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SECTION I

INTRODUCTION

The purpose of this document is to provide handling qualities investi-
gators with readily usable data on several representative contemporary air-
craft. TIncluded are those data required to obtain transfer functions relating
the aircraft's response to control inputs. An analytical description of the

aircraft's stability augmentor is also given.

For those aircraft for which complete information was available, the
following summarizes the contents and presentation:
1. Flight conditions for which computations are made
including:

a. Configurations (e.g., fuel load, flaps,
gear, etc.)
b. Mach/altitude combinations

2. General arrangement

%. Control system description

L. Stability augmentation description
>

. Tabulations and/or plots of non-dimengional stability
derivatives for trimmed flight

. Dimensional, mass, and flight condition parameters
. Dimensional stability derivatives

6
7
8. Transfer functions for control inputs
9. Selected handling qualities parameters
0

. Data sources
A page number cross index is presented in Table I-1.

The intention has been to make this report completely self-consistent
insofar as symbols, nomenclature, definitions, etc. The system used is
described in three appendices. Appendix A covers axis systems, symbols
and notation, and definitions of nondimensional and dimensional stability
derivatives. Appendix B gives the axis system transformations for the
derivatives. Appendix C includes the aircraft equations of motion and

transfer functions used herein.
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The aircraft considered in this report span a wide range of sizes, speeds,
and uses. In each case, transfer functions and handling qualities parameters
were computed for flight conditions which were selected to cover the flight
regimes of interest. A nominal configuration (generally cruise) was picked
for all up and away flight conditions. For this nominal configuration, plots
of trimmed non-dimensional aerodynamic force and moment coefficients are
presented. Also, in most cases, a power approach case is presented along
with a tabulation of aerodynamic coefficients., The coefficients are based
on rigid wind tunnel data, estimated flexible data!, or flight test results,
depending upon availability. This is indicated by the words "rigid,"
"flexible," and "flight" on each aero data plot. Also, the axis system is
indicated by "stability" for a body-fixed stability axis system or "body"
for a body-fixed system aligned with the F.R.L. (Further clarification of
axis systems used is given in Appendix A.) Descriptions of control systems
and stability augmentation systems are given along with transfer functions.
Where a longitudinal control system has a significant effect on the equations
of motion (as with a bobweight) the stick-free transfer functions and handling

qualities are gilven,

Transfer functions are always given for body axis motion quantities,
Handling qualities parameters are also given in the body axis. All accelera-
tion transfer functions (ayz and a&) are for the pilot's position. Thrust

transfer functions do not include any engine response characteristics.

A substantial portion of this report is in the form of computer printout.

The mnemonics used in this printout are defined in Appendix A.

The handling qualities parameters given in this report represent only a
small fraction of those developed over the years. The majority presented here
are used in past and present versions of MIL-F-8785. Although only SAS-off
values are shown, the definitions given in Appendix A are general and could
be used in conjunction with the SAS-on transfer functions to yield SAS-on

handling qualities parameters.

While complete coverage of each aircraft including only the "latest" and
"pbest" data would be desirable, the major criterion used was that the data be
accessible to the author. This is why only isolated flight conditions are

given for some aircraft, and also why, as those people more intimately familiar
3



with each particular aircraft will recognize, the data presented may repre-

sent an early estimate in the design process and perhaps the "nominal config-
uration" is one which never left the drawing board, The data have been reviewed
and, although not all those presented indicate unquestionable trends, those

data known to be based on only early "guesstimates" or showing unreasonable
trends have been deleted. In some cases data were estimated by the author,

As to how well the data can be expected to match the flying aircraft, it is
assumed that those for whom this document is intended know well the difficulties
of obtaining derivatives from flight test data. Every attempt has been made

to insure reliable translation, interpretation, and transcription of the data

from their source documents.

The manufacturers of the aircraft described herein can not be held account-
able for the information presented, nor would they be bound to concur in any

conclusions with respect to their aircraft which might be derived from its use.
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NT-33A BACKGROUND

"The NT-33A variable stability airplane (Serial No. 51-4120)
is an extensively modified T-33 jet trainer. The elevator,
aileron and rudder controls in the front cockpit are disconnected
from their respective control surfaces and have been connected
to separate servomechanisms that make up an ‘'artificial feel!
system. In addition, the elevator, aileron and rudder control
surfaces have been connected to individual servos which can be
driven by a number of different inputs. These servos receive
their electrical inputs from the artificial feel system (pilot's
commands, position or force), attitude and rate gyros, accelero-
meters, dynamic pressure, o vane and B probe, This arrangement,
through a response-feedback system, allows the normal T-33
derivatives to be augmented to the extent that the handling
qualities of many existing airplanes, future airplanes or hypo-
thetical research configurations, can be simulated. The original
T-33 nose section has been replaced with the larger nose of an
F-94 to provide the volume required for the electronic components
of the response-feedback system and the recording equipment.'”

Transfer functions are given for only the primary surfaces and engine

thrust although the NT-3%3A also has other control surfaces and a range of con-

trol crossfeed and feedback combinations.

Aerodynamic data, for the most part, was taken from AFFDL-TR-T70-T71.

However,

loagitudinal data for the high 1lift configuration was obtained from LAL 127

and Mach number derivatives from NACA-RM-7116.
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NT-33A

PITCH AXIS
Variable Variable
Feel Stability
Input Input
[ SST(in) -10
Ferlib] % ™ 02652 +89s+225 | 57.3 é’ Be(rad)
ROLL AXIS
Variable Variable
Feel Stability
input Input
S5AT(in) !
LAT | ST 10
Fsr (D) 'é =1 25 = 573 3q(rad)
YAW AXIS
Variable Variable
Feel Stability
Input input
| SPED(in) 234
Freo(ib) 'é’ ~1 78 ™1 573 ' % 8r(rad)

Feel system parameter values shown correspond
to the "Front Seat Engage" mode (normal NT-33)

Figure II-3.

NT-33%A Control System
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TABLE II-1

NI-33A

Power Approach Non-Dimensional Stability Derivatives

h = sea level
Vp, = 228 ft/sec = 135 kt
0 = 2.2°
Longitudinal Lateral~-Directional
(Stability Axis)
¢, = .813 Cyg = ~.72/red
Cp = .135 CnB = .049/rad
CL, = 5-22/rad Cpp = —.127/rad
Cp, = -5h/rad Czp = —.57/rad
Cm, = —-b401/rad cnp = —.045/rad
Cmq = =10/rad Cp. = .20/rad
Clﬂ& = —-5/1‘8.(1 Cnr = —.16/1‘8.(1
CL6e = .34/rad Cn6a = —.009/rad
cm&e = -.89/rad C‘f’a = .14/rad
CYar = .17/rad
Cp, = —.073/rad
61‘
Coe,, = —.002/rad

10
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NT-33A DATA SOURCES

Hall, G. Warren, and Ronald W. Huber, System Description and
Performance Data for the USAF/CAL Variable Stability T-33
Eirplane, Alr rorce Plight Dynamlcs Laboratory Rept. No.
AFFDL TR-70-71, Aug. 1970

Tests of a 1/5 Scale Wind Tunnel Model of the TP-80C Trainer,
Tockneed Aerodynamics Laboratory Rept. No. LAL 127, Jan. 23, 1048

Cleary, Joseph W., and Lyle J. Gray, High Speed Wind-Tunnel Tests
of a Model Pursuit Airplane and CorrelatIon with Flight-Test
Results, NACA-RM-7116, Jan, 21, 1948

Statler, Irving C., et al, The Development and Evaluation of the
CAL/Air Force Dynamic Wind Tunnel Testing System; Part 1.—
Description and Dynamic Tests of an F-80 Model, AFFDL-TR-66-153,
Feb. 1967

Flight Manual, USAF Series T-33A Aircraft, T. O. 1T-33%A-1.
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SECTION III

F-10LA
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F-104A BACKGROUND

The F-10LA is a single place, lightweight, supersonic air superiority
fighter powered by a single turbojet engine with afterburner. The wing has
a full span leading edge flap. Trailing edge flaps have a blowing-type
boundary layer control system., Control is provided by conventional ailerons
and rudder and an all-movable stabilizer. Pitch, roll, and yaw dampers are
incorporated, however their effect is not shown here. Pitch and roll con-
trols are fully irreversible while the yaw control is a cable-actuated rudder
without boost. A bobweight is used in the longitudinal feel system. Its

position is assumed to be at the pilot's location.

The primary source of data was IR 10794, Drag information was obtained
from LR-12873.
The nominal configuration used here is the combat loading for the F-104A

based on actual weight and balance data. The PA configuration is a typical

loading at flight manual approach speeds.
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F-104A

PITCH AXIS SSSAs(md)
[ 857““) G
Fsr(lb) 64 - 573 —-é—-Ss(rad)
Ss(deq)
3.2 o |20 0 0 0
322 [T
|
a; assumed to be at pilot location 2
G(deg/in)
ROLL AXIS
_— SOSAS(rod)
S<2T(in)
LAT [ ST 214
F g7 (Ib) 57 ™ 573 ‘é)—> 34(rad)
YAW AXIS
FeeolIb) - Kll""a - 2 —=5,(rad)
2.0
°F(1b/in
< ()
1.0
0 | 1 ] ] 1
0 4 .8 Mach 1.2 1.6 2.0

Figure TII-3. F-104A Control System
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TABLE III-1

F-104A

Power Approach Non-Dimensional Stability Derivatives

h = sea level
Vp, = 287 ft/sec = 170 kt
a, = 2.3°
5y = =T.1°
Longitudinal Lateral-Directional
(stability Axis)
c, = .73 cyB = —1.17/rad
Cp = .263 Crg = .50/rad
CL, - 3.4k /rad CEB = —.175/red
CDG’ = .U45/rad cgp = —.285/rad
Cp, = —. 64 /rad Cnp = —.14/rad
Cpe = —1.6/rad Cpp = -265/rad
Cmq = -5.,8/rad Cp, = ~.75/rad
c%% = .68/rad cnaa = .00k2/rad
Cmgs = =1.46/rad CE&a = .039/rad
Cybr = .208/rad
Cgbr = .045/rad
Cm&r = —.16/rad
cy&d = .0%325/rad
Cn5d = —.025/rad
ngd = —.00kk/rad

37



0~ ——
B Tt T .
~——
H 000'GG =—=e
# 000'GHy —— ——
H 000'GE = = —
H 000Gl == == =

18—

aup|diiy pi1b1Y
2 0LO

qi 00€9I
VOi- 4

O

N

38



ai00g9!
VvOl-4

— 0Ol

10

e0

SO

$000GS
H000'SY
1000'6e
4000l

1S

Ol

Yoo

_

[46)

GO

C

10

39



2l

0¢

//

H000'GG ——ve
HO00'SHy —— —
H000'GE —-—
HO00'Gl == ==

1S

/

'/'

//

pibry
q100¢€9l
vV +0l-4

(.

(, Pod)

|-
uoo

poJ)
U..._O

40



cl-

(,_pou

UEO

8
¢|
_ 0
032 g1 9 P 21 o1 = = 5
Yoo
13 000'GG === mmr
ou_oi 1000'St —— — —{o¢
ql wwmm_ }4000'GE — -—
13 000'G| = — ——
V$0l-4 s
0z-
o1-
_ _ | _ | | _ | o
02 a1 = o - o L :

)

41



gl

o4
-

@

H000'GE — =

$ 000'gl
s

PI6IY
q100¢9I
V0! -4

42



ﬁ_l—uOLv
mm I_O

-
2 -
\,v\ \I %/ll@l
- —o—
- o -
! | ! | | | | | | o
0¢ 8l 9l 1d 2l o'l 8 9 4 0
Yoo W
0?¢ 81 9l 1dl 2l o) 8 9 2 OO
| _ _ | | | | I _
ﬁ‘/ v
@/Ia O/:
~ ® \\@\ g
/ll\@v\
000'GG == == ——
000'GE —— = — 9[q!x3| 4 2’|
1s ql 00¢9I

v¢Ol-4d

43



— n.l
- 2 A_-vo:
l\l\\.\@ — Qd‘o
— _ -
_ 0
2 0
A o)
T 0
— N.
. (,.Po4)
] .v Q:U
— wo
pib1y 000'GE wm o e
sixy K4111904S OOOHM —— e
q1 00¢€9!I g
VvHOI-4 0o¢
‘\@'l
& ll|||l|.|©|||||| @5‘/
- S ] O._l
(,.PPd)
gk
_ _ _ _ L _ | _ _ _ o 2

44



og'-

G2'-
02"
GI'-
po.
o_.-n_m )
uo
GO
_
> 0
14 000°GS = == e
sixy K4111q04 H 000 §€ === — :
v al oon_ H 000'Gl = ——— §-
v+0I-4 v~
‘\\ ¢ -
-© DJ
5 (,PP2)
Qm\O
_.l
_ | _ _ 1 | 1 _ _ 0
032 gl 9 i 2 o) 8 v rA 0

Yoo

45



RS )
| | | | _ | | | |
02 g8l o'l ¥l 2l ol 9 v 4
Yoo
0?2 'l 91 14| 2l (0} 9 14 4
] | | ! [ | _ ! |
'@.l "@T -
T
/ 3 —®)
o~ pIb1y
1} 000'GE = = s sixy £4111q04S
1S 4l 00€9l

vVvOI-4

vi-
cl=

ol-

2 (,.pDd)
LN.U

46



0?2 8l ol vl 2l o'l 8 9 v 4 0
N N A
/ltﬁ (,-PD4)
< . 10
/mf \@\ "y
SUO01409|49p UOJB|ID 48] N s )
puD 4yblJ Y40q 40 wns s °Q Pt 0
Yoo
0¢ 81 9 4! rA 0l 8 9 14 [4 0
_ T [ _ T I _ _ _ _ 0
@l'
f' NO-
/O/
(,.Po4)
—0 12%}
14 000'GG —— == — °2y
. pibiy 4]
H0006g ——~— sixy A}111q04S 90"
s a1 009!

