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ABSTRACT

Linearized six degree of freedom rigid body
alrcraft equations of motion are presented in a
stability axes system,

Values of stabllity derivatives are estimated
for two representative STOL aircraft - the DeHavilland
of Canada "Buffalo" and "Twin Otter". These estimates
are based on analytical expressions included in the
report. The combination of the equations of motion
and the estimated stability derivatives provides an
aircraft model which 1is useful fer Navigation, Guidance
and ATC Studiles.

Resulting transient responses to control inputs

are presented.
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SYMBOLS
a Airplane lift curve slope rad”1
a lift curve slope of surface () -1
0 (of wing wnen no subscript) rad
AR() aspect ratio of surface () = b%)/s() -
(of wing when no subscript)
L ‘ by span of surface () (of wing when
£ no subscript) FE
c() mean chord of surface () (of wing
- § when no subscript) ft
1
1 C) nondimensional stability derivative
’& (defined in Section VI) -
] ‘
{ CDf parasite drag coefficient of aircraft -
lé» Cr, lift curve slope of wing raa~!
a
D¢ aircraft parasite drag lbs
e wing efficiency factor =
5
{ F() force component along the () axis lbs
f g gravitational constant = 32.2 ft/sec2
;
B h altitude fit
‘ h height of fuselage at wing root ft ]
h CG position, fraction of c =
h, neutral point of aircraft, fraction of c -
H() component of angular momentum along 2
the () axis slug-ft“/sec
I()E()i() unit vectors along the X,Y, and 2 E
axes of the () coordinate frame, ]
respectively -
I ,Iy,Iz aircraft rolling, pitching, and yawing
X moment of inertia, respectively (further 2
defined in equations 13-15) slug-ft
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Sxydm slug-ft2

ny product of inertia =
Jyz product of inertia = Syzdm slug-ft2
Jox = sz product of inertia = [fxzdm slug-ft2
L,M,N, scalar components of the

applied external moment along

the xA, YA’ and ZA axes, respectively ft-1bs
l() distance, guarter chord of aircraft

mac to guarter chord of surface () ft
m mass of aircraft slugs
P,Q,R scalar components of the angular

rotation vector of the aircraft

along the XA, YA’ and zA axes,

respectively rad/sec
AP,AQ, AR perturbed portion of P, Q, R,

e.g. AP = P - P, rad/sec
q dynamic pressure = % o Vg lbs/ftz
S laplace transform variable = H% sec™1
S() area of surface () (of wing when 2

no subscript) ft
t time sec
AT change in thrust due to pilot '

throttle input lbs
u,v,w scalar components of velocity of

the aircraft along the XA, Y, and zA

axes, respectively ft/sec
Au,a8v, AW perturbed portion of U, V, W,

e.qg. by =u - Uo ft/sec
Uy equilibrium or reference value of U ft/sec
VR resultant _velocity vector of aircraft

; =\/U2 + ve + W ft/sec

W width of fuselage at wing root ft
W weight of aircraft = mg lbs
X,Y,2 scalar components of the applied

non-gravitational external forces
along the X,, Y,, and 2, axes,

. A A A
respectively
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, 2

)Y
X" oo

AX ,AY,AZ

X, Yl zl

n()
0,%,Y

A0,A0,4AY

axes defining the () coordinate
frame

perturbatin portion of X, Y, Z,
eog-' Ax=x-xo

distances a}ong the Xp, ¥A' Zp
axes, clarified by subscript

distance, aircraft centerline to
inboard end of aileron

distance, aircraft centerline to
outboard end of aileron

angle of attack = tan™1 w/u

angle of sideslip = tan~1 v/U
deflection of control surface ()

(positive deflection produces positive

moment)

perturbation portion of d(),
e-g.' A!S() = 6() - 6()0

flight path angle of aircraft
=0 -a

dihedral angle

downwash angle

efficiency of tail surface ()
Euler angles, defined in Figure 2

perturbhed vortion of 0, ¢, Y,
e.g., 40 = 0 - Go

atmospheric air density
sidewash angle

aileron effectiveness

aircraft body coordinate frame

Earth-aircraft control coordinate frame

Earth-centered coordinate frame

inertial coordinate frame

Earth local-vertical coordinate frame

\'4

lbs

fE
ft

ft

rad

rad

rad
rad

rad
deg, rad

rad

rad

rad
3
slug/ft

rad




flaps

fin

due to gravity

stick-fixed neutral point
horizontal tail

equilibrium or reference condition

wing
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1.0 Introduction

There is no such thing as an exact mathematical model of
any physical phenomenon. All mathematical models are, therefore,
approximations to reality; approximations based on an assumption
set which should be clearly recognized by both the writer and
the user of the equations comprising the model.

The basic set of assumptions must always be derived from the
desired application of the model. To develop and utilize a more
exact model than that required for the job at hand is to pay an
unnecessarily high price in man-hours and computer time both in
the use of the model and in the gathering and formatting of the
data required by the model.

The model presented herein is a linear perturbation model.
It was developed for use in exercising sets of 4-D guidance
equations which are being developed for application in STOL
terminal area guidance. The aircraft which are modeled (the
C-8 and the Twin Otter) were selected as representative of
two classes of aircraft, i.e. light and medium STOL propeller
aircraft, and are of interest only as representations of the
classes from a guidance and ATC viewpoint.

This report is submitted as partial documentation of work
carried out in support of PPA 18-0, dated December 1, 1970.

In particular, it documents the work performed under Task 2
of this PPA for the "Buffalo" and "Twin Otter" aircraft.
(Similar data are required under this task for a third STOL
at a later date.)

The applicability of the present model is discussed in
detail in the next section, Section 2.0.

1
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The next 3 sections are devoted to the derivation of the
required linearized equations: 1In Section 3.0, required
coordinate frames are defined. Section 4.0 derives the
generalized kinematic equations of motion, utilizing very
few approximations. Finally, in Section 5.0, the desired
linearized equations are developed from the generalized ones.

Section 6.0 presents analytical expressions for the
required stability derivatives. These expressions are used
to generate numerical values, given in Section 7.0, for
two representative STOL aircraft.

Supporting material is included in the Appendices. 1In
Appendix A, analytical expressions for selected stability
derivatives are developed. Appendix B contains estimates of
moments and products of inertia for the two aircraft under
consideration. APPendix C contains a step-by-step calculation
of the stability derivatives summarized in Section VII.

Appendix D presents typical transient responses to control

inputs, calculated using the equations and derivatives

developed in this report.




2.0 Applicability of Mathematical Model
As stated in the Introduction, a linearized representation
of aircraft motions is required.
The model is irntended for use as a tool in the preliminary

design and analysis of STOL aircraft control, guidance, and

navigation systems. In this phase of analysis and design, the
unstabilized response of the vehicle is adequately established
H by means of a linearized analysis. The linearized model lends 1

itself to the use of such techniques as root locus analysis

] and frequency domain analysis .

Many approximations are required to develop a linearized
set of equations from the generalized kinematic equations of
motion. All assumptions used in the derivations are explicitly
stated in Sections 4.0 and 5.0. They are introduced as they are
needed and are consecutively numbered so that the reader can
easily establish the degree of simplification at any point.

The major simplification is the introduction of small
disturbance (or "perturbation") assumptions. Under these
assumptions, aircraft motions are restricted to small
excursions - perturbations - from an equilibrium flight condition.
The major virtue of this assumption is that it vastly simplifies
the equations.

] Its use, of course, limits the applicability of the equations

g to a certain extent. The reader is cautioned, therefore, to
determine the effect of this assumption (and of the others) before

applying the equations.

h.‘au.;. ki o o w—
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A reservation must also be .stated concerning the stability

derivatives presented in Sections 6.0 and 7.0. These derivatives

are not based .on wind tunnel or flight tests, because data from

'these:sodrees were not available. They have been developed by
' analyt1ca1 Methods, and have been augmented in some cases by’

: generally-appllcahle emplrlcal data.

The intended purpose of the estlmated der1vat1Ves is

to establlsh in representatlve fashlon the dynamics of small

- and medium types of STOL aircraft.' They' should not be used

as the basis for an evaluation of the flying qualitites of

!

the "Buffalo" or "Twin Otter" or of fhe suitability of these

i d . . Lo v
‘aircraft for any specific mission. !

i
i i ) '
. 4

R

aaitiies i




3.0 Definition of Reference Coordinate Frames

The equations of motion Pf an aircraft are based on Newton's
second law. This law reiates the forces applied to the aircraft
to the acceleration (or change of momentum) of the aircraft with 1
respéct to inertialzspace{ It is usually convenient to define
applied forces and moment§ with respect to a frame fixed in the
airgraft. Further, aerodynamic forces depend on the motion of
thg aircraft with respect éo the air mass. Finally, the motion
of the aircraft with respect to ‘the Earth is frequently of
inter?st. Thus it can be regdily seen ' that several reference ;
coordinate frames ére_required to completely describe the ;
applied'forces and the resulting motions of the aircraft. :

Reference coordinate frames to be used in this analysis are ]
y : H ; ! ;

defined in this section. Insofar as possible, axis systems have

been Qefined SO tha£ senses of rotation and translation are

simi;ar for small rOQationsﬂ Positive, force, moment, and

¥ motion vector components are defined to be in the positive sense

' of the axis. To the largest extent possible, the symbols and
convengions used are consistent with those in common usage in the
.guidance and control fields and'with those used by NASA for
aircraft stability‘and control work.

'The Inertial Coordinate Frame. (I) will be defined first.

This frame is ndnrotating with respect to inertial space. The

1 origin is the center of the Earth, with the Z; axis coincident
f ‘ with the Earth's axis of rotation. The X; and Y axes then

L' lie in the equatorial plane. It is assumed that the linear

i

and angular accelerations of the Earth with respect to inertial

space as it moves in its solar orbit are not of interest. This




coordinate frame (as well as the E and L frames following)
is shown in the sketch of Figure 1.

The Earth-Centered Coordinate Frame (E) is fixed with
respect to the Earth. Its origin is at the Earth's center with
the 2 axis coincident with the 2Z; axis. The Xp and YE axes
lie in the equatorial plane, intersecting the Earth's surface
at convenient points. The E-frame can be chosen to coincide
with the I-frame at a particular instant of time.

The Earth Local-Vertical Frame (L) is a local geographic
frame. 1Its origin is the center of mass of the aircraft with ZL
along the vertical defined by the local gravity vector (positive
downward) , XL parallel to geographic North (positive to the North),
and Y, parallel to geographic East (positive to the East).

The Aireraft Body Coordinate Frame (A) is fixed to the i

aircraft and rotates and translates with the aircraft. Itsg

origin is the center of mass of the aircraft. The xA axis
is chosen in a convenient forward direction in the plane of

symmetry. (The exact X, axis location is specified in Section V.)

A
The Y, axis is normal to the aircraft's plane of symmetry
(positive to the right), and the ZA axis is in the plane of
symmetry (positive downward) and orthogonal to the xA and YA

axes. The A-frame is related to the L-frame (and to the next-

defined C-frame) in Figure 2.
The Earth-Aireraft Control Coordinate Frame (() is also
i centered at the center of mass of the aircraft. The Zp axis

is aligned with the local gravity vector (positive downward) and

el n——




is therefore coincident with the ZL axis. The Xp axis is the

intersection of the horizontal XL-YL plane with the vertical
plane containing the XA axis. The YC axis completes the
orthogonal right-hand system. The C-frame 1is an intermediate

frame needed to define the Euler angles describing the relation-

ship between the Earth local-vertical (L) frame and the Aircraft

body (A) frame. 1In their order of rotation (which must be

preserved) the Euler angles are defined as:

1. Heading (¥): angle of rotation about 2,
from X; to Xpi

2. Pitch (0): angle of rotation about Y.
from XC to Xpi

3. Roll (&): angle of rotation about X,

from YC to YA‘

These Euler angle rotations are shown in Figure 2.
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4.0 Derivation of Generalized Kinematic Equations of Motion
The generalized egquations of motion are obtained (as, for

example, in References 1 and 2) by equating forces and moments

acting on the aircraft to the rates of change of linear and

angular momentum of the aircraft with respect to inertial space:

F = a_dE (mv) ‘I (1)
= _ 4 -
e gt i) (2)

In these equations, F is the force vector and M is the moment
vector acting on the aircraft. Linear and angular momentum vectors

are represented by mV and H respectively. The subscript I

indicates that the time rate of change of the momentum vectors

is with respect to inertial space.

It is of more interest, however, to express these momentum
changes in terms of an axis system that is fixed in the aircraft
and that is therefore translating and rotating with respect to
inertial space. This axis system is the A-frame defined in
Section 3.0. Equations 1 and 2 can be expressed in A-frame

coordinates as

)
]
€
»
3
<

d ] -—
(mV) + (3)
at ] .

