h «bhL7
BETA CDEG) =212 1.291 =L W57 J LT
PHI (DEGY ~+111% 4.712 -14.355 15,111
R {OEG/SETY +008 1,958 T -5.53% 5,255
P (DEG/SEC) - 01K 8,041 -21.5%69 21.914
UA {OEGT «J28 1.083  =3.362 T I.23 T
ORAUG (DEG) « 006 « 606 -1.600 1.900
UK {DEGY 2027 « 711 =1.991 2.9%5%
U GUST {FT/SEC) -3.788 9.188 -28.102 26.798
TACPHXR GUST TOEGY =006~ w929 =2.513 T 2 uid3 T
d GUST {DEG/SEC) « 002 2. 449 =9.040 7.958
TP BRUST T HDEGZSETCT T 7 LUZ6 0 3F.990 =11.709 12.671
BETA GUST {DEG) +228 « 791 -1.965 3.057
R GUST {OEG/5EC) « JU1 Ze¢350 -9.713 ~f.3b2
] (FT} 9.431 20.986 «20.551 4B 474
H {rtl I T A 2D, Y78 =19.75% b3
LAMBDA (DEG} -+043 «928 -2.768 2.241
TSV = T 8,77 3HG =T iTt.Z29 -
THE NUMBER OF DECISIONS ON EACH VARIABLE HWAS
PITCH ROLT — YAW GUIDESLCOPE LOCALIZER RO ACTION
S4 549 109 0 0 90

THE PILOT RATING IS Dalke ¥ ) a o




A=7 #2 (AFFDL-TR-71+162) HIGH TURBULENCE

TTHE ASTIGNED TASK IS HEADING — B
THE PARAMETERS USED IN THIS ANALYSIS WERE

“PITOT DELAY 175 SECONDS, UISTRACTION RATE .17 i
FLIGHT TIME 100.0 SECONDS. FLIGHT PATH ANGLE 0.0 DEGREES

X0 T =044 XA = 32.273 MASSE BB0« SPANT 38,7 IAS TE g2,
Zu = o000 ZA = =2.120 ZOE = ~,220 ALT = 15000. ALPHA= 2,500
G T 32 L 200 MA =227 B00 MDE =41 700 Mg = <1, 070 HADOTE ~+,267
Y = =,310 YDR= + 055

TIRETA==6E. 000 LDOR® 11,200 LOA = 24,100 LP == = YL
NBETA= 4C.,200 NDR= ~B.B00 NDA = 1.640 NP = .207 NR = =,4975%

TAUGHENTATION SYSTEM PARAMETERS ARE T -

TA = «810 TQ = «100 TCON = «010 TCONZ2 010 TRAUGE +100
= . B = I00 KARL = 153 K4

KAZS ==,00064 ELY = 16,009 GTHETA= 0.000 GPHI

[T ]
.
N
3 t
-

“GUST PARAMETERS ARE SUT —  10VO6T Sv = 10,060 SW =10, 060
EXPECTED STANDARD DEVIATIONS ARE

T UGET T IOV UBN T SAeT T v E05 SA6= 23360

5PG= 3.989 SBG6= «605% SRG= 2.738

T VEHICLE IS UNDER PILOT CONTROL

VARIABLE UNITS MEAN STD DEV MINIMUHM MAXIMUM
THETA (DEG) s 037 PR YA DR P 1~ | R . 1 I ¢
§] (FT/SEC) 2.678 1.673 - 777 B.L4004
ACPRR TUEG) <= 0ue -« 609 TEIVEZI LN 01
Q (DEG/SEG) -.002 1.087 -3.927 3.261
DE (DEG) =, 000 2157 =2 586 525
PSI (DEG) «012 1.127 “2. 771 3.195
“BETA (DEG) D -4 A~ | 1~ I . 4 1 £ - .- . 1.
PHI (DEG) ~+153 Jehb2 -10.929 11.4G6
34 (DEG7SECT =007 “ZW00Y =B 5T7T T T 5,688
P (DEG/SEC) -.001 6.403 -16, 080 19,3821
UA ] (DEGL) +U19 716 TTTTEF2V31E 2121
DRAVUG (DEG) «006 « 914 24867 2+557
OR {OEGT 017 PR " A . 1N f 4~ A £
U GUST {(FT/SEC) ~3.,071 A,573 «31,013 30.221
ALPHA GUST —TDEGY s 003 L -4 B R T 4 R T:47T0C
Q GUST {DEG/SEC) <003 2.376 -8, 917 7.525
B e T )% T T } % 1Y 21 =X V5 RS 14 SUEEN. 'Y - BN ¥ WY 7 S - - I
BETA GUST {DEG} 1127 0544 *1.458 10923
R GUST eSS EC 3 2w 695 =9 {7339
D {FT} 29,409 23.850 -5, 422 69,445
H FTY L Y. I S AR R TR A & I -3 ' §-1 )
LAMBODA {DEG) -,109 «629 -1.,832 1.456
Ve 9.y SWG = 1036

THE NUMBER OF DECISIONS ON EACH VARIABLE WAS
PITCH RO Y AR GUTDESLOPE LOCALTIZER NO ACTION ——
66 530 1286 0 0 90

“THE PICOT RATING IS &.853 77T
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A~7 #3 (AFFDL-TR~71-162) HIGH TURBULENCE

TTHE ASSIGRED TASK IS HEZADING 7
THE PARAMETERS USED IN THIS ANALYSIS WERE

TPILOT DECAY 175 SEUONDS. DISTRACTIGN RATE — .10
FLIGHT TIMZ 100.,0 SECONDS, FLIGHT PATH ANGLE 0.0 DEGREES

XU JOU3XR B.526 MASS=  BAT, SPANE T I8.7 IAS = SE4,
Zu ~+000 ZA -.554 ZDE = ~,074 ALT 35000« ALPHA= 7.500
6 = 37,200 HA = ~4,I5] MDE = =8,190 WO = =,330 HADOT= -,0B5F

Yv -85 YOR= £ 027
TLBETASS1L,900 LDR= 3,090 (0A = 7,960 TP = =1.400 LR = 599
NBETA= 1,380 NDR= =-2,540 NDA = +652 NP -+088 NR =

t

II wipnn

1]
"

“AUGHENTATION SYSTEM PARAMETERS ARE

TA = «010 TQ = +100 TCON = «010 TCON2= «010 TRAUG= «100
“KRAUGE L2608 RPAUG=" =, 100 KARI = 200 K3 = + 250 RUDGTE " U,000
KAZS =-,00054 ELX = 16.000 GTHETA= D.000 GPHI = 0,200 ,
U= LIRSV = 7 9. L0 SWETUTTOVINW T
EXPECTED STANDARD DEVIATIONS ARE
SUG= 9,140 S5AG= ¢ 397 SQGE 22104
SPG= 3.624 SBG= « 897 SRG= 2+48B7
VEHRITLE IS UNDER "PILOY GONTROL ~— 7 - mmommmmeeeeeer—
VARIABLE UNITS MEAN STDh DEV MINIMHUM MAXIMUM
TRETA {DEGY + O 0% 2 753F =1 500 -2 L —
U (FT/SEC) 2+931 2.618 -1,893 8,289
ALPHA {BEG) « 002 « 853 =391 T Z,uRe T
a (DEG/SEC) «003 « THL -2+192 20563
DE TOEGY =003 « 207 ~.b43 o122
PSI (DEG) «115 1,183 ~-3.068 3.078
BETA {DEG) ES 2 T /1Y AR P 4 X S Y 1)  E
PHI {DEG) 271 4o 54T -11.176 9.893
R TUTAPEG/SETY T T A OR3 T 1 36k =3 721 0 haubz
P (DEG/SEC) «002 7.509 =13, 518 18,457
OA (UEG) 117 1902 ~he ohY 5. 15
DRAUG (DES) 015 « 377 -2 947 1.022
R [UEGY « 065 «8BB T =L 300 T 3,221 T
U GusT (FT/SED) ~3+599 8.258 -25.,299 23.576
TACPHA GUST {DEG) Y I I A B D - - T 01" R " 1 1t
Q GUST {DEG/SEC) «002 2+229 =B.170 T«349
TREGUST T {DERTSEDY T RU2E T T 3L.633 7 =10LW8Rs T 11478 T
BETA GUST (DEG) + 233 « 778 ~1, 898 Jo0kib
R GUST (OEG/7SECY — — =w0T0 2WB09 T TSRVTBRE T BWB0S T
0 (FT) =2Z2.354 234282 -69.,771 4.604
H (FTJ =1T7.868 31.564 T =B2L4B0T R OLA0T T
LAMBDA (DEG) -+059 « 898 -2.876 2.053
SVG = T:93 SAG = gy37
THE NUMBER OF DEGCISIONS ON EACH VARIABLE WAS
TTTTTTTPITCH T T ROLLTT T YAW GLIDESLOPE LOCALIZER NO ACTION — — 0~
E6 560 88 0 0 Q0
“WPWTNG—IS B - N |
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A-7 #4 (AFFDL~-TR-7T1-162) HIGH TURBULENCE

“THE ASSIGNED TASK IS HEADING
THE PARAMETERS USED IN THIS ANALYSIS WERE

“PILOT OFLAY 175 SECONDS. DISTRACTION RATE 1¢ 77—
FLIGHT TIME 100.0 SECONDS. FLIGHT PATH ANGLE 0.0 DEGREES

XY =T=,T19 XA = 27.682 MASS= 680, SPAN=E T 38,7 IAS T = 8756,

Zu = ~,.000 ZA = =-1,010 ZDE = -.11# ALT = 35000+ ALPHA= 3,300

G = 37,200 MA =-13,1I40 WDE =-20,200 MG = =,539 MADOT= -.143

YV = =-,145 YDR= » 035
“LBETA=-3T,600 LOR= 6.550 LDA = 14,200 [F = -3.000 LR = . T
NBETA= 4,720 NOR= =5.,110 NOA = 1.040 NP = =,112 NR = =.455

AUGHNENTAT ION SYSTEM PARAMETERS ARE

TA = «010 TQ = »100 TCON = « 010 TCONZ= « 010 TRAUG= «100
"KREAUG= L2580 KPAUG= -.1007 KARI = «200 Ki = « 250 KODOT= 0,000
KAZS ==.,008054 £LX = 16,000 GTHETA= 0,000 GPHI = 0.400
“GUST PARAFMETERS ARE SU= 8,140 SV = 9.15%0 SN = 9. I4T
EXPECTED STANDARD DEVIATIDNS ARE

SUG= 9,140 SAG= 598 SUG= 2 1lhh

SPG= 3.624% SBG= +598 SRG= 2eu87

YEHICLE IS UNOER PILOT CONTROU 7~

VARIABLE UNITS MEAN STO DEV MINI MUM MAXIHMUHM
TTHETA—  (DEGY =010 + 5070 =1979 1258

y {FT/SEQ) 2.798 1.733 -+ 767 6,012

ALPHA TUEG) =002 + 593 <1223 I.475

Q (DEG/SED) -,001 «831 =-2. 743 2+8410

OE TOEGT =. 000 + (65 =2 595 «58%

PSI (DEG) + 053 1.066 -2+ 996 3.336

SETA {DEG) =L 11% « 995 “3033T 2+590 '“‘
PHI (DEG) -.143 3.538 -9, 059 10.605

R TOEG/SEC) = 00T I 726 =5.,088 TR ZIBYT

p {DEG/SEC) =014 65.607 -16.861 18.884

2] - TDEGY U35 « 955 =2+ 0813 2066

DRAUG {DEG) +008 +BL4B -1,913 1.309

0] 4 (DEG) 028 70T 11 . 1.781

U GUST (FT/SEC) -2+9056 §.636 =27 425 26,895

ALPHA GUST TDEGY P Y % ) ~1.661 126827 -
Q GUST (DEG/SEC) «003 2.180 -8.,171 6,949

P GUST TODEGZSED) 020 I.555  =10,3u4% 11.33%

BETA GUST (DEG) +130 «533 -1, 409 1.928

TRGUST T tDEGZSECYT w083 v h89  =B8.675 TH. T2

D (FT) -16,6140 10.4590 -31.713 «943

H tF1) =9,.311 11,792 w2Ge THT 13,222

LAMBDA (DEG} -.,061 «578 -1.,763 1.385

SV —= 8+15 SHG = - rY 1

THT NUMBER OF DECISIONS ON EACH VARIABLE WAS

PITCH ROLL YA GLIDESLOPE LOCALTIZER NO ACTION -
52 548 113 Ll 0 90
“THE PICOT RATING IS .58 T
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— F=5 #1 (AFEDL=TR=74-162) NO AUGMENTATION . ...

THE ASSIGNED TASK IS HEADING

—IHE PARAMETERS USED IN THIS ANALYSIS WERE .
PILOT OZLAY 4175 SECONDS. DISTRACTION RATE .10

SELIGHT TIME 100,80 SECONDS. ELIGHT PATH ANGLE - D.0 DEGREES .. o

Xy -.082 XA =-66.194 MASS= 350, SPAN= 25,3 IAS = 849,
2 =~ 000 ZA = =4,747 ZDE = =435 ALT = 56135, ALPHA® . 800 ——_._
G = 32,200 MA =-10.300 MDE =-47.200 MQ = -1.350 MADOT= -.065

Yy = + S84 YR= L0885 e e e e
LBETA=-74.800 LOR= 13.800 LDA = 28,000 LP = -3.280 LR =
NBETA= 30,600 MOR==12,156( NDA = 2,040 NP = 354 NR = =,839

L

AUGMENTAT ION SYSTEM PARAMETERS ARE
JA = 04070 =  LQBL TCON = L0400 TOONZ2= _ .010 TRAUG= _ 520

KRAUG=  .000 KPAUG= 0,000 KARI = 0.000 K@ = 0.000 KQDGT= 6,000
GUST PARAMETERS ARE SU= 5,612 SV = 5.612 SH = 5,612
_EYPECTED STANRDARD DEYTATIONS ARFE e e .
SUG= 5.612 SAG= .362 S0G= 1,640

SPhL= 2,958 SALG= o352 SRG= 41,4910

VEHIGLE IS UNDER PILOT CONTROL

_NARTABLE UNT TS MEAN STD _DOFES MINTMUM MAXTMUM _
THETA {DEG) =+ 065 «568 -1.585 1.672

A (FT/SEC) 2,208 1. 464 -1 . 016 6,176 .
ALPHA (DEG) -.002 471 -1.110 1.362

Q (DEG/SEC) - 002 1.322 =4, 990 LB
PSI {DTGQ} 073 o794 -1, 879 3.063
BETA (DEG) =072 «635 =2+ 243 1.%435

PHT {DEG) =.0560 1.385 =l BER 3.939

R (DEG/SEC) ~.310 3.559 -10,237 10,697

P (BFG/SEC) + 0109 7.038 ~21.869  _ _20.000
DA (DEG) + 007 « 358 =1.2043 1.463
_DRAUG {NEG) L0800 L0 - 002 002

OR (DES) «022 « 314 =1.250 1.587

1} GUST {ET/ZSEC) 1771 _B5.311 =16,953 16,616
ALPHA GUST (DEG) «002 « 372 =-1.00% + 865

) GUST (DEG/SECY 2002 1.560 -5 850 4,821

P GUST (DEG/SED) «013 2.709 -8,038 8.658
_RETA GLST {FG) « 78 2323 ~-a 855 1.163

R GUST (DEG/SEC) «002 1.706 -6, 069 4,788

s ] (FT) -36,909 33.474 =-119,968 20,769

H {(FT} -35.471 32.725 =117.013 20,950
LAMBDA {DESY 000 « 303 =4 947 2928

SVG = 5.01 SHG = 5.78

JIHF NUMRFR OF DFCTSTONS ON FACH VARTABIF WAS

PITCH ROLL YAW GLIDESLOPE LOCALIZER NO ACTION
150 417 156 1] n b 51
THE PILOT RATING IS 5.27
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—FnG 82 (AFFOL=TR=21=462) NO AUGMENTATION

THE ASSIGNEZD TASK IS HEAODING

~THE PARAMETERS USED-IN -JHIS ANALYSIS WERE
PILOT DELAY .175 SECONDS., DISTRACTION RATE 10

ELIGHT TIME 100,85 SECONDS.. FLIGHT PATH ANGLE. . 0.0 .DEGREES.