V+Ol-4

47



Yoon

H 000°'GG == ==
t 000'GE ==
as

pib1y

sixy A411q04S
d100¢9I
v+0l-4

(,.Pos)
m»U

48



0s°¢~
0672~

[} AFAd

*0

[ R 4
*90L
1%
9L -
* 669
19568
‘e 1989
"6L9%
U0L0°
*00e91
‘eew
*Zeol
*twil
08°1
¥ 6%

vl

Us°* -
ug*te-

Vi A

[P A
ML AN
* 698
9Lt E-
*609¢
*l7969
‘£ 198s
‘6i9¢
walo®
*Jie9l
168
Lnil
*9eol
0d°¢

A S¥

*0
06°2-
06°* 2~

Q9 2~

U8 e
*ewi
*68%
9L® e~
6692
*1786¢
‘el98s
"6l9t

00LO*

‘0
Q6" 2~
0§ 2~
o%*2-
1°81

‘0
00" ¢
*e0L
*e0¢s
qL*e-

‘6692
* 19565
*gl98s
‘6Ll9¢
coLo*
*00¢e51
*2¢y
*269
1911

ve*t

A G

0g*2-
06°2-
[oR AR
1°81
‘0
0s°2
*Ghe
ce82
9L E~-
‘6692
14869
*e 198G
*6L9¢
00:0°
*00€91
*l1lc
‘616

‘9L8

*0
0g6°¢~
cg* g~

(VA A

*8el
*92Z1
9L*E~-
6697
* 14555
‘e 1986
"6L9¢
c0.0°
*00E3 1
*661
*99t
* 98¢
009°

X G¢

*0
06°¢-
06°¢-

0%°¢-

*92Z8
LS
9L°Z~
*569¢
14566
"z 1985
*6L9¢
0010°
‘00e91
“ 694
* 995
41
206°

% ST

062~
06°2-

0% 2-

‘0
00°1
“L6E?
"Z6Ll
LT~
6632
* 16665
1989
*6L9¢
00LO"
*00e31
* 8L
“g8eL
"BZZ1
01°1

s

*0 *0
06* ¢~ 0¢* Z-
0g* 2~ 04" 2~
0%* - 0%* 2-
181 0°61

*0 ‘0
00°¢ 0e* 2

6011 666
*8h6 8°L6
9L Z- 98° 2~

6637 *gs92

14565 " 6999

‘e 198¢ *Z2085%9

“6L9¢ *28s €

00L0° 491"
*00£91 921 %1
YA “oLl
" 6lS *0oLT
‘£58 “ 18
008" Lse:*

as s

Z 1

17 GG°6 =2 ‘91 612 = A ‘33 Dbs 1'ghL =8

SYEIANYEVE NOILIQNOD IHOTZII ANV SSYW ‘TYNOISNEWIC WYHOl-&

c-III HTdVYL

(1 4)RK17
(93C)IX
(93QMHL1T
(141477
(14)dX7
{930 ) VHAYO
(930) VR4V
(450120
(45410
(930)IND211Sd3
L4-973715)7X1
14-2115) 71
14-9717S) Al
14-9171S) X1
(294 1°0°D
(SETIIM
(SYIH)IOLA
(SYLXI0LA
(Sd4)10LA
(=)W

{14MH

» 3/4

49



010 -
962 -
6o9u0"

8LLI0G"
sLtoe
TiTo°~
ug*1
¥ 6S

01

* 9
7-53198°
Le6lao*
2e2z-
“wel-
%0 L
Toe*-
v-3cdd -
*0
*0
stiv®-
142 AR
oTio*

L6%950°

A G

L6100°
7* 31~
‘ell-
ésciL
€6l -

7~-3voy -

3010"
4Z190°
LL20o°
§Z19° -
(VIR

X Sv

°Q *0 *0 °0 *0 *0

-3198° %-3198° %-319%° 7-3198° ¥-3198° #-3193°

L6100° L6100° L6100° L5100° L5100° L6100
€ ee- €91~ €09~ CAR AR 0'¢€e3~ 6" Lle-
I A AL 9°66- 9°9¢ - *6502- *ITY- ‘1ez-
$6° L se*y s0°8 3Lt L2 L0°3
€Eh° - AR Al 0¢es - 966"~ L8°1- 6Z° 1~

€21000°~- 1B2000"- 162000°~- BLY000°- 085000°- 085C00°-

*0 *0 *0 *0 0 *0
] Y Y Y °0 *0
€50~ 6¢€10°~ L1900° - 0%20°* - 3180" - S0e0° -~
w6l°- SE9° - vt - 2z 1~ Zete- 69° 1~
oclio* $§500° %¥8¢0° 8580° ehc0° 9550°
86€C00°— 82200° %08000° 21300° 66¢00° %6L000°
6¢10° 2¢60°- 9¢90° - 6510 - 0L?0* ZeeQ -
1¢10°- 6210°~ 12200° - L910° - E6L0° - L110° -
et 1 006 009° dle* 01°1 008"
A SE % S€ A s¢ A4St s s

L 9 S A € 4

(WHISAS SIXV AQ0d)
SHATLYAINEC TYNOISNEWNIC TYNIANLIIONOT WHOL-&

¢-III TVl

"0
Y3066
82200°
6L b=
L° 62—
61°1
LtE -
%0€000 =
*0
0
Z€L00°-
oL —
1€90°
462000
%02° -
LELO -
L62°

s

H1 Qd
HL Q2

HL Ox

amz
MA
M2
%X

= NA

50



£8°¢
2610°
$110°
€% 100°~
991

22°8
36° L~
1010°
1°98

€z l”
9010°"
6°e1-

"Z8¢
»0¢0"
€210 -

€58~

92¢°

LG66°

*Z8
‘1¢tL

9<%
€920°
$6800°
€09 °

08 °1
A 56

01

L L
60¢20°
1910°

6€8000° ~

AR

Z2°11

L°O01-
€610°

‘sel

eLe”
§510°
2ee-

42
$%20°
€010~

THET-

yhe*®
Lé6L”
tocte
»0°L

€Ly

L96C "

(9610° )
(E€E000° =)

00°¢
W oay

[

98°9
1620°
8210°
Se100
*o0ce

L6
9e°5
9110°
AN

S8¢€ *
8T110"
%81

‘9e?
9920°
5L10°

TETT

66¢
9%5°
‘9ed
cs*tL

6E* G
0180 "
$€£800

CAY R

05°1
* SY

6L°L 2€°9
06e0 " 98€0”
Z%10° 06900°
9£100° ~ L6200° -
"8Le *gel
T°11 81°6
g°01- 84° 8-
6Z10° 66€00°
A L*66
0e9-° 066"
»€10° L210°
LR At €91~
"68T1 (5290°
00c0° (€21° )
0610° - At
AT 9°66—
1Ls" 189°
686° 686°
*68 tEvl
S6°L Se*Y
8L°S €S ¢
sZ1° S81°

{(68€0° } 6£80°
(6620°-) £HT1°

0Z*1 006°*
A se W cE
L 3

uadg dooT qudtemqod — JJO SVS

}

10°¢
0120°
2970° -
16600°
£°cL

(8090°
(S51€0°
1°%6

g*9c-

16°1
€91°
60L0°
% 80°

009"
A sE

)
)

+

GE'D
86%0°
2910°

11€00°—

‘96T

9°el

2°21-
2€10°

A4

60°1
8L10°
See-

(Lev0"
(8L1°
c €61
" 602~

G99°
Z2iv*
test
L1

vGy
g8z"
Tite
12te

006"
* 6T

)

}

+

L°61
8L90°
68L0"°

864000° -

*0eL

6°12

61~
28L0°"

91

622
68L0°
8°29-

881
1eL0°
99000~
*914-

€8°1
2e9”
“981
Le*L

€°01
€9¢°
€Zs0"
LS "

01°1
as

(WEISAS SIXV A004)

§°21
1€90°
0212°

SETI0° —

A

S°5
8°E1-
9013 °
‘el

L% 1
8210 °
LLE-

(L%e0°

(8ae1°
871
‘12—

€2 1
8ey
A
L0°8

%°s
s1e”
%062 *
2z’

008°
s

SHOIOVZ NOIIONAL MEISNVHMI WEZIIIEVIS WO I-&
#-IIT HTIVL

)

)

1% € T(d7vIM

L380° 1(d7v17
GLSO" 2(dZv) i/t
SLL00°~ U dzZvy L/t
2°19 (d7v)Iv

{ SQ/dZVvIN
21°s €t IHY L/
59°%- 2t JH}L/1
»3s60° T JHY 1/
L6 { 04}V

{ SQ7 aH)IN
36%° 2¢341) 171
%01°* (3411271
6L %~ (IHL)VY

{ SQ/3HLIN

(061° ) £l mMyi/i
(962° } 2t ~yi/1
F°9% T MyL/T
L 6l- ( MY

( S/ MIN
g2*1 1T( NiM
I%L* Tt mz
grey W mist
6T°1 ( nmv

( sas NN

S0V HIWON

16°1 Z(L3anm

hee” 2(133)2

420 T(L30I™

BeEZ* 10131)7

¥YOLVNIWIN3IC

Lsz° W
as H

1 # 2/4

51



Léty
8gL0°

Lul® -
L5100~
#-3098°

9ty
96t 0°
oll*
¥-326L"

*81¢
LA XS
8-3c1€"

99°g
SY9u°
A FRVVINARS
#-3198°

9%
4940°
O¥LI00° -
¢6100°

92°%
£Ev90°*
S6800°

yU9°

08°1
L]

01

Lty [V Al
Lwo0” §980°
99700° €9L0 -

LILYI0" ~ IR EVIN A

y-41(98° ¥-3193*

EY R 4 BE® S
911" 270"
$020° - 1st°

9-32L1° v-38%%°

ERT o€t
18920° v81*
B-372s1° g=-32¢22°

sty ey 9
101° CAR: VR
#90300°— 108200°-
»-3198° 7-3198°

ELty oE'ys
§9c0° 1180°
#%1000°- 106C500°~
{ol100° L6l100"
€L H be®y
8900° 0180"

(9910" ) #%g80C*
{€Ex€000°-) 91L"

Jd*Z s 1
A 59 A S7
[} 8

TL°¢ L8°e 66°1 €8S 01
5086 Sol* #ot1* 8ec* 597"
286° §9°¢- 96° 1~ 30°6- s2*2-
€%100°- 19100 * - 2Z10° ~ »8200° - 33%000°-

4-3198° »-3198° %-32%3° 7 —3%58° h~3998°

6e*L LA R 061 $9°¢ ®°01
34 69L0° SeE1” we1° ~ gwe”
6° ¢~ B+3€91 " 152 £8°6 16t~

%-32L1° O1-39%1° 6£e000° y-326L° b-3116°-

"ZL61- 643676 8L%6 ceLe g Zy-
€S " 09°1 21°1 64*1 9°el
g-3€2l* H»T-366¢€" G-3¢01° L-308¢ " t-300¢€° -

(89°6 ) 0L°9 127t s 11 L°01
(L9°%-) 01"~ 6260° - 3290 7el”
¢%2¢002°- 6-3U%" €6600° - FETI00° -~ 61L3000°
»-3198" %-3198° %-3198 ° %-3138 " ?-3198
6Lts 25t ve*1 36 01
yel- 181" 0LT" €62° g9z
8¢2000°~- 8-3611° Lye00 " - 32100° - 253%090°
L6100 L6TOO" L61035° L5100° L6100"
8L*S £€5°¢€ T6°1 YGqtYy £°01
s21° S81° s91° 582" £9Z°
(68€0° ) 6€80° 80.0° Tit1° £€250°
(6620°-) €H1” £€580° cers LoL®
A 006° 009° 206" 21°1
NS¢ N G¢ ¥ sg el s

L 9 S A €

(WAISXS STXV Xd0d)
usdp dooT uITemqod — IJO SYS
SYOLOVE NOIIONNA MEISNVEL ISOMHI wHOl-&
C-IIT FTEVE

BeT ¢

592"

€97 1-
9Z100°
¥=3¢98°

58" »

671"

0*01-
7-32LT°

167 ¢
Lite
7€€000"
¥-31386"°

%S

CAR
£62C020°
L6100°

14" g
sle*
%062°
(X480

o0’
s

ng* 1

261 °

VAR S
15000° -
7-4966"

Gy 1.