=
I

= (ﬁ)'A + o xH (4)




i -
In these equations, the subscript A indicates momentum changes
with respect to the rotating A-frame. The cross product terms
account for the fact that the A-frame is rotating at a rate w
with respect to inertial space.
Equations 3 and 4 are completely rigorous. At this point,
however, it is convenient to make several assumptions to facilitate
further development of the equations:
Assumption 1l: The mass of the aircraft does not
change significantly in the interval
of interest, that is
d mv) = m S (T
T (mV) = m 3¢ (V)
Assumption 2: The rotating earth can be considered %

an inertial frame for the purposes of
this analysis. Therefore the E-frame
is assumed to be an inertial frame.

Assumpiton 3: The aircraft is a rigid body. The
contribution to B of spinning propellers
can be neglected. Contrnl surface
dynamics need not be considered.

Assumption 4: The Y, axis is a principal axis so
that the products of inertia ny

and Jyz are zero.

SRt 1 e o oo D

——

By virtue of assumption 2, the vectors V and w of equations
3 and 4 are the motions of the aircraft with respect to the Earth.
These vectors are further defined in terms of their A-frame

components.

v=Uli1 +VJA+WkI‘. (5)

B R

(6}

£
I
v
o
+
O
.
-]
+
o
;r




where i , and kA are unit vectors along the X

A’ Ia A
axes, respectively. Similarly, F, ﬁ, and H of equations 3 and 4

0 YA' and ZA

can be expressed in their A-frame components:

F=F, iy +Fy jp + Fz ky (7)
M=1Li, +Mijy+NKkp (8)
o o= - = = 9)
H=H i +H, jj + Hz kp (9)

Development of expressions for the scalar components of H is
rather lengthy and will be omitted here. Following the
derivations in Chapter 1 of Reference 1 or Chapter 4 of
Reference 2, for example, produces these expressions for

the components of H: i

Hy = PL_ - QJ, - Riyz (10)
Hy = Qly - RIy; ~ Pdyy (11) ‘
H, = RI, - PJy, - QJy, (12)
where the moments and products of inertia are:
I, = [(y? + 2z2) dm (13)
I, - f(z? + x2) dm (14)
Iz = f(x2 + y2) dm (15)
I yy™ [ vy dm (16)
Jyz= / yz dm (17)
Jyp= [ xz dm (18)

and x, y, z, and the mass element dm are defined in the sketch:

10




BY virtue of Assumption 4, equations 10, 11, and 12 reduce to
H, = PI, - RJ,, (19)
E Hy = QI (20)
| H, = RI, - PJy, (21)
Now, by using equations 5 through 9 and equations 19 through 21,
equations 3 and 4 can be expanded to give A-frame components of
aircraft accelerations with respect to the Earth:
Force Equations
F =m [U+ QW - RV] (22)
Fy = m [V + RU - PW] (23)
F, =m [W+ PV - QU] (24)
;
Moment Equations
L=IgP+ (I, -Iy) QR -J (R + PQ) (25)
M=1,0+ (Ix - I) RP - 3y, (R? - P?) (26)
N=1I,R+ (I, - I,) PO - dy, (P - QR) (27)

11
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The A-frame forces (Fx,Fy,Fz) and moments (LM,N) in equations
22 through 27 represent all of the external forces and moments
acting upon the aircraft. These forces and moments are due

to aerodynamic loads, control and propulsion systems, and
gravity.

Gravitation Forces - The gravity force is a vector quantity
of magnitude mg acting along the positive 2; axis. The
resolution of this force into A-frame components can be 3
accomplished by referring to Figure 2 where Euler angles

(Y,0,4) are used to relate the L-frame and A-frame coordinate 3

frames:
xg = - mg sin O (28)
Yg = mg cos O sin ¢ (29)
zg = mg cos O cos ¢ (30)

No moments are produced by gravity because the A-frame origin

is located at the aircraft's center of gravity. Therefore

Lg' Mg' and Ng are zero.

Non-Gravitational Forces and Moments - The remaining forces and
moments are due primarily to aerodynamic, propulsive and control

effects. They are denoted simply X, Y, Z, L, M, and N. Thus,

for example, F,i= Xg + X. These forces and moments are developed

in Section V.

The A-frame force and moment equations (22 through 27) can
be restated on the basis of the above discussion. Also stated
are the relationships between A-frame angular rates (P,Q,R) and
Euler angle rates. These relationships have been obtained'from
Figure 2 by projecting the Euler rates (Y¥,0,¢) onto the A-frame

12




axes:
m[U+QW - RV + g sin 0] = X (31)
m [\}+RU - PW - g cos Gsinqb]=Y (32)
m [t:J + PV - QU - g cos Ocos ¢|= Z (33)
I, P+ (I, = I,) OR - J,, (R + PQ) =L (34)
Iy Q + (I, - I;) RP - J,, (2 - p%) = m (35)
I, R+ (I, - I,) PQ - Jy, (B - QR) = N (36)
P=¢-V¥sino (37)
Q= 0 cos ¢ + v cos O sin ¢ (38)
R=¥ cos © cos & - sin o (39)

These nine equations are an almost exact description of the
motions of an aircraft operating near the Earth's surface.
The derivation to this point has used only four simplifying
assumptions, repeated here: 1
1. Aircraft mass is constant

2. The Earth can be considered an inertial frame

3. The aircraft is a rigid body

4. The aircraft is symmetrical about its
X - z plane.

The equations can be further developed along any one of several
paths. In this case they will be manipulated (in Section V)
into the form generally used for linearized aircraft stability

and control studies.

13




5.0 Derivat.on of Lirearized Equations of Motion

A number of simplifying assumptions are required to develop
linearized equations of motion from the general equations
discussed in Section 4.0. These approximations are (continuing
the numbering sequence begun in Section 4.0):

Assumption 5: The aircraft is assumed initially
to be in equilibrium flight with
no linear or angular accelerations,
no angular rates, and no initial roll
angle or lateral velocity.

Assumption 6: The X, axis is fixed in the aircraft and is
paral?el to the projection on the
Xp - Z, plane of the relative wind
vector 'during equilibrium flight.
In other words, stability axes will
be used.

Assumption 7: Small disturbance /perturbation)
theory will be used. Motions and
forces will be referred to the
equilibrium flight condition of
Assumption 1. Variables at this
flight condition will be identified
by the subscript o. Change from
this condition will be indicated by
the prefix A. Thus:

Uu=1>0,+ Av
vV = Vo + AV
W=WO+AW
P=PO+AP
Q =0, + 4Q
R = Ro + AR
¥ = Wo + AY
0 =0, + 40
$ = ¢o + Ad
14
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Assumption 8: Small angle approximationswill
be made. For example,
sin AO AQ
cos AQ 1

o

Assumption 9: Higher order terms will be neglected.
For example, (UO + AU) (AQ) = U, AQ

By virtue of Assumption 5, Po’ Q R and VO are zero.

ol OI ®o'

is a special case.

By virtue of Assumption 6, Wo is zero. V¥,

Since it is the angle between the X; and X¢ axes, it can vary
from 0 to 27. In this analysis, we will specify that heading
angle be referred to the initial Xc axis. Thus Y, can be
treated as if it were zero. The perturbation relations of

equation 40 can therefore be revised:

U, + AU

_— v

AV

=E <€
"

= AW

o
]

AP

= AQ - (41)
= AR

AY

= 0_ + A0

o
= A}

e O €« M O
]

The derivative with respect to time of each of these variables
can be easily determined, e.qg.,

. d
= U_ + AU) = AU
U= & (U, + av)

15




(Equations 41, Assumptions 8 and 9, and the trigonometric

identities
sin‘(A

i , cos (A

+ B)

.+ B)

i

i f R !
cos A,cos B - sin A sin B

1
!

§in A cos B + cos A sin B

i

can be apblied to equations 31 thyough 39 to produce

mf[Aﬁ

; : Im [AQI
m [A&

o Ix,Aé
, Iy AQ
1, R

gnd: ,
: ] P = AP
Q = AQ

Equations 43 can

R = AR = AV

+ g sin Op + g cos 0 40] = X

+ Uo AR - g cos @o Ad) =Y

- U AQ - g cos O + g sin ©_ 40] = 2
o [N o) ' (o}

= A% - AY sin Oy i

= Aé

be evaluated at ‘the

cos @o

where A quantities are zero:

SuBtraéting thesé equations from eduaqioné 43

mg sin Oo

-mg cos Oo

0

0

0

0

o : i

following perturbation equations:

16

produces the
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' m [AU + g cos O, 40] = AX
m [AV + Uo AR - g cos 04 A¢] = AY
m (AW - Us AQ + g sin Oo ABO)] = AZ
P 5 o (45)
Ix AP'- sz AR =L ,
1 a0 =M
y ? 1 .
Iz AR -~ sz AP = N

where AX = X - Xo, etc.

Next to be developed are the right-hand sides of equations 45.

!
-

The conventional practice of expressing these terms as a Taylor

i

series expansion is utilized. The development presented in
Chapter 4 of Reference 2 is closely followed.

!
The Taylor series is of the form (neglecting higher order terms):

bX = Xp AA + % 8By, ac + . ., (46)

where AA, AB, AC . . . are the variables which describe the
motions of the aircraft or which otherwise contribute to AX
and where

. ax l
RS Yl r 0

t

evaluated at the equilibrium flight condition.

Several additional approximations and assumptions are
desirable at tﬁis point:?

Assumﬁtion 10: Higher-order terms in the Taylor series
expansions can be neglected.

Assumption 1l1: The air mass is fixed with respect to

the Earth; that is, there is no wind.
This simplifying assumption allows

use of components of ground speed V
‘(AU,AV,AW) as variables in the Taylgr
series instead of components of airspeed.

17




Assumption 12: Series terms involving the derivativeg
with respect to these variables will be
considered: AU, AV, AW, AW, AP, AQ,

AR, Aée, A4, and AS,.. The last
three variables are ghe per+turbation
deflections of the elevator, aileron,
and rudder, respectively.

Assumption 13: Series terms involving derivatives of
AX, AZ, and AM with respect to AV, AP,
AR, A8_, and AS_ can be neglected. '
Terms 1nvolvin§ derivatives of AY, .

AL, and AN with respect to AU, AW, AW, 3
AQ, anA Ade can also be neglected.

Assumption 14: The derivatives 3X/AWQ,3X/3A W,Ax/Aée,
and AY/AS, are negligibly small.
These assumptions are discussed and justified in Chapter 4
of Reference 2. Assumption 1) is necessary in order to
retain linearity in equations 45. Assumption 13, while not ]

essential, is made because experience has shown that it is

a reasonable one (for most applications) and because it
allows separation of the six equations (45) into two sets of
three.

The definition of equation 46 and the above assumptions
yield expressions for the non-gravity perturbation forces of

equations 45:

AX = X, AU + X, AW t AT

AY = Y, AV + AP+ Y AR + Y, A4S,
E r

AZ = 2z, AU + Z, AW + Z. OW + Zg BQ + Zg_ A8,

AL = L, AV + Lp AP + L. AR + Léa AS4 + L5r A8, (47)
AM = M, AU + M AW + M, AW + Mq AQ + Mée Ade
AN = N, AV + Np AP + N, AR + NGa Aéa + Nar Aér

18
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Before these expressions are substituted into equations 45, one
question must be resolved: Equations 45 contain as variables
A-frame rates (AP,AQ,AR) as well as Euler angle displacements
(AY,400,4¢). A decision must be made as to which set of variables

will be carried henceforward.

For the X-Z-M set of equations 45, there is no difficulty.
By virtue of equations 44, AQ = Aé, from which can be obtained
Aé = A8. Thus AQ and Aé can be readily eliminated in favor
of A0 and its derivatives.

For the Y-L-N set, there is no difficulty either, except
that some additional terms must be accepted for either set

of variables. One can solve equations 44 for A¢d:

——

A = AP + tan Oy LR,

but attempts to integrate this equation in order to obtain an
expression for A¢ (needed in the Y equation) encounter the
difficulty that /AP and fAR cannot be uniquely determined since
they depend on the order that rotations are taken about the
A-frame axes. To avoid this difficulty (and to retain uniformity
since the Euler angle AQ is used in the X-Z-M equations) the

Euler angles A¢ and AY are used as the variables in this analysis.

Thus equations 44 are used to eliminate AP and AR in equations 45.

We will combine several steps in arriving at the final

form of the aircraft equations of motion:
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1. The six equations will be separated into
the X-Z-M set and the Y-L-N set.