XU = ~,009 XA =-75,867 MASS= 350, SPAN= 25,3 IAS = 439,
I = % 031-ZA-F 924208 T me224 ALT = 4950, ALPHAS 84000 .-
G = 32.200 MA = =3,590 MDE =~=10.500 MQ = =,478 MADOT= =,G04

LYV R mW2R8 ¥DR= L OBY e e
LBETA==22.400 LOR= 4L.230 LDA = B5.430 LP = =-1.7u4b LR = « 395
NBEYA= 7,430 NDR= =-3.240 NDA = L1933 NP = L0682 NR = =~=,365

AUGMENTAT ION SYSTEM PARAMETERS ARE
“TA = L040-TQ s . .08 TOON. = 010 TCONZ=_ . 010 TRAUG=. .. L500 ...
KRAUG= 000 KPAUG* 0.007 KARI = 0.000 XQ = 0,300 KQDOT= 0,000

KAZS =0.00000 ELX = 12,002 GTHETA= . 0,000 GPHI =_ 0,330

GUST PARAMETERS ARE SU= 5,632 SV = 5,632 5W = 5,632
_EXPECTED STANDARD DEYIATIONS ARE e
SUG= 5,632 SAG= +735 SQG= 1,846

SPGa= 2,969 SHG= 738 _SRG=._ 1.5806&

VEHICLE IS UNDER PILOT CONTROL

VARTARLF UNTTS MEAN STO DES MIMIMUM MAXTHUM
THETA (DEBG) LY «B801 -1. 865 2.007
U LETZISEC) 2.559 1 ..386 -, 325 Bel28
ALPHA {DER) -, 001 779 -1,912 1.873
v INTGASED) L02 1.04L7 -2.7585 _3.139
DE {DEG) -.0610 . 269 =1.206 14451
PSIT (DG <113 1,039 -2, 625 2,968
BETA {DES) -.201 « 889 -2 BUT 2.304
PHT (NEGI ~ 105 ?.8498 =74 k08 Ra742
R {DEG/SEC) 001 2,906 -6.486 Ee043
p (NEG/SED) .39 A,554 -22.521 28,551 .
DA {DEG) « 048 24252 -7, 817 6.330
_ORAUG {0FG) L0008 L0000 -o (161 001
ar (DEG) « B4k 1.066 -4,705 5.028
I GUST tFTISED) -2 ERdy 4. 856 =14, 849 Ly 2.784 .
ALPHA GUST (DEG) 008 T4l -1.962 1.640
0 _GUST (DG/SED) L000 1.706 -Ba 310 5.516
P GUST (DEG/SED) « 0139 2.963 -8, 696 9,436
BETA GUST {D7G) o215 <6322 ~14.4329 2.547
R GUST {DEG/SEG) - 303 1,978  =64815 5,158
0 (FT) =H7 4537 She4hs =156,907 1263
H {FT) -52.029 58,448 ~148,068 23446
LAMBDA (DEGY -, JHY R8T _=2.27% __1.8p02
SV6 = 44,84 SHG = S5.67
_IHE NUMARTR OF NCISIONS ON FACH VARTABLE WAS

PITCH ROLL YAW GLIDESLOPE LOCALIZER NO ACTION

a8 513 115 n | ag

THE PILOT RATING IS 5.79




F=5 #3 (AFFOL-TR-71-162) NO AUGHMENTATION

THE ASSIGNED TASK IS HEADING
THE PARAMETERS USED IN THIS ANALYSIS WERE

PILOT DeLAY .i7% SECONDS. OISTRACTION RATE .10
FLIGHT TIME 100.9 SECONDS. FLIGHT PATH ANGLE 0.0 DEGREES
XU = -,022 XA = BI.801 HMASS= 350. 3PAN= 25.3 TAS = 988.
Zu = =.000 ZA = -1.,993 ZIDE = =-.459 ALT = 5000. ALPHA= 0.000
6 = J32.200 "HA =-11. ==L L00 MG = -2.040 MADOT= ~,152
Yy = =787 YOR= +086
= = . = . == R = 1.uEs T
NBETA= 56.300 NDR=-12.340 NDA = 2,300 NP = +188 NR = =1.020
- AUGHERTATION SYSTEH PARAMETERS ARE — -
TA = «010 TQ = +080 TCON = «040 TCONZ= «010 TRAUG= «500
KRAUG= 000 KPAUG= (0.000 KART = 0.000 KQ = 0.000 KADOT= G0.0C00
KAZS =0.00080 ELX = 12.000 GTHETA= 0.080 GPHI = 0.000
T GUSY PARAMETERS ARE SU= b.626 SV = 5.626 SH = 5«b626
EXPECTED STANDARD DEVIATIONS ARE
T3UG= 5.626 SAG= 326 SUG= 1.644
SPG= 2.9686 SBG= «326 SREeE= 1.9405
VEHICLE IS UNDER PILOT CONTROL
VARIABLE UNITS MEAN STD DEV MINIMUM MAXIMUM
THETA {DEG] =-. 166 + 618 =1.748 1.847
U (FT/SEC) 2.452 1.742 ~. 646 5.300
" "ALPHA {DEG) -. 001 « 451 -1.711% 1.299
Q {DEG/SEC) -, 001 1.437 ~i4.978 Le243
ToETT {BEG) =000 -139 -+ 455 «h7Th
PSI {DEG] <883 +692 -1.816 2.264
BETA {JEG) -. 063 «o14 -1.983 T.422
PHI (DEG) ~+ 317 1.153 =-5.178 3. 704
K IDEGZSECY =009 3.299 =17.70&%  1Z.05%
P {DEG/SEC) -. 001 6.108 ~22.414 19.25%
DA {0EG) « 007 =325 =-1.32% 1.476
DRAUG {DEG) « 000 001 -. 002 003
DR {DEG) 020 «282 -1.0%9 1.326
U GUST (FT/3EC) =1.677 5.369 ~17.516 17.074
TALPHA GUST {oEeYy  — WO00Z « 336 -.5901 « 795
Q GUST {DEG/SEC) 002 1.512 ~5.695 4.668
TP GUST T T UDEG/SECY T LU1ZT Z.eh3  -7.908 B.453
BETA GUSY (DEG) « 067 294 -.732 1.0238
R GUST {DEG/SEC) .0da2 1.5651 -5.868 L.bl2
B {FT) -52.679 48.084 -145.513 24,796
CTHTTTTTTTTTTTTTTTTURTY T T T =524879  G3.TUBY T ~-165.%13 24,7986
LAMBOA {DEG}) «020 273 ~+785 -833
T3V = 5.056 SHG = 5.79
THE NUMBER OF DECISIONS ON EACH VARIABLE HWAS
— PITCA ROLLC YAW GLIDESLOPE LOCALIZER NO ACTION
172 387 158 ] 0 90
T THE PILOT RATING IS .71
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—F=5 #4 (AFFDL=TR=71=4562) NO AUGMENTATION —- PR

THE ASSIGNZD TASK IS HEADING

-THZ PARAMETERS USED IN. -THIS ANALYSIS HWERE S
PILOT DELAY L1i75 SECONDS. DISTRACTION RATE »10

SELIGHT . TIMZ . . 2083.0 SECONDS. -FLIGHT PATH ANGLE — D.0 DEGREES

XU = =,.086 XA =-B84#.379 MASS= 350, SPAN= 25.3 IAS = 7849,

2 = =,300 ZA = -.B883 20F = =,148 AT = 32150. A{PHA= 6,000
[ = 32.200 MA = ~4,110 MDE =-15.480 M@ = =-.493 MADOT= -.028

Yy = =,197 YDR= T

LBETA=-27 .600 LDOR= 5,160 LDA = 12.010 LP

=1.360 LR = «231

MBETA= 11,5640 NOR= =4, 760 NDA = 5189 NP = +51 NR - 283
AUGHMENTATION SYSTEM PARAMETERS ARE

XA = L3105 TQ = L0380 TCON = L0410 TCON2= L0310 TRAUG: 800
KRAUG= - .000 KPAUG= 0.008 KARI = 0,000 KQ = 0.000 KQDOT= 0.000
GUST PARAMEZTERS ARE SU= 4.616 SV = 4.616 SH = h.616
_EXPECTED STANDARO DEVIATIONS ARE

SUG= L,B16 SAG= « 335 SQ6= 1.349

SPG= 2433 SAG=s + 335 SRG= 1.563

VEZHICLE IS UNDER PILOT CONTROL

MARTARLE DNITS MEAN STD _DFV MINTMUM MAXTMUM
THETA (DEG) « 016 475 «1,265 1.662

A LET/SELC) + {155 1.182 =Ge 347 2.529
ALPHA (DEG) 2+ 015 « 463 =1.348 1.174

el (DEG/ZSEC) -, 004 2847 3,754 22272

DE (DEG) =-.003 » 159 -. 508 1.129
PS1 (DEG) 347 o702 -1,637 22223
BETA (DEG)} ~+053 B6Th -1,924 1.6110
PHT (AFEG) +001 2911 =7« 459 B.516

R {DEG/SEC) -+003 2.010 -G+ 670 B.612

=] {DEGZSED) 2030 8.668 =22.151 2ba099
ORAUG (OFEGY L0008 008 - 001 01

DR (DEG) « 065 « 588 -2+ 433 3.315

1) GUST {FT/SEC) =1 .,557 G o323 -13,435 13,228
ALPHA GUST (DEG) +002 « 345 -2 934 o778
ALGUST. 00 (DEG/SFCY 00 0 L0401 0 1,309 00 0 «4,947 4,103

P GUST {DEG/ SEC) +011 2.283 ~6. 714 T.308
RETA GUST (NEGY 2N77 «297 ~a7HQ {.099

R GUST {DEG/SEC) «001 1.454 =5.172 4.066

_D {FT) -13.086 17.6564 =3k 439 22747

H (FT) =-11.850 17.828 =33.738 2he729
LAMARDA {DEG) +094 +LAl6 =1 . 34% 1.350
SVG = 4.08 SHG = 475

THE HNUMBER OF DFCISIONS OMN FACH VARIABLE WAS

PITCH RGOLL YAW GLIDESLOPE LOCALIZER NO ACTION
L 63 95 ] 1 0
THE PILOT RATING IS 5+85
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A7 4 A AFFOL~TR-71 162} NO—AUGHENTATION-

THE ASSIGNED TASK IS HEADING
—THEPARAMETERSUSES—TN—THISANALYSIS WERE
PILOT DELAY 4175 SECONOS. OISTRACTION RATE +10

—FLIGHTFTIME 100 0 SECONDS « -FLIGHT PATH ANGLE — 8.8 -DEGREES — —————

Xy = =.036 XA = 34.1003 MASS= 680. SPAN= 38.7 IAS = 635,
2Y——— = G- 2 A=t 16 0 2O s i B AT =150 5 B ALPHAS — 4+ 050 —
G = 32.200 MA = =-9,081 MDE =-18,900 MQ = =-.696 MADOT= =~,133

¥y == 187 ¥OR= 054

LBETA=~29.,200 LDOR= 7.270 LDA = 17.500 LP = -2.730 LR = +868

NBETAT— 34120 NDR= =5 543—NDA = 1,370 NP = ~ 116 NR = = 54

AUGMENTAT ION SYSTEM PARAMETERS ARE
Az 348 TR = 405 FEON—=— 010 TEONZ= - +-010 -TRAUG= - 4108

KRAUG= 000 KPAUG= 0,003 KARI = ,147 K@ = 0,300 KQDOT= ©.000
e c - - - g.n08
GUST PARAMETERS ARE Sus= 5,030 SY = 5,030 SW = 5o 030
_EXPECT.ED- STANDARD DEVIATIONS ARE .
SUG= 5,030 SAG= + 454 S06= 1.180
- P = 4 ir £ 4]

=

VEHICLE IS UNDER PILOT CONTROL

—JARIABLE UNITS MEAN STD DEV MINIMUM MAXIMUM

THETA (DEG) B4 «542 -1.383 1.600

y (FET/SECY =,277 1,513  =-3,.003 _ 2.748
ALPHA (DEG) -.002 +519 ~1.369 14323

Q@ (DEGASEC) = 007 886 .. =2,7863 2,424
DE {DEG) -.008 «134 -.360 425

PRSI — (DEG} 407 762  =2.061  2.620
BETA (DEG) -.109 « 754 -2.261 1.931

PHI  (DEG) . =,085 3,227  =9,340 .. 10,617

R (DEG/SEC) - D04 1.437 -3.562 4,182

R (DEGASEC) . 025 7,730 =19.084. 24,158
DA (DEG) « 011 +629 “2.142 1.889

SORAUG  (DEGYM . L 0B0.—— 000 =, 001 001 . .
DR (DEG) «011 290 ~1.419 1.556

AGUST  (ET/SEC) —  =1.8Q4 4,596 . =14,081 13404
ALPHA GUST (DEG) «003 JUbl -1,257 1.005

O GUST —  (DEGSSEC— 001 1,225  =4,520- . 3.979
P GUST {DEG/SEC) «013 1,995 -5, 855 6.335
~aex4_sus1_——L959;___—_H___—1444____~n,39a_____-fgssﬂﬁ“m_4fszs_—___——_
R GUST {DEG/ SEC) « 000 1.428 -4 856 3.681

D LET) 38,027 22,154 =l LB2 89.6414
H (FT) 36.646 22+ 315 -4 411 88.862
~LAMBDA  (DEG) 14319 14430
SVG = 4,39 SWG = 5.15

—THE NUMBER OF DECISIONS ON EACH VARIABLE WAS

PITCH ROLL YAW GLIDESLOPE LOCALIZER NO ACTION
69 564 B 0 0 Tl —

THE PILOT RATING IS 5422
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A-7 #2 {(AFFDL-TR-71-162) NO AUGMENTATION

THE ASSIGNED TASK IS HEADING
THE PARAMETERS USED IN THIS ANALYSIS WERE

PILOT DELAY
_FLIGHT TIME

«175 SECONDS.