6el*

T*79-
G-3G66L°~

f

.

WO~
.

A

o~

(60" »-)
{811 *-)
L5100
9-34%66"

161

(X4
19e000°
82200

161
yae
281"
6¢€c "

PR TAd
1S

T(d7v)v
1(d2v 7
2(g7vilsa
T(d2viL/1
(dZviv
(HLQ/dZV N

T QHIM
1C o7
T WL/
( QH)V
(HLIC/ GHIN

Z(3HLI L/ T
T(IHLIL/ T
(3IH1 )Y
(HLQ/ 3KL N

( M)v

MBA
ni7
niLst

( Ny
(RIQ/ N
SddlvyuIant

¢
Tt
Y

2(130)4
¢(L3017
T(L3C
16130132
YILYNIRINIC

W
H

¢ 2/3

52



£8°s .
2610°
$110°
€7 100°~

S29° -

cets
96°L-
1010
gee -

€ed”
90T10°
€250°

r4:¥4
%020°
€210 -
22¢-*

9ze*

LS6"

44
0Len"~

€ey
2090
2€800°

H&9

08°1
N 6%

01

2L*L
6020°"
1910°
6€8000° -

956 * -

211

L*01-
€610°

18%°~

elE”
§6T0°
v6L0 "

"0Z¢
5%20°
£010°~

cey*

4€
L5L°
"0Z¢
25¢0° -

co*s

aerp

(LSTO"® )
(05%000° )

00°2
b 4

[

98* 9
1620°
8210
SETQ0° -

508 °* -

L6
9€ 6
9110°
S1%°* -

98¢ "
8T10°*
2L90°*

x4
9920 °
SL10° -
Y14

6se”*
EAZ-
*3¢ee
$L20° -

s%* g
%6i0°
$9.30°

SLL*

05°1
b IR 4

8

6L"L
06€£0°
Z»10°
9e100" -
886 ° ~

11
S°"01-
010"
€16 -

0Ze9*
Ye10°
6280°

°681
00e0*
0610* -
cis”

116°
666"
*681
8920° -

16°¢g
€11°
(£9€0° )
(9920°-)

0¢°1
¥ sg

L

2e°9
98¢eC*
06200°

162C0°~

02L -

81°6

8%° 8-
66£00°
69¢€° ~

0as*
L21o°
2090°

(5290°

(€27
tERl
69¢°

189°

686"

cehl
1910°-

%L%¢
%91
6%L0°
el

006°
¥ s¢g

)

)

10°¢ S€*6
o120° B6450°
2920°*- 2910
16600° 11200~
§92° -~ HE€* 1=
T4y 9T
06 €- 221~
R6T0°~ 210
BYT = LOL*~
g6t 60°1
L110° gLT0"
Le20" 15
(8090° ) (Le»Q"
(s1€0* ) (81"
1°%6 “€s1
Ly HoL®
[0 YA 59G°
069° [ACH
6°¢6 cesl
LTE0° ~ 1650~
$6°1 SE*S
6T 812
£690° 1580
L1L0 L2t
009" 006°
¥ 6s¢ A 51
9 &

(WEISXS STXY XQ0d)

+

}

+

L°S1
8.90°
6RL0°

86%000° -~
11°2-

6°12

Y61~
YeL0°

Zz2*1-

62°2
68L0*
»8T°

°881
16L0°
¥89000 " -

221

1

2E9"

"oeT
€120°~

£°T1
661"
1040
ce66°

o1°1
s

pesoTy dooT qUBTemqog -— JIO SVS
SEOLOVE NOIIONN MEISNVMI EOMOL MOIIS WHOl-d

9-I1IT HI9dVL

$°01
T€90°
0Z1d°

SETJ0° -~

651~

S°6T
8t~
9012
19L° -

L5t 1
8210
%21°

f{L9c0"
(861"
‘gv 1
ooL*

€21
geh
WA RS
6923 °~

1€ 9
6"
L8E) "
187

008"
as

}

}

%<
1880 "
§L60°
SLLCO" -

062"~

21t

594~
7260°

™~

96%°
Y01 °
Lz220°*

(0s1* )
(962 )
99y
%1

521
o%L*
B°gy
§3¢00° -

66°1
£€oe”
ZH1
b9

152°
1S

T(dZVINM
11d2v137
c(dIv) i/t
TtdZwi /1
(eZv )y
(1S4/dIvIN

Ef JHYL/T
¢t aHY1/T
T I N
( OH)vY
{1S2/7 JH)IN

AEL I B VA

(341 1/1

{3HL)Y
(1S3/3413N

E( MY/t
{ Myi/1
T mist

( Miv

(1Sd7  MIN

( ny
(1S47 NN
SUILTYHIWrY

2{133m
¢{13017
T(12C)™
1613007
YOLIYNIWONIQ

53



€l 79y 2t s 19°¢ [: 283 86° 1 ¢L°5 BET 6 [ A 64" 1 T(47ZV v
17L0° €760° [V R-IVRY sLL0” vel® 891" 52¢° [T 192 gol” 1(42v17
Lol - 999U0° PR FAVARY 286° ”9° €~ $6° 1~ 567~ verzZ- €9 1- 6L - 2(e7vii/
L8100 - LyLu00°- 0stov°- $9100°- 19160° - [ ¥3222° - B3700C° ~ 92100° - Ta%Cd° - T(a2Vv)1/1
%-3L08° w-3oll’ ¥-32%al” y-39LL” Y—-366L " $-361c" 7=-31~»L" 9-3939"° 7-3%c4L° 7-3696° (4701}
(H1CG/ a7V )N
L9y 178 £c° 9 0°01 A 084 s6° 1 2979 Ltet !l 89 € e 1 T( CHIM
1€e0° PRV 2LEQ" slg* s1z* 420 21l Tog” 08v* 661 ° 10 OKY7
uv60° £9L00° - 901" 18°1- g6L- S6%° Bl°¢ 26 - yr11- Yv°56- TC WYL/ T
7-399L° »-31c1* 7-3219%° 2~-38271° 6-39Te°*- BL€U09° y-32el" y-3¢29° - %»-3LET°- 6G-d%E6°~ { OHIY
(44 G/ GHIN
95°1 932° 971 by G- (80°€ ) (261 ) [ 4 (282 ) (98° T ) (z0° = ) Z{3HIY L/ T
Bec1” 7920° - Zvi* 2es {696 ) (699° ) [2: 4 (9232 ) (62v°-) (T€5™-) T(3IH 1/ 1
3-309%° $-3186G° 9-3dL%° 9-311s° 9-361%8° 9-310c* 9-3165° 5-3951° 6-3601° 9-312¢-° {IHL )
(HLO/THL N
Ls°S (8°¢t 229 (911 ) 81°9 8L°2 [A-S (L1 ) (901 1} (e1® »—) T MM
CA M (09°1 ) 73" (es*1-) 9ee” %91 965" (0c*% ) (m7° ) (¢05° ) 10 w7
60B0LIG~ 01€000°- BO09000°*~ H-3Jolg”* 04%L000° SE6LD " - GT1G0"~- 559000 $8400° $6530° - T mMmyi/za
%-3668° %-32064° 9-3963° 9-3506" 9-3868° 7-3€L8° 7-3125° 7-3596" #-3926° 101000° { My
(HLG/ Wt
€Ly 2uts L A 26 ¢ 9L°€ 261 [ 2 E°l1 1er9 65" 1 T N4
9950° %380° 0edLd” e v91° 8gt” 31¢° 861" 8Ed” 2ot e M2
TeBUD0"~ BUEQOC*- %»Z9U0S8°~ €%%000°- 8ZE000°- 19602 - €5100° - €220002° 6€€070°- €62000°~ 1 m/s
+6100° L5T00" L610¢" Le100° L6100°" 16102° L5100° L5100" L6130° 82200" { niv
tHrgs n
SulLvuIanh
get 2u°s 57 s 16°4 gL E $6°1 5€°6 [ 1€°9 66 1 211304
¢090° Hegu® 990" €11 %91° 861" sie 661" 6ed” c€oe” 2(1307
2€800° (4510° ) $9.08° (E9€0° )} 6&%L0° €890° 1680 " 10%0° LPED" A 1130~
7%9° (057000° =) Lt (9920°=) wel”® 5220° Lzt 066" 181° 6% * 1013017
¥ LYNIWINZC
[V1-0a¢ Gote sl c2° 1 006° 008" 26 31°1 008 152° v
» 8§ A w7 X Sv X St A 6¢ % s€ RSl as 1S 1S H
o1 6 8 L 9 $ A4 € 4 1 ¥ D/4

(WELSAS SIXV AU0H)
pasor) dooT 3yIdremqod — JJIO SVS
SUOIOVA NOIIONNS SEISNVHIL ISNHHI VHOL-d
L-TII TIEVL

54



[ T4 271 £°6¢ 861 L°s1 1°¢» Lt L C6° L 9e° L [ A4 (9781) ©o/iS4

£9500° - L1£200° 1se0g°- Smed* 921°- 681"~ SLBY° - 73207 - 1L16°- €2i*- (1¥/97)  LN/1S3
3384 NIILS

gLt PRl cee:e eve” FREN S6%° g£23° A7 L06" £e6” (217 1¥2/1

¢ (2)»arL )

- ("0BUL ) -— {g~€2 ) - - - - ~-= -- (23%) (ZYC10¢THY

LA A 256" 991 ov°* 1 628" €86° €29° 1e°1 61L" 189" (9/238/235/Qvd )} dv3

2oy Ls* < L1°s 39°¢ Z6°¢ 9¢"5 Lol 01°1 £0° 1 £8° G (9/9306) <£/3G

[ At €2 7 L1 2° ¢l SR A 29°c 2°%¢ €°98 e*0% LA 4 (avd/9)  VIN

20c0* - Uv72d° - €70 - 28e0 - 0Z10° - %6460° L5€0° - 9¢Z° - 61¢0°~ 26T °- (172301 (N)Q/t91¢C

g3x1d %O1ts

081 037 ¢ 0s° 1 01 0C6° 009° 0ce” 01°1 003* FATA A
2 44 A 57 A 57 A os€ %S¢ A SE WGl as as as H
Gl <3 8 L 9 S k4 € 4 1 4 2/4

(WILSXS SIXV XQ04)
J30 SVS
SIEIENVEVE SEZTITTYND ONTIANVH TYNIQALIDNOT WhOl-d

g-IIT HIIVL

25



10°1~
%0°s
€84%00°
Lis®
8e ‘8
Y
901°~
69%°*
#4960° -
296°-
9%
Zceq-
“LLl-
201°~
08°1
A &S
o1

8L 1~
89°8
28L00°
068°
8°¢1
*0
881° -
689°
1060° -
69°1-
26°9
€99 -
‘oge~-
0L1®~
00°¢

3* SY

261~
L2
L%800°
c06°
621
°0
2s1* -
zée’
$080° -~
9H°1 -
6L°6
818~
‘tel-
091° -
0s°1