2. AQ will be eliminated in fayor of A0,
and AP and AR in favor of A¢ and AV by
using equations 44.

3. The Laplace notation () = s() will be
introduced.

4. Equations~(47) will be substituted
into equations (45).
The X-2-M set - the longitudinal equations - are thus
developed from equations 45 as:
[ms - X 1 AU + [-X,] AW +[mg cos 05] 40 = AT (48)

[-2,] AU + [(m-zQ)s - zw] AW + [—(mUo + Zq)s + mg sin 04] AO

= [ZGJ Ade (49)
. 2 -
[-Mu] AU + [-Mws - M,] AW + [Iys qu] AO
= [Mg ] Adg (50)
e
The Y-L-N set - the lateral equations - become:
[ms - Yv] AV + [-Yps - mg cos Go] Ad
+ [(mU, - Yr) cos 05 + Yp sin OO]S AY = [Yér]Aar (51)

2
[—Lv] AV + [Ixs - Lps] Ad

+ [-(I, sin Og + J,, cOS GQ)S2 - (L, cos 0g - Ly sin 0g)s] AY

= [Lg,] 26, + [Ly ] 26, (52)
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2
- = s¢ -
[-N_,] AV + [-J 5 N_S] A¢

+ [(Iz cos Og + Jy, sin Oo)Sz - (Nr cos 04 - Np sin 0g) %] AY

= (N5 ] 88, + [Ng ] 6y (53)

Equations 48 through 53 are, to summarize, the six linearized
rigid body equations of motion, written in aircraft stability
axes. Dependent variables are the perturbed aircraft body
(A-frame) velocities (AU,AV,5W) and the perturbed Euler angles

(00,09 ,0¥) and their derivatives. Longitudinal (Xx-2-M) and lateral
(Y-L-N) equations are not coupled.

Coefficients of the variables in these equations are

constants whose values are determined by the aircraft's

geometric and mass properties and its equilibrium speed, Uo.

These coefficients will be developed in literal form in Section 6.0.
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6.0 Summary of Analytical Expressions for Stability Derivatives
The equations of motion developed in Section V have gpecified
a set of aircraft stability derivatives (e.g. Xy) which are defined

analytically in this section.

Each derivative represents the (partial) change in a force
(or moment) due to an incremental change in a variable from
the reference value. Thus the derivative Xu represents the

change in force along the aircraft X, axis due to a change in

forward speed, or

A

where the subscript o indicates that 2X/3U is to be evaluated

at the reference (equilibrium) flight condition.

Definition of these derivatives here will utilize extensively
the material contained in Chapter 4 of Reference 2. Emphasis in
this report will be placed on assembling the desired material
into a compact and usable form rather than on repeating the

derivations given in the reference.

Reference 2 develops the derivatives in their non-~dimensional
form. Tabl=2 4.1 of the reference defines the relation between
these non-dimensional coefficients and the dimensional coefficients

used here. For example,
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S lbs
x =322 ¢ F—
u Uy *u Ps
Analytical expressions for the non-dimensional coefficients are
derived in References 1, 2, and 3 and are reproduced here. For
example, on pp 148-150 of Reference 2 is developed an expression

for Cx

C ==~-3C, - C tan 0, (constant speed prop)
u o Lo

Table I presents similar information for each of the required
derivatives: Each derivative is defined in terms of the
corresponding non-dimensional derivative. Then, the expression
for the non-dimensional derivative is given together with the
source of the expression.

In Section 7.0, these expression are evaliated for the

"Buffalo" and "Twin Otter" aircraft at several flight conditions

~
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TABLE I

ANALYTICAL EXPRESSIONS FOR

STABILITY DERIVATIVES

S lbs
x =9 ¢ _— C = -3 C -C tan 0 _ /constant
X
u U, u fps X Do Lo = (speed prop)
(Ref. 2, pp 148-150)
2C
- 98 1bs = _ La
X = 5 Cx, fos Cxa CL [- 7ear| (Ref- 2, p 147)
g, =95 ¢ 1bs C = -2¢ (Ref. 2, pp 129-130,p 150)
u U zu fps 2 L . ’ P ’
o u o
gs 1bs
zZ = Co == c, =-(c,, +C.) (Ref. 2, p 147)
w Uy z, fps z, La Do
S (tail contribution
Zw 202 qS Cz . W Cz. = 2 aT nT c ) aa (Ref. 2’ P 165)
(o] o a
L. S (tall contribution)
c 1bs t 7T
Z = — gS C —_ c, =-2 — ——  (Ref. 154
a " 2ug q N VITT: zg an Np — 5 (Ref. 2, p 154)
1bs dog Sp
= S LIl = — .
zée q CZG — Czé an dG 3 nT (Ref. 3, p 250)
e e e
gsc ft lbs
M =2— ¢ ~Fps C =0 (Ref. 2, p 15)])
u UO mu P mu .'
gSc ft 1lbs
Mw = Ug Cm _—fps — Cm = Cp, (h-hn) (Ref. 2,pl47)
o a a
L
. c ft lbs = it
Mw ;;2— gSc Cm& —— Cmd C,. m (tail only) (Ref. 2, p 165)
o fps o
[ (tail only)
c ft lbs ~r
T e —_—— = 3 1
Mq 2U asc Cmq rad/sec Cmq Czq c (Ref. 2, p 153)
ft 1bs ‘ Lp )
= gS === = C — (Ref. 3 250
Mde ¢ Cm6 rad Cmé zg © (Re + P )
e e e
24
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TABLE I (continued)

[ (tail only)
S lbs do
y =92 =23 c. = - E (1- Ref. 2 168
7 U, Y, fps Ye ap g ( HE)( e ' P )

y = _P s ¢ 1bs . ) bp S, 1+2Ap  (App. A,
= q y e C —CY—- aFE__iT this
p ZUO p rad/sec Yp Pp 3 S F report)

[ (tail only)
b lbs F "F
Y = — SC —_— C ~ C = 2 —_— Ref. 2 74
r ZUO q yr rad/sec Yr yrF aF 3) S ( + P )
S do
Y, =asc, ks ¢, = -ap £ . EEE (Ref. 3, p 329)
r 6r rad ér =
- g9Sb ft 1lbs -
L, = 3= ¢, It 10s c, =¢c, +¢C +cC
v Yo QB fps B Bw jz‘Bfuselage EBF
C2 : See item 90, Table III
Bw
(Ref. 2,
c = 1.2 VAR gy . D3V p 4ge)
B fuse
ZF
= —_ Ref. 2 89
CEB CyB B (Re /' P )
F
L = b’ qsb Ty ft 1bs Cl :+ See item 91, Table III
P 20, F rad/sec p
L = . Sh C Es—lgi- C = C + C
r 20, q zr rad/sec lr lr sz
w
C =C. /4 (Ref. 1, p 112)
[} L
r, o
. F
= -2 (Ref. 2 175
CR, Lyr 5 (Re r P )
r
F
£ 1b °F
= S = { Q
r r r
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TABLE I (continued)
I £t 1b 2 ¥
S aT
LAa = gSb oy rad C, = 5B /| " cy dy (Ref. 3, p 354)
a a Yy
No= LB ¢ ﬂf‘p;bs C, =Cn *+Cp
\ 0 B 8 Bp B fuselage
Lp
Cn = - Cy 5 (Ref, 2, p 82)
BF BP|
Cn
B fuselage
_ voiume of fuseage h
(Ref. 2, p 492)
b ft 1lbs
N = — gSb Cc = C + C
P 2U, N,  rad/sec ny S s
w F
CL . :L 1
Cn . - o) '1 - o (App A, thig
Pw 23 ; T AR, report)
c. = -c, L (Ref. 2, p 171)
n Y b
Pp Pp
L N =2 qsbc S 2uorl C, =C, +¢C
r 2y, r rad/sec r r r
F 1
c =il &: C (Ref. 1, p 112)
ne b Yo
F F
o = -C, /4 (Ref. 1, p 112)
Npe Dy ’
w
~ £t 1bs L “p
Ns = gSb C, Tad Ch = - CY 5 (Ref. 3, p 329)
r & 8 <44
b q r r
£t lbs ]
Ny = qSb C —_— Cn : no simple analytical expression
a néa Sa available; assumed zero here.
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7.0 Tabulation of Analytically-Determined Stability Derivative

Values for DeHavilland "Buffalo" and "Twin Otter"

In this section, stability derivatives and other numerical
data required to model these aircraft are presented. The §
derivatives are estimated using the analytical expressions
summarized in Section 6.0.

Step~-by-step calculation of each derivative is carried
out in Appendix C. The geometric and mass data needed in
Appendix C to calculate the derivatives have been obtained
from Reference 4; this material is summarized in Figures 3 and ]

4 of this report. 7

For each aircraft, three flight conditions are investigated.
These are: cruise, slow flight, and landing approach. Table II
presents the parameters needed to define each of these flight
conditions.

All stability derivative information is summarized in

Tables III, IV, and V. In Table III, the non-dimensional

derivatives calculated in Appendix C are collected and presented
for both aircraft at all three flight conditions. In Table 1V,
the derivatives are presented in their "dimensional" form,
utilizing the definitions of Table I.

For convenience, the derivatives are also presented in
"normalized" form in Table V. The "normalized" derivatives are
obtained by dividing each dimensional derivative by the appropriate
mass or inertia parameter. Specifically, force derivatives are
divided by m, aircraft mass. The roll, pitch, and yaw moment

derivatives are divided by I, Iy, and I,, respectively.
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i ' ' TABLE II

i

Definition of Flight Conditions

i

i 2
i a !

: | ' © Buffalo . ~ Twin Otter
' t
: Cruise ,|Slow . |Landing Cruise (Slow Landing
0 Flight |Approach Flight' [Approach|.
W, weight, lbs 40000 40000 40000 12000 12000 12000
' Uo' speed, fps 400 215 154 278 176 120
i A { o . i .
h, altitude, £t  |10000 0 0 10000 0 o
. r’ ! ! ‘ ‘
Yos flight path 0 0 -7.5 t o 0 *=7.5
i angle, ;degrees ! , '
. . :
g - ) : L
6f,'flap;deflecthh 0 0 40 0 0 . ,40
, * degrees f ; | :
! 0 N
i t
Note: 1 Normal C.G. used for all flight conditions. ’ 1

: 2 Max T.O. weight for “Twin Otter" 'is listed as
- +11,579 1lbs in Ref. 4. However, later editions
" '  of Ref. 4 show an increase to 12500 lbs. The
weight to be used here has been arbitrarily
chosen'as 12000 1lbs.

!

05 = Yo in this report because of use of :
i N O ] .
_sgabmllty axis system. , i
1 d ’ H
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TABLE III ‘Summary of Derivatives in Non-Dimensioral Form
——“—_‘T e O L .
Non- Buffalo Twin Otter N
Dimensional Slow Landing Slow Landing
Derivative Cruise | Flight | Approach Cruise Flight | Approach
c =
bxu -.108 | -.171 | -.186 -.141 ~-.195 -.237
Xa .164 '| .441 | .815 .234 .435 .920
c
2y -.60 | -1.54 | -2.98 -.84 -1.56 | -3.30
c
2a -5.24 | -5.26 | -5.33 . -5.25 -5.27 -5.36
c .
%4 -1.33 | -1.33 | -1.33 -1.60 -1.60 | -1.60
C ,
g -7.83 | -7.83 | -7.83 -6.40 -6.40 | -6.40
C o 7
VA
c e | .465 .465 | .465 .450 .450 .450
My | 0 0 0 0 0 0
Cpy o
a, -.78 -.78 -.78 -.78 -.78 -.78
o
Mg -6.05 | -6.05 | -6.05 -6.15 -6.15 -6.15
C ' i
Mq -35.6  |-35.6 |-35.6 -24.6 | -24.6 |-24.6
c, ,
Se 2.12 | 2.12 | 2.12 1.73 1.73 1.73
- :
Yg -.362 | ~.362 | -.362 -.492 | -.492 | -.492
C i
y
o r ~.055 | =-.055| -.055 -.085 | -.085 | -.085
Ye .368 | .368 .368 .429 .429 .429
o .
i y D
c Sr -.233 | -.233 | -.233 -.317 -.317 -.317
ol -.125: | -.125 | -.125 -.103 -.103 -.103
c
N Qp —153 -.53 -.53 _-60 -.60 -a60
c
be .113 .231 .410 - .138 233 .451
c
)
C,ér -.024 |-.024 |'-.024 -.024 | -.024 | -.024
g o
c Sa .20 .20 .20 .38 .38 .38
Ng .101 J101 | .10l 1121 .121 121
C.
) -.037 | -.134| -.283 -.054 -.129 -.310
c
cx -.171 |-.175 | -.188 -.171 | -.174 | -.191
n 0
= Sy .107 .107 | .107 .124 .124 (00
. n g
Sa 0 0 o | 0 0 0
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TABLE