100.0 SECONDS.

DISTRACTION RATE
FLIGHT PATH ANGLE

.10
D0 _DEGREES

Xu = =404k XA = 32.273 MASS= A80. SPAN= 38.7 IAS = 952,
Zu = L0000 ZA = -2,120 ZDE = ~,220 ALT = 15000, ALPHA= 2.500
5 = 32.200 MA =-27,800 MNE =~41.70C MQ = -1.070 MADOT= -,.267
Yy = =-,310 YDR= .55
LBETA=-66.000 LDR= 11,200 LDOA = 24.100 LP = =6.190 LR = 853
NBETA= 10.200 NOR= -5.,800 NDA = 1.640 NP = -,207 NR = =,975
AUGMENTATION SYSTFEM PARAMETERS ARE
TA = .010 TQ = .,100 TCON = «010 FCON2= «010 TRAUG= .1080
KRAUG= .000 KPAUG= (0.000 KARI = «153 KQ = 0,000 KQDOT= 0.000
KAZS =0,00008 ELX = 16,000 GTHETA= 0.000 GPHI = 0,000
GUST PARAMETERS ARE SU= 5.030 SV = 5.030 SW 5.030
EXPEGCTED STANDARD OEVIATIONS ARE
SuUG= 5.030 SAG= 303 SQ5= 1.180
SPG= 1.995 SB8G6= «303 SRG= 1.369
i VEHIELE IS UNDER PILOT CONTROL
VARIABLE UNITS MEAN STD DEV MINIMUM MAXIMUM
U {FT/SEC) 2.027 1.223 - i l7 4.411
“TALPHA 1DEG) —.0061L « 367 -.937 «953
Q- __ (DEG/SEC} 000 1.133 -3.579 3.468
DE ~ (DEGY -.000 . 127 -.357 378
PsSI {DEG) . 080 «602 -1.40¢ 1.616
BETA (DEG) -. 060 497 ~-1.274 1.193
PHI {DEG) -.037 1.398 -3.764 3.251
R (DEG/SEC) -.011 1.591 -4,.060 3.987
P (DEG/SEC) ~.005 4.593 -12.836 12.492
DA {0EG) .008 .239 -.665 «B51
DRAUG (DEGS .000 .001 -.001 .001
U GUST (FT/SEC) -1.533 4.787 ~15.478 15,1418
ALPHA GUST (DEG) . 802 .31t2 ~.838 .73%
_Q GUST {DEG/SEC) .002 1.188 -4.458 3.765
P GUST (DEG/SEL) . 010 1.939 -5,.,615 6.219
BETA GUST (DEG) .063 272 ~o728 « 961
R GUST (DEG/SEC) .002 1.348 -4,710 3.667
H (FN) -37.356 27.582 -87.03% .862
 LAMBDA {DEG) .020 « 264 -.924 710
SVG = 4.52 SHG = 5.18
THE NUMBER OF DECISIONS ON EACH VARIABLE WAS
PITCH ROLL YAW GLIDESLOPE LOCALIZER NO ACTION
103 L84 134 0 ] qg
‘THE PILOT RATING IS5 Joh?



A-7 #3 (AFFDL-TR-71-162) NO AUGMENTATION

THE ASSIGNED TASK IS HEAOING
THE PARAMETERS USED IN THIS ANALYSIS WERE

PILOT DELAY .175 SECONDS. OISTRACTION RATE «10
FLIGHT TIME 100.0 SECONDS. FLIGHT PATH ANGLE 0.0 DEGREES
XU = .003 XA = B.526 MASS= 688. SPAN= 38.7 1IAS = 584.
ZU n =088 ZA = =554 ZOE = -,07& ALT = 35000, ALPHA= 7.500
G = 32.200 MA = -4,150 MDE = -8.130 M0 = =-.330 MADOT= -,065
Yv = =~-,085 YDR= «027
LBETA=~-14.900 LOR= 3J.090 LDA = 7.960 LP = =1.400 LR = +599
NBETA= 1.380 NDR= =2,540 NDA = «0652 NP = =,080 NR = ~. 247
AUGMENTATION SYSTEM PARAMETERS ARE
TA = «010 TQ = «100 TCON = « 010 TCONZ= «010 TRAUG=
KRAUG= 000 KPAUG=" 10.000 KARI = 200 K@ = (.000 KQDoY=
KAZS =0,00000 ELX = 16.000 GTHETA= 0.000 GPHTI = 0.000
GUST PARAMETERS ARE Sl= L .570 SV = 4.570 SWN = 4.570
EXPECTED STANDARD DEVIATIONS ARE
TSUG=E 4.570 SAG= +448 S5Q6= 1.072
SPG= 1.312 SBG= 448 SRG= 1.244
T . T VEHILCLE IS UNDER PILOT CONTRGL
VARIABLE UNITS MEAN STD DEV MINIMUM MAXIMUM
T THETA {DEG) kL) « 207 -1.142 1.321
U (FT/SEC) =543 1.159 -3.,246 2.5456
" ALPHA {DEGY «013 «518 -1.273 1.213
Q {DEG/SEC) -+008 w71k -2+113 1,843
DE (DEG]) -, 005 157 -+518 « 715
PSI {DEG} « 127 «663 =-1a940 2.124%
BETA (OEG) ~« 086 «673 =2.051 1.7170
PHI {DEG) -.890 3.177 =3.416 9,359
R TUEGR75ED) 005 « 842 ~2.331 " 2.23% T
P {DEG/SEC) « 135 6.867 ~18.641 21.5410
T hA {DEG) PRE-Y 1.3%3 -4.121 4,342
DRAYG (DEG) « 008 + 000 -.000 «000
DR (OEG) « 037 <481 -2.522 2. 787
U GUSTY {FT/SEC) ~1.798 4.129 -12.649 11.792
“ALPHA GUST  {DEG) « 333 457 -1.235 » 395
Q GUST (DEG/SEC) <001 1.115 ~4.085 3.674
P GLUST {DEG/SED) «013 + 817  ~-5,322 5.739
BETA GUST (DEG) « 117 «389 -«949 1.522
- R GUST (DEG/SEC) -« 000 1.30% -4.393 3.302
D (FT) 18.639 14.128 -10.178 36.193
H {FT} T.763 13.879 -1L.,321 32.3721
LAMBDA (DEG) « 041 » 534 =1.624 1.599
T8V = 3.97 SHG = L.556

THE NUMBER OF QJECISIONS ON EACH VARIABLE

8a

- THE PILOT RATING IS

572 13

.62

L1

S

8 20
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A=7 #4 (AFFOL-TR-71-152)

NO AUGMENTATION

THE ASSIGNED TASK IS HEADRING
~THE PARAMETERS USED IN THIS ANALYSIS MWERE

T PILOY DELAY .175 SECONDS., DISTRACTION RATE .10
FLIGHT TIME 100.9 SECONDS. FLIGHT PATH ANGLE 0.0 DEGREES
XU = =,019 XA = 27.682 MASS= 680. SPAN= 38,7 IAS = B76.
ZU = =,000 ZA = =-1,010 ZDE = =.i14 ALT = 35(G00. ALPHA= 3.800
G = 32.200 MA =-13.140 MDE ==20.200 MQ = -.539 MADOY= -.143
YV = =,145 YDR= 035
LBETA=-30.600 LDR= 6.550 LDA = 14.200 LP = =-3.000 LR = +563
NBETA= 4.720 NOR= -5.110 NDA = 1.010 NP = =,112 NR = -.455
AUGMENTATION SYSTEM PARAMETERS ARE
TA = «010 TQ = .100 TCON = 010 TCONZ2= 018 TRAUG= «100
KRAUG= 000 KPAUG= 0.000 KARI = .200 KQ = D.000 KQDOT= 0.000
KAZS =0.0000C ELX = 16.000 GTHETA= 0.000 GPHI = 0.000
GUST PARAMETERS ARE SU= 4,570 SV = 4,570 SH = k570
EXPECGTED STANDARD DEVIATIONS ARE
TSuUG= §.570 SAG= «.299 SQG= 1.072
SPG= 1.812 SBG= «293 SRG= 1.244
- - VEHICLE IS UNDER PILOT GONTROL
VARIABLE UNITS MEAN STD DEV MINIMUM  MAXIMUM
U {FT/SEC) 1.089 1.133 -1.005% 3.368
ALPHA {DEG) .02 . 380 <1.047 1.070
Q (DEG/SEC) -.003 .937 -2, 647 2.400
DE {DEG) -.000 132 -2 360 425
PSI (DEG) L0477 +610 ~1.624 1.511
BETA {DEG) -. 063 561 -1.470 1.297
PHI {DEG) -.069 1.9689 -5.190 5.027
R {DEG/SEC) -, 001 1.265 -3.113 3.157
p (DEG/SEC) ~o 003 5.247 -13.582 12.488
DA {DEG) L1093 501 ~1.479 1.437
DRAUG {DEG) .000 .000 -.001 .001
BR (DEG) . 008 . 2610 “1.122 {.203
U GUST (FT/SEQ) ~1.463 4,319 =13.719 13.465
ALPHA GUST (DEG) . 002 .308 ~.831 w713
Q GUST {DEG/SEL) 052 1.0990 -4,085 3.475
P GUST (DEG/SEC) 010 1.777 -5.172 5.6497
BETA GUST (DEG) « 065 267 -. 705 . 964
R GUST {(DEG/SECH L 001 1.745 —4e337 3.363
| {(FT) Be331 13.315 -14.528 37.526
H {(FT) 9,147 14,500  =-10.%68 4. 296
LAMBDA (DEG) -.016 . 285 -i.022 .710
SVG = o 4.08 SHG 4a70
THE NUMBER OF DECISIONS ON EACH VARIABLE WAS
PITCH ROLL YAH GLIDESLOPE LOCALIZER NO ACTION
76 544 100 ] ] aq
TIHE PICOY RATING IS 3.72
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BOEING 707 FAA SIMULATION 20023 FT 50 DZGREZIES FLAPS

4l

THE ASSIGNZIO TASK IS LANDING

THE PARAMETZRS USZD IN THIS ANALYSIS KWERE
PILOT DELAY +175 SECONDS. GISTRACTION RATZ «10

FLIGHT TIM: 105.0 ScCONDS. FLIGHT PATH AWNGLE -3.0 DEGREES

XU = -,040 XA = 19,115 MASS= 5930. SPAN= 130.8 IAS = 233,

Z0 = - 001 ZA = -,537 ZDE = -,030 ALT = " 500,

6 = 32.200 MA = -1,003 MDZ = -,863 MQ = -.687 MADOT= -,271

YV = -.19 YDR=  ,033 B ) T T
LBETA= -1.628 LOR=  .211 LDA =  ,141 LP = -2.,026 LR = .610
NBETA=  ,567 NDR= =-.382 NDA = G111 NP = =,136 NR = ~-,248

AUGMENTATION SYSTEM PARAMETERS ARE

TA = 310 TQ = «58 TCON = «010 TCONZ= » 018 TRAUG= 1.008
KRAUG= «J0C KPAUG= J.0GJC KARI = 6.000 KQ = {.3760 KQDOT= §.000
KAZS =8.000406 ELX = 25.004 GTHZTA= 04000 GPHI = 0.J30
GUST PARAMZITERS ARE SU= 2+608 Sy = 2.608 SH = 1.719
EXPECTED STANDARD DEJIATIONS ARC -
SuUG= 24604 SAG=E « 423 SAO6= « 347
SPG= «4B63 SBG= «Bh1l SRGE e 451

VCHIGLE IS UNODER PILOT CONTROL N B
VARIABLE UNITS Mz AN STO DEV MINIMUM HAXIHUM
THETA (DEG) 3630 «533 -1.002 2.189
u (FT/SEC) -+975 . «960 ~2.798 1.125
ALPHA {DEG) U735 «498 =1.,073 2.498
Q (DEG/SIC) o301 « 316 -+ BY0 1.480
OFE {DZG) -s b4k « 530 -3.475 1.300
PSI (BEG) « 392 1.126 -2+ 1b8 3.02%
BETA {0EG) 165 « 8638 ~2.421 1.969
PHI {DZG) «d57 1.29% -3.05%6 3.198
R (DEG/SEG) « 1304 «694 -1.841 1,970
P {DZG/SEC) ~e027 o 142 -1.614 22277 h
0A {DIG) 11 2+938 -9, 154 B.776
ORAUG (DEG) «Jul OG0 -« 000 000
OR {DEG) 259 « 857 -2 395 3,191
U GUST {FT/SEC) 025 2607 -9. 137 8.490
ALPHA GUST (DZG) =026 « 349 ~1.G586 1.048
@ GUST (DLG/ZSEDR) 002 326 -1.030 «+336
P GUST {DZG/5:0) -:063 « 491 -1.575 1.196
BETA GUST (05} =-.022 « 494 -2, 032 1.053
R GUST (DEG/SEC) «011 +431 -1,155 1.223
V] (FT) ~3.151 D342 -Z2h8B2 BRI T T
H (FT) =-,991 5.8u8 ~20.803 9,625
LAMBDA (DEG) « 558 « 889 ~2.114 24372
SVG = 2«01 SHG = 1.42
THE NUMBcR OF DEGISIONS ON ZACH VARIABLE WAS

PITCH ROLL YAW GLIDCSLOPE LOCALIZER NO ACTION
83 267 101 183 106 B8

THE PILOT RATING IS 2423
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BOEING 707 FAA SIMULATION 2000 FT 50 DEGREES FLAPS

THE ASSIGNED TASK IS LANDING
THE PARAMETERS USED IN THIS ANALYSIS WERE

PILOT DELAY .175 SECONDS. DISTRACTION RATE .10
FLIGHT TIME  100.0 SECONDS. FLIGHT PATH ANGLE -3.0 DEGREES
XU = -.040 XA = 19.115 MASS= 5900. SPAN= 130.8 1AS = 233,
U = -.001 ZA = ~-.597 ZDE = ~-.030 ALT =  500.
G = 32,200 MA = -1.003 MDE = -.863 MQ = ~-.687 MADOT= ~.27]
YY = -.095 YDR= .033
LBETA= -1.628 LDR= .211 LDA = .141 LP = -2,026 LR = .610
NBETA=  .567 NDR= =-.,382 NDA = .01l NP = =,136 NR = ~-.248
AUGMENTATION SYSTEM PARAMETERS ARE
TA = .010TQ = .500 TCON = .010 TCON2=  .010 TRAUG= 1.000
KRAUG=  .000 KPAUG= 0.000 KAR! = 0.000 KQ = §.000 KQDOT= 0.000
KAZS =0.00000 ELX = 25.000 GTHETA= 0.000 GPHI = 0.000
GUST PARAMETERS ARE SU= 2.000 SV = 2.000 SW = 1.400
EXPECTED STANDARD DEVIATIONS ARE
SuG= 2.000 SAG= 344 sQG= .282
SPG= .374 SBG= .492 SRG= . 346