A 6y

60° 2~ 16°1-
1°¢el 2°11
6510° 8810°
6%° 1 T0°1
%°61 8° %1
°0 °0
26z - 691°~
88°1 eo0°1
L1~ €EH960°~
le°z- LLi-
6°11 86°Y
S11- 1°*86-
*ele- ‘0ET~-
HeZ * - 6%1°~
0Z°1 006°
b IN1% A se
L 9

SEATIVATHEQ TVNOISNENIC TYNOLLOEHIQ-TVILLVI

81° 1~ oY *-
99°9 9°12
6L10° €1%0°
L0%* 9 *2
$€°9 L%e
*0 "0
6080°- os€°~
z0°1 992
90%0°~ 0s1°-
yL€"- €9°€-
90°1 166
€°2€- “HET-
L°0s- AT
8980°~ gze"~
009° 006°
¥ S€E ¥ st
$ Y

(WILSKS SIXVY Xd04)

6-IIT TT9VL

L8~

°0
90°1-
L1
e’ -
21t~
L2y
‘g9t -
*1L6-
16L°~
01°1
as

Lo°L- €26° -
s 17 112
61L0° L1z0°
1€ 99¢°
9°6Y L %
Y Y
85%° ~ IR0 Sl
19°¢ 911
881° - €660° -
H9 - ee°1 -
9°el 892
A 6°02 -
0% - 1" 16—
5 9° - 8L1" -
0og* ls2
as s
4 1
+
o l-4

¥d «N
¥3 7
Y A
V3N
V3.3
Y%A
AN
E-A
1 dN
1 d
1 BN
187
gA

AR

¥ 2/4

56



9iL°2
0¢s0°
L91 "~
8860°
66

08°¢
£Z%0°"
€9°8

Le%e
%0900° -
oze*
L1g*®

08°2
9¢%0°
S5 100° -
ge°8

10°1
111°
L81°

00°¢
€LED”
96 °
20900 °

08°1
A ss

01

62%¢€
86L0°
687 ° -~
CAG S
6°¢tg

g2°¢
o190°
8°sl

y1°e
2620 -
91¢e "
068°

g2°¢
2130°
898000" -

8°61

€y L=
La1:
1€90° -

sg°¢t
1e€0°*

Lt
88500°

00°¢
b RS 4

86° ¢ A 4 962
w940 5690° $160°
HoT1* 10e° 0s6eZ*
y11° - wh1 = 9H1° -
A e el 8°¢cs
66°¢ SG°*h 00 ¢
%940 Lelo* §690°
0°¢el S 61 g4l
68°¢ SL € L a4
oL10"* 16650° €es0° -
L 2% e 82¢° 208°
206° 69°1 10°1
66° ¢ GG % 00°¢€
99%0 * LeELO® 9690°
L%100° ~ %100 - 09100°~
6°21 2°61 8 41
9L H - ch8e” €1 1-
S6C° 966 °— Lie"
2ev0” - 89%°* - 69¢° -
L6 € 62°% $8°2
68 €0 " €s¥0° 06500°*
0s°*1 142 %0°2
§9¢00" 0L500° &% 800°
06°1 gZ°1 0o6*
% Sy A SE b IR
8 L 9
+ +

c8°1 6%°% 91°8
09L0° »0T1* 821°
[s1- YAk d G05* 196°
111° 761"~ 691"~
9+2¢ *1el ‘ele
8L°1 6%y £€5°8
6£90° L860° 2491 °
»H*9 6°He L*18
g2 ¢ 69*% €8°¢
94%30°~ 691° s9¢"°
6%e* Lo} 19°1
20%° $9°2 0s°9
9L°1 6% % H6°8
6690° €860 ° 291
1210°— 28200°—- 06%000°*-
GE*9 L*HeE s°18
986" 9E°G— oo0°¢
4$980° Loy - 65¢2 "~
996°* elz BO°G~
%8°2 06y €5°L
8e10° CAA S 2elo”
94y g0°¢€ 98°L
e¢Lio* 64%800° %#24%00°
009* 006° 0T1°1
NS¢ N 61 as
S 4 13
+ +

(WELSAS SIXV AQ0d)
JI0 Svs

L84
4 4 Ot
1eLe
LT "~
“e3 1

26y
gere
LS54

SE°¢E
zoe”
80° 1
16°¢

€6°%
€21"
$2130° -
9°5y

84°¢
BlE -
8L 1~

169
6%8)°

28°%
T1L30°

008
as

4

S90IOVE NOIILONNS YAASNVYI NOWHIIV VHOl-d

O1-IIT ¥IdVL

96°1
0Le0*
eHe”
8L2° -
§°91

L6°1
101°
LL*y

8z*2Z
2le -
871
99Z°

L6 1
€01°"
9% 900" ~
LYy

826~
oL1”
6%L0°—

01°2
SweE0°*—

38°1
%65000° -

182°
s

T(dAVIM
T1(dAav)iz
2t dAv) 1/1
T(dAVI L/ T
(dAv IV
( VO/dAV IN

T(IHdIM

T(1KHd}7
({IHd)V

( vC/THdIN

( ¥IM

{ 912
¥/t

( dry

t v0/ VYIN

1
1
T«

 diM
( diz
d) 1/1
( div
( vGs dIN

2( 8)1/1
¢ 8)1/1
( 8)v
( v0/ BIN
SYDIVYIWAON

T(L130)M
16133)2
201301 1/1
1030171
¥OLYNIWIN3Q

W
H

# 3/3

57



0°s1- 9°02- 6°62~ Y 11—
0¢°s 88°g 98° @ YL E
229°* 0%°1 L68° 00°2
€2E00° - 1€%000° - 1L900° - 8%100° -
oe~2 €8°€ 20°2 2° 21
992 86°2 00°¢ -4
cH - G592~ 66° 2~ 252~
$6°% 8s°8 Lot L 0°el
1s°1 €0°1 2st1 669°
86¢€ " 0¢8* 80¢ * GE9*
9¢e” Liy® IX-1-0 Lz-z
10°1- 8L 1~ 281~ 60"2-
A2 A4 86°2 86*2 8s°¢
Le* 2~ 4 A4 562~ 6h° 2~
$o100°~ T.8000°~ " 100" - Y2100° -~
%3°S 89°8 L1 L 1€l
*96c 1:14 ree? °SLT
BEL* 691 8% 1 oy
615000°~ 696000° 96200° - 1L100°-
s8%00° ¢gLo0" L%800° 6G610°
00°¢ [ TARY Lot 62
€LEO® 1c€0° 6€€0"° €sv0”
1496° L1 0s°1 IS A4
20900° 88500° 89¢00° 0L500°
081 00°2 0s°1 0g°1
A SS W sY A sy ¥ sg
o1 6 8 L
+ + +

€°01- 8C* 8- 591~ {50°9 ) (LO* %
£0°¢ GL°s S8y (z19° ) (L8e°
941 602" 622 65°22- 9°31-
0010°- 2850°— 5% 10°~ 09400°~  6212° -
6.°8 €1°5 %2 L°9¢ 8°3
£2°2 og*Z~ 649 €~ 69°€ bE°E
12°2- 91°2 Lb*€ GE‘E- 9€ €~
FARA 09°9 2Lz LA X4 214
9¢L" 9¢€°¢ 222 8Ly 293"
0z2¢* 6880° 996" L29° E6y "
56°1 62" 86%* 92°6 1%°¢
16°1- 811~ 64" h— ZL°8— Lo*L-
€£2°2 gl1-2- LY € 0L°€ 0%°¢
61°2- 60°2 Zhe- £EE"€~ 2e €~
09100°~ 1210°- €8200°- 45%000°- 62130" =~
rA8 8! 99°9 912 9°LS S 1%

* 821 R TA *591 *961 "611
202 16€° 11°¢ 59°9 H6° b
L9200°~  6£4%0°— 0%900°~ 00100°-— %1630°-—
8810° 6L10° €1%0° 1290° 6T10°
68°2 48°2 05y €5°L 16°%
06600° 8£10° 9€1* Z€L0°" 6482 *
40°2 9Hye g80°€ 98°L 8"
6%600"° 2110 6%800° 40400 1100
006° 009* 006° 01°1 008°

X GE X §€ 61 s s
9 S 4 € 4
+ + + +

(WIISXS SIXV Xq0d)
JJO sv8
SEOIOVE NOIIONNS WELENVMI MEGINE WO l-&
LI=ITI TI9VL

Y(dAV) 171
€E(dAVY L/T
C(dAV) 1/1
T(dAV) I/ T
(dAV )Y
( YQ/dAV)

2(14d) 1/1
TCI4d) 471
(IHd )V
( ¥Q/IHd)IN

1( ¥IM
¢ ¥17
¢ Wz
( ¥y
{ ¥a/ YIN

et drist
2t drist
T dri/t
 d)v
( ¥0/7 dIN

€t 8)1i/1
2t 8rizt
1t e)yist

( 8w
( W0/ @IN
SYOLVHIWTN

T(130)M
1013312
Z2e13a) 17t
130 11
YO LVNIWINIO

W
H

¥ 274

58



9cs° Le” ZLy*
9¢°g »5°g 82°s
8°%1 "9ce- 2°81
12%0° €8€0° 6210°
2€6° 00°1 10°1
9s¢0° oL10" 0s%00°
sL6° £96° L66"
9oL 90°6 19°8
ot*s 6L°8 89°8
8e°L 16 16°8
gece” [¢]0] 20 80€ "
01°2 e6°1 651
08°1 00°*2 0s°1
X ss 3 s 3 SY
ot 6 8
+ +

L6%* 61L"
99°s 219
%°92 9°tE
98%0° »560°
$0°1 s0°1
0%€0* ZeL0"
996° G88°
1€°6 vH°8
%8 c1°L
ZL*8 »0°8
11%° GESO”
%1 12°¢
0Z1 006"
¥ S¢€ ¥ 6E
L 9

T0L°
g6°¢t
cegE-
192°
629°
994%°
626°
68°%
Le®1

092

eZ1*
ez°e

009°

kXA N
66°S
*06¢

20€0°

$2°1
14°1

006°

(WIISXS SIXY Xdod)

FF0 SVYS

¢ l-IIT TIdVL

s$99°
9¢8*
0t1°1

as

14 °
1e°s
€
8060 *
60° 1
1680
143

8°21

gLL”
04° 1
003 °

s

SHALINVEVE STIITTVN® ONTTANVH TVNOILOIYIA-TVHALVI VO (-4

LeL® A CL 1Hd
Y6 € vi3e 0! IHd
“8le- ISVAd ‘vi38 O1 1Hd
oLT” XV¥W-8-130
046" (QY KM/ UTHA I M
Z2€z* (AV)d/(DS0)d
149° (11d/(2)d
98°2 (e)d
96°1 (2)d
Ly*2Z (1)d
Lol (23S) (2) vyldS

- (2713071
00°¢ (23S) JD0I1v¥3d ¥Q
IR YA W

s H

1 ¥ D/4

59



F-104A DATA SOURCES

Stabi? ity and Control and Handling Qualities, F-104A, Lockheed Rept.
No. LR 10794, 12 Dec. 1955

Andrews, William H., and Herman A. Rediess, Flight-Determined Sta-
bility and Control Derivatives of a Supersonic Alrplane with a
Low Aspect-Ratlo Unswept Wing and a Tee-Tall, NASA Memo 2-2-59H,

Apr. 1959

Performance, F-104D, Lockheed Rept. No. LR-12873, 1 May 1958

Flight Manual, F-104LA and F-10LB USAF Series Aircraft, T. O. 1F-104A-1,
15 Dec. 1961

Technical Manual, Flight Controls, USAF Series F-104A and F-104C
Aircraft, T. O. 1F-104A-2-8, 15 Mar. 1960

60



SECTION IV

F-LUC
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F-4LC BACKGROUND

The F-4C is an Air Force tactical fighter whose primary mission is
all-weather air-to-air missile combat, Lateral control is achieved by
ailerons in combination with spoilers on a swept wing. A swept stabilator
provides longitudinal stability and control. Directional stability and
control is accomplished through a conventional fin-rudder combination.
Landing speed is reduced by full span leading edge flaps and inboard plain
trailing edge flaps in conjunction with blowing-type boundary layer control
(BIC). Boundary layer control is automatically induced when full flap

deflection occurs.

Features distinguishing the USAF F-LC from its Navy counterpart, the
F-4B, are:

® Lack of drooped ailerons with flaps down resulting in
higher landing speeds,

@® Dval flight controls resulting in slightly increased
control system inertia.

® Wing bumps to house larger main gear wheels resulting
in a slight drag increase.