IV Summary of Derivatives in Dimensional Form

Buffalo Twin Otter
Dimensional Slow Landing Slow Landing
Derivative Cruise Flight Approach Cruise Flight | Approach
X. lbs/fps -35.7 -41.4 -32.4 -14.5 -17.2 -14.5
Xy lbs/fps 54.3 106.8 141.8 24.1 38.2 56.1
2, lbs/fps -199 -372 -519 -86.5 -137 -201
z,, lbs/fps -1733 -1273 -927 -541 -464 -327
2, lbs/fps® | -5.55 |-7.56 |=-7.60 -1.93 |-2.16 [-2.19
z 1bs -13,090 | -9560 -6900 -2155 -1836 -1253
9 rad/sec
Zg 1bs 61600 24150 12500 12920 6375 3265
e rad il
M ft-1bs 0 e 0 0 0 0
u fps
M, ft-lbs -2610 -1910 -1372 -520 -446 -306
-1lbs
M, ft=lPs | -2s5 -347 ~347 -48 -65 -65
fps
6 6 6 5 5 5
Mq ft-1bs -.600x10 | -.440x0° | -.37x10 -.534310 -.459%10 | -.3A3x10
rad/sec
Mg ft-lbs 6 6 6 ¢ 6 6
8o 2.84x10° | 1.12x10° | .575x10 .320xL .174x10° | . 081510
ra
Y, 1bs/fps -120 -87.5 =63 -50.6 —43.1 -30.0
Y lbs -880 -637 -460 -284 -243 -167
P rad/sec
Y ibs 5850 4260 3070 1430 1228 840
rad/sec
Yg  1bs -30,800 |-12,100 |-6,260 -9100 -4910 -2300
L _T__ft-lbs -3980 -2900 -2085 -686 -589 -404
’ pe ’ 6 6 6
L, ft-1bs -.80x10 |-.591x10 |-.426x10 -1000 | -111800 |-76400
P raa7sec 5 5 5
L, ft-lbs +1.73x10° | + 2.58x10” | +3.20x10 +30000 |+43500 |+57400
r m 173 05 2. . : :
Ls ft-1bs -3.06x10° | -1.0x10° | -.62x10 -44500 |-24200 |[-11300
r rad 6 6 6 5 5 S
Lg £ft-1lbs J +2.55x10° | +1.00x10° | +.516x10° | +7.0%10° [+3.83x0" |+L79x10
a a§ P i S e
M, Iioibs— 9 475
Ny SggE | 3215 2340 1685 806 692
n ft-1bs | 56500 | -149500 | -22800 | -11700 |[-24100 | -39500
P rad{sec 5 5 5
N, ft-lbs -2.62x10" | -1.95x10" | -L51x10 -37100 |[-32400 |-24300
ra37sec 6 6 6 5 5
Ny ___f;ébs 1.365x10° | .535x10° | .276x10 2.30x10° | 125x10° | 585x10
r
N, ft-lbs 0 0 0 0 0 0
a rad
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TABLE V Summary of Derivatives in Normalized Form

Buffalo Twin Otter
Normalized Slow Landing Slow Landing ;
Derivative Cruise Flight | Approach Cruise Flight Approach '
X, /m -.0288 | -.0334 | -.0261 -.039 -.0462 | -.039
| Xy/m | .0437 .0860 .114 .065 .1027 .151
7,,/m -.160 -.300 -.418 -.232 -.368 -.540
Zy,/m -1.397 | -1.026 | -0.747 -1.454| -1.247| -0.880
7. /m -.0045 | -.0061 | -.0061 -.0052| -.0058 | -.0059
2. /m -10.53 | -7.70 -5.55 -5.80 -4.93 -3.37
(o]
Zi /m 49.6 19.45 10.08 34.8 18.72 8.79
/I, o0 T 70 o | o 0 0 ]
Ma/Ty -.0121 | -.0089 | -.0064 -.0236 | -.0202| -.0139
My/Ty -.0012 | -.0016 | -.0016 -.0022| -.0030{ -.0030
Mq/1y -2.79 | -2.04 | -1.47 -2.42 | -2.08 | -1.42
Mo/ Ty | 13.2 5.17 2.675 14.52 7.9 | 3.7
Ty/m -.097 -.0705 | -.0508 -.136 -.116 -.0806
Yp/m -.710 -.514 -.371 -.764 -.654 -.449
Y, /m 4.71 3.44 2.48 3.84 3.30 2.26
Y /m -24.8 -9.76 | -5.05 -24.4 | -13.2 | -6.19
L/ Ty -.0146 | -.0106 | -.0076 -.0282 | -.0242| -.0166
Lp/Iy -2.96 -2.16 | -1.56 -5.35 | =-4.60 -3.14
L /Iy | .633 .945 1.208 1.233 | 1.790 2.360
Ls /Iy -1.12 -.44 -.227 -1.83 | -.996 -.465
L5,/ Ix 9.34 3.66 1.89 | 29.0 15.77 7.36
N /T, 170072 | .0052 .0038 .0197 .0169 .0116
Np/T, -.126 | -.33¢4 | -.510 ~.286 | -.588 | -.965
, Np/I, -.586 | -.436 | -.338 ~.905 | -.790 | -.593
o Ng /1, 3.05 1.195 | .617 5.61 3.05 1.43
k Noa’/l, 0 0 0 0 0 0
E
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> EARTH'S ROTATION

I: INERTIAL COORDINATE FRAME
E: EARTH-CENTERED COORDINATE FRAME

L: EARTH LOCAL-VERTICAL COORDINATE FRAME

FIGURE 1: REFERENCE COORDINATE FRAMES




L: EARTH LOCAL VERTICAL COORDINATE FRAME

C: EARTH-AIRCRAFT CONTROL COORDINATE FRAME

A: AIRCRAFT BODY COORDINATE FRAME

EULER ANGLES

FIGURE 2:

4

ROTATION ABOUT ZL AXIS

© = ROTATION ABOUT Y. AXIS

©
]

ROTATION ABOUT Xp AXIS

-——— T == - - EARTH HORIZONTAL
PLANE

ADDITIONAL REFERENCE COORDINATE FRAMES
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DHC-8 BUFFALO
Differences between the US and Canadian
vemions aro s fullows:

CV-TA. US model, with 2,880 exhp Genoral
th Tes.GH.10 turlmmq-n. Overull length
T . Dewignation may be echanged
following t fer of rewponmibility for aircraft
e tas category from US Army to USAF.

€0-118. Canadian Defenco Force modol, with
3,053 eshp Genoral Electric T4/1°2 turbo b
Overall length 79 & 0 in (2408 m). Otherw! n
nimilar to CV.7A, with only amall differcnees in
performance. ot
Wixas: Cantilever high.wing 'monoplane. Wing
nmoetion NACA 643A417-83 (mod) st root,
NACA 83,A618 (mod) at tip. Aspect ratio
935. Chord 11 R 9} in (3-59 m) at root,
SR 11in (119 m) at tip. Dihedral 0° inboard
of narclles, 8° outboard. Incidence 2° 30°,
Sweepback o8 quarteechord 1° 40°. Con.
ventional fail-safo multi-spar stracture of high.
strength sluminium allovs. Full-span doublc.
slotted aluminium alloy flaps, outhosrd sections
functioning es ailerons. Aluminium alloy
slot-lip spoilers, forward of inboard flaps, are
actuated by Jarry Hydreulies unit. Spoilers
ooupled to manually-operated ailcrons  for
lateral control, uncoupled for aymmetrical
ground operation, Eleetrically-sctuated trim.
tab in sturboand ailcron. Gearcd tab in oach
sileron. Rudder-aileron intcrronneet tab on
port aileron. Outer wing Iemlinf-edgm fitted
with electrically-controlicd flush pne i
rubber de-icer boots.

Puszraox: Fail-safo structure of high-strength

alumininm A'l‘loy. Cargo floor supported by
longitudinel koel bers.

TaiL Uxir: Cantilover strueture of high-strength
aluminium alley, with fixed.incidcneo teilplane
mounted at tip of fin.  Elovator aceodynamic-
ally wnd mase.balsnced. Fore and trailing
serinlly-hingod rudders are powcred by tandem
jacks opernted by two independent hydraulie
syrtens manufactured by Jarry Hydrsulics,

run-tab on port elovator, mpring-teb on
starboard  elavator, Electrically.controlied
flush pnoumatic rubber de-icer boot on tail-
plane loading-edge.

Laxmiva  Gran: Retrastablo tricycio  tyvpe.
Huydrulie retrantion, nose unit aft, minin unite
forward., Jarry Hydraulies  olco-prneurtuatio
shock-almorbers,  Qoodrich main wheels and
tyres, mize 37-00 x 15:00-12, pressuro 45 Ihjsqin
(3:16 ke/end). Goudrich nose wheels and tyres

nizo §-90 x 1230, pressurv 38 lbfsq in (207 °

kg/en?).  Uocodrich multi-disc brakes.

Powen 'raxt: Two General Eleetric T4 turho.
prop engines (details under entries for in.
lividual  verwions, above), cach driving s
Hamilton Standard 811260-13 three.hlwdo pro-
wiler, dinmeter 14t 0 m (442 m).  Fuel inone
integeal tank in cach inner wing, eapucity 533
Tmp gullons (2,423 litres) and rubber bag tanks
in cach outer wing, cupacity 336 Imp gallons
(1,527 litrew).  ‘Fotal fuol capacity 1,738 Imp
gallonn (7,90 litrer).  Rofuelling points above
wings amd in side of fuselage for pressure
refuelling.  Total oil capacity 10 Imp gullons
(45-6 litres),  ° . .

DIMEXSIONS, EXTERNAL:

. a-

| DHC-3 Boftale twin-turbeprep STOL uwtility transpert

Wing span 06 £t 0in (20-26 m)
Levth overall:
CV.7A TTR 4in (23537 m)
CC-115 TOR Ui (2408 )

28R 8in (873 m)
320 0in (973 m)

Height overall
Tailplane span

Wheel trac 30ft Gin (9:29 )
Wheslbase 27 R 11in (8:30 m)
Cabin doors (each side):
Height 3® 6in (1:68m)
Width 2Rk Oin (0-84 m) ,

Heigl.t to sill

3R/ 10in (1-17m)
Emerrrney exits (each side, below wing °
lead

Angas:
Winga, groes 043 sy R (37-8 nf)
Ailerons (total) 30 aq R (3-62 m*)
Trailing-cdge flaps (totsl, including silerons)
280 sq R (26:01 1)
25-2 3 Rt (2:34 1)
02 sq ft (8:53 m)
60 3 Rt (3-37 m)
131-3 sqq 1t (14:07 n?)
81-3 s tt (7-37 nd)

;"poilen (total)

in
Rudder, including tab
‘Tailplane
Llevators, inctuding tab

Wetonts ANp Loapivas:

Operating weight empty, including 3 crew at
200 1 (91 ke) each, plus trapped fuel and oil
and full eargo handling oqulrment

23,187 b (10,503 kg)
13,843 1b (6,279 ky)
41,000 fL (18,598 k)
37,000 Ib (16,733 kg)
38,000 1b (17,690 kg)
43-4 hjsq R (212 kg/n?)
72 Ibjeshp (3-27 kgfeshp)

Max payload

Max T-O weight
Max zero-fuel weight
Max landing weight
Max wing loading
Max powor loading

Perronsance (CV-7A, at max T-O weight):
Max level specd at 10,000 i (3,050 m)
271 mph (433 knh)
Max permissible diving speed
334 mph (837 kmh)
Max cruising speed at 10,000 ft (3,050 m)
271 mph (435 knih)
Feon cruising speed at 10,000 Rt ({050 m)
208 mph (333 kmh)
Stalling specd, 40° flaps at 39,000 Ib (17,890 kg)
AUW 75 mph (120 kinh)
Stalling spevd, flaps up at max AUW
105 mph (169 kmh)
LRate of climbl at S/L 1,800 ft (378 ) min
Scrvice ceiling 30,000 f (9,150 m)
Service cciling, one engine out
14,300 & (4,360 m)
T-O run on firm dry sod 1,040 & (317 m)
T-0 to 30 & (15 m) from firm dey sod
1,340 1t (470 m)
Landing from 50 fi (15 m) on firm dry sod
LI20 R (342 m)

Landing run on firm tiry sod 610 ft (186 )

Source: Reference 4

ing-cdge):
Height 3%t 4in (1:02m)
\\'itfth 2ft 2in (068 m)
Heigh# to sill apprex Sft 0w (1-32m)
Rear rargo loading door and ramp:
Height 20 ft 9in (6-:33 m)
Widti TR 8in (233 m)
Height to ramp hinge IN10in (1-117 m)
DIMEXRIONS, INTRRNAL:
Cabin, aacluding flight deck:
Length, cargo floor 31 R 3in (9-38 m)
Max width 8t 9in (267 m)
Max height 6f 10 (2:08 m)
Floor area 243-3 s f (22-63 m')
Volume 1,713 cu R (48-56 m?)
Fijure 3
34
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DHC-§ TWIN OTTER

Aunounced in August 1964, the Twin Otter is
a STOL transport Pu\wrnl by two Pratt &
Whitney (UAU) 1"TdAN-20 tur‘mprop engines.
Desien work began in January 1084, Construc-
tion of an initial bateh of Twin Otters was started
in November of the sanmn year and the tiest of
these flew o May 20, 1085,

At the beginning of 1987, o total of 32 Twin
Otters had bren delivered or were on order, with
optiom<on 11 more.  They included eight for the
Chilean Nir Foree, two  for Lrans. Australinn
Anlines, one for the Uanadian Departinent of
Ll il Forests, four for Aevalpi of Ttnly,
one tor Northern Consolidated Aedines, and
others for Pageim Niclines and Aie Wisconsin,
USA. Production was seheduled to be at the
rate of ~ix a month through 1967,

Uieler development for deliveey in 1989 i a
verson of the Twin Otter with more powerful
(i eshp) Peate & Wihntaey PU8A2T turboprop
e, dozer nose to provide more bage e
spaee, amd AUW of 12500 b (3,670 k), The
tollowing data refee to the current production
madel,

Tyvre: Twin-turboprop STOL transport.