VEHICLE IS UNDER PILOT CONTROL
VARIABLE UNITS MEAN STD DEV MIN I MUM MAX | MUM
THETA (DEG) .054 406 -.766 1.547
U (FT/SEC) ~, 784 .761 ~2.297 .650
ALPHA (DEG) 062 .379 -.818 1.840
Q (DEG/SEC) -.001 L250 -.571 1.100
DE (DEG) -.046 A5 -2.272 1.06}
PS| (DEG) .365 .880 -1.857 2.479
BETA (DEG) 139 .650 -1.879 1.567
PHI (DEG) 049 1.072 -2.577 2. 441
R (DEG/SEC) .00k .523 -1.568 1.257
P (DEG/SEC) ~.022 .566 -1.270 1.766
DA (DEG) 051 2.410 -6.960 7.443
DRAUG (DEG) .000 .000 -.000 .000
DR (DEG) 219 715 -2.008 2.617
U GUST (FT/SEC) 480 2.000 -7.006 6.508
ALPHA GUST  (DEG) -.022 .284 -.860 .854
Q GUST (DEG/SEC) .001 .265 ~.838 .680
P GUST {DEG/SEC) -.051 . 399 ~-1.283 .974
BETA GUST (DEG) -.017 .379 -1.603 .808
R GUST (DEG/SEC) .008 .330 ~.886 .937
D (FT) -2.574 4,922 -18.329 7.399
H {FT) -.865 4,548 ~15.090 8.027
LAMBDA (DEG) .504 .739 ~1.465 2.072
SVG = }.54 SWG 1.15
THE NUMBER OF DECISIONS ON EACH VARIABLE WAS

PITCH ROLL YAW GLIDESLOPE LOCALIZER NO ACTION
9] 262 101 190 104 68

THE PILOT RATING 15 2.18
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BOEING 707 FAA SIMULATION 2000 FT 50 DEGREES FLAPS

THE ASSIGNED TASK 1S LANDING
THE PARAMETERS USED IN THIS ANALYSIS WERE

PILOT DELAY .175 SECONDS. DISTRACTION RATE .10
FLIGHT TIME  100.0 SECONDS. FLIGHT PATH ANGLE ~3.0 DEGREES
XU = -,040 XA = 19.115 MASS= 5900. SPAN= 130.8 IAS =  233.
U = =~-.001 ZA = ~-.597 ZDE = -.030 ALT =  500.
G = 32,200 MA = =1.003 MDE = -.863 MQ = ~-.687 MADOT= -.27]
Y¥ = -.095 YDR=  .033
LBETA= ~1.628 LLDR= .211 LDA = .I141 LP = -2,026 LR = .610
NBETA=  .567 NDR= =-.382 NDA = .Ol1 NP = -,136 NR = =-.248
AUGMENTATION SYSTEM PARAMETERS ARE
TA = .010TQ = .500 TCON = .010 TCON2=  .010 TRAUG= 1.000
KRAUG=  .000 KPAUG= 0.000 KARI = 0.000 KQ = 0.000 KQDOT= £.000
KAZS =0,00000 ELX = 25.000 GTHETA= 0.000 GPH! = 0.000
GUST PARAMETERS ARE SU= 2.000 SV = 2.000 SW = 1.400
EXPECTED STANDARD DEVIATIONS ARE
SUG= 2.000 SAG= .344 SQG= .282
5PG= .374 SBG= 492 SRG= . 346
VEHICLE 1S UNDER PILOT CONTROL
VARIABLE UNITS MEAN  STD DEV MINTMUM MAX | MUM
THETA (DEG) -.224 .577 -1.802 822
U (FT/SEC) .338 1,119 -1.877 2.325
ALPHA (DEG) -.221 477 -2.003 L643
Q (DEG/SEC) -.006 .296 -1.336 711
DE (DEG) .169 .568 -1.379 2.436
PSI (DEG) .101 .987 -2.157 2.929
BETA (DEG) - .04l .857 -2.284 2.123
PHI (DEG) -.032 1.082 -2.069 2.386
R {DEG/SEC) -.005 .671 -1.697 1.656
P (DEG/SEC) .004 .702 -1.577 2.024
DA (DEG) -.152 2,025 -6.787 5.970
DRAUG (DEG) .000 .000 -, 000 .000
DR (DEG) .022 .545 -2.166 2.908
U GUST (FT/SEC) .799 2.076 -4.786 5.915
ALPHA GUST  (DEG) .077 341 -.837 1.011
Q GUST (DEG/SEC) .003 .272 ~-.947 .834
P GUST {DEG/SEC) -.014 .331 -1.053 . 905
BETA GUST (DEG) .0b6 .393 -.921 1.157
R GUST (DEG/SEC) .003 342 -.963 .883
D (FT) 4,075 5.874 ~9,092 16.102
H (FT) 3.164 5.561 -9.017 14.858
LAMBDA (DEG) .056 .654 -1.129 1.668
SVG = 1.60 SWG = 1.39
THE NUMBER OF DECISIONS ON EACH VARIABLE WAS
PITCH ROLL YAW GLIDESLOPE LOCALIZER NO ACTION
143 229 59 252 L8 75
THE PILOT RATING IS 2.22
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BOEING 707 FAA SIMULATION 2000 FT 50 DEGREES FLAPS

TIHE ASSIGNED TASK IS {ANDING

THE PARAMETERS USED IN THIS ANALYSIS WERE

PILODT DELAY. . .175 SFCONDS. DISTRACTION RATE + 10

FLIGHT TIME 190.0 SECONDS. FLIGHT PATH ANGLE <~3.0 DEGREES

Zy = =,001 ZA = =,597 ZDE = =-,030 ALT = 500.

G = 32.7280 MA = =-1.003 MDE = -.863 MQ = ~,687 MADOT= =.271
Y = =,095 YDR= + 033

LBETA= -1,628 LOR= 241 LDA = o141 LP = ~2,026 LR = .610
NBET A= +567 NOR= =,382 NDA = «011 NP = «,136 NR = =.248

_AUGMENTATION SYSTEM PARAMETERS ARE

TA = «010 TQ = +500 TCON = «010 TCONZ2= « 010 TRAUG= 1.000
KRAUG= = 0.0600 KARI = 0.000 K@ = 0,000 XKQ007=_ g.000
KAZS =0.00000 ELX = 25.000 GTHETA= (,.,000 GPHI = 0.000

.GUST PARAMETERS ARE SU=s =~ 2,200 S¥ = = 2,200 SW = 1.600
EXPECTED STANDARD DEVIATIONS ARE

Sle= 2,280 SAG= 2393 306= 2323

SPG= +428 SBG= «541 SRG= « 380

e~ MEHICLE IS UNDFR PILOT GONTROL

JARIABLE UNITS MEAN STO DEV MINIMUM MAXIHUM
THETA {DEG) 2183 L 507 -+ 683 1,434
U {FT/SEQ) -1.256 1.150 =4, 142 +802
_ALPHA , {DEG) 2202 «H78 _ =.915 1.679
Q (DﬁGISEC) -a 01]2 . 2“9 bl 795 081‘}
DE (DEG) - ... «929 = =2,204 @ 1.%43 @
PSI (OEG) -+239 1.077 =2+ 846 2590
BETA (DEG) 2022 o 94l =-22790 2:099
PHI (DEG) 020 1, 047 =2.,372 2.696
R ({DEG/SEQ) =021 =0 LT?D. = =2,118 1.754%
p {DEG/SEC) ~001 + 787 -2.152 1.605
DA {DEG) ~0648 2.082 =1.937 6.528
DRAUG {0EG) -+000 « 000 -« 5300 «000
__D_& (DEG) -.656 c?iL '21&&1 aging
U GUST {FT/SEC) -+ 021 2+ 166 ~6.253 4,269
_ALPHA _GUST (DEG) =-2041 « 375 =-1,152 2923
Q GUST (DEG/SEQ) =007 +301 ~+935 +978
P_GUST . ADEG/SEC)  =.002 = 428 . =1.231 = 1,250
BETA GUST (DEG) -+027 513 =1, 290 14671
R GUST {DEG/SEC) 006 23886 =1.135 1,188
0 (FT) -~6.014 5,360 ~16. 316 4.581
H - {(FT) =3.620 be934 -15,638 4,972
LAMBOA {DEG) ~e217 «493 =1.516 1,107
SdG = 2,09 SHG = 1452

THE NUMBER OF DECISIONS ON EACH VARIABLE WAS

PITCH _ROLL YAW GLIDESLOPE LOCALIZER NO ACTION ===
i38 216 1290 211 43 B84

THE PILOT RATING IS 2.25
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BOEING 707 FAA SIMULATION 2000 FT 50 DEGREES FLAPS

THE ASSIGNED TASK IS LANDING
THE PARAMETERS USED IN THIS ANALYSIS WERE

157

0
-3.0 DEGREES
0.8 1A = 233,
00.
687 MADOT= -.271
026 LR = L610
136 NR = ~.248
2= .010 TRAUG= 1.000
= (0.000 KQDOT= 0.000
= 0.000
200 SW = 1.600
ROL
N1 MUM MAXIMUM
-1.938 .905
-.701 3.172
-2.563 1.023
_.98}" -985
-1.000 2.866
-3.533 2.666
-1.967 2.123
~3.060 2.793
-1.703 1.616
-1.909 2.172
-8.232 9.065
-.000 .000
-3.592 2.704
-5.128 L.904
-.987 1.631
-1.029 1.020
-1.116 1.363
-1.245 .926
-1.256 1.075
-1.489 21.368
-7.329 20.063
-2.375 1.804

97 75

PILOT DELAY .175 SECONDS. DISTRACTION RATE .1

FLIGHT TIME  100.0 SECONDS. FLIGHT PATH ANGLE

XU = -.040 XA = 19.115 MASS= 5900. SPAN= 13

ZU = -.001 ZA = ~-.597 ZDE = =-.030 ALT = 5

G = 32.200 MA = -1.003 MDE = -.863 MQ = -,

YY = -.095 YDR= .033

LBETA= -1.628 LDR= .211 LDA = .141 LP = -2,

NBETA= .567 NDR= =-.382 NDA= .01l NP = -.

AUGMENTATION SYSTEM PARAMETERS ARE

TA = .010TQ = .500 TCON = .010 TCON

KRAUG=  .000 KPAUG= 0.000 KARI = 0.000 KQ

KAZS =0.00000 ELX = 25.000 GTHETA= 0.000 GPHI

GUST PARAMETERS ARE SU= 2,200 SV = 2.

EXPECTED STANDARD DEVIATIONS ARE

SUG= 2.200 SAG= .393 SQG= .323

SPG= .428 SBG= .541 SRG= .380
VEHICLE 1S UNDER PILOT CONT

VARI ABLE UNITS MEAN STD DEV Ml

THETA (DEG) -.240 .517

U (FT/SEC) 1.382 .851

ALPHA (DEG) -.269 .568

Q (DEG/SEC) -.002 L3117

DE (DEG) .243 .603

PSI (DEG) -. 247 1.246

BETA (DEG) .080 791

PHI {DEG) .069 1.397

R (DEG/SEC) .007 .66

P (DEG/SEC) -.007 .765

DA (DEG) -.197 2.811

DRAUG (DEG) -.000 .000

DR (DEG) -.042 814

U GUST (FT/SEC) .279 1.750

ALPHA GUST  (DEG) 071 lh

Q GUST (DEG/SEC) .001 .346

P GUST (DEG/SEC) 009 ;e

BETA GUST (DEG) -.098 418

R GUST (DEG/SEC) -.005 .365

D (FT) 9.631 5.699

H (FT) 5.386 6.157

LAMBDA (DEG) -.167 1.015

SYG = 1.70 SWG= 1.81

THE NUMBER OF DECISIONS ON EACH VARIABLE WAS

PITCH ROLL YAW GLIDESLOPE LOCALIZER NO ACTION
79 256 87 218
THE PILOT RATING IS 2.23



.. BOEING 707 FAA SIMULATION 2000 FT S50 DFGREES FLAPS

THE ASSIGNED TASK IS LANDING
THE PARAMETERS USED IN THIS ANALYSIS WERE e —
PILOT DELAY 175 SECONDS., DISTRACTICON RATE «10

LFLIGHT TIME  190.0 SECONDS, FLIGHT PATH ANGLF -«3,0 DEGREFS . =
Xy = ~.040 XA = 19.115 MASS= 5900. SPAN= 130.8 IAS = 233,
JIUY . = -l0i01 A = =,597 IDE = -,030 ALT = 508+

G = 32.200 MA = =1.003 MDE = =.863 MQ = =,687 MADOT= ~,.271

X = = _YDR=_ 033

LBETA= ~1,628 LODR «211 LDA o1l41 LP «610

-2+026 LR

H o

n
]

ot
Hou

AUGMENTAT ION SYSTEM PARAMETERS ARE
JA = 048 TQ 2500 T = »010 TCONZ= = —
KRAUG= «000 KPAUG 0.000 KARI = (0.000 KO = 0,000 KQPOT= 0,000

i uin

GUST PARAMETERS ARE SU= 2.200 SV = 2200 SH = 1.600
JEXPECTED STYANDARO DEVIATIONS ARE

SUG= 2200 SAG= «393 SQG= «323

_SPG= 1428 S586= + 543 SRG= 2380

VEHICLE IS UNDER PILOT CONTROL

VARIABLE UNITS MEAN STO DEV MINIMUM MA XIMUHM
THETA (DEG} o002 o494 -1.18¢9 1,026
.t e SFT/SEC) o711 + 792 ~1s %23 20161
ALPHA (DEG) +010 . ~1.181 1.449
" (DEG/SEC) £+ 002 « 298 ~e 87k 1,036
OE (DEG) =012 « 499 ~1.546 1.510
PS1 (DEG) 102 1.214 =2e 1% 24656
BETA (DEG) - 245 «710 -1.8601 1.493
PHI (DEG) ~+159 1,038 ~24312 2.35%
R (DEG/SEC) -.001 + 584 ~1,556 1.363
P _ (DEG/SEC) -«085 « 787 ~-1,501 1.545
DA {DEG) « 076 2.080 -6.903 6.848
ORAUG _(DEG) « 008 « 0010 -+ 000 +000
DR (DEG) « 007 «898 -2.210 2.926
U _GUST (FT/ZSEQ) -+ 763 1.980 -5.,808 4,606
ALPHA GUST (DEG) -+003 2 350 =1.148 1.016
_Q GUSY {QEG/SEC) +0 00 311 ~1e 041 B34
P GUST {DEG/ SEC) « 011 o413 -1.332 1.188
-BETA_GUST {OEG) +236 L] -+ 863 1,537
R GUST (DEG/ SEC) -+002 « 354 -1.095 1.022
0 {(FI1) 1,169 44969 =7+ 880 9,858
H (FT) ~e236 5,615 ~10.086 8.930
_LAMBDA {DEG) =144 12049 =1.959 2,083
SVG = 1.82 SHG = 1.42
THE NUMBER OF DECISIONS ON EACH VARIABLE WAS
PITCH ROLL YAW GLIDESLOPE LOCALIZER NO ACTION
104 180 145 209 136 73
THE PILOT RATING IS 2+21
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BOEING 707 FAA SIMULATION 2060 FT 50 DEGREES FLAPS

THE ASSIGNED TASK IS LANDING
THE PARAMETERS USED IN THIS ANALYSIS WERE

PILOT

DEL AY
FLIGHT TIME

+175 SECONDS.
100.0 SECONOS.