Data included here was obtained primarily from MAC Report No. 98h2,
Special emphasis is placed on the longitudinal control system because of
its relative complexity when compared to other aircraft. Figure IV-4 has
been addgqd to help illustrate this system. Also, care has been taken to
retain séMb of the control system nomenclaure used by the manufacturer,

e.g., qp and Ppp (see Fig. IV-5).

The Stability Augmentation block diagrams are shown in Fig. IV-7. The
roll SAS described is not included in lateral directional SAS on transfer
functions since it is faded out with the lateral control stick out of neutral

position,
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F-4C

PITCH AXIS
Bscpclrad)
Feel System SAS
' Gearing Actuator
Ferllb) | Sgrlin) 3¢lrad)
-0569QBPBF ———— -.__3'36 —I ———»s
2 —_—
A 0369s +'2085+'O|57QBP3F+|+-0569QBP5F 57.3 .05s+1
AN bs
\ See Fig and for feel system details
Bobweight
5.35
2 [ 03(52'02) at Lg=39.3ft
ROLL AXIS
—_— SOSAs(rad)
Feel Spring Gearing
FLAT (1) — ] ] Sgﬁi 6.25 —= 3, (rad)
ra
ST 2.96 57.3 Spo”er ¢
—»— .87 |—=3rad)
ARI Gain O/
38, (-46 SAS OFF CLEANOT QP4 ARI
35, |-69 SAS ON a5,
— 3 35, ——-—-S,Am(rud)
YAW_AXIS Srari(rad)  Brgaglrad)
Rudder
Feel Spring Gearing Flexure
| SpED(in) GDIR DIR
Fegp (ID) —= O T 573 Kecex | 3¢(rad)
X
K OIR GOR \ See Fig

V <235KIAS | 3661b/in | -11.5deg/in
vV >220KIAS| 8.5Ib/in | -6.5deg/in

Figure IV-3. P-LC Control System
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4
Qg
q
.2
(0]
Ll
1.0
Per
(ft2) .9
.8
60k
40k
h
(ft)
20k
SL

—— sL F-4C
—-— 35,000ft 38924 1b
—-..— 55,000t .289%

Viscous Damper Off Stop
b=303Ib/in/sec

Viscous Damper On Stop

s o0

| | | l

D

.8 .2 1.6 20
Mach

Figure IV-5. F-UC Feel System Farameters
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F-4C

PITCH SAS
8 (rad/sec) -l 138 -5 (rad)
s+l Ssas
ROLL SAS
P; (rad/sec) ——— -265 }|——— Sagag(rad)
Ps = P (Roll rate gyro assumed aligned with FRL)
Note. Roll SAS faded out with lateral contro/
out of neutral
YAW SAS
re (rad/sec) ——————= :fs Brgpgrad)

ay (ft/sec?) ————=1 0168

re = r cos(-1.5%) +p sin(-1.5"
ay =ay +9.97-.39p

Yaw rate gyro inclined 1.5° below FRL and
lateral accelerometer at F.S.198.0 and W.L. 230

Figure IV-7. F-4C Stability Augmentation
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TABLE IV-1

P=4C

Power Approach Non-Dimensional Stabllity Derivatilves

h
Vi,
%
Os
Longitudinal
c, = .915
Cp = .2k2
CL, = 2.8/rad
CDa' = .555/rad
Cny, = —.098/rad
Cmg = —.95/rad
Cng = —2.0/rad
CLBS = .24/rad
Cn = —.322/rad
g
CD6 = —.14/rad

sea level

230 ft/sec = 136 kt

11.7°

-9.1°
Lateral-Directional

(Stability Axis)

70

1

1

It

11

Il

I

—.655/rad
.199/rad
—-.156/rad
—.272/rad
—.013/rad
.205/rad
—.320/rad
—.0%55/rad
—.0041 /rad
.057/rad
.12k /rad
—-.072/rad

—.0009/rad

Spoiler
Effects
Included
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X-15
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X-15 BACKGROUND

The X-15 is a single-place, rocket-powered alrplane designed for flight
at hypersonic speeds and extreme altitudes., The airplane 1s carried aloft
under the right wing of a B-52 and is launched at an altitude of about
45,000 ft and a Mach number of about 0.80. After launch, the X-15 performs
a powered flight mission, followed by a deceleration glide prior to vectoring
for a landing. With this operational technique, the airplane is capable of
attaining a Mach number of 6 and can be flown to and recovered from an altitude

in excess of 300,000 feet,

Flights to high altitudes have been made with all three of the X-15
airplanes in two configurations: the basic and the ventral off. The basic

configuration is considered here.

Aerodynamic control is provided through conventional aerodynamic surfaces,
with vertical surfaces used for yaw control and the horizontal tail for both
pitch and roll control. All of the aerodynamic control surfaces are actuated
by irreversible hydraulic systems. Control force is provided by bungee for
pilot feel. A conventional center stick is used for pitch and roll control,
and rudder pedals are used for yaw control; however, a side-located stick is
provided for control of pitch and roll in high-acceleration environments at
the option of the pilot. Most of the X-15 missions have been made with the
side stick, although the pilots used the center stick on their first flights.

Only the center stick control is shown here.

The augmentation system shown in this report consists of angular rate
feedback loops about all three axes. In addition to the normal p -= 85 roll
SAS loop, there is an r —-= 8, feedback known as the YAR loop. The gains for
each SAS loop are manually set by the pilot. The SAS-on transfer functions
given for this airplane assume maximum gain settings for each loop. This may

not have been realistic for actual flights,

The flight conditions considered for this airplane are all for straight
and level trimmed flight. This is definitely unrealistic for this airplane;
however, the intent here is to show general speed and altitude variation

effects.
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PITCH AXIS
SSSAS(rOd)
| SST(in.) 6(85)
For(lb) ——— 58 > o3 ——:—-(%)——-»-&,(rod)
)
S4(deg)
(TEU)_ZIO "',O © '? 2? (TED)
T4 (deg
C\5n
+-6
ROLL AXIS

LAT, .
LAT I Bsr (in) .55 »é
For (Ib) —= 52 Ft 57 3 = 5q(rad)

YAW AXIS

Speplin) !
| PED 2.3
Freollb) —1 153 | 573 > 8y(rad)

Figure V-%3. X-15 Control System
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X-15

PITCH SAS
6 (rad/sec) = 75 B Sssas (rad)
ROLL -YAW-YAR SAS
Roll Gain
p (rad/sec) = -50 — = 8g,5(rad)
-90 Yar Gain
Yaw Gain
r (rad/sec) + — 30 ‘—>8\,SAS(rod)
Note:

Gains variable in 10% increments of the
maximum values which are shown above.
(e.q. roll gains selectable are .05,.10,.15,
.20,.25,.30,.35,.40,45,and .50)

Figure V-UL.
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X-15 DATA SOURCES
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HL-10
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HL~-10 BACKGROUND

The HL-10 is one of a number of lifting body research vehicles. The
airplane is typically launched from a B-52 at 0.8 Mach and 45,000 feet.
In numerous glide and powered flights the HL-10 has been flown in excess

of 1.8 Mach and 90,000 feet.

Following problems involving the loss of roll-control effectiveness,
the leading edge of the tip fins was modified. This became known as the
Mod II configuration. The information contained here is for the Mod II
HL-10.

Pitch and roll control is obtained by elevons and yaw control by a
conventional rudder. A subsonic or a transonic configuration is selected
using combinations of speed brakes, elevon flaps, and tip fin flaps. These

combinations are specified in Fig., VI-1.

The stability augmentation system consists of angular rate feedback loops

about all three axes.

The flight conditions shown correspond to actual flight test points.
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HL-10

PITCH AXIS
eSAS (rad)
Feel Spring Gearing
| 851‘ (ln) G
Fs-r(lb) —_— 65 o 573 )—(i} —— 8 (rad)
d
-20 -10 3o eg)o 10
I I
— -2
G(deg/in)
— -4
—{-6
ROLL AXIS
80 SAS rOd)
Feel Spring Gearing
FLAT | als-f(m ) 4.3
Fsr (Ib) — 5 — 573 ——-(é)——» S4(rad)
YAW AXIS
Bygasirad)
£ Ub) | Seeolin) | 39 5
PED 5 22.2 57.3 c{rad)

Figure VI-3.

HL-10 Control System
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HL-10

PITCH SAS

é(rod/sec) —_—

4 ————— SeSAs
ROLL SAS
p(rad/sec) ——————= -2 SOSAS
YAW SAS
4s
r(rad/sec) > <733 = Brens

Figure VI-L4. HL-10 Stability Augmentation
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1.

2.

%,

HL-10 DATA SOURCES

Ladson, Charles L., and Acquilla S. Hill, Aerodynamics of a Model
of the HL-10 Flight Test Vehicle at Mach 0.35 to 1.80, NASA
TN D-6018, Feb. 1971

Pyle, Jon S., Lift and Drag Characteristics of the HL-10 Lifting
Body during Subsonic Gliding Flight, NASA TN D-6263, Mar. 1971

Ware, George M., Full Scale Wind Tunnel Investigation of the Aero-
dynamic Characteristics of the HL-10 Manned Lifting Entry
Vehicle, NASA TMX-1160, Oct. 1965.
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SECTION VII
LOCKHEED JETSTAR
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JETSTAR BACKGROUND

The Jetstar is a four engine utility transport. Controls consist of
conventional ailerons, elevators, and rudder. Ailerons and elevators are
meqhanically actuated with hydraulic boost. The rudder is mechanically

activated but assisted by a servo tab.

The primary source of aerodynamic data was NASA CR-54k, Power approach
aerodynamics were estimated using CR-54L4 and flight test data from
FTC-TDR-62-24C-140, The control system description was based solely on
flight test data from the latter reference.
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JETSTAR

PITCH AXIS

|
For(Ib) —— e —= S (rad)

Note: Angle of attack effects on elevator
hinge moment are neglected

ROLL AXIS
LAT |
FST (lb) —_—— .75& .’Sq(rﬂd)
YAW AXIS
I
Fpgp(Ib) = 573 - 3, (rad)

Figure VII-3. Jetstar Control System
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TABIE VII-1

JETSTAR

Power Approach Non-Dimensional Stablllty Derivatives

h = sea level
Vp, = 22 ft/sec = 13%2.5 kt
o0 = 6.5°
Longitudinal Lateral-Directional
(Body Axis)

C, = T3 Cy, = ~.72/rad
Cp = .09 CnB = .137/rad
CL, - 5.0/rad Cog = —.103/rad
Cp, = .75/ rad Cop = —-.37/rad
Cm,, = -.80/rad Coy = —.14/rad
Cmg, = —~%.0/rad Cpp = .11/rad
Cmq = -8.0/rad Cp, = —.16/rad
che = .l/rad Cnﬁa = —.0075/rad
Cmg, = —.81/rad Cop, = .054 /rad
Cyar = .175/red
Cn5r = —.063/rad
CZ@r = .029/rad
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Mach
6

0 2 8
0 I | T I
_4 L
Cmg
(rad™) S CaCain GO,
- Q. (10)
_.8 L
SL JETSTAR
----- 20,000 ft 38204 1b
—-—  40,000ft .25¢
0 » Mach 5 8
0 : | ] T [
OO
-4 ©- -®' C"‘a
Cmg,
Cmgqg
(rad™)
ree st OO —Cirwny, . c
) () Mg
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.08

Co,,
(rad™)
04
(7)
0 lo—ero—e1a
0] .2 4 6
Mach
Mach
0 2 4
0 | AP TOx,
4 B0, O, \ﬁ
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\
(rad™") -4 '
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SL JETSTAR
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-_4 |
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-1
(rad ") . OO0 - DG
SL JETSTAR
------ 20,000 ft 38204 1b
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SL
“““ 20,000 ft
——-— 40,000ft

JETSTAR
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SL JETSTAR

----- 20,000ft 38204 1b
—-— 40,000t Body Axis
08 —
Cﬂsol 008 D@
(rad™) OO0
.04 —
0 | | | 1
0 . 8
Mach
4 Mach 5
0 2 4 8
0 | T I I
C
"% -0l
(rad™)
-02 -
84 is deflection of aileron

on one slide only
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JETSTAR DATA SOURCES

Myers, Russell H., Jr., and Carl S. Cross, Jetstar Flight Evaluation,
Alr Force Flight Test Center Rept No. FTC-TDR-62-2LC-1L0, Feb. 1963

Clark, Daniel C., and John Kroll, General Purpose Airborne Simulator —
Conceptual Design Report, NASA CR-SUL, Aug. 1966

Flight Manual, USAF Series C-1LOA, C-140B, and VC-1L4OB Aircraft,
T. 0. 1C-1L0A-1

Jetstar Handbook of Operating and Maintenance Instructions for USAF
Models C-140A and VC-140B Aircraft, T. 0. 1C-1LOA-2
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SECTION VIII
CONVAIR 880M
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CONVAIR 880M BACKGROUND

The Convair 880M is a medium-size four engine jet transport. Longi-
tudinal and directional control consists of servo tab deflected elevators

and rudder., Lateral control consists of servo tab deflected ailerons plus

hydraulic actuated spoilers.