Wines: Braecd high-wing monuplane, with a
single streumlineseetion bracing strut on each
ade, Winge seetion NACA 8.\ serica mean line;
NACA onld gnaditied) thickness distribution.
Aspect vatio 10, Constant chord of 6 &t ¢
(145 ). Dihedral 22, Incidence 2° 30°,
No swerphack,  MEmetal safelife structure.
All-metal ailerons which also droup tor use as
Haps, Double-dlotted allanetal  full-apan
tranfinaz-edge flaps. No spoilers,  Teim-taba in
atlerons, Poewatic-boot de-eing equipment
uptional,

Fosuracs: Conventionnl all-metal semi-mono-
coque =afe-life structure,

Tar User: Cantilever all-metal strueture of
high ~trength shnninium alloys,  Fin integral
wath tuselape,  Fixedaaneidenes tailplane, Frim-
tabs in radder and port vlevator, latter inter.
conneetedt with  finps. Poewnatic  ddedicing
Louts on tailplane leading-edge optional,

Lasoineg GEar: Noneretractable tricyelo type,
with  steerable nosecwheel, Rubber shocke
absorption on  tain units, Oleo.pnenmatic
pose-whee]l  shockenbsorber,  Goudyear  man

Ltyres size 1100 v 12, pressire 32 Ih/sqin
he end). Gowdyear nose.swheel tyee size

12:30, pressiure 31 /< (2418 herend).

Coodeieh hydraulie brakes. Provision  for

alteruntive floas and ski gear.

Powenr Poast: Two 379 eshp Pratt & Whituey
(UAC) PPTEA20  turhoprop  engines,  each
deving 0 Hutzell theeeblade reverable.pitch
tully-teathering watal propeller, dinmeter 3 R
o (2 0hm). Fachin two tanks (8 vell<) under

«enbin Hoor; total eapacity 919 Tinp pallons
(8178 ditres), Two refuclhing points on port
sitle of fusclage. il capaeity 2 hiap gallons
(0 htresy per engine, Eleetrie tl- -icing system
for propellees and air-intakes optional,

Aecommmodution: Two seats side.hyeside an flight
ek, Sents for VI8N passensers in mam
cnbinn  Catian divield by balbkhead duto saun
pussenper or braeht compattinent and baggeape
or toilet corpartinent, Doot on ench sole of
vnin cabing nt penr, Bupeage compartneents in
nose wld alt of ealin, cach with wy ward.
Binged door on port <ide,

Sysrews: Hadvranhe syetens, pressaee 1000 |1
o 003 ke endn, for thipe bakes and e
wheel steerie, Noo piounmtae avstenn, One
200N sarterageneiator on o eache ongin,

Ervcrwosies aso Fooewrst: Radia oned pader
to customer s spevilieation. Blind-tlying insiru.
wentation stanadared,

PN S10NS, ENTERN AL
Wing span
Lengrth overall

G308 O (19 m)
1900 6w (1508 1)
ht overall IS 1L 50 (568 )
Tuilplane span 21 ft o (i )
W heel teack 120 S (378 m)
W heelbaae 48R Ym(o0m)
Pascneer door (port side):

Heizht S0 200027 )

Width 2t G (70 10)

Huight to il 3 ﬁ 10 (1417 )
Passeneer door (starboand sidey:

Heoight S9lin (-3

o —— g D
o SO A

e O

—

Q;___.u_ 1_L ._J._ i-'f" ‘

O e

\ ]# '

e, AE

de Havilland canada DHC-6 Twin Otter |wm-'urhoprop traniport

20 dn (0760
S0 100 (17 40y
Ba 'nm cotnpurtment door (no);

. SHC10m 0T 0
S eompartment dooy {port, vear):
st A0 2 (127 m)
A\ idth 40 %an (142 my
Hedght te 1 0w (117 m)

In\u NSIONS, INTERNALS
Cabin, exetuding ight deck, galle v and bagege
ur toilel compartinent
Lenotly
Mas vl
Mux hee:nt
Floar ana
Volune

IS 6 (564 1)
S U3 (160 )
46 Vhwm S0,
SO 2 s ft (745 0y
dntea i (losT nyy

Baggage compartinent (no-c v -lnmu-
2w fi (062 )

“uguug-' compartannt (rear) s uluml
02 cu fl (147 )

Arkas:

Wings, grow 420 2 ft (39-02 vy
Ailerons (total) s (308 0y
T;mlmg-wl:«- flap< (total) 1122~ it (10-42 i)
Fin AN S L (40469075
Yudder, imclaching tub BRI I K A VI

Tedplane
Elevatars, inchading tab
Wienrs:
Basie operating weight inelding polot (1501 =
TTRE) adio (Fon B oo 45 Ky and tall ol
G, 170 Hy (2,800 Ky
Max payboad (for 100 amile = 160 koo rangee)
143001 (2 0t0 ke)
VAT (5,252 hy)
EEOU By (4,900 k)
Prerroryoasor (ut max 10 weight):
Max ernisitng specd at 10,000 f1 (1000 1)
INE snph (295 kinh)
Feon crmsinge speed wt 10,000 §t 43,050 1))
it anph (2530 L)
64 5 np h (I“I knihy
Hate of elunb, nt N, i, n' L nan
Nerviee voling 25,000 11 L5700
Service eetling, one cnzine oul 8500 U (2,58 )
T-O to 30 fi (15 1m):
STOl, L1220 (30} )
CAR It 3 L0 N (50 )
Landing fromn SO R (13 m):
NTOl, L0206 ft (300 )
CAR 1o 3 2,160 4 (63K )
Bange vitho max fuel, 30 min jezerve
020 miles (L48 kin)

100w f1 (920 0f)
35 sy (325 0r')

Max T.O weivht
Max Jandinge weieht

Lonedia s d

Source: Reference 4
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Appendix A: Derivation of Analytical Expressions for Selected
Stability Derivatives

Analytical expressions for several stability derivatives
are not included in available references or are not adequately

developed. Consequently, these needed expressions are developed

and presented in this appendix.




Derivation of C and C
- yp n

F pF

Rolliny about the KA axis produces change in angle of attack
at the vertical tail. This angle change produces a side
force at the tail and a yawing moment about the Z, axis.
The restoring rolling moment produced is negligible compared

to the wing's contribution.

From the sketch, the local surface angle of attack is
Z
@, (2) = 625
Side force generated is then

__1 2 . BZ2 ¢
d¥p = -3 0 Uy ap oy p(? dz

(assuming constant 1lift curve slope
ap on fin elements)

A2

i g i el b i tatetit ekt iial i ikt




e,
“1 _
! .t dz
. b 5 Lo
F =
z
Assume that c _c . |
r t |
F
Then bF c -ct ]
= . | 2 P _ r 2
A S e bp)z]dz
2 i
c _c
[c bl,,2 ( r~ t)bF] ;
1 2 P I 1
=-3z0 U, ap = -2 - 3 ‘
1 2 e bpz ¥ ‘
p r t
2 9 Uy 6 =
Next, define
c /c
)\F" t/rr
and approximate fin area as
eg FlE c p
S, =*b Bl 25 1+ )
F F 2z |z ! F
so b 1+ 22
F
YF 5 p Uy an u, 3 Sp I+ XF
and
_YF/qS 2 SF bF l+2)\F
Cyp =TB/20) =~ 3 *Fx b |1+ AF
F
Similarly, . )
.. F_2_  Pr Sp F(1+2)g
Cnp =" %, B 3% 5 5 B\TFA
F F

A3




 Derivation of C, S
. p , | -
W

A roll rate (p) produces a differential char;ge in angle of

_attack (2) on each wing. The change J.n o produces a differentiail [
incl;Lriation and a differential chaﬁge in magnitude of the 1lift |
and drag vectors .on each wing, with' a resuit,ing yawing momgnt. i ?

0 : ; L |




The local angle of attack at a spanwise station y is
i i ‘
aly) = op + ¥
o

The 1lift and drag on a chordwise element of width dy are

p U 2 c(y) a n(y) dy

dL (y) 5

- I
N =

and

dab (y) o

w

The yawing mément on a chordwise element of width dy at

spanwise station y is

dN(y) = - dL(y) * a(y) » y + db(y) * vy

or

. 2 2 2
@) =g (-aleg+ BL)T s oy +ka® (oo ¢ b ey yay
w

where ‘

1,2
a=3° Y

Now calculate yawing moment:
b/2

N=[ dN (y)
-b/2

AS

L ' . ) 2
2o el Itk (awwdldy k= oo

O T

e ag—




So

b/2 2 2
N= [ (y) [-a y Zauﬁl a
N = qc - - -

-b/2 £ o 2 Yo o

A ;4 2 % 3
+C Ytk ai/ﬁozy + 2ka2 0o Ex— + ka2 ] dy
//fw o Uo

/

Terms marked //(will, when integrated, equal zero by symmetry,
Te)
b/2
N=[-2aa B q+2ka’ ag B-al [ y? ely) dy

o

Y Y% ° b2
Next, evaluate integral assuming an elliptical wing planform
and obtain, for the integral,

c
% 3 2
T 3@ =+ s

So
_ L 2, pb
N = - 7 (a a, - ka ao) ZUo . asb
or, since CL = aag,
o
C
L
- . _o . _a, pb |
2y 4 (1= R 2U, ask
Finally,
CL C
npw "~ (Pb/2ug) 4 TAR

A6




Appendix B. Estimate of Moments and Products of Inertia
No moment and product of inertia data have been located
for the "Twin Otter". Reference 5 gives data for the "Buffalo"

but does not specify the axes used. Accordingly, estimates

have been made as necessary. The basis of these estimates is
presented in this Appendix.
In this report, the following values of the inertia

parameters will be used:

Buffalo Twin Otter

20 s1-ft2 273000 24300

Iy, s1-ft2 215000 22000

I,, sl-ft? 447000 41000

2
sz,sl-ft 0 0

Notes:

| 1 These values will be assumed to apply
to the A-frame axis system. It will
be assumed that changes between flight
conditions are negligible.

2, Although Reference 5 gives a value
of sz, it does not specify the axis

system used. This product of inertia
term is very sensitive to small angular
changes in the axis system orientation.
It is considered advisable to assume
sz = 0 rather than use a value whose
basis is unknown.

Bl




MOMENTS OF INERTIA

1. DHC-5 "Buffalo"” - Reference #5 gives moments of inertia

for a gross weight of 38,000 lbs.

Ix = 273,000 slug-ft2
Iy = 215,000 slug-ft2
I, = 447,000 slug-ft?

. 2

Note: Axis system unspecified in Reference 5. Waterline
axes assumed.
2. DHC "Twin Otter"” - Corresponding data was not available
for this aircraft, and the moments of inertia were
estimated.

24,300  slug-ft>

-
b
n
==~

22,010 slug-ft2
2

laal
|

-
"

41,020 slug-ft

The weight of each item in the aircraft was evaluated

using information in Sechler & Dunn, Airplane Structural

Analysis & Design, and Reference 4. The mass of each

component was then calculated, and used in the appro-
priate formula to determine moment of inertia in a

waterline axis system, as shown in the following.