DISTRACTION RATEZ
FLIGHT PATH ANGLE

«10

-3.0 DEGREES

Xu = =.040 XA = 19,115 MASS= 5900. SPAN= 130.8 IAS = 233,
Zu = =001 ZA = =,597 ZDE = -+,030 ALT = 500,
G = 32.200 MA = ~-1.803 MDE = ~.863 MG = =,687 MADOT= =-,271
YV = =4+095% YDR= «033
LBETA= -1.,628 LOR= 211 LDA = 141 (P = =2,026 LR = +610
NBETA= «567 NOR= =-,382 NOA = 2011 NP = -,136 NR = =s248
AUGMENTAT ION SYSTEM PARAMETERS ARE
TA = «019 TQ = 5008 TCON = «019 TCONZ= «010 TRAUG= 1.800
KRAUG= 2000 KPAUG= {1,000 KARI = 0,000 K@ = 0,000 KQOOT= (C.000
KAZS =0.00000 ELX = 25,000 GTHETA= §,000 GPHI = 0.000
GUST PARAMETERS ARE SU= 2+200 SV = 2.200 SH = 1.600
_EXPECTEO STANDARD DEVIATIONS ARE
SUG= 2.200 SAG= + 393 5Q6= 323
SPG= 428 5BG6= e541 SRG= « 380
JEHICLE IS UNDER PILGT CONTROL
VARIABLE UNITS MEAN STD DEV MINIMUN MAXIMUM
THETA (DEG) D18 o 4h7 =1. 617 1,321
~u - (FT/SEC) ~¢157 + 862 -1.857 1.262
ALPHA {DEG) «015 s 442 -1.072 1.087
a (DEG/SEQ) « 001 . 282 -y 734 «879
OE (DEG) =034 b6y =2 045 1.997
PS1 (DEG} =+ 054 1,483 ~-3.912 2eGlle
BETA (DEG) « 249 1,313 -3.9012 2.971
PHI (DEG) «168 1.653 -3.887 34811
R (DEG/SEC? «032 1.079 =2. 318 24571
P {DEG/SEC) -+010 1.09% ~“2e B4l 2+250
DA {DEG) '035? 3.8086 '110236 11.317
DRAUG {DEG) + 000 2000 -« 000 +030
OR {DEG) 137 1.102 -3.739 24673
U GUST  (FT/SEQ) 4145 1,708 -4, 158 4,673
ALPHA GUST (DEG) « 018 + 354 =y 968 805
@ BGUST {DEG/SEC) =+«003 312 -y 334 1.013
P GUST (DESG/SEC) -.073 «450 -1,259 1,322
BETA GUST {BEG) ~a15% 1567 -1.652 1.357
R GUST (DEG/SEC) ~«007 + 435 =-1.263 1.1040
D N (FT) -1,553 5.197 -13.801 12,337
H (FT) -.628 5,017 «12. 460 12.569
LAMBDA (DEG) +195 1.110 ~24383 2,246
SVE = 2e31 SHG = Lottty
THE NUMBER OF DECISIONS ON EACH VARIABLE WAS
PITGH ROLL YAW GLIODESLOPE LOCALIZER NO ACTION
57 290 137 129 ii6 73
THE PILOT RATING IS 2434
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_ BOEING 747 _FAA STMULATION 2007 FT 50 _DEGALES FLAPS . . . - ——
TTHE ASSIGNTD TaSK 1S LANDING T T T oTTTThTTmrmem e T
CTHE PARAMCTERE USCO IN THIS ANALYSIS WERE P

SR
=3.0 DCGREES

PILOT DcLAY L1175 SECOH0S. OISTRACTION RATC
JFLIGHT TIm | 1duef S2COND5. FLIGHT PATH ANGLE

Xy = -4,J14d XA.= 19,415 YAS5= 5930, SPAN= 130.3 IAS .= e33.

JAY L E me3d1 2N = mWB3T7 20 = =e@3G_ AT = 500 e .
G 2 32,200 MA = «1,35333 MDE = -4863 MQ = =.637 HMADOT= ~-.271

Y4 = = a09% YOR= G033 e e e e e e e e
LBETA= ~-1.628 LOR= «211 LDA = +181 LP = =2,026 LR = P10
HHBZTA= o557 MIRx +,382 HOA = 021 . MP = =,136 lR _~a248

TAUGMENTAT ION SYSTEM PARAMITERS ARZ

CJYAL B e080 TA 5 L5050 TCON = L 048 TCOH2= L, C10 TRAUG= 1,349
KRAUG=  ,ul{ XPAUG= 0.000 KARI =- 0,083 K@ = 0.0;0 KQOOT= (.003

_KAZS 20,0303 IAX = 25,000 GTMETA= 06033 GPMI = G090 . ... . -

GUST PARAMZTcRS ARE SU= 2,200 SV = 2230 SH = 1.684
CEXPECTcO STAMDARD DZVIATIONS ARSI — —
SUG= 24231 SAG= «393 806z 323
_SPG= «428 586= £541 SRG= + 380
VEHICLc IS UNOZR PILOT CONTROL
_VARIA3LEZ UNITS MEAN __ STD DEY MINIMUM = MAXTMUM
THETA (D3} 2030 «529 -1.121 1.458
SO LET/SEC) 2050 w814 -1.865 | 4.8602
ALPHA (03} o003 + 561 -1, 0449 1.748
QL ADEG/SEC) . =017 2 362 =1.021 883 —
DE (036G} =030 2524 -2,259 240610
PS1 (DEG) « 307 1.162 =~3.525 24761
BETA (0E5) -v217 931 -2, 722 2.382
_PHI {DEG) ~ 033 1,014 -2.724  P.081
R {BEG/SEC) =« JE7 o762 -2.520 +313
P e - SDES/SECY w029 W789  -2.358  2.505 - -
DA (051 +143 1,851 -5.616 7308
DRAUG { D_E__G) ~« 003 200 0_____" hal G_U_G L] D_Q ] —_
OR {D=G) -.118 o823 -3.655 2,746
WM BUSY ____(FT/SECH ~2393 AnZf2 . =he243___ 6eu22
ALPHA GUST (DZIG) 337 shub =+ 909 1.283
R GUST _ _ IDIG/SEC) +008 « 350 =+ 929 1.0653
P GUSY {0I5/7SED) +033 s b4 -1.120 1,371
_BETA GUST 10S5) »)22 515 -1.236 1.699
R GUST {0ZG/5EC) 2613 + 374 -1.109 1.151
8. {FT) m1.3547 boB84  -1b4.554 11.622
H (FT) ~+949 he725 13,846 i1.361
LAMBDA _ _ (DEG)_ . =.210 £ 781 ~1.,93% 1,316
3VvG = 2,09 334G = 1.81 :

_THE NUMIiR OF DICISIONS OM EACH VARIABLE_WAS

PITCH ROLL YAW GLIDESLOPE LOCALIZER NO ACTION
179 494 138 _ ib4 93 1z
THE PILOT RATING IS 2.25

160



BOEING 707 FAA SIMULATION 2000 FT 50 DEGREES FLAPS

THE ASS{GNED TASK IS LANDING

THE PARAMETERS USED IN THIS ANALYSIS WERE

PILOT DELAY .175 SECONDS. DISTRACTION RATE .10

FLIGHT TIME 100.0 SECONDS. FLIGHT PATH ANGLE -3.0 DEGR

EES

XU = ~-.040 XA = 19.115 MASS= 5900. SPAN= 130.8 IAS = 233.
U = -.001 ZA= =-.597 ZDE = ~-.030 ALT = 500.
G = 32.200 MA = -1.003 MDE = -.863 M@ = -.687 MADOT= -.271
YY = -,095 YDR= .0D33
LBETA= -1.628 LDR= .211 DA = 141 LP = -2,026 LR = .610
NBETA=  .567 NDR= =-.382 NDA = .01l NP = =-,136 NR = -.248
AUGMENTATION SYSTEM PARAMETERS ARE
TA = 010 TQ = .500 TCON = .010 TCON2= .010 TRAUG=
KRAUG=  .000 KPAUG= O0.000 KARI = 0.000 K¢ = 0.000 KQDOT=
KAZS =0.00000 ELX = 25.000 GTHETA= 0.000 GPHI = 0.000
GUST PARAMETERS ARE SU= 2.200 SV= 2.200 SW= 1.600
EXPECTED STANDARD DEVIATIONS ARE
SUG= 2.200 SAG= .393 5QG= .323
SPG= 428 SBG= .541 SRG= .380
VEHICLE 1S UNDER PILOT COMTROL

VARIABLE UNITS MEAN  STD DEV MUNIMUM MAX 1 MUM
THETA (DEG) -.012 .528 -1.325 1.197
U (FT/SEC) 677 1.150 -1.355 3.102
ALPHA (DEG) -.042 427 -1.441 .986
Q {DEG/SEC) .006 272 -.725 .686
DE (DEG) .015 .535 -1.809 1.682
PSi (DEG) -.382 1.561 -3.561 3.440
BETA (DEG) =258 .983 -2.468 2.178
PH1 (DEG) .020 1.479 -2.783 3.842
R {DEG/SEC) -.006 .835 -2.216 2.150
P (DEG/SEC) .013 .885 -2.366 2.675
DA {DEG) -.132 2.991 -11.101 7.489
DRAUG (DEG) -.000 .000 ~-.000 . 000
DR (DEG) -.316 1.158 -3.602 3.545
U GUST {(FT/SEC) -.501 1.984 -6.929 5.031
ALPHA GUST  (DEG) .027 .352 -1.010 1.285
Q GUST (DEG/SEC) -.003 .326 -.948 1.135
P GUST {DEG/SEC) .068 47 -1.505 1.068
BETA GUST {DEG) .109 .640 -1.707 1.924
R GUST (DEG/SEC) .006 413 -1.262 1.295
D (FT) 1.086 6.150 -12.755 13.825
H (FT) .272 6.276 -12.514 14.191
LAMBDA (DEG) -.64] 1.189 -3.159 2,304
SVG = 2.60 SWG = 1.43
THE NUMBER OF DECISIONS ON EACH VARIABLE WAS

PITCH ROLL YAW GLIDESLOPE LOCALIZER NO ACTION

72 237 126 162 134 84

THE PILOT RATING IS 2.27
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BOEING 707 FAA SIMULATION 2000 FT 50 DEGREES FLAPS

THE ASSIGNED TASK IS LANDING
THE PARAMETERS USED IN THIS ANALYSIS MWERE
- PILOT DELAY .175 SECONDS. OISTRACTION RATE «10
FLIGHT TIME 106.0 SECONDS. FLIGHT PATH ANGLE ~3,0 DEGREES

XU = =~-,040 XA = 19,115 MASS= 5900. SPAN= 130.8 IAS = 233,
Ly = =-.001 ZA = =-.597 ZDE = -,030 ALT = 500. ALPHA= {0.000
6 = 32,200 MA = -1,003 MDE = ~-,863 MQ = <-.687 MADOT= =~,27%1
Yv = =,095 YDR= «033
LBETA= -1.628 LDR= «211 LDA = Il LP = -2.026 LR = 6180
NBETA= «%67 NOR= ~,382 NDA = «011 NP = =-,136 NR = —.248
AUGMENTATION SYSTEM PARAMETERS ARE
TA = <016 TQ «010 TRAUG= 1.0400

«500 TCON = +010 TCONZ

T KRAUG= .000 KPAUG= D0.000 KART g.600 XQ = 0.000 KQboT= 0.000
KAZS =0.000800 £LX = 25.000 GTHETA= 0.000 GPHI = 0.000
GUST PARAMETERS ARE sU= 2.200 SV = 2+200 SH = 1.570
EXPEGTED STANDARD DEVIATIONS ARE
SuUG= 2.200 SAG= +393 SUG= « 323
SPG= +428 5B6= «541 SRG= « 380

VEHICLE IS UNDER PILOT CONTROL

VARIABLE UNITS MEAN STD DEV MINIMUM MAXIMUM
THETA {DEG) 177 «543 -.973 1.468
U {FT/SEC) -+191 1.161 '1-977 2-316
ALPHA {DEGY «195 «510 -. 893 1.524
Q& {DEG/SEC) .003 «313 -« 769 1.009
DE {OEG) -« 14% <695 =Z.378 1.881
P31 (DEG) -«291 1.096 -3.109 2377
BETA {DEG) -+ 325 «729 =1.747 1.978
PHI (DEG) -+.101 1.095 -2.806 2.917

TR 1DEG/SETY T ~.008B -1 =1.317 1.365
p {DEG/SEC) « 4303 597 -~2.044 1.445
DA {0EG}) 177 Z2.066 -T«712 8.163
DRAUG (DEG) -.000 « 000 ~.000 000
bR {CEG)Y =191 770 =-3.206 2.3010
U GUST (FT/SEG) -.800 2.110 =7« bh7 4.99%

TTALPHA GUST (OEG) -« 000 « 378 -1.1686 1.051
@ GUST {DEG/SEC) «008 «326 ~+957 927
P GUST {DEG7SETY <072 <425 ~1.140 1.585
BETA GUST {DEG) -, 082 454 -1.365 1.313
R GUST {OEG/SECY A «363 -1.303 1.340
1] (FT) -2.513 7.226 14147 12.855
H {F1T} =-2.739 7.065 -14.,855 11.773
LAMBDA {DEG) -« 347 «+958 =-2. 428 1.704
3VG = 1.8% SHG = 1.5%

THE NUMBER OF DECISIONS ON EACH VARIABLE WAS
FITCH ROLL YAW GLIOESLOPE LOCALIZER NO ACTION
111 161 B2 283 88 86
~ THE PILOY RATING IS 2,13