Elevator, aileron, and rudder transfer functions are in terms of
respective primary surface deflections with tab lésses included. Although
the control system diagram shows a lag in the spoiler actuator, none was

used in computing transfer functions.
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Cv-880M

PITCH AXIS
+
(81, -Belc ’? 1 = 84, (rad)
‘Chs
-E;-;l:- =~ Se(rﬁd}
ROLL AXIS
-1425
v is = s, (rad)
81°C —— 3, (rad)
_Ch8
- o = 5,(rad)
Chsu
YAW AXIS

(S, -3r)c ;? ' = 31, (rad)

—ChSIf
Chsr

= & (rod)

Tlgure ¥IIi-3. CV-880M Control System
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Flight Condition
Configuration

Speed
Altitude

@, (Deg)

CL
Cp

CIbL (1/rad)
CD(L (1/rad)
Cma (1/rad)
C;. (1/rad)
Cq, (1/rad)
Cong (1/red)
cmq (1/rad)
Crg (1/rad)
Cm&Z (1/rad)
Ch&e (1/1‘8.(1)

CL

e
Chg,
(S]

(1/rad)
Cmate (1/rad)
(1/rad)

1
L

TABLE VIII-1

2

PA

Cv-88aM

134 KTAS 165 KTAS .6M
SL

SL

5.2

1.05
0.154

L .66
0.43
—0.381

2.7
7.92
a7

—-12.2

0.22
—0.657
~0.326

0.055
—0.164

—-0.287

L

0
0

M
0
_O

2.
.72
A3
—-12.

7
)

0
._.O
_O

dd o

5

.68
.080

.52
27
9035

213

637
328

.0532
159
.285

23K
5.5

0.36
0.022

4 .28
0.14
—0.522

2.44
6.76
-4 .16
-11.5

0.193
—0.586
—0.336

0.0482

—0.146
—0.297

198

.8EM
25K

2.8

[}

75
0.019

L4
0.07
572

R
438
278

0.0%352
0.1
—0.343

6
™ M
35K 35K
8.3 b7
0.4s5h 0.347
0.025 0.02k
4 .62 4.8
0.18 0.15
—0.568 —0.65
2.75 2.75
7.5 7.5
&4 4.5
—12. —12.
0.203 0.190
—0.618 -0.57
-0.342  -0.%
0.0508 0,047
—0.155 =0.1h4
-0.312  —0.335

Longitudinel Non-Dimensional Stebility Derivatives

.86M
35K

k.o

0.501
0.02%

o
\O

a3
—0.7h4

2.9
7.62

.180
532
.285

0.0450
134
—0.352



TABLE VIII-2

cv-880M

Leteral-Directional Non-Dimensional Derivatives

Flight Condition 1

Configuration L
Speed 134 KTAS
Altitude SL
cyB (1/rad) -1.015
¢, (1/rad) —0.239
cnﬁ (1/rad) 0.145
CEP (1/rad) —0.395
cnp (1/rad) —0.087
C, (1/rad) 0.309
C,. (1/rad) —-0.218
n
Cyéa (1/rad) 0
Chg, (1/rad) —0.0487
cn6 (1/rad) 0.01862
a
Chg, (1/rad) —0.607
a
Cysg (1/rad) 0
Czata (1/rad) —0.0072
Cn&ta (1/red) 0 .
Ch@ta (1/rad) —0.249
Cyg (1/rad) —0.078
Cpg (1/rad) 0.0805
Cnbz (1/rad) 0.0258
Cyg {1/rad) 0.22%
V&,
Cip (1/rad) 0.0207
cné; (1/rad) —0.095
Chg,, (1/rad) —0.2140
c 1 /rad 0.04
vey, (1/72d) %
C£6tr (1/rad) 0.0021
Cng, (1/rad) —0.020
Chgtr (1/rad’ -0 .25
r

(Stebility Axis System)

2 3 L 5 6
PA
165 KTAS .6M .86M L™ .8M
SL 23K 23K 35K 35K
-0.877 -0.788 —0.815 —0.807 —0.0125
—0.196 —0.163 —0.145 A8 =077
0.139 0.128 0.122 0.129 0.129
—0.381 —0.329 —0.243 —0.341 —0.312
.0k  —0.0173 -—0.0031 -0.023 —0.011
0.198 0.146 0.088 0.180 0.153
-0.185 —0.163 —0.189 —0.166 —0.165
0 0.0019 0.0745 0.004k  0.00775
—0.038L —0.0466 —0.0452 —0.0479 —0.0497
0.0172 0.00746 0.01061 0.007 0.0080%
—0.481 —0.236 —0.258 —0.2233 -0.2005
0 0 0 0 0
—0.0056 —0.0068 —0.0068 —0.0071 —0.0075
0 0 0 o} 0
—0.227 —0.215 —0.2125 —-0.226 —0.235
—-0.0315 —0.0189 —0.0175 —0.0189 —0.0189
0.0405 0.029 0.0281 0.032%  0.0329
0.0129 0.01146 0.0109 ©0.00975 0.01004
0.2155 0.190% 0.1394 0.199 0.184
0.0226 0.0176 0.018% 0.0165 0.0187
—~0.0958 —0.0845 —0.0534 -0.0848 -0.0756
~0.2125 —0.1626 =0.184h -0.1345 —0.149N
0.0467T 0.037T4+ 0.0215 0.0kOk  0.0355
0.0027 0.0016 0.0018 0.0014  ©.0019
—0.019 =—0.015 —0.0077 —0.016 —0.013%
-y =267 —0.25k —0.27 —0.267

199

RISTS
e

—

0.1

(@]

35

—0.29%
—0.0054
0.146
—0.165
0.00975
Rellkrde
0.0097"
.258

0
—0.007

0
-0.213%

—0.0175

0.0239
0.00917

1685

0133
064

-1924

L d oo

L0316

.0020
011

& do o
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Cv-880M DATA SOURCES

McNeill, Walter E., Calculated and Flight Measured Handling-Qualities
Factors of Three Subsonic Jet Transports, NASA TN D-L482%2, Nov. 1968.

Brooks, Peter W., The World's Airliners, London, Putnam, 1962,
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SECTION IX

BOEING 747
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BOEING 747 BACKGROUND

The Boeing 747 is a very large four-fanjet intercontinental transport
designed to operate from existing international airports. To obtain the
necessary low speed characteristics the wing has triple-slotted trailing
flaps and Krueger type leading edge flaps. The Krueger flaps outboard of
the inboard nacelle are variable cambered and slotted while the inboard
Krueger flaps are standard unslotted. Longitudinal control is obtained
through four elevator segments and a movable stabilizer. The lateral con-
trol employs five spoiler panels, an inboard aileron between the inboard
and outboard flaps, and an outboard aileron which operates with flaps down
only on each wing. The five spoiler panels on each wing also operate
symmetrically as speedbrakes in conjunction with the most inboard sixth

spoiler panel. Directional control is obtained from two rudder segments.,

Information for this aircraft was obtained solely from a 747 simulator

description (Boeing D6-30643%).
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PITCH AXIC

B-747

214
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Figure IX¥-7.



B-747

YAW SAS

505s
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(Gyro and INS Aligned with FRL)

Figure IX-k, B-T47T SAS
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TABLE IX-1

B-T47

Landing Configuretion Non-Dimensional Derivatives

h = sea level
Ve, = 131 KTAS
@ = 8.5°
5s = —6.3°
Longitudinal Lateral-Directional
C, = 1.76 CVB = ~1,08/rad
Cp = .263 CgB = ~—,281/rad
Cly = 5.67/rad Cng = .184/rad
CDg = 1.13/rad Cegp = —.502/rad
Cmg, = —1.45/rad Cnp = =—.222/rad
Crg, = —6.7/rad Cgp = .195/rad
Cmg, = =3.3/rad Cny = =.36/rad
CLg = 5.65/rad Cepg = +0530/rad
Cung = -21.4/rad Cngg = -0083/rad
Cry = —1.1 Cyar = .179/rad
CmM = .36 Cgsp = O
Clge = .356/rad Cng, = =.112/rad

Cmge = —1.40/rad

Oa = total deflection of right inboard aileron plus left
inboard aileron with the effect of outboard ailerons

included
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TABLE IX-2

B-T47

Power Approach Configuretion
Non-Dimensional Derivatives

h = sea level
Vo, = 165 KTAS
aw = 5.7°
5y = —2.1°
Longitudinal Lateral-Directional
C, = 1.1 CyB = =.96/rad
Cp = .102 Cgg = —.221/rad
Clg = 5.70/rad CnB = .150/rad
Cpq = .66/rad Cop = —.45/rad
Cmg = —1.26/rad Cnp = ~.121/rad
Crs, = —6.7/rad Cgp = .101/rad
Chmg, = =3.2/rad Cnp = —.30/rad
CLg = 5.4/rad Cosg = .0461 /rad
Cmg = =—20.8/rad Cng, = .006k/rad
CIM = =81 Cyar = .175/rad
Coyg = 27 Cesp = .007/rad
CLSe = .338/rad CUSr = =—,109/rad

Cmge = ~1.3k4/rad

by = total deflection of right inboard aileron plus left
inboard aileron with the effect of outboard ailerons
included
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SL B-747
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B-747 DATA SOURCES

Hanke, C. Rodney and Donald R. Nordwall, The Simulation of a Large Jet
Transport Aircraft, Boeing Rept. No. D6-30643, Vols, I and II,
Sept. 1970.
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SECTION X

C-5A
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C=5A BACKGROUND

The C-5A is a very large military logistics transport powered by four
turbofan engines. Longitudinal control consists of elevators in four
sections with an all-movable stabilizer for trim, roll control employs
ailerons and spoilers, and yaw control a conventional rudder, All control

surfaces are irreversible.

A bobweight is used in the longitudinal feel system. The effective

bobweight position i1s assumed to be at the pilot.

The C-5A employs stability augmentation about all axes, A description
of the SAS is not included here.
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C-5A

|
PITCH AXIS Seg s (deg)
Bclin) | _
Feclib) x s _"é’_“&?‘“’d)
8.3
527 [~ oz ot L
30
-©®- ---@7@)—'—
20} ‘/)
K(.iti) /
in
ok SL
- === 20,000ft
—-— 40,0001t
0 ! ' ' : :
0 2 4 Mach S 8 10
ROLL AXIS
RULL AAlS Sagasdeg)
3, (deq)
| w 1.0 é
Fw(lb) ——— K LAT "1 573 = 8,(rad)
\ LAT
Contfig.| K = 13 }—= 8(rad)
Clean |.12 Ib/deg
PA |I55Ib/deg
YAW AXIS
RASLLELALAL.4 SrsAs(er)

Speplin)
| PED 7 é
Freo (101 635 - 573 3y (rad)

Pigure ¥X-%. C-%A Control System
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TABLE X-1

0=34

Power Approach Non-Dimensional Derivatives

h = sea level
Vp, = 247 ft/sec = 146 kt
Qg = 2.70
Longitudinal Lateral-Directional
(Stability Axis)
C, = 1.29 CVB = —=.T7/rad
Cp = 145 Cng = .075/rad
CL(], = 6-08/rad CzB = —.123/1‘8.(1
Cp, = -622/rad Cop = —.458/rad
Cm, = —-827/rad Cn, = ~.098/rad
Cpg, = —8.3/rad Cyp = -290/rad
Cmq = =23.2/rad Cn. = ~.293 /rad
C = .385/rad = =, 004h4/rad
Ioe / Cyaa / Spoiler
= =1.6/rad C = ,0091/rad Effects
Cmse / "da / Included
Copg = .089/rad
Cy5r = .211/rad
Cng, = =—.106/rad
Cop, = .0209/rad
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C-5A
654362 Ib
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SL
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— ~— 40,000 ft
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C-5A

654362 ib
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(rad™)
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-2.0
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C-5A DATA BSOURCES

C-5 Flight Control Report (Aerospace Vehicle) Stability and Control,
Lockheed-Georgia Rept. No. LG1USh2-1-1, 8 Feb. 1966
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SECTION XI

XB-TOA
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XB-TCA BACKGROUND

The XB-T0A was originally designed as a weapons systems with long range
supersonic cruise capabilities. The two aircraft built became research air-

craft to explore SST-related problems.