DHC - "TWIN OTTER"
ESTIMATED WEIGHT BREAKDOWN

Weight/{Mass,
Item W, lbs|m, slugs Method of Estimation
fuselage 1000 31.0 |8.3% x G.W.
wing 1500 12.5% x G.W.
l 48.0 wing = 1550#
ailerons &
flaps s0 |J 85 1P/£e2 x 56 f£t2
elevators 35 1.0 P/se? x 35 £¢? N
5.13 horizontal tail = 165#
horizental 1b 2 5
stab. 130 |, 2.0 “T/Et” x 65 ft
rudder 45 1.3 lb/ft2 x 34 ft?
6.21 vertical tail = 2004
vertical . 1b._ 2 2
fin 155 |/ 2.3 T /ft” x 66 ft
b .
fuel tanks 150 4.65]-48 1 /g9al x 315 imp. gal.
engines 600 289 lbs/engine ~ Jane's _
24.8 engines = 800¢# |
engine
installation 200 1.7¢ x G.W. J
props 350 10.9 3% x G.W.
| main gear 250 7.76]2% x G.W.
nose gear 150 4.66/1.25% x G.W.
radio 100 3.1 - 4
instruments 100 3.1 - ]
| i
furnishings | 500 15.5 |~ 25 1PS/pass. i
miscellaneous| 575 17.8 -
pilots 340 10.55|2 x170 1lbs
1b
oil 40 1.24(5 gal. x 8 ~~/gal.
empty wt 6270 194.4 }
1b
passencers 3230 100.2 |19 persons x 170 ~~/person
| fuel 2500 77.6 |8 lb/gal x 315 imperial gal.
gross weight ;12,000 372.2 |method of weight estimation from:
E, Sechler & G. Dunn. ‘
Airplane Structural Analysis & Design
Dover Publications, New York, 1963
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DHC TWIN OTTLER

I
X

MOMENT OF INERTIA ABOUT THE LONGITUDINAL AXIS

EQUATION VALUES INERTIA
2
wing n (2 + 2%) b= 650" 2z=-3.5'|1.745 x 10%
engines |m {y2 + 22} y = 9.3" Zz = -3.5'| .246 x 104 5 |
props m {y2 + 22} y = 9.3 Z = -3,5'} ,108 x 104
fuselage m e R2 R = 3.5' .038 x 104 | ;
} 3
furnishings' m « R2 R = 3,5' .019 x 104 : %
. . ﬁ F
vert. taillm + 22 Z = 5.4 .018 x 104 | ]
2
horiz. taillm (B2 + 22) b=121.2'" 2=-4.5'| .030 x 109 |
5
fuels tanks|m + R2 R = 4.0 | -132 x 104 ;
i i
passengers| m {yz + zz} y = 2.0 Z =-1.0'] .050 x 104
main gear |m - R2 R=17.,0' .038 x 104
nose gear (m ° 22 Z = -4.5" .0095 x 104 ;
)
2,434 x 10%
slug—ft2
}
!
Note: i
components not ’
I shown are asumed ~ ‘
to contribute
negligible I,

B4




DHC TWIN OTTER

Iy

MOMENT OF INERTIA ABOUT THE LATERAL AXIS

ITEM EQUATION VALUES INERTIA
2 2 2 ' 4
fuselage m{(g_ )t X H R=3.5' 2=41' x=-1.5" .460 x 10
pilots ! 22 2 4
passengers’, zn{IE + x°} 2 = 16.5' x = 3.35" .480 x 190
fumishings |
misc.
22
fuel tanky m{—> + x°} L =8.0" x=23.5] .44 x 104
. 82 z2 - 4
wing m{IE + (Z) } 9 = 6.5 c=6.5"' .029 x 10
engines | m+ R? R = 5.0 .062 x 10
props m °R2 R=7.0' .053 x 104
main gear| m . R? R = 4.5' .016 x 104
nose gear| m °R2 R =13.0"' .125 x 104
horiz.tail| m . R? R = 25.8' .342 x 104
vert. tai] m (x? + 22) x = -27.5' 2z =-5.4' .490 x 104
4
L 2.201 x 10
slug-ft2
Note:
Components not
shown are assumed
to contribute
negligible Iy
R5

s iy mm o i e fe b




DHC TWIN OTTER

I,

MOMENT OF INERTIA ABOUT THE VERTICAL AXIS

ITEM EQUATION VALUES INERTIA
fuselage I N ¢
2pus  Yrus .460 x 10%
pilots 4
passengers Iz = Iy .480 x 10
fumishings
misc.
22 4
fuels tanks| m iz 2 = 8.0 .044 x 10
2 + b
wing m {{c) T4
12
c, 2 = : 4
(Z) ) c = 6.5 b=65"' 1.720 x 10
engines m {y2 + xz} y = 9.3 x = 5.0' .278 x 104
props m {y2 + x2} y = 9.3 x =701 .148 x 104
main gear | m ¢ y2 y = 6.5' .033 x 104
nose gear | m ° x2 x = 13.0° .125 'x 104
horiz. tail| m * x2 x = =25.8' .342 x 104
vert. taill m + x2 x = =27.5° .472 x 10?
4.102 x 104
slug-ft2
Note:
components not
shown are assumed
to contribute
negligible I,
B6
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Derivation of Expressions for Change in Inertias with
Rotation of Axes

Inertia values are dependent on the set of axes chosen.

In this part of Appendix B, equations are derived which

show the effect on inertia values produced by rotating the
reference axes through an angle ¢ about the Y. axis. (The
Y, axis is universally chosen to be normal to the aircraft's
plane of symmetry, so reorientatiéns of the XA and Z, axes

only need be considered.)

From the sketch, the moments and product of inertia in the

X Y Z axis system are:

= 2 2
I, f(y? + 2z%) am
I, = [(x2 + 22) dm (B1)
= 2 2
Iz = f(x + y4) dm
J =+ f X z dm
Xz

B7




|
\

and, in the x’,Y"z‘ §xis system, they are:. i

< / (y’z + z°2) dm
Jx"? +.2°) am

b4 . .
(B2)
‘= (x“2 + y°2) dm

H
'
"

=
)
"

L)
)
il

J..- = [ x"z° dnm

Also from the sketch, the following relations can be

obtained: ' ' .

x
]

x cos € - z sin ¢ | : .
o Yy =y L (333} .
2” = z cos € + x sin € : '
‘The desired relations are obtaihed by substituting equations
(B3) into equations (B2) and by making use of the trigonometric

identity : oo : , ' i .

. ' 2 '
I = I, cos? e+ I, sin € + 2 Jy, cos ‘e sin ¢

x X z
II [ = I d

y‘ y 2 ) : . 2 v ‘ ‘ (34)
-Iz =I,cos ¢+ I, sin e€-24J ,cos € sine

J., = Jy,'cos 2¢ + (I, - 1) cos e sin ¢ :

' ! i
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and X, Axes

Estimation of AngZe € Between Xwaterltne A

In this part of Appendix B, an estimate is made of the
magnitude of the angle ¢ that is associated with the use
of stability axes: for the three'flight conditions being

T
i

considered. !

€ (negative as shown)

' W/L= waterline =<
: (parallel to fus;Fh*"Tﬁﬁﬁﬁﬁ, ““ﬁamnhhﬁhhhj/fﬁhz

ref line) ‘Hf“‘ﬁﬁ . /

I C ' X
i ; A
{ (parallel to equilibrium
' remgte wind)
1 . i

1 Assume that wing incidence has been chosen by the manufacturer
to produce a. level fuselage attitude when the aircraft is in
( flight at "Economy Cruise Speed" at 10,000 ft and at an

arbitrarily-chosen average gross weight,

i

For Buffalo: :

[

= _ max payload

Waverage = "p.o max 2
= 41000 - 13843/2. (Reference 4 or

' ' Figure 3, this report)
= 34078 1bs
Vgcon or = 208 mph = 306 £ps @ 10,000 ft (same)
. ap = % o Uo? =ﬁ§ﬁ, (306)2 = 82.0 1bs/ft>
= W/qS = 34078/(82) (945) = .44
I LEc J




For Twin Otter:

waverage

\Y
Econ Cr

e

c
Lec

Next, assuming

VII (= 5.2/rad

= 11,579 - (Reference 4 or

4430
2 Figure 4, this report)

= 9364 1lbs

156 mph = 230 fps @ 10,000 ft (same)

2
_ .002754 (230) = 46.5 1bs/ft

.

= 9364/(46.5) (420) = .48

slope of 1lift curve is as calculated in Section

for both aircraft), one can sketch lift curves:

Buffalo Twin Otter
c
L
= .44 C = .48
slope i3 LEc slope -1 LEc
= 5,2rad = 5,2rad -
-g, rad -¢, rad

From these sket

ches, one can infer € (angle between Xp axis

and xW/L axis) at a given Cpt

CL - ¢
5.2

Bl0




Now, calculate this angle for each flight condition considered

in this report:

Aircraft Flight CL CL -€
Cond. o Ec
(Section VII) : rad deg
Buffalo Cruise :30 .44 -.0270 -1.55
Slow Flt .77 .0635 3.64 j
Lndg Appr 1.49 \ .202 11.6
Twin Otter Cruise .42 .48 -.0115 -.66
? Slow Flt .78 .0577 3.30 1
b Lndg Appr 1.65 1 .225 12.9 ]

Note: Calculation has not accounted for flap
effects. Use of flaps (as in Landing
Approach Flight Condition) will reduce

el substantially.

S S Sl S
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The above table shows that |¢|] is largest for the Landing Approach

flight condition. Accordingly, the change in inertia magnitude ?
due to axis system rotation will be investigated at this flight |
condition. 1

Equations (B4) and the waterline-referenced inertias of page Bl 1

are used to prepare the following table (assuming Ty = 0):

Buffalo Twin Otter
(e = =11.6°) (e = =12.9°
I =1 s1-ft2| 273000 24300
x X'
I°=1,,sl-£t2 | 280000 25040
e A
% change 2.5% 3%
I =1, s1-ft2| 447000 41000
2 W/L
1,° =1, , sl-£t% | 440500 40135
A
% change -1.5% 2%

This table shows that inertia values are only slightly affected
by small axis rotations. It is concluded on the basis of this

table that variations in inertias due to small axis rotations

can be reasonably neglected.

Bl2




Appendiz C Calculation of Stability Derivatives

This appendix shows the step-by-step calculations carried
out to obtain the derivatives presented in Section VII.

In this appendix, the parameters needed to evaluate the
non-dimensional stability derivatives are developed (Items 1 - 72).
The source of each parameter is shown. Then, the non-dimensional
stability derivatives are calculated (Items 73 - 99) using the
expressions presented in Section VI, Table I. Finally, in 1
Items 100 - 111, certain dynamic constants (e. g., c/ZUO) needed ﬁ
to calculate the dimensional derivatives are tabulated. Also ﬁ
presented is a summary of moments and products of inertia ;
developed in Appendix B.

Some of the parameters appearing in this appendix are used

only here, and are not included in the list of symbols appearing

in the front of this report. However, these parameters are

fully defined where they are introduced in Appendix C.

Cl
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Appendix C

Calculation of Derivatives

VALUE
NO. PARAMETFER SOURCE BUFFALO TWIN OTTER
JU
l
1 S, gross wing area, ft2 Fig. 3, 4 945 420 i
2 b, wing span, ft Fig. 3, 96 65 :
3 ¢, mean aerodynamic chord, ft Ref. 2 17.1 6.5
b/2 5
S & geom
)
4 ¢ geom’ geometric wing chord, ft| Fig. 3,4]||1.77 6.5 '
g (N<y<16.4')
14.82 -.186y ;
(16.4<y<48") t
t i
5 €., lift curve slope of aircraft | |
a = lift curve slope of wing, !
rad {
Ay !
= Ref. 3 5.2 | 5.2 |
a i i
+ 2 _
. TAR '
6 A, , two dimensional 1lift l
curve slope of wing section| (Est) 2n ; 2T !
¢ i
7 AR, aspect ratio of wing ; ;
!
= b%/s (def.) 9.75 10
8 e, airplane efficiency factor (Est) .75 .75
|
9 ST’ horizontal tail area 2
(including elevator), ft Fig. 3,4 233 100
10 QT’ distance, wing quarter chord
to horizontal tail quarter
chord, ft Fig. 3,4 16 25

c2
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VALUE

NO. PARAMLTER SOURCE BUFFALO TWIN OTTLR
11 A s lift curve slope of _,
horizontal tail, rad Figure .061/0 .061/0
=3.5/rad =3.5/rad
A
[ag]
Yy
Q
.4
=
N
(o]
o
01
0
2 3 4 5 6 7 8 9 10 11 12 13
Aspect ratio [
Figure 5-5. Slope of lift curve versus aspect ratio. -—
12 AR _, aspect ratio of horizontal
tail = b, 2/s (Gef.) 4.4 4.4
T T
13 bT, horizontal tail span, ft Fig. 3,4 32 21
14 n,.., horizontal tail efficiency
T" factor (Est) 1.00 1.00
In absence of any experimental
data, assume n.,, cf Buffalo high
T - tail is 1.00. 2ssume
fuselage interference on Twin
Otter tail is compensated by
pror slip stream and therefore
Ny = 1.00
T
= b
15 r = 1T/§. - .96 77