162



T~33 ARNOLD GUST HBBEL CASE # 1D

THE ASSIGNIO _IASK TS PITCH

THE PARAMETZRS USED TN THIS ANALYSIS WERE
PILOT DELAY 175 SECONDS, DISTRACIIQN RATE

.10

FLIGHT TIME 136.5 SECONDS. FLIGHT PATH ANGLE 0.0 DEGREES
X1t = JNE7 XA = 22,287 MASS= 425, SPAN= 37.8 IAS = LB8,
U = =.(00 2A = =1,590 ZDY = =-.091 ALT = 9550. ALPHA= 0.CG00
—G. . = 32,200 MA = -f,642 MDF z=14,541 MO = 1,133 MADOT= =-2,679
YV = =128 YDR= #0306
—LRCTA= -7,420 10OR= 1,29¢ IDA = 43,790 (P = -1,560 IR = 2256
NBETA= 2.600 NOR= =-3,210 MDA = w121 NP = =,038 NR = ~.204
A AUGMENTAT ION SYSTEM PARAMETERS ARE
v TA = 010 TQ « 317 TOON TCONZ= + {10 TRAUG= 1,000

« 013

n

1"

£.537

! KAZS =C.00931 ELX GTHETA= 0§.,000 GPHI G.308

'r

__GUSI_EARAHhI_RS,ARﬂ_SM___MA;JJJJ*JLJiL,ﬁﬂ____lﬁllﬁﬂ_ﬁﬂf 10,150
EXPECTED STANDARD DEVIATIONS ARE
SUG= 10,150 SAG= 1.193 50G= 225419
SPG= 4,108 SBG= 14193 SRG= 2+806

VEHICLE IS UNDER PILOT CONTROL

JARIABLC UNITS ML AN STD DEJ MINI MUM MAXIMJIM
THETA {0z5G) 2028 + 548 -1, 260 1.428
ALPHA {DEG) +194 1.223 -3.281 3.9938
Q (D=G/SED) -.009 + 677 -1.998 2.355
113 (D=6} =006 ¢ 160 -+ 661 628
PST (D=6 0810 1,349 -3, 398 3.072
BETA (0ZG) =197 1.5G9 -4, 504 3,481
PHI (0E6) -+149 2940 -8, 076 10,389
R (DZG/SEDC) 2«18 2,138 ~5.650 6,305
P (D=G/S5E0) -.051 L.643 =12. 635 1b.641
DA {0EG) + 45 1.3486 ~4, 991 4,008
DRAUG (D5 159 1.179 -4, 1648 2.982
DR (0E5) + 249 1566 =4, 881 5476
U GUST (FT/3SEC) G.d08 J.00¢ t.CO0 0.000
ALPHA GUST (0D=G) ~+189 1.292 =44553 3.660
3 GUST (DEG/SEC) Ge008 Ge0O0 t« 000 0.00¢0
P_GUST {DEG/SEC) -+ 061 4e233 =12, 155 11,859
BETA GUST (DE6) 285 +« 959 =2+ 649 2.827
R GUST (DEG/SED) 223 2.871 -8, 381 9,236
D (FT) ~66.053 79.426 ~203.214 68.916
H (FT) -66.0253 79,426 -203,214 68,916
LAMBDA (0EG) -+117 1.622 =2. 804 1,380
SNG = 8.16 SWG = 11.390

THE NUMRER OF DECISIONS ON EACH VARIABLE WAS

PITCH ROLL YAW GLIDESL OPE LOCALJZER NG ACTION
g1 4993 156 tH g 63
THE PILOT RATING IS 24562
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—T=-33 ARNOLD GUST MODF)L GCASF & 20

THE ASSIGNED TASK IS PITCH

THE PARAMFTFRS USEN TN THTS ANALYSIS WERE :
PILOT OELAY .175 SECONDS, OISTRACTION RATE +10

FELIGHT TIMF 100,08 SECONDS. FITGHT PATH ANGLE 0.0 DEGREFS

XU = «007 XA = 22,287 MASS= 425. SPAN= 37.5 IAS = 488,

Zu = =,000 7?8 = =1,8Q0 ?DF = -,091 ALT = 9500, ALPHA= (.000

G = 324200 MA = =6.,642 MDE ==154.541 MQ =-10.923 MADOT= 5.653

Yv = =.178 YOR= 20 36 -
LBETA= =7.420 LDR= 1,390 LDA

14.700 LP = =1.560 LR = «256

AUGMENTATION SYSTEM PARAMETERS ARE

Ia = 020 1TQ e «010 TCON 2010 TCONZ2= _ .010 TRAUG= 1,884
KRAUG= 1,000 KPAUG= =,100 KARI 0,000 KQ = D.090 KQDOT= 0Q.000
KAZS =Q.D000D.ELX =  B.530 GTHETA= 0.000 GPHI = 0,398

i1

H

GUST PARAMETERS ARE SU= 10.150 S5V = 10,150 SW = 10.150
EXPECTED STANNARD DEVIAYIONS ARE

SuG= 10.150 SAG= 1,193 SQG= 2.419

SPG= o108 SBG= 1.193 SRG= 22806

VEHICLE IS UNDER PILOT CONTROL

VMARTARLE -UNITS MEAN STD DEY MINIMUM MAXIMUM
THETA (DEG} ~-.005 «616 =20237 1.315
u (FY/SEC) ~e 361 1.334 =k, 325 22117
ALPHA {DEG) «183 1.132 «24+955 3.960
Q {0EG/SEC) =5 004 2924 ~2. 686 3046
0E ({DEG) =001 229 -+ 835 2625
psSI {NEG) 2053 2200 e 436 +538
BETA (DEB) =005 «176 -4 645 «380
BEHIT (DEG) 2005 « 450 =1, 360 1.28%
R (DEG/ SEC) «002 « 165 =» 494 719
p (DEG/SFC) « 106 M T4 =1,281 1431
DA (DEG) -.002 184 ~“e¥72 1624
mul; (DEm -.BBB «112 —-p 1l 238
DR {DEG) - 084 w182 -, 649 «899
U _GUSYT ({FIZSEC) .00 0.000 0. 3080 0,040
ALPHA GUST (DEG) =-.180 1.292 -4y 554 3.661
Q_GUST {NEG/SEG) D. 004 1. 000 ~_f0.000 1,000
P GUST (DEG/SEC) ¢.0080 0.G00 0.000 0,000
BETA GUST (NDFG) . Q0.000 ~ f.000 Q0,000 0.300
R GUST (DEG/SEC) 0.000 t.000 G. 000 6.000
i} {FT) -B4,959 A2.831 =237,904 61.119
H (FT) =84.959 92,831 -237.9304 61,119
LA&BDA (OEG) 2 048 147 -.Zhu |422
Sv6 = 0.00 SWG = 11.020
THE NUMBER OF DECTSIONS ON EACH VARIABLE WAS

PITCH ROLL YAW GLIDESLOPE LOCALIZER NO ACTION

L& 2 255 30 0 ] 648

THE PILOT RATING IS 2.23

164



T=33 ARNOLD GUST MODEL CASE # 3A

D TASK IS PITCH
THE PARAMETERS USED IN THIS ANALYSIS WERE
_ PILOT - DELAY 175 SECONDS. DISTRACTION RATE .40
FLIGHT TIME  107.0 SECONDS. FLIGHT PATH ANGLE 0.0 DEGREES

—XU = W07 XA =.22.2B87 MASS=. 425G, SPAN= 17.5 I8 = L88,
U = =4,000 ZA = ~1.590 ZDE = =,091 ALT = 9500+ ALPHA= QJ,G00
YV = =«,128 YDR= 036
W LBETAS =~7.620 1035 1.395 10A = 411,700 tP = =1 ,.560 LR = .256
NBETA= 2,800 NDR= -3,211 NDA = «121 NP = ~-,038 NR = =,204
__AUGMENTATION SYSTEM PARAMETERS ARE
TA G100 TR « 110 TCONZ 1.502

«J17 TCGON « G102 TRAUG=
A o .

£.537 GTHETA

KAZS =0.00000 ELX 0.000 GPHI g.300
—GUST PARAMETERS ARF Sl= 180.1503 SV = 10,150 SH = 10.150
EXPECTED STANDARD DEVIATIOMS ARE
SUG= 10,4150 SAG= 1.493 SQAG=s 2atlS
SPG= 4,108 SBG= 1,193 SRG= 2486
JEHTCLE TS UNOSR PTIOT CONTROL
VARIABLE UNITS MZ AN YD DEV MINI MUM MAXIMUN
THETA (DEZ) =063 1,039 ~3.2149 Ja166
u {FT/SEC) ~1.470 3.169 -84519 3.079
ALPHA (NEG) . L1849 1.251 ~2a 4047 4,351
Q (DEG/SEC) ~.303 1.788 -5.861 54248
DE [DSG) 20C6 2 284 =1.161 1.187
PSI {DEG) 036 1.388 -4.510 3.713
RETA (0Z5) -.137 1,404 =44 500 3,635
PHI (DEG) -+106 2.988 -8,278 11.216
B (DEG/SEC) 2013 2a115 -8.516 742540
P (DEG/SELD) -.052 4,637 =144 949 15,183
DA {(D=G) 2075 1.307 =54 396 belDh
ORAUG {DZG) « 0837 1.128 =-3.+989 2334
OR (DEG) « 199 1,523 ~64 455 5,587
U GUST (FT/SECD) 0.000 14003 0.000 0,000
— ALPHA GUST (DEG) -.180 1.2392 -4y 553 2:5660
& GUST {(DEG/SED) G.000 0,009 0.008 0,000
—P GUSTY {DZG/SEC) -2 061 5,233 =12, 156 11,859
BETA GUSY ({DESG) + 286 « 959 Sl AR -LT:] 24826
R _GUST (REG/SEC) 2003 24871 -8, 081 9,288
2] (FT) -71,938 78,988 ~204,256 26,482
H {FT) -71.933 78,988 -204,256 26,482
LAMBOA (D=G} -.131 1.631 - 2. 842 2.165
SNG_= Ba.i6 SHG = 11.040

THE NUMBER OF DECISIONS ON EACH VARIABLE HWAS

PITCH ROLL YAW GLIDESLOPE L OCALTIZER NO ACTION
162 4es 114 o [\ 53
— THE PILOT RATING IS8 2,67
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T«23 ARNOLD GUST MQDEL CASE # 6A

THE ASSIGNEQ TASK TS PITCH
THE PARAMETERS USED IN THIS

ANALYSIS HWEZRE

eTL0T D] AY £175 STCONDS. DISTRACTION RATE A0
FLIGHT TIMZ 1300 SZCONDSs FLIGHT PATH ANGLE D«0 UCGREES
Xy = 2237 XA = 22,287 MASS= 425, SPAN= 37.5 JAS = 488,
FAY) = =L,000 ZA = -1.537 Z0E = -.091 ALT = 9500, ALPHA= 0.C00
G = 37,270 MA = -6.042 MOE =-146,541 MQ  =-11,546 MADODT= {0.336
YV = ~-,128 YOR= + 336
LBETA= =7,420 LAR= 1,390 [0 = 141,700 ([P = =1.560 LR = 2256
NBETA= 2,600 NDR= =3.210 MDA = +121 NP = =,338 NR = =204
AUGMENTAT ION SYSTEM PARAMFTERS ARFE
TA = «010 T = «017 TCOWN = 010 TCON2= +010 TRAUG= 1.008
KAZS =0.0G6500 ELX = 64530 GTHETA= 0.000 GPHI = 0.040
P . = = =
EXPECTED STANDARD DEVIATIONS ARE
SyUG= 16,150 SAG= 1193 SQG= 2,419
SPG= 4e108 5BG= 1.193 SRG= 2. 806
JEHICLE TS UNDEZR PILOT CONTROL
YARIABLE UNITS MEAN STD ODEV MINIMUM MAXIMJM
THETA (DZG) £ 012 1,0R7 =3.390 2.644
U (FT/SEC) -1.758 2.538 =72 685 1.601
_ALPHA {DEG) « 194 1.272 =3, 5449 4,469
Q {DEG/ SEC) -+003 2+.275 -5, 867 Ta+942
og (056} ~.J27 + 300 =1le340 1.12%
PSI {DEG) 088 1.359 =-3.225 34458
BETA (05G) =197 1.399 ~4,290 3,512
PHI (DZ3) =123 2.8056 -7, 915 18,285
R {DEG/SEC) 21 241057 =7+ 269 G478
o {DEG/SEQ) =041 489 -12.702 14.663
DA (BTG) RS 1.233 =he 969 3,890
. DORAUG (D=G) «159 1.067 =3.994 2.639
DR ({DEG) 150 1.449 =54 427 6,328
U GUST (FT/SEC) L.003 0,000 0. 800 g.000
ALPHA GUST (DEG) -+180 1.292 -4,553 3660
@ GUST (DEZG/SEC) 0.3990 §.000 0.000 ¢.000
P_GUST (DEG/SEC) =061 4.233 =12,155 11,859
BETA GUST {DEG) « 288 « 959 =2 649 2:82686
R GUST (DEG/SEC) + 203 2.871 -8. 081 9.,2986
D (FT) -68,878 8d.612 =-191.327 57.167
H (FT) -68,878 80.612 =191, 327 57.1567
LAMBDA {DEG) -+109 =991 -2+ 853 1.9566
S¥6 = 84156 SHG = 11,80

THE NUMBER OF DECISIONS ON EACH VARIABLE WAS

PITCH ROLL YAW GLIDESLOPE LOCALIZER NO ACTION
184 L33 116 tH 0 68
THE PILOT RATING IS 3.69
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T=33 AINOLD GUST MONEL CASE # 5A

THE ASSIGNEN TASK IS PITCH
THE PARAMETERS USED IN THIS ANALYSIS WERE

—PILOT DELAY 175 SZCONDS. DISTRACTION RATE o410
FLIGHT TIME  103.0 SECONDS. FLIGHT PATH ANGLE 0.0 DEGREES

_Xu = LU37 YA = 22,287 MASS= W25 . SPAN= A7 .0 TAS = 488 ,
Z0 = =,000 ZA = -1,590 ZDE = =,091 ALT = 9500. ALPHA= 0.0010
G = 32,200 MA T =f.642 MOF ==1%.541 MQ ==172,181 MADOI= 11.93%5
Yy = ~+128 ¥DR= 3386
LBETAS -Z,Qzl LAR S 1.390. 4048 = 14,790 1P = =1.560 LP = + 288
NBETA= 2,600 NIR= ~3,217 NDA = «1214 NP = =,038 NP = =,204
__AUGMENTATION SYSTEM PARAMETERS ARE
TA = 310 TR = »C10 TCON = 010 TCONZ2= «010 TRAUG= 1.300
KRAUGS 1.090 ¥PAlLIGS -.410" KART = 0,000 K4 = 0., 130 KGO0 T= 0.340
KAZS =0.00000 ELX = BH.537 GTHETA= 0.000 GPHI = g,390
__GUST PARAMSTERS ARE SUs 10,169 Sy = 10,453 SW = 10.150
EXPECTED STANDARD DEVIATIONS ARE
S1G=s 1D 150 SAG= 1.193 QQ[:: 2 419
SPG= 4,108 SBG= 1,193 SRGs 2.806
JEHICLE IS UNDER PILOT CONTRO
VARLABLE UNITS MEAN STD DEV MINI MUM MAXTIMINM
THFETA (NG -ai2? 1,208 -3.792 2.022
u {(FT/SEC) -.638 2.577 -7.268 2,609
__ALPHA {0FEG) <186 1332 -2, 458 haHh51
Q (DEG/SEC)Y ~+305 3.245 -3, 014 10.396
of {OEG) - 004 2 35609 -1,5413 1.251
PSI (DEG) 136 1.408 -3.,238 3,773
BETA (D=G) =178 1.390 -3,.8722 4,050
PHI (DES) -.080 2.808 -9,003 8.135
_R (DSG/SECD 026 _2.027 ~5,971 G556
] {DES/SEC) -,058 4,338 -12.582 11.3563
NA (O5f:) L0155 1.197 3,912 L.386K
DRAUG (DEG) «072 1,042 -3.545 3,001
DR (0=5 il 12 —G 47l 6,099
U GUST (FT/SEC) 0.00G0 J.000 D. 000 .000
ALPHA GUST {DEG) - 181 1,292 -h, 553 Z.6510
q GUST {DEG/SEL) ge000 G.000 G.000 D+3G8
P GUST (DEG/SED) -.0A1 L2332 -12.155 11,859
BETA GUST {D=G) «285 « 959 -2.649 2.827
R GUST {DFG/SEC) L0603 2.A71 =8, 081 9,296
] (FT) -B1.098 85,976 -213.,767 47.311
H (ET} -41,73G8 85.976 =213,767 47,311
LAMBDA {DEG) -e142 1.022 -2.821 1.964
SYG = R.15 SWG 11,430