The two XB-70A's were identical except that the first airplane (XB-70A-1)
had zero geometric dihedral while the second rad 5 deg geometric dihedral.

The first airplane i1s considered here.

Pitch control employs interconnected elevon and canard surfaces except
in takeoff and landing where the canard is locked and a fixed canard flap
is used., Roll control is obtained through differential action of the elevons.
Yaw control is provided by rotation of the vertical stabilizers about a

45 deg hinge line.
The airplane is equipped with stability augmentation in all axes.

Data shown here is a composite of many sources. The object was to use
flight test data where possible,
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XB-70A

PITCH AXIS
- Segag(rad)

FCC“b) + | SCC (ln) -465 | Se(rod)
' g? 573 é [+075s

02552 +355+K

See Fig.
PA G ©Clean Config B BO%US%?;}\;QFS } Lq
' |
5 R | Clean [101b/g| [852.2  |-2169¢t
B - PA |l14ib/g] 14792  10.96ft]
355 [~ 0z at dg 553 —=3.(rad) g 2 ft
50 SL
———— 20,000ft
40 == 40,000” Ve /_/
k(12 —— — 60,0001t Pid /-
M3l =—<-= 80,000ft 7 .

20 — — — - e —— --—®

10}

o L 1 L | I | 1 1
0 4 8 .2 16 macp 2.0 24 28 32

ROLL AXIS Sosasirad)

SLAVdeg) 4|
FLAT . | cCc ¢ ‘ |
cc (in/Ib) 370 573 1075

YAW _AXIS Sreas(rad)

SPED(in) DIR !
FpED(Ib) —— K|D|R 5673 Sr(rod)

Config. | KP°® (e

Gear UP | 281b/in | .96 deg/in
Gear DN | 3lib/in | 40deg/in
Figure XI-3. XB-T0A Control System
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PITCH SAS

B (rad/sec) ———m= 24

ay (ft/sec?) ——m=

AM —

8¢ (in)

ROLL SAS

XB-70A

32.2x573

-6

-QO_Q_(S”)

573

-465

573

az; at 1;3

—_..SeSAS(rod)

!

34.8ft Clean
36.4ft PA

Normal Accelerometer at FS. 1174

p(rad/sec) ———

YAW SAS

r{rad/sec)

.35
2.25
o 2 e
80,000
Figure XI-L. XB-70A SAS
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Power Approach Nondimensional Stabllity Derivatives

h
Vi,
Go
Longitudinal
Cp = .333
Cp = 055
Cp, = 2.6/rad
Cp, = .56/rad
Cma = —.25/1'8.(1
Cm'd = +.O5/ra.d
Cmq = —1.5/rad
CL6e = .46/rad
Cmg, = —-19/rad

TABLE XI-

XB-TOA

sea level
347 ft/sec

7.5 deg

1

Leteral-Directional
(Body Axis)
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~.183/rad
.132/rad
-.072/rad
—.18/rad
—.26/rad
~.0%/rad
—.25/rad
~.063/rad
.0k2/rad
—.0052/rad
.12/rad
—.0018/rad

—.103/rad
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XB-TOA DATA SOURCES

Estimated Aerodynamic Derivatives, XB-70, North American Rept.
No. NA-61-707, 29 June 1962

Aerodynamic Coefficlents Obtained from Flight Test Data, XB-70,
North American Rept. No. TFD-67-277, 14 Apr. 1967

4+

Wolowicz, Chester H., et al, Preliminary Flight Evaluation oI the
Stability and Control Derivatives and Dynamic Characteristics
of the Unaugmented XB-70~1 Alirplane [ncluding Comparisors with
Predictions, NASA TND-4578, May 1960

Estimated Performance Report for the XB-70A Air Vehicle No. 1,
North American Rept. No. NA-6L-660, 26 Oct. 196

XB-70 Tlight Control System Summary Test Report, North American
Rept. No. NA-66-560, 50 Sept. 1966
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1. AXIS SYSTEMS

AFPENDIX A

AXIS SYSTEMS, SYMBOLS, COMPUTER
MNEMONICS, AND DERIVATIVE DEFINITIONS

/’{\\““\\BY\D&C Inertial Ref.

Ys 9Ys ,V,q
ZB ,W’ r
g
Xp, Yg, Zg ~ The Body-Axis System consists of right-handed, orthogonal

xS: YS’ ZS -

axes whose origin is fixed at the nominal aircraft center

of gravity. It's orientation remains fixed with respect

to the aircraft, the Xp and Zp axes being in the plane of
symmetry. The exact alignment of XB axis is arbitrary, herein
it is taken along the body centerline reference.

The Stability-Axis System is that particular body-axis
system for which the Xg-axis is coincident with the
Projection of the total steady-state velocity vector (VT )
on the aircraft's plane of symmetry. It's orientation
remains fixed with respect to the aircraft.
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2. SYMBOLS

a Speed of sound in air ft/sec
ay Lateral acceleration along the y-body axis
at the center of gravity {positive out right
wing) £t /sec?
a.. Lateral acceleration parallel to the y-body
' axis at a distance fx and g2, from the c.g., 5
ay = ay + fxT — £yD ft/sec
aé Normal acceleration parallel to the z-body
axis at a distance 4, from the c.g.,
ay = 8y — IyQ £t /sec?
a? Normal acceleration parallel to the z-body
axis at a distance gp from the c.g.
b Reference wing span ft
B Bobweight gain 1b/g
B.L. Buttock line
c Reference chord ft
C Longitudinal feel system damping 1b/in. /sec
.. Center of gravity
D Aerodynamic force (drag) along the total
velocity vector (positive aft) 1b
FRL Fuselage reference line (parallel to x~body
axis)
F.S. Fuselage station
Longitudinal control column force (+ aft) 1b
Fgp Longitudinal stick force (+ aft) 1b
LAT R .
Fap Lateral stick force (+ right) 1b
Fped Rudder pedal force (+ right) 1b
g Acceleration due to gravity ft/sec2
G Pilot control to surface gearing deg/in. or
deg/deg

A-2



Ja

bth

2

KTAS
KCAS

Kl

MGC

Altitude
Longitudinal feel system inertia

Moments of inertia referred to body axis
(unless otherwise specified)

Product of inertia referred to body axis
(unless otherwise specified)

The imaginary portion of the complex vari-
able s = 7+ jo

Effective distance of bobweight from c.g.
(positive forward)

Distance along the x-body axis from the
c.g. (positive forward)

Perpendicular distance from c.g. to thrust
line (positive for nose-up pitching moment
due to thrust)

Distance along the z-body axis from the
c.g. (positive down)

Iongitudinal feel system spring constant
Knots true airspeed

Knots calibrated airspeed

Feel system spring constant per unit dynamic

pressure

Rolling moment about the x-axis due to aero-~

dynamic torques (positive right wing down)
Aerodynamic force (1ift) perpendicular to
the total velocity vector in the aircraft's
plane of symmetry (positive up)

Mass

Mach number

Pitching moment about the y-axis due to
aerodynamic torques /positive nose up)

Mean aerodynamic chord

Mean geometric chord
A-3

't

lb/in./se02
slug-ft°
slug-ft2
rad/sec

't

ft

ft

ft

1b/in.

(1b/in. ) /psf

ft-1b

1b

slugs

ft-1b
ft

ft



Kl

TrG

Aerodynamic normal force along the z-body
axis, but positive up

Yawing moment about z~axis due to aerodynamic
torques (positive nose right)

Roll rate, angular velocity about x-axis
(positive right wing down)

Pitch rate, angular velocity about y-axis
(positive nose up)

2

Dynamic pressure, 1/2 p Vg

Yaw rate, angular velocity about z-exis
(positive nose right)

Yaw rate gyro signal
Laplace operator, o+ jw
Reference wing area
Trailing edge down
Trailing edge up

Thrust line

Linear perturbed velocity along the x-~axis
(positive forward)

Linear steady-state velocity along the
x-axis (positive forward)

Linear perturbed velocity along the y-axis
(positive out right wing)

Stall speed

Total linear steady-state velocity (positive
forward.)

Linear perturbed velocity along the x-axis
(positive down)

Water line
Weight

Linear steady-state velocity along the
z-axis (positive down)

A-4

1b
ft-1b
rad/sec

rad/sec

1b/ft2

rad/sec
rad/sec
rad/sec

££°

ft/sec
ft/sec

ft/sec

kt

in.

1b

ft/sec



Aerodynamic force along the x-axis (positive
forward)

Aerodynamic force along y-axis (positive
out right wing)

Aerodynamic force along z-axis (positive
down )

Perturbed angle of attack

Steady-state (trim) angle of attack
relative to the FRL

Sideslip angle

Steady-state flight path angle

Aileron control surface deflection (includes
spoiler effects, etc.) (positive for posi-
tive rolling moment)

Elevator surface deflection from trim
(positive for nose-down pitching moment

for aft surface)

Trim elevator deflection

Longitudinal control column deflection
from trim (positive aft)

Longitudinal stick deflection from trim
(positive aft)

Lateral stick deflection from trim (posi-
tive right)

Rudder pedal deflection from trim (posi-
tive right pedel forward)

Lateral wheel deflection from trim (posi-
tive about x-axis)

Stabilizer surface deflection from trim
(positive for TED)

Spoiler surface deflection (positive up)

Vertical tail deflection from trim (posi-
tive for nose-left yawing moment)

Rudder deflection [positive for nose-left
yvawing moment (negative N)]

A-5

1b

1b

rad

deg
rad

deg

rad

rad

deg

deg

in.

in.

deg

rad

rad

rad

rad



A Denominator of airframe transfer function

€ Angle between principle inertia axis and FRL
(positive about y-axis) deg
Ci Damping ratio of linear second-order mode
particularized by the subscript
8 Pitch angle, [q dt for straight and level
flight, positive nose up rad
iy Inclination of thrust line with FRL [posi-
tive gives negative (~) z forcel deg
o Mass density of air slugs/ft3
o The real portion of the complex variable
s = 0%jw rad/sec
o Roll angle, (cos 8,/p dt—sin g [r dt) in
straight and level flight (positive right
wing down) rad
ws Undamped natural frequency of a second-order

mode, particularized by subscript rad/sec

Special Subscript

a Aileron

ce Control column

d Dutch roll

e Elevator

G Gyro

INS Inertial navigation system
e Phugoid

r Rudder

R Roll subsidence

s Spiral

SAS Stability augmentation system
sp Short period

ST Stick



Special Superscript

DIR

LAT

Symbols Unigque

Directional control system (e.g., rudder pedal)

Lateral control system

to Specific Alreraft

ART

BLC
DIR

(6te - 58)(}

r

(\Str - Sr)c

Aileron-rudder interconnect (F-L4)
Boundary layer control (F-104, F-L)
Rudder flexure coefficient (F-4)
Bellows force parameter (F-U)
Bellows pressure (F-4)

Yaw damper surface deflection (F-104)
(positive for nose-left yawing moment)

Aileron tab deflection (CV-880M)
Commanded aileron tab deflection (CV-880M)
Elevator tab deflection (CV-880M)

Commanded elevator-elevator servo tab
combination (input linkage) (CV-880M)

Rudder tab deflection (CV-880M)

Commanded rudder-rudder servo tab
combination (input linkage)(CV-880M)

1b/£%°

rad
rad
rad

rad

rad

rad

rad



3. COMPUTER PRINTOUT MNEMONICS

a. DIMENSIONAL, MASS, AND FLIGHT CONDITION PARAMETERS

COMPUTER T'RINT OUT

S
B

C

F/C#
H(FT)

SL

M(-)
VTO(FPS)
VTO(KTAS)
VTO(KICS)
W(LBS)

C.G.(MGC)

X
IY
Iz
XZ

EPSILON(DEG)

Q(PSF)
QC(PSF)
ALPHA(DEG)
GAMMA (DEG)
LXP(FT)
1ZP(FT)

ITH(DEG)
XI(DEG)

LTH(FT)

STANDARD NOTATION, DEFINITION

S5, wing reference area

b, wing span

¢, mean geometric chord
Flight Condition number
h, altitude, feet

Sea Level

M, Mach number

Vp,, true airspeed, knots
VTO, true airspeed knots
Vr,, calibrated airspeed, knots
W, weight, pounds

c.g., center of gravity relative to
mean geometric chord

Ix

Iy Body axis (FRL) moments of
Iz inertia, slugs-ft2

Ixz

€, inclination of principle axis with
respect to FRL, degrees

q, dynamic pressure, psf

Qe impact pressure, psf

ay, FRL angle of attack, degrees
7o flight path angle, degrees
£y, ¥ distance to pilot, ft

4,y 2 distance to pilot, ft

itys thrust incidence with respect
to FRL, degrees

go, ity t 9y, degrees

Z¢y, perpendicular distance to
thrust line from c.g., ft



b. LONGITUDINAT, PARAMETERS

COMPUTER PRINT OUT STANDARD NOTATION, DEFINITION
XU* Xy 1/sec

ZU* Zy 1/sec

MU* My 1/sec-ft

XW Xy 1/sec

W Zy 1/sec

MW My, 1/sec-ft
ZWD Zy 1/sec@

zQ Zq 1/sec

MWD M 1/sec-ft

MQ My 1/sec

tXDDD Xg ft/sec2-rad
ZDDD Zg £t /sec®-rad
MDDD Mg 1/sec?