C3




A
VALUE
NO. PARAMETER SOQURCE BUFFALO TWIN OTTER ]
16 ZT , vertical distance, horizontall ]
tail a.c. to zero 1lift line,| Fig. 3,4 18.5 3.0 :
ft ’?
17 | m=2z /2 - .38 1 |
T 2
13 TR, wing taper ratio = cr/ct Item' 4 2 1 ;
TR=1:1 T
. A=6 A=9 A=12
T T T
& " ﬂv.nicnl dist. horiz. Lail a8, to rero lift line
- Semnpan
5 —-'Fv - . r o Distance 100t ¥4 chord to horyz, tail a.e,
o -
- __.h"‘-..__ = i i Sennspan
‘l.; Sl ——- =
3 _D‘Mh _;&__ﬁ “BL
i [ - |
) | | | .;
.50 .75 100 1.25 50 T4 100 1.28 50 .75 1.00 1.28
r r r
P TR=3:1 :: {
6 —.li (o]
cOhe IS M 3} N o] ;
S5 ‘ \ 12
alge NS [ e ™ :
] . \
H Q
[+
AT s oo 128 50 .75 1.00 1.25 50 .75 1.00 1.23 3
r r r
- TR=5:1
R/
6 \\ Ok
s 2\\\ | Q <
°
R I K SN o S e
3 .2\\\ -
.2 ]
i
e s oo 12s 50 .75 1.00 1.25 50 .75 100 1.28 i
r r r !
Fictre 5-10. Downwash charts, l
!
1
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Vi LUL ]
NO. PARAMETER SOURCE BUFFALO TWIN OTTER
19 de/dn, rate of change of
downwash angle at tail above
with change in angle of charts .17 .25
attack, rad/rad
20 Se, elevator area, ft2 Fig. 3,4 R1.5 35
21 Se/ST ,%9/9 .35 .35
y
8 —
£l— ] =
1 S
S (oY
2|4k .
(28]
0
J 2 3 -4 5 .6 g .
Se/St 5
&
Ficuvre 5-33. Llevator effectiveness.
o1
22 daT/dde, elevator effectiveness above
chart .54 .54
23 S , wetted area of aircraft,
YeL ftE 5590 2248
= S + 8 + S
wetw wetfuse wetT
+ Swet + Swet
F nac
= = 840
24 Swet 2S 1890
W
= s C - 2300 900
25 wete o fuse fuse

PERSSSISY




VALUE )
NO. PARAMETER SOURCE BUFFALO TWIN OTTER
26 SwetT = 2 ST - 466 200
s} ~ -
27 wetp 2 SF 304 l64
23 S ~ 2 [2 cc ] - 630 144
wetnac nac nac
29 quse’ fuselage length, ft Fig, 3,4 77 47.5
37 Efuse' average fuselage
circumference, ft 3 30 19
"
31 lnac’ nacelle length, ft 21 12
32 Enac’ average nacelle
circumference, ft " 15 ; 6 [
33 f, equivalent faat plate area of| chart ? {
aircraft, ft below 30 16.5

Eguivalent parssits ares —

Watted ran — Ay

2 {//
1
100 200 400 600 1000 2000

4000

8000 30,000

Ficure 2-70. Wetted area chart.

|

100,000

Ccé

o 98

3,

Ref.

A Tamp——




VALUK

TWIN OTTER

NO. PARAMETER SOURCE BUFI'ALO
34 CD , parasite drage coefficient
f of aircraft = £/S (def.) .032 .039
llote: These values of C were wsed to calculate may. forward
speeds and rates f of climb to compare with figures
published in Reference 4.| The agre¢ment was dood.
Analytical estimates of C1 (or £) siould only [be
considered to be rough f estimates. The Yalues
shown here are reasonable|ones, adequate for this
study's purpose.
35 [ atmosphgric air density, Table II,
slugs/ft
Cruise Std .001756 .001756
Slow Flt Atmos .002378 .002378
Lndg Appr Tables .002378 .002378
36 U_, aircraft forward speed Table II
at equilibrium flight
condition, fps
Cruise 400 278
Slow Flt 215 176
Lndg Appr 154 120
37 q, dynamic pressure, 1bs/ft2
:_]; 8]
2 P (o}
Cruise 149.5 68.90
Slow Flt = 55.0 36.9
Lndg Appr 28.4 17.3
38 CL , aircraft lift coefficient
o at equilibrium flight
condition = W/gS
Cruise .30 .42
Slow Flt - .77 .78
Lndg Appr 1.49 1.65

c7
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PARAMETER - , j

VALUE '

NO. . SOURCE BUFFALO TWIN OTTER
' , ' !
39 Cp . aircraft drag coef. at ' '
© equilibrium flight condition ‘ '
2
., =C, + C. /meAR ,
Df ! LO ’ .
. Cruise - ..036 .047
Slow Flt ' : .057 .065
: Lndg Appr 127 " .155
: i i 1
40 0o+ angle of rotation, at
, equilibrium flight condition,]| | ,
of XA axis from horizontal ' . .
plane, rad or deg ' |
Cruise 1 Fig. 2, 0 e L0
Slow Flt this rpt. 0 J 0
! : Lndg Appr ~ ' -7.59, -7.5°9, |
-.131 rad!-.131 rad
| , ) f
Note: Item 39: Landing Approach|Condition|involves zse‘of flaps.
' However, insufficient inf¢rmation ig availablq on flap
‘ geometry to make a valid ¢stimate of ACD Therefore,
’ , the "noflap" data is appl; flaps. recgipt

of the required flap data

i

led pending

Lo i
! i




' ) ____VALUE
NO. PARAMETER : SOURCE BUFFALO TWIN OTTER
|41 -(h-h ), stick-fixed static Ref. 2,
margin, fraction of ¢ | Ref. 3
' ‘Note: ,
It will be assumed in this
report thatsaircraft parameters
‘are such that the static margiy
is limited to values between
.25 (most fdw C.G.) and .05
(most aft C.G.) '
Thbrefofe:‘ i
(h-h_) (most' fwd C.G.) = -.25 -.25
N (normal C.G.) - -.15 -.15
(mst‘ aft CuG.) - --05 -.05
In this report, the normal C.G.
value will be used.
- e —»
' '4—-h s
n
he 4~
?\ _-—-——-_..—.—
' center stxck -fixed
of neutral point = aerodynamic center
' gravity : !
42
43 .
(not used)
44
| 45
i
c9
] 'n !
. P T —_——— P EE—————— - ' ,.j




VALUE

NO. PARAMETER SOURCE BUFFALO TWIN OTTER
46 S_svertical tajil area (including
rudder), ft? Fig. 3,4 152 82
47 bF’ vertical tail span, ft Fig. 3,4 14.0 11.0
48 c , vertical tail chord,ft Fig. 3,4 3.3(rqot) 9.2 (r?ot)
geom : B.S(tlp) 5-7 (tlp)
49 ARF' aspect ratio of vertical
2
fin = bp /SF (def.) 1.29 1.48
50 ARF , effective aspect ratio of Ref. 3,
e vertical fin (to account p 325 2.00 2.30
for stabilizer end-plate
effect) = 1.55 ARF
A
08
L~
.07
i
.: .06 //
2 .05 hup
3 b
£ .04
: 3
.03
éoz /4 tBUFFALQ £
/1 ]l jorfer o
01 ~
[2a]
%2 s 4 s e 7 .
Effective aspect ratio vertical tail, Ae “&‘,
Ficvre 8-8. Slope of lift curve, verti- ~
cal tail. From NACA TN 775,
“Analvsis of \Wind-tunnel Data on ]
Dircctivnal Stability and Control,” by i
H. R. Pass. |
\ 4

Cl0
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'VALUE

NO, PARAMETER SOURCE BUFFALO TWIN OTTER
51 a , lift curve slope of vertical
-1 -1 above .044/deg .049/deg
tail, deg or rad figure 2.5/rad 2.8/rad
52 AF, taper r?tio of vertical tail Iten|@§\ .64 .62
= C (o]
Ftip Froot
53 2_, distance, wing quarter chord| Fig. 3,4 44 25.5
F' to vertical tail quarter
chord, £t
54 ZF' vertical distance, aircraft Fig. 3,4 10 5
CG to mean chord of vertical
tail, ft
55 dq/dB, rate of change of side-
wash angle at vertical
tail with change in side-| (Est) ol .1
slip angle, rad/rad.
Estimate requires wind
tunnel data. Will
arbitrarily use value of
.1l here.
56 Sr, area of rudder, ft2 Fig. 3,4 60 34
57 | s_/sgp 56)/146 .4 .4
r AN
58 da_/dd,, rudder effectiveness chart @
S Item 22 .58 .58
59 Z , vertical distance of root Fig. 3,4 -3.5 -3.0
quarter chord below fuselage
center line, ft
60 h, fuselage height at wing root,| Fig. 3,4 9.8 7.0
ft
61 w, fuselage width at wing root, Fig. 3,4 10.0 6.0
ft

Cll

R

i

e
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F
]
VALUE k
‘ NO. PARAMITER SOURCE BUFI'ALO TWIN OTTER i
1
62 ca/c, ratio, aileron chord to '
' local wing chord Fig. 3,4 .25 .22 ‘
r |
b
. Z Theoretica 7
L’ ,/A:!'I'Ihull i g .

5 = A

L7 ///‘/:é,/nlu 0,

<

4 ,// ’/r‘ f";

.. /1 ’/// .

2 i ] 7

/IWIN| OTTERY [BYFFAL] &

A )

0 o

K 2 3 4

CalCu §

Ficure 9-15. Aileron effectiveness. 8
: : A
63 T, aileron effectiveness above 1

figure .43 .40

64 ¥y distance, aircraft centerline i

to inboard end of aileron,ft Fig. 3,4

65 |. Yoo distance, aircraft

centerline to outboard end

of aileron, ft Fig. 3,4
66 Volume of fuselage, ft3 Fig. 3,4

Cl2




VALUE

T I

PARAMETER SOURCE [BUFFALO ~ TWIN OTTER
Cp_ wing profile drag Ref. Cl .006 .006
£, coefficient * (below)
(representjative values
from datg plots of
ref.)
Cp v wing drag coefficient?®
W
= CD + CL 2/'rrA Ref. 3,
fw o p 73
Cruise .009 .012
Slow Flt .025 .025
Lndg Appr .077 .093
Reference Cl: "Theory qf Wing Sedqtions Including a
Summary [of Airfoil] Data", Abbott
& Von D4genhoff, Ddqver Publigations,
Inc., NJY., 1959. '
* See note at Item(sa
)
> (not used)
/
Cl3
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NO. BUFFALO TWIN OTTER
oy Y a0
73 Cxu = - 3CDo = CLo tan 0,4
Cruise Cruise
= - 3(.036) - 0= - .108 = - 3(.047) - 0 = - .141
Slow Flt Slow Flt
= - 3(.057) -0 = - 3171 = - 3(.065) - 0 = - .195
Lndg Appr Lndg Appr
= - 3(.127) - (1.49)(-.131) = - 3(.151) - (1.65)(-.131)
= - ,186 = - ,237
r 5
74 c, = c@> 1 - i_ffg_
X, Lo me AR
N0
[ 2(5.2) 2(5.2)
= CLO L} - w(.75)(9.75 ] = CLO [l - ;TT?ET?EET’]
= ,547 CL = .558 CLo
Cruise Cruise
= .547 (.30) = .164 = (.558) (.42) = .234
Slow Flt Slow Flt
= .547 (.77) = .441 = (.558) (.78) = .435
Lndg Appr Lndg Appr
= .547 (1.49) = .815 = (.558) (1.65) =.920
L
N c14




w0, BUI'TALO TWIN OTTLER
38
75 (& = =-22C
Zu Lo
Cruise Cruise
= -2 (.30) = - .60 = - 2 (.42) = - .84
Slow Flt Slow fFlt
= =2 (.77) = - 1.54 = =2 (.78) = - 1.56
Lndg Appr Lndqg Appr
= =2 (1.49) = - 2.98 = -2 (1.65) = - 3.30
76 Define VT' horizontal
tail volume:
10 9
L. S
v =n _;r. —I'
T gty C S
. \
14 3 1
(46) (233) (25) (100)
= z - = 1. = A = ,915
(1.0) (10.1) (945) o S (6.5) (420)
2 de
77 Czd = 2‘§T VT i
11 76 ‘19
= - 2(3.5)(1.12) (.17) = - 1.33 = - 2(3.5)(.915)(.25) = -Le60
C1l5




i<

= (5.2)(-.15)= - .78

(for normal CG)

NO. BUFFALO TWIN OTTER
O
78 C = - (C + Cpn )
2y La Do
Cruise Cruise
= - (5.2 + .036) = - 5,24 = = (5.2 + .047) = - 5,25
Slow Flt Slow\Flt
= - (5.2 + ,057) = - 5,26 = - (5 2 + .065) = - 5,27
Lndg Appr Lndg Appr
= = (5,2 + ,127) = - 5,33 = - (5.2 + .155) = - 5.36
T 15
!
79 C =-2a,V
T
zq T
= -2 (3.5)(1.12) = - 7.83 = - 2 (3.5)(.915) = - 6.40
a@
80 ' f
= 233 100
= (3.5)(.54) (§T§) (1.0) = (3.5)(.54) —33 (1.0)
=.465 =,450
&
81 C = CL (th = h)
n