THE NUMBER OF DZCISIONS ON EACH VARIABLE WAS

PTICH ROLL YAW GITDESIOPE LQCALTZER NO ACTION
218 416 104 0 a 68
—THE PTLOT RATING IS 3.91
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T-33 ARNOLD GUST MODEL CASE # 9

THE ASSIGNED TASK IS PITCH
THE PARAMETERS USED IN THIS ANALYSIS WERE

PILOT DELAY .175 SECONDS. DISTRACTION RATE
FLIGHT TIME 100.2 SECONDS. FLIGHT PATH ANGLE

+10

0.0 DEGREES

Xu = »30G7 XA = 22.287 MASS= 425. SPAN= 37.5 TAS = 488,
Zu = =006 ZA = -1.590 ZDE = =-.091 ALT = 9500, ALPHA= 0.040
5 = 32,200 MA = -5.8642 MOE =-14.541 M@ = « 850 MADOT= -7.080
YV = —.128 YDR= 036
LBETA= -7 .420 LDR= 1.397 LoA = 11.760 LP = "'10565 LR = «2586
NBETA= 2.600 NOR= -3.210 NDA = «+121 NP = -=-.038 NR = —e.204
AUGMENTATION SYSTEM PARAMETERS ARE o
TA = «010 TQ = «010 TGON = « 010 TCONZ= »010 TRAUG= 1.010
KRAUG= 1.000 KPAUG= ~-.7100 KARTI = D0.800 KQ = 0.000 KQooT=""0.000
KAZS =B0.00003 ELX = bB.53 GTHETA= §.0048 GPHI = 0.4008
GUST PARAMETERS ARE SU= 10,150 SV = 10.150 SH 10.150
EXPECTEDQ STANDARD DEVIATIONS ARE
SuUG= 10,15% SAG= 1.195 506= 2.019
SPGL= 4,138 S86= 1.193 S5RG= 2.806
T VEAICLE TS UNDER PILOT CONTROL

VARIABLE UNITS MEAN STD DEV MINIMUM MAXTIMUM
THETA {DEG) -, 029 « 290 -1.233 1.728
U (FT/SEC) +.B18 1.08¢0 ~1.804 3.073
ALPHA {DEG) « 171 1.196 -Z2.b14 3.837
Q {DEG/SEC) -« 015 «449 =-1.405 1.267
OE {DEG) « 05 171 =.501 « 092
PSI (DEG) 312 1.413 e TLL Y 3.267
GETA {DEG) - 167 1.487 ~“4L.,275 3. 6481
PHI {DEG) -.181 2.867 -8.076 9.793
i {OEG/SEC] PR 2.7l -b. 231 . 377
p (DEG/SEC) - 057 L.668 -12.616 14,759
] {DEG) « 058 1.309 =L.782 4,006
ORAUG (DEG) »078 1.134 -3.9738 3.052
or {DEG) » 077 1.583 “5H.320 5.706
U GUST {(FT/3EC) G.000 0.080 0.000 0.000
ALPHA GUST ({DEG) -+ 181 1.252 -4 .553 J.661
@ BUST {DEG/SED) 0.000 3.008 8.000 G.008

— P GUSY  {DEG/SECY 0 =.0et 4,234 -172.155 11.859
BETA GUST (DEG) 285 » 959 ~2.b649 2.826
R GUST (DEG/SEC) » J03 2.871 -8.08% 9,2%0
0 {(FT) -36.1440 97.348 -270.400 6627 3
H FT ~3b. 140 97.348 ~=270.400 66,273
LAMBOA (DEG) ~e155 « 930 =2+745 1.911
SVG = 8.1t SHG = 1i.040 -
THE NUMBER OF DEGCISIONS ON EACH VARIABLE WAS

PITGH ROLL YAH GLINESLOPE LOTALTZER KNO ACTION
91 434 159 g 0 68

THE PILDT RATING 15 3.595
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7-33 ARNOLO GUST HMODTZL CASE # 190

—THE ASSIGNED TASK IS PITCH
THE PARAMETERS USED IN THIS ANALYSIS WERE
—PILOT DELAY 475 SECONDS. DISTRACTION RATE— .40

FLIGHT TIMzZ

100.0 SECONDS.

FLIGHT PATH ANGLE

D.0 DEGREES

XU = L,A07 XA = 22,287 MASS=s G425, SPAN= 37,5 IA8S = L8g,
U = =,000 ZA = =1.,590 ZDE&E = ~.091 ALT = 9500. ALPHA= 0.G00
Yv = =.128 YDR= « 036
LBETAS =7.L20 1NRs . 1.300 t0A = 11,700 1P = =1.560 LE = 11
NBETA= 2.600 NOR= =3.210 NDA = «e121 NP = =,038 NR = =204

—AUGMENTATTION SYSTEM DARAHMETERS ARE
TA = 010 Tq = « 01 TCON = «010 TCON2Z2= + 010 TRAUG= 1,000
KRAUGS. _1.000 ¥XPANGS =100 A = = ] =
KAZS =0.00000 ELX = ©.530 GTHZTA= 0.000 GPHI = 0.108

__GUST PARAMFIERS ARF SUs 10,1873 8V, = 10,150 SW = 10,180
EXPECTED STANDARD DEVIATIONS ARE
SUGE 10,160 SAGs 1,193 SOGs 2. kis
SPG= 4,108 SBG= 1,133 SRG= 2. 8086

JEHTICLE IS UNDOFR PILOT CONTROL
VARIABLE UNITS MCAN STD DEV MINIMUM MAXIMUM
THETA {DEG) 417 <5210 -e 928 1,323
U {(FT/5EQ) -1.839 1.393 4. 721 1.285

— AL PHA [(DFG) 2191 1. 186 -~ 110 32843
Q {DEG/SEC) ~.004 270 - 340 «718
QF (NEG) =, 005 2142 =, 506 23910
PSI {DEG) +356 1.463 =i, b4b 3419
RETA {DEG) =150 1,600 =3.,933 3.7h6
PHI {DEG) =,158 3.055 -8.076 B.4890
R {NFG/SELY 21k 22493 =RabBEh 6.700
P (DEG/SEC) - J4L7 5.1(5 -12.605 13,272
DA [OFG)Y 069 1,392 - 280 L0068
DRAUG {DEG) «08% 1.212 -3.518 2.982
AR (DESR) +QRZ 1:.664 6. 145 f.054%

U GUST {FT/SEC) B.000 B.000 0« 800 p.000

ALPHA GUST . (DZ6G) ~s180 1282 =-4,553 3.660
Q GUST {DEG/SEC) 0.000 Ce0GCT B.000 0,000
P_GUST {DEG/SELR) =, 061 be233 ~+ 24159 11,859
BETA GUST (DEG) + 285 + 950 -2.5649 2.826
R _GUST {DEG/SECY 2003 22871 -8, 031 9,296
D {FT} -BBa. bkl 92,647 =237.720 163,167
H {FT} bt -1 PR TY0Y Q2,647 237,720 10X 167
LAMBDA (DEG) - 395 1.018 -2+920 2.091

—SMG = 8418 SHG = 11.40

THE NUMBER OF DECISIONS ON EACH JARIABLE WAS

PITCH ROLL YAW GLIDESLOPE LOCALIZER NO ACTION
43 536 187 0 0 68
THE PTLOT RATING IS .85

169



T=33 ARNOLD GUST MDDEL CASE # 11

THE ASSIGNED TASK IS PITCH

THT PARAMETEZRS USED IN THIS ANALYSIS WERE

PILOT DELAY o175 SECONDS. DISTRACTIGN RATE «10

FLIGHT TIMZ 13040 SECONDS. FLIGHT PATH ANGLE 0.0 DEGREES

170

X9 = 007 XA = 22,287 MASS= 425, SPAN= 37.5 IAS = 488.
FAY = -.300 ZA = =-1.,590 ZDE = =-,091 ALT = 9BC0. ALPAA= 0.0010
G = 32,200 MA = -6,642 MDE =-14,541 MQ = -2.672 MADOT= -2.998
Y = ~,128 ¥YDR= « 036
LBETA= =7,420 LDR= 1,390 LLDA = 11.769 LP = -1.,560 LR = s 256
NBETA= 2.5600 NOR= -3.210 NDA = 121 NP = =,038 NR = =204
AUGMENTATION SYSTEM PARAMETERS ARE
TA = 010 TQ = 2310 TCON = « 010 TCONZ2= «+ 010 TRAUG= 1,300
KRAUG= 1,000 KPAUG= =-.100 KARI = 0.000 KQ = B.200 KQDOT=_ 0.008
KAZS =0,00030 ELX = &.53% GTHETA= (.000 GPHI = 0.700
GUST PARAM-TIRS ARE SuU= 18.159 57 = 10.150 SW = 13.150
EXPECTED STANDARD DEVIATIONS ARE
SUG= 18,1593 SAG= 1.133 SQ6= 2+419
SPG= ha108 SBG= 1.193 SRG= 2.806
VEHICLE IS UNDER PILOT CONTROL
VARIABLE UNITS MEAN STO DEV MINIMUM MAXIMUM
THEYA (DEG) -. 032 2 322 -+ 698 BH1lY
v {(FT/SEC) ~2.312 1.701 ~5,193 1.148
ALPHA {DEG) «194 1.187 =24 945 3.852
Q (DEG/SEC) =008 235 =+ 725 752
DE (DEG) -.{056 <135 -+ 426 +387
PSI, (DZG) +142 1.482 =3.,087 3.236
BETA (DEG) ~+181 1,579 =4,275 3.876
PHI {DEG) ~+169 2.917 -8,076 9.793
R {D=G/SEC) 28 24405 -6,592 5,910
P (0=EG/SEC) ~o 041 4.605 -12.605 14.759
DA (DEB) + 156 1.336 -4.782 4.0086
DRAUG (0=6) « 3740 1.187 -3.978 2.982
DR (0EG) + 358 1.661 -5.008 5.864
U GUST (FT/SEQ) 0.900 g.000 G.000 0.000
ALPHA GUST (DEG) -+180 1.292 ~4, 553 3.660
Q GUST (DES/SEQ) 0.200 G.000 8. 000 0.000
P GUST {DEG/SEC) -+061 44233 =124 155 11,859
BETA GUST (DEG) +285 »959 ~2. 649 2.826
R GUST {DEG/SEC) w003 2.871 ~B8.081 9.296
D {FT) -64,232 B7,311 =209.063 91.282
H (FT} -64,232 87,311 -209,063 91,282
LAMBDA {DEG) -.039 1.032 =2,745 24151
SVG = 8.156 = 11.4390
THE NUMBER OF DICISIONS ON SACH VARIABLE WAS
PITCH ROLL YAW GLIDESLOPE LOCALIZER NO ACTION
a 34 533 170 0 U 6a
THE PILOT RAVYING IS 3455



F-4B B00Y AXIS WITH FC8-HI CONTROL SYSTEM

THE ASSIGNED TASK IS LANDING
THE PARAMETERS USED IN THIS ANALYSIS WERE

PILOT DELAY L4175 SECONDS. DISTRAGTION RATE «10

-3.0 DEGREES

FLIGHT TIME 100.0 SECONDS. FLIGHT PATH ANGLE

Xy = =071 XA = 6.700 MASS= 1031. SPAN= 38,7 IAS = 220,
Zuy = =001 ZA = =,373 IDE = =~-.{041 ALT = 500. ALPHA= 14.700
G = 32.200 MA = =1.962 MDE = =-1.702 MQ = =.285 MADOT= ~-.1i34
YV = —.08b6 YOR= £ 017
LBETA= =6.940 LDR= -.470 LDA = 2,567 LP = -1,095 LR = +«B45
NBETA= 2.228 NDR= =773 NDA = =.058 NP = =,{22 NR = =.252
AUGMENTATION SYSTEM PARAMETERS ARE
TA = 020 TQ = 1.000 TGN = «010 TCONZ= +010 TRAUG= 2.000
KRAUG= 44000 KPAUG= =-.400 KARI = 0.000 KQ = 0.000 KQDOT= «65(0
KAZS =0.080000 ELX = 17.800 GTHETA= G.0080 GPHI = =.508
GUST PARAMETERS ARE 3Su= 13.432 3V = 10.432 SW = 6.876
EXPECTED STANOARD DEVIATIONS ARE
SUG= 10.432 SAG= 1.743 35Q6= 2.8990
SPG= 4el4?2 586z 2+ 645 SRE= J477
VEHICLE IS UNDER PILOT CONTROL
VARIABLE UNITS MEAN ST0 DEV MINIMUM MAXTMUM
THETA (DEG) 1.116 2. 342 ~-3.976 7.292
8] {FT1/5EC) -« 660 3.593 =8.944 7.113
ALPHA (DEG) 1.181 2.727 ~4.360 8.168
Q {DEG/SED) + 852 24433 =-7.926 8.870
OE {DEG) -1.385 4.217 -14.7186 9.187
PSI {DEG) 314 3.7438 -7.139 11.924
BETA {DEG) -.803 2,598 -8.332 4.605
PHI (DEG) -+206 5.635 =16.156 18,749
R (DEG/SEC) +025 2.833 ~5.914 8.738
p {DEG/SEC) =-+0986 64425 -17.332 20.488
oA {0EG) « 220 6.757 =26 . 4l 23.514
DRAUG (DEG) «125% 4.018 -11.367 11.618
DR (BEG) «200 5.621 -22.571 18.632
U GUST {F1/5EC) ~2.359 B8.543 -25.861 2i1.166
ALPHA GUST (BEG) 910 1.792 ~4.858 4.053
Q GUST {DEG/SEC) <003 22955 ~10.412 11.158
P GUST (DEG/SEC) « 152 hei?o -11.65% 12.830
BETA GUST {DEG]) +856 2.272 -4 4,837 9.257
R GUST {DEG/SEC) -.020 3.584 <10.3586 9.403
B {(FY) -13.632 18.254% ~56.535 30.591
H (FT) - =15.143 16.555 -51.293 21.333
LAMBDA {DEG) ~-«499 24557 -7.881 5.185
aVG = §.96 SHG = 7.407
THE NUMBER OF DECISIONS ON EACH VARIABLE WAS
PITGH ROLL YAW GLIDESLOPE LOCALIZER NO ACTION
i42 269 62 230 41 90
THE PILOT RATING IS 4.92
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RPV-500 FY,GEAR DWN,S5TAS8 45 DEG, ALL FAIL MODE,STAB AXIS

THE ASSIGNED TASK IS LANOING

THE PARAMETERS USED IN THIS ANALYSIS WERE

PILOT DELAY ,175 SECONDS. DISTRACTION RATE «10

FLIGHT TIME 100.0 SECONDS. FLIGHT PATH ANGLE ~-3.0 DEGREES

XU = =,058 XA = 10.917 MASS= 177 . SPAN= §i.2 IAS = 169.
Zu = =4002 ZA = -2.451 ZDE = «~.088 ALT = 500. ALPHA= 0.000
) = 32,200 MA = «2,697 MDE = ~4,642 MO = =-1,232 MADOT= =-,292
Yy = =,156 YDR= 041

LBETA= -2.174 LDR= 330 LBA = 3.364 LP ==10.620 LR = + 096
NBETA= 1,379 NDR= =~,940 NDA = =-,166 NP = «1,204 NR = =-,2Th

AUGMENTATION SYSTEM PARAMETERS ARE o
TA = +0310 TQ = 010 TCON = « 010 TCON2= +010 TRAUG= 010
KRAUG= 000 KPAUG= 0.008 KART = 0.000 KQ = 0.000 KQDOoT= G.000
KAZS =0,00000 €1 = 0,000 GTHEYA= 0,000 GPHI = 0.000

-~ GUST PARABETERS ARE SU= 10.432 SV = 10.432 SW = 6.876
EXPECTED STANDARD DEVIATIONS ARE
S5UG= 10 A32735A6= 2,331 S06= 1.870
SPG= 2.526 SBG6= 3.537 SRG= 24347

VEHITLE IS UNDER PILOT EONTROL B

VARIABLE UNITS MEAN STOD BEV MINIMUM MAXINUM
- THETA {UEG) «050 .073 ~I11.24%6 12,887
u {FT/SEQ) 6.129 S.0486 -4.,230 14.791
TTACPRATTT T UOEGY 7T =wTIZ T T 3L5h7 -11L.208 T 9,385
q {DEG/SEC) » 001 8.804 ~28.5%4 24,705
OF {DEG) « 331 6.509 -15.997 15,997
PSI (BEG) 1.585 4.505 -10.992 13.779
BETA (DEGE -1.300 5. 44h -1%.76% 11.5638
PHI {DEG) «405 4.057 -8.998 8.987
R (DEG/SETT « 146 4.508 T=-11.17% 11.222
P (DEG/S5EC) =.068 2.599 =8.355 72430
DA {OEG) -.08b 4.58% -15.1838 15.997
DRAUG {DEG) - 008 «000 ~.000 « 000
DR {DEG) « 043 B.8472 -15.997 15.997
U GUST (FT/SEC) ~6.19%1 7.921 ~23.689 17.670
TTALPHATGUST TUDEGY T T LUI7TTT 2,381 =b.427 5.177
Q GUST {DEG/SED) =2 009 1.920 -b.143 5.718
TP GUST T UDEGZSECY T 7 WOAZ T Z.017 T -7.%93 0 7.599 0
BETA GUST {DEG) 1.290 3.870 ~5.914 12.39%
TROGUST T T UOERVSECY T =L.U45 T 2.279 ~6.683  5.979
D (FT) 11.882 13.913 -28.200 5£0.904
B (FT} =~sbf< 10.093 -31.239 c3.517
LAMBDA (DEG) « 285 5.548 -11.183 12.852
T SVG E 9,06 SHG = 7202

THE NUMBER OF DECISIONS ON EACH VARIABLE WAS
T T PITCH T ROCLT YAW GLIOESLOPE LOCALTZER NU ACTION —
230 138 82 101 166 90
THE PILOT RATIRG I3 b«bl
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0C-8-60 (AFFDL-TR~ 70-102)

THE ASSIGNED TASK IS LANDING

THE PARAMETERS USED IN THIS ANALYSIS WERE

PILOGT DELAY

«175 SECONDS.

OISTRACTION RATE

«10

FLIGHT TIME

100.0 SECONDS. FLIGHT PATH ANGLE

-3.0 DEGREES

XU, = =,037 XA = 31.008 MASS= 5580. SPAN= 142.4 IAS = 228+
zZy = =~L,001 ZA = =.750 ZDE = =-.041 ALT = 500, ALPHA= 0.000
) = 32.200 MA = =1,051 MDE = =,923 MQ = =.594 MADOT= -,194
Yv = =,089 YDR= «031
LBETA= -1.400 LDR= 2459 LOA = 1,130 LP = ~1.040 LR = A Th
NBETA= «368 NDR= =-.368 NDA = Q.000 NP = -.029 NR = =.257
AUGMENTATION SYSTEM PARAMETERS ARE
TA = «010 TQ = «010 TCON = «010 TCONZ= «010 TRAUG= «01G
KRAUG= «000 KPAUG= =,200 KARI = 0,000 KQ = 0,000 KQDOT= 0.000
KAZS =0.,00000 ELX = 25,200 GTHETA= 0.,000 GPHI = -,240
GUST PARAMETERS ARE SU= 10.000 SV = 10.000 SHW b.000
EXPECTED STANDARD DEVIATIONS ARE
SUG= i0.0400 SAG= 1.508 SQG= 1.144
SPh= 1.515 SBG= 2.513 SRG= 1.5648
VEHICLE IS UNDER PILOT CONTROL
VARIABLE UNITS MEAN STD DEVY MINIMUM MAXIMUM
THETA (DEG) « 376 2,012 -3.681 S.004
U (FT/SEC) 4.b31 3.7410 -2, 484 12.999
ALPHA (DEG) « 048 2.031 -4+ 893 5.315
Q (DEGFASEC) «010 1.234 -2+ 497 3.716
DE {DEG} -.057 1,991 -6.819 7.856
PsI (0EG) «580 3.380 -6, 975 B.794
BETA {DEG? -.826 3.755 ~108.766 6.9356
PHI (DEG) -.118 b.281 ~13. 424 13.065
R {DEG/SEC) «867 2«051 -5.453 L.478
P (DEG/SEC) ~«J08 3.967 -8.,877 9,175
oA {DEG) -.020 2.603 -8,070 8.079
DRAUG (BEG) -.000 « 000 ~+ 000 .000
DR {DEG) 064 1.907 -7.847 10,342
U GUST {FT/SEC) =-5.125 8.207 -24.857 20,378
ALPHA GUST (DEG) « 009 1.550 -4 4199 3.513
@ GUST {DEG/SEC) -+ 005 1.172 ~3.6990 3,392
P GUST {DEG/SEC}) « 123 1.570 -4.512 44366
BETA GUST {DEG) «809 2.1610 o601 A.791
R GUST (DEG/SEC) o332 1.583 -he 5k L.254
1) (FT) 65.681 24,258 42,043 66.051
H (FT) -3.845 20.860 45,073 53.59%
LAMBEOA {DEG) -4 246 1.844 =5.418 2.913
THE NUMBER OF DECISIONS ON EACH VARIABLE MWAS
PITCH ROLL YAW GLIDESLOPE LOCALIZER NO ACTION
139 285 54 204 30 94
THE PILOT RATING IS 3.29
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NC-8-H2 (AFFDL=-TR= 70-4032)

THE ASSIGNED TASK IS LANDING

LJHE PARAMETERS USED TN THIS ANALYSTS WERE

PILOYT DELAY .175 SECONDS. DISTRACTION RATE » 10

_FLIGHT TTIME  100.0 SFCONNS. FITGHT PATH ANGLE =3.8 OFGREFS

XU 2 =,037 XA = 31,008 HMASS= 5580. SPAN= 142,4 JAS = 228,
Zu = =~,001 7ZA = «,750 7DF = =.0431 ALT = = oon
G = 32.200 MA = =1,051 MDE = =,923 MQ = =-,594% MADOT= =,19%
Yy =  =2089 YOR= 2031

LBETA= -1.400 LOR= +159 LDA = 1,130 LP = =-1.040 LR = 474
NBETA= + 368 NDR= =~,368 NDA = Q2,000 NP = =,029 NR = =,257

AUGMENTATION SYSTEM PARAMETERS ARE

TA = L0010 7Q = .ilih TCON 2010 TOOGNZ= . 010 TRAUG=s L0180

1]
]

KRAUG= +000 KPAUG= ~-,200 KARI = 0.000 KQ = D.]OD K@poT= 90.000
= 3 = = = h
GUST PARAMETERS ARE SU= 5,216 SV = G.216 SW = I.438
_EXPECTED STANDARD DEJVIATIONS ARFE
SUG= b.216 SAG= + 864 SQG= 2 £55
SPG= .869 SBG= 1+311 _SRG= . 859
VEHICLEZ IS UNDER PILOT CONTROL

VARTIABLE UNITS MEAN _STD DEJ  MINIMUM  MAXIMUM

THETA (DEG) 027 1.103 -1,952 2.655
U (FT/SEC) 22487 1.970 =-1.,238 7,006
ALPHA {DBEG) 014 1.152 “2.777 2.890
o] (DEG/SEC) 2007 705 ~1,616 221580
DE {DEG) -.025 1.054 ~3,672 4,235
PSI (DEG) 2306 1,773 -3.,877 4,598
BETA (DEG) - 421 1.977 -5, 580 3,649
PHI (DEG) '0956 2.813 '7(356 7.0‘03
R {DEG/SEC) «035 1.070 ~2+729 2.357
p (DEG/SEC) -+ 008 2.115 -4, 663 4,883
oA {DEG) -. 0706 1.423 -4,592 LaBLl
DRAUG {DEG) -,000D « 080 -9 000 2000
DR {DEG) « 032 «991 -lhe 264 Belhe2
M. GUST ~~~ (FT/SECYy  ~  -~2.,672 4,279 =12, 966 10.517
ALPHA GUST (DEG) 305 « 888 -2 406 2,013
0 GUST {DEG/SEC) =003 672 -2.115 1,964
P GUST {DEG/SECQ) «013 « 899 -2.586 2+.501
G) 400 4,585
R GUST (DEG/SEC) -.017 + 826 -2. 479 2.218
1] {FT) 34525 12.502 -21.792 34,518 .
H {FT) -2+0510 13.721 -23,. 395 28.01%
_LAMBDA (DEG} -.119 1,053 -3,057 1.650
SVG = 4,48 SHG = 3.54

THE NUMBER QF OFCISTONS ON EACH VARIABLE WAS

PITCH
1646

ROLL
284

YANW
49

204

32

GLIDESLOPE LOCALIZER NO ACTION

99

THE PILOT RATING IS

2e54
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DC-8~50 (AFFOL-TR~ 706-102)

THE ASSIGNED TASK IS LANOING
THE PARAMETERS YSED IN THIS ANALYSIS WERE

PILOT DELAY .175 SECONDS. OISTRACTION RATE .10
FLIGHT TIME _ 100.0 SECONDS. FLIGHT PATH ANGLE =3.0 DEGREES
XU = -.037 XA = 31.008 MASS= 5580. SPAN= 142.4 IAS = 228,
ZU _ = -,004 ZA = =-.750 ZOE = _=-.041 ALT = 500, ALPHA= 0,000
G = 32.200 MA = -1.0514 MDE = -.923 MQ = =-.59 MADOT= -,.19%
YV = -.089 YOR= _ .031 .
LBETA= ~1.400 LOR= .159 LDA = 1.130 LP = =1.040 LR = 474
NBETA= _ .368 NDR= =-.368 NDA = 0.000 NP = =~,023 NR_ = =-,257
AUGMENTATION SYSTEM PARANETERS ARE
TA = _ .040 TR = _ ,040 TCON =  .010 TGON2= __.016 TRAUG= __ 010
KRAUG=  .000 KPAUG= =-.200 KARI = 0,000 K& = 0.000 KQ0OT= 0.000
KAZS =0.,00000 ELX = 25,200 GTHETA= 0.000 GPHI = =-,240
GUST PARAMETERS ARE SU= 5.000 SV = 5,000 SH = 3.000
EXPECTED STANDARD DEVIATIONS ARE
5UG= 5,000 SAG= «754 SQ5= .572
SPG= «758 SBG= 1,256 SRG= 824
VEHICLE IS UNDER PILOT GONTROL

VARIABLE UNITS MEAN  STD DEV_ MINIMUH _ MAXIMUM
THETA (DEG) .039 .992 -2.095 2,570
U (FT/SEC) 2.330 1.823 -1.129 6,302
ALPHA ({DEG) . 020 1.046 ~2.478 2.736
a {DEG/SEG) <006 1622 -1.322 1.622
DE (DEG) <029 . 995 -3.555 4.099
PSI (DEG) .359 1.707 -3.354 4.523
BETA {DEG) = il 1.872 -5 342 3.385
PHI (DEG) -.051 2.617 -6.990 6464 B
R (DEG/SEC) <029 1.033 ~2.646 2.312
P {DEG/SEC) -.085 1,972 ~4o 474 G BE3
DA {DEG) -.013 1,330 =3.964 §.137 -
DRAUG (DEG) -.000 . 000D -. 000 .000
OR (DEG) . 036 .957  -3.983 5.085
U GUST (FT/SEG) -2.562 4,102  =12.429  10.176
ALPHA GUST (DEG) . 004 J775 -2,099 1.757
Q GUSY (DEG/SEC) -.9003 .586 -1.845 1,636
P GUST (DEG/SEC) .012 . 785 ~2.2586 2.183
BETA GUST  (DEG) c404 1,089 -2.301 4,395
R GUST (DEG/SEC) -. 016 <791 -2.376 2.126
0 (FT) 3,264 11.801  -20.89%  32.757
H (FD -1.994 10.150 -22.400  26.576
LAMBDA {DEG) -.053 . 894 -2.577 1.523
SVG = 4.30 SHG = 3.08
THE NUMBER OF DECISIONS ON EACH VARIABLE WAS

PITGH ROLL YAW GLIDESLOPE LOCALIZER NO ACTION

145 293 57 194 26 90

THE PILOY RATING IS 2.51 S

175
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