(5.2) (-.15) = - .78

(for normal CG)




NO. BUFFALO TWIN OTTER
i 9.,1,
82 C. =¢C i
o' o
'3
46 25 :
= (-1.33) (——)= - 6.05 = (-1.60) (=2-) = - 6.15
( ) (10_1) ( ) (6.5)
79 2,19
T
83 c. = c, e
MO
46 25
) 10.1 ( ) (6.5)
O
T
84 c’“a =c,_6 -
R O
= (.465) (X5 o512 = (.450)( 22 ) = 1.73
10.1 6.5
85 (not used)
| c17
!
1
MM —— v " . ’ —




NO. BUFFALO TWIN OTTER *
@ s)@ @
== F -4
86 CYB aF S® (1 ag )
152 82
= - (2.5) (9—4_5‘) (1L - .1) = - (2.8) E(l-.l)
= - ,362 = -~ ,492
O *{/&ﬁl uF
87 C = -
yp 3 FO @ l + A
.2 152 +2(.64) _ 2 11 1+2(.62)
(2.5) (53) 945>(————1 e Tt (28 (5D (2 ——
= - ,055 = - ,085
yanN
2{\5§F 49
88 C = 2 ap
&b ©
= 2(2. 5)(—) 332) - 368 = 2 (2.8) (26—5:5-) (%—o-) = .429
4
; 58
89 c. = -@ iﬁ@daro
Yé‘ F s a-&;
r
“ -~ 152 - - - 82 = -
(2.5) (945)( .58) = .233 (2.8) (420) (.58) = .317
cle

ittt i1




NO. BUFFALO TWIN OTTER
90 CEB = CRB + cz 1.0
w fuselage E
[N
+ cz h
BF X,
™
Cy from figure: E=1.0*| o
«£=0 ~£=.34 2
' geom from 5'°=§ g
Fig. 3) .7 raa L
= 5 - Extent of dihedral, % 2
-48 .
£ c. AR = 10, A = 1.0
C 9‘ 1
cle = T T r | 2¢ = .035 rad
/ £ Fig. 4
v £=1.0 £=.34 Jgem EODI T R
Cy
AR = 9,75, A = .5 Ew
c = |\—|I = (-.86)(.035)
=[(-.84)-(-.14)].087= -.061 .
= - ,030

wh+w
b~ b

Cz =.1.2/A—

Bfuselage 7 \@/
=1.2 /5.75 ('385) 9‘g"'i'm'},--.oza
LY

2. =%

L O

= (-.362) (1% = - .o036
96

Cp = - .061 - .028 - .036
B

= - ,125

-3.0\ [7+6
=1,2 /E.(F) (—-6—§)= -.035

= (-.492) (35) = - .038
= - .030 - . 035 - .038
= - .103

Cl9
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l
l

t—

— - T — F—x“'-'lf_- — y -
‘ 1l
! ) ‘ |
H I . j
' ' i i ;
NO. BUFFALO, ' TWIN OTTER
91 Cc, ' from figure =+ ' ' ' ; !
] L p ! 20 " Taper ratio, N B i
, 6 { P
' '.Gz-—m _,‘,\9 — ' ]
safS By o‘l ]
, “\L_BUFF e DS i ]
' 6‘ S50 /.:,/:' = = 20 pp—— u.: t :
, | | 45—~ == &) i
¥ , ue|—E T : , R
! ! 38 P | .d; l i
' IYY Ul E
] b K , _ g.’ 1
! e T ] 10 12 14 0 i
. : Aspeet ratio 2 1
g i ':
for AR = 9.7‘5', -A = 05=: t 1 ',:
. : Lt E
, ! . 'for AR =10, A = 1.0: ‘ ]
i 0 '
(o ‘ ' \
tp = - .53 ' | |
' C, =- .60 Y i
:p , ' [
i ' ! b
. . : . ’
! { ‘
' ! i t ]
92 | €y =0 +op S o
W F g '
‘CL ’ 2 , , ' : !
=10 + c 5 ;
Q/ "t \® | |
i i
1
Cruise Cruise
.30 42 [ aspy (5)._ o) 4
=3+ (.360) (3 s =.075+.08 ‘= A2 4+ (.429)15)_=105+.03:
' 4 . (65) i
H 1 '
. D= 113 , . o= .138
Slow Flt - Slow Flt , !
=1 + 038 =231 =2+ .033 = .233
; T ! !
Lndg Appr ‘'Lndg Appr !
1.49 U ‘ t
= =+ .038 = .410 = 1-# + .033 = .451




NO. BUFFALO TWIN OTTER
Zf-,/4l' ‘
93 = CT '
= (- .233) =0 24 - 5 o
= . (3) = - .0.4 =(-.317) (35) = - .024
94 cyd .
: 25a "IT“
MORO) \.
L 205.2) (.43, e 160 _ 2(5.2) (.40)
(945) (96) £3 | Y3 | = 030) (3) {4 NG
| 2_,.3 3n? - 147
=.0000493[7.41(47%-333) = .00099 - = .38
3 {
-.062 (473-33%)] = .20
95 C. =¢ +C {
n n n ‘
e Bp _,Bfuselage
6 = o e )
" yér A
= - (- .362) (34 ig,’ = - (- 492 (2 = 193
; v°lfuse
I Cn ' = = 1.3 i
ORI O '@
(4600) 9 8 (1300) 7
CnB = ,166 - .065 = .101 'qu = ,193 - .072 = .121

ca21
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o L

44
=4 I .055)(;3) = ,025

Cruise

C, = - .207(.30) + .025
P m - .037

Slow Flt

= - ,207(.77) + .025 = - .134

Lndg Appr

= - ,207(1.49) + .025 = - .283

NO. BUFFALO TWIN OTTER
96 Cn = C
e,
n, ='T[1"m
w \<:)
CL o
- 21 - 352 - =21 - 52
4 9. 75T 4 L
= - .207 cy, = - .208¢C
te 43
Cn --CY b_
Pp Pp

25 51w

= - (- .085)(==z=)= .033

Cruise

= - ,208(.42) + .033 = - ,054

Slow Flt

= - ,208(.78) + .033 = - ,129
Lndg Appr

= - ,208(1.65)+ .033 = - .310

i i i

c22
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NO. BUFFALO TWIN OTTER
97 C, =C, +¢C
X rF rw
/2 |
C = - — C
n Yr
rF %) F
= - (44 (.368) = - .169 = - (25:5)(.429) = - .168
6 65
C x = C
nr__w Dw/4
Cruise . Cruise 1
-009
Ch = - - 169 == a7 | ¢, =-:22_ 368 =- 171
r r 4
Slow Flt Slow Flt
-Lis'--.lws-.l?s =-+25--.168=-.174
Lndg Appr Lndg Appr
SRR ACVINE .169 = - ,188 = - '033 - .168 = - ,191
4 ]
e D)
98 Cn = - Cy -b—
) ()
1 r r \@ {
- - (- 44, _ o 25.5, _ j
, ﬁ
1
99 C =0 ‘
n k
8, ﬂ
1
|
c23 %




BUFFALO

TWIN OTTER

NO. | PARAMETER SLOW  |LANDING SLOW __ |LANDING

CRUISE | FLIGHT |APPROACH | CRUISE | FLIGHT |APPROACH
100| q's 132,500 |s2,000 |[26,850 28,750 |15,500 |7,260
101 g s, |3 242 174 103 88 61
102| q se 1.34x208 | .5252x10°| . 2715%10%| 185,500 [100,800 |47,100
103 q se/u, |3350 2440 1760|667 572 392
104| q sb 12.75x10%| 5.0x10% | 2.58x10% |1.855x10%]1.008x10%|.471x10°
105\ g sb/u, |31,850 [23,200 [16,700 |6,670  |5,720 3,920
106| c/20, .0126 .0235  |.0328 .0117  |.o18s .027
107| b/2v, .120 .223 .312 .1170 .185 .270
108 m 1240 1240 1240 372 372 372
109 1 273,000 |273,000 [273,000 |24,300 |24,300 |24,300
10| 1, 215,000 |[215,000 |215,000 |22,000 |22,000 |22,000
mf 1, 447,000 |4¢7,000 |447,000 |41,000 |41,000 [41,000

st b Kt ot mniin i ind slkitastinsdiine

C24




Appendix D. Transient Responses to Control Inputs

In this appendix, transient responses (or time histories)

R P SR T WO Py

of aircraft motions in response to step control inputs are
presented. Equations 48-53 of Section V and the numerical

values developed elsewhere in this report are used.

Figure Dl shows the response in pitch rate 0, pitch angle
AG, angle of attack a, altitude Ah, and forward speed (AU/UO)
resulting from a step elevator input Ade for the "Buffalo"

aircraft in the cruise flight condition.

Figure D2 shows the response (again for the Buffalo in !
cruise flight) in the same parameters resulting from a step

change in thrust AT.

Figures D3 and D4 present Buffalo Aée and AT responses

respectively with the aircraft at the slow flight condition.

Figures D5 and D6 present the same responses for the landirg
approach condition. 1In Fiqgures D5-D6 (and in Figures D17-D18),
altitude (Ah) in plotted as the change from the nominal altitude

resulting from a steady descent at -7.5° flight path angle.

Figures D7-D12 present lateral responses for the Buffalo.
Figure D7 shows the response in sideslip angle 8, roll rate ¢,

roll angle ¢, yaw rate @, and yaw angle Y resulting from a 1°

TR AR

step aileron input 6a at the cruise flight condition.

-D1-




Figure D8 shows the lateral response in cruise flight due

to a 1° step rudder input Gr'

Figures D9 and D10 present §, and ér responses respectively

for the Buffalo at the slow flight condition.,

Figures D11l and D12 present the same information for the

landing approach configuration.

Finally, Figures D13-D24 present the same information for
the Twin Otter aircraft as is given in Figures D1-D12 for the

Buffalo.

Time constants, natural frequencies and damping ratios
associated with the transient responses shown in figures
D1-D24 are presented in Table Dl. These were generated as

part of the transient response computer program.

-D2-
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TABLE D1

Summary of Characteristic Response Parameters
For "Buffalo" and "Twin Otter" Aircraft

BUFFALO TWIN OTTER
CRUISE |pfronr | APPROACH|CRUISE pYQffy [APPROACH
SHORT PERIOD OSCILLATION
“n ~ g%% 2.93 1.98 1.42 3.14 2.46 | 1.69
E 4 .794 .855 .856 .710 .780 .783
gl 1/ou,-sEC| .43 .59 .82 .45 .52 .76
g\ LONG PERIOD OSCILLATION
3 NG g%g .084 .147 .205 .132 .198 .289
4 .166 .108 .082 .140 .101 .069
1/tw,-SEC 72 63 59.8 54 50.3 50
LATERAL OSCILLATION
v - o | 1.78 1.26 1.09 2.46 1.95 | 1.66
4 .162 | .169 .193 .202 .254 .360
E 1/zw,-sEC| 3 48 4.69 4.77 2.02 2.02 | 1.67
% SPIRAL MODE (MINUS SIGN INDICATES DIVERGENCE)
8 T - SEC | 75.7 | -379 | -78.5 788 -48.5 | -21.8
ROLL SUBSIDENCE
TR - SEC [ 328 .446 .650 .185 .221 .376
-D3-
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5.0 T T
:—deg/sec

O-deg
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R

o o 0O0000CO
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a-deg

100
g

90
80 }t
70
60
50
4o (h-h,) ££/10
. 30
20
] 10
! 0
. -10
¢ .10 T . T
0 AU/Uo
-.10 I
-.20
! -.30 -
] -. 40
-.50
-.60 — ,
r -.70
[ -.80
-.90

-1.000—="010.0 15.0 20.0 25.0 0.0 %.0 W.0 .0 50.0 5.0 £.0
-SsecC

FIG.D-1 Response To 1° Step Elevator Input (Buffalo, Cruise)
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é-deg/sec

0-deg

100

90

80

70

(h-ho) ft/10

60

50

40

30

20

10
0

-10

.10
0

-.10

--20

-.30

-.40

AU/U,

--50

-.60

-.70

—080

-.90

-1.000

5.0

10.0 15.0 20.0 25.0 30.0 35.0 40.0 4S.0

TIME-sec

F1G,D-2 Response To 10% Thrust Input (Buffalo, Cruise)

Siaiaciansl .

-D5-

50.0 S5.0 60.0

PO PR




5.0 I

é-deg/sec

I I

30.0 —

1 |

2s.0

0-deg

(h=h,) ££/10

o —— 1

70 f—— o

u/u,

Lo

1.0~ 10.0

15.0 20.0 25.0 30.0 35.0 40.0 U45.0 50.0 55.0 60.0
TIME -sec

FIG. D-3 Response To 1" Step Elevator Input (Buffalo,Slow Flight)
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