DTH Sh Thrust

FST Fst Stick force
U u fps

W w fps

THE 0 rad

HD h fps

AZP ag rt/sec® at X = By

tDDD signifies a control surface, e.g., for elevator DDD = DE; for aileron
DDD = DA



c¢. LATERAL-DIRECTIONAL PARAMETERS

COMPUTER P«INT OUT STANDARD NOTATION, DEFINITION
YV Yy 1/sec

YB Yg ft/sec?

LB' Lé 1/sec?

NB' Ng 1/sec?

LP' Lﬁ 1/sec

NP' Np 1/sec

LR' Ly 1/sec

NR' Ny 1/sec
tY*DDD Y§ 1/sec

L'DDD Ld 1/sec?

N'DDD Ng 1/sec?

B B rad

P D rad/sec

R r rad/sec

PHT ® rad

AYP 8y £t/sec?® at fy, £z

'DDD signifies a control surface, e.g., for elevator DDD = DE; for aileron
DDD = DA.
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d. TRANSFER FUNCTION PARAMETERS

The following shorthand notation is used to print the factored

polynomials for all transfer functions™:

1 to k

1l

1/Txs , i

1l

(s + 1/Tx)i

1 to £

42 2 . ;
(s + ngns + wn)j Cj’wnj b} d

where k + 24 n, the order of the polynomial

1]

COMPUTER PRINT OUT STANDARD NOTATION, DEFINITION
DET Roots of the denominator
N(X/Y) Numerator N§
A(X) Gain of the transfer function x/y
t/T(X)I 1/TXi, rad/sec
t2(X)J gj
tW(X)J @y rad/sec
For example: DENCMINATOR
1/T(DETHL L0318
1/T{DET)2 2.2C
ZICET)1 .06C9
WIDET)1 1.13

NUMERATCRS

N{B /DR )
A(B ) . 0265
1/7T(8 )1 -.0454
1/7(B )2 2.05
1/71(8 )3 42.3
Translates to: £ - .0295(s .Ohgh)ig + 2.05)(s + 42.3) -
By (s + .0318)(s + 2.20)(s% + 2 X .0609 X 1.13s + 1.13°5%)

*The transfer function x/y is written as:

Hﬁ Ax(sm 4L so)
Xy = = - 0
A (sB + s + ,,. sY)

tAny roots enclosed in parentheses imply the opposite order of what is
specified, e.g., Z(DET)1 = (0.00132) =% 1/T(DET)1 = 0.00132
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COMPUTER PRINT OU

e. LONGITUDINAL HANDLING QUALITY PARAMETERS

STANDARD NOTATION, DEFINITION

p(6)/p(U) (DEG/KT)

NZA (G/RAD)

DE/G (DEG/G)

CAP (RAD/SEC/SEC/G)

FHUGOID( 2)
(Tuck(2})

1/¢(1/10)

FST/KT (LB/KT)

FST/G (LB/G)

*The hat (K) notation implies constant speed (u = g, =

3y /ou, degrees/knot

K, 8/red

8e/8, degrees/g

Control anticipation
parameter, rad/secZ/g

The phugoid time to
double amplitude, seconds

Short period inverse cycles
to 1/10 amplitude

Stick force per knot,
pounds/knot

Stick force per g, pounds
per g

The parameter has no meaning

or is not defined at this flight

condition

A-12

EQUATION
ne(s)wa—;"E Ng(s)—-v—é ug(s)]
(1.689)(57.3) T
NB( )+ N5(S)
vTo V1o
sy fi8z
. 5(5), for s =0
& Ni(s)
LEY
57.3 , for 8 =0
[ A(s)
( 2‘Ne(s) u) Nai
- A(S) g szO
1n 2

m, for Qph <

<

21 S \
mo Vil T oste

1.689 [ﬁ(s)}-1 for 8§ =0

>

for 8=0



f. ILATERAL-DIRECTIONAL HANDLING QUALITY PARAMETERS

COMPUTER PRINI OUT STANDARD NOTATION, DEFINITION EQUATION
DR PERIOD (SEC) Dutch roll period, seconds 2rfuy d\/1 - gg

2 ‘/ ¢
1/c(r/2) Dutch roll inverse cycles I d
to 1/2 amplitude In 2 1

Py + Py — 2p,

Pyt P} + 2P2'

, for gd >0

for {; 2 0.2

, for £, > 0.2

SPIRAL (2) (SEC) Spiral time to double Tg In 2, for 1/Tg < O
amplitude, seconds
P(T) Roll rate at peak I for & unit
step input of &y
P(0SC)/P(AV) A measure of the oscillatory
to the average roll rate
Py ~Pp
Py +Po
W(PHI)M(D) Ratio of the roll frequency to wn¢/&hd

the dutch roll frequency

DEL~-B-MAX &8, :+ Maximum sideslip excur-
sion at the c.g., occurring
within two seconds or one nalf-
period of the dutch roll, which-
ever is greater for a step
aileron-control command

PHI to BETA, PHASE £9/8 at s = (§; wn)y, degrees
PHI TO BETA |o/8] at s = (L3 an)g, rad/rad
PHI TO VE 1¢/Ve| at s = (§; wy)y, deg/fps

*ve = (B)(Vgag), Vs = J'Eg
(o]
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4. NONDIMENSIONAL DERIVATIVE DEFINITIONS

a) longitudiral Body Axis

Cy = 28’ positive up
X
Cx = - 35 positive aft
Oy, = ow/ R T
2V o
2V
Cny = OCn/M Cyy = —o Xw/d
Crg = OCn/3® Cy = XCwM
e 2o 3,/
Cxy = Xx/X Cuy = —5 /%
Cxy = OCx/oM
Cxs = ACx/d
D) Iongitudinal Stability Axis
L
Cy = -&——S- , positive up
D
Cp = 'q'—s s positive aft
Oy = X/
2V
Crg = CTO oCr,/od Pitching moment
Cry = OCL/oM derivatives are
Crg = dcr,/d identical to
Cpy = aCp/ o those for body axis
Cpy = oCp/oM
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¢) Llateral Body and Stebility Axis

Though physically and numericsally different,* see Appendix B, the
same symbols are used for body axis and stability axis lateral rolling
and yawing moment derivatives. The sideforce derivatives (Cy, etc.) ar
physically and numerically the same in both axis systems. When the
rolling or yawing moment derivatives are given in this report the axis

system is specified. When using the following all quantities should be
for the same axis system.

C Y L N

y < ® ‘L= ‘0 w

Cyg = 9Cy,/3p Cig = oC4 /3B Cng oC,/3p

Oy = WS Oy = R Ony = o2 2/
€1, = avbT° 3y /dr Cnp = f}’;_?g 3Cy/dr
Cly = oC1 /B Cpg = OCp/3®

*The exreption 1s the zero trim angle of attack condition.
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5. DIMENSIONAL STABILITY DERIVATIVE DEFINITIONS

The same symbols are used for body- and stability-axis dimensional

derivatives.

Care should be exercised so that a consistent set of

quantities are used.

&) Longitudinal Body Axis

%

Xy

Xu + Tu COSgO

Zy - Tu Sil'lgo

pSUo

pSU,

pSe U,
hm VTO [0

pSV%0

om CN&e

Lin

Mu+?rﬂu

M Wo
n (‘§CXM'°X+E

M
m (- 5 Oy -

o)

o

o |- ong - 2 B2 (ox+ o,

Yo
Cy + éfj_g CNa)

Zm ['CNa -8 gf', (on + 3 CNM)]

A-16

1/sec

1/sec

1/sec

ft
secerad

1/sec

1/sec

1/sec

't
secgrad

sec-ft



pSely [

'
[}
o
H
<

W
+ 0 0

Jm-é_ﬁ;cn)a]

2 Cunyg

2W, M

(o}
Cma + F;— (Cm'l' 5 CmM)]

L

Uo

T Voo c

EF F
<
F

F
]

£

;

e QIy 13,

1
— OT/oM

3
|

b) Iateral Body Axis

Yy = ( pSVTO/Qm)CyB

Yg = Vr Yy

Y5, = (psv%O/an)cyS
a

Yo, = (pSVg /2m)Cy,

Y5 = pSVTO/Qm)CyBr

( ;;sv%olo/zlx)cl6

SR
] "

( psvTobe/hIx)ch

Lr = (pSVpb°/bIx)Cy,

sec-ft

sec-ft

sec-ft

1/sec?

1/sec

1/sec

1/sec2

1/sec

1/sec
ft/sec2
ft/sec
ft/sec2
1/sec
1/sec”
1/sec

1/sec



2
(psvTob/2Ix)cl6
a
(DSV%Ob/QIX)Clgr

(psvTo/zm)cyaa

(pSV%ob/2Iz)Cnﬁ
(DSVTébz/uIz)Cnp
(psvTon/hIZ)cnr
(pSV%Ob/QIZ)Cnsa

( OsveTob/EIz )Cnar

(Lg + IxoNp/Iy)G
(Lp + L Np/I)G
(Ly + TN /Ix)G
(Is,. + LMo /Ix)G
(Ig, + Teals,/Ix)C
(Ng + Iy,Lp/I;)G
(Np + IyzLp/I)G
(N + IypLy/I,)G
(N, + I,,15,/12)G
(N5, + Iyple,/I2)G
1

L

1= IxIz
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1/sec?
1/sec?

1/sec

1/sec®
1/sec
1/sec

1/sec?
1/sec?

1/sec?
1/sec
1/sec
1/sec?
1/sec2
l/sec2
1/sec
1/sec
1/sec®

1/sec?
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TRANSFORMATION OF DIMENSIONAL
FROM STABILITY AXIS TO BODY

Longitudinal

2

Xy €o0s< ag = (Xy + Zy) sin og

Zy sin® 0o

Xy c0sC ag + (Xy = Zy) sin ag
Xyr cos? oo — Zy sin o COS og
Xq;8 cOs ap — Zg;p sin ag

Zyy €082 ag — (Zy = Xy) sin og
~Z¢ sin ag cos qg

Zw €082 ag + (Zy + Xy) sin ao
7y cos? ao + Xyy 8in ag cos ag
Zq;g cos ag + Xq;g sin ag

My cos ap = My sin ag

=My sin g

M, cos ag + My sin ag

My cos ap

Ma58

Iy

DERIVATIVES
AXTS

cos ag + Zy

COS Qg — Zy

cos ag — Xy

cos ag + Xy

sinc «

sin? Qo

sin“ ag

sin? Ao



Leteral~Directional

(Yv;6)b = Yv;6
(Yo)y, = Y&
(YP)b = Yp cos ap — Yr sin ap
(Yp)p = Y cos oy + Y, sin a
(Lé;a)b = L&;S COS ap — N&;S sin ag
(Bydy = Ty cos ag — ¥y sin o
(Lﬁ)b = Lﬁ cos® oo — (Ip + Nﬁ) sin ao cos ap + Ny sin® og
' _ t 2 LR . - TN +n 2
(Lr)y, = Lr cos® ao — (Ny — Lp) sin ao cos ao — Np sin® oo
(N%;S)b = NG;B cos ao + L&;S sin ag
(ﬁv)b = ﬁﬁ cos a5 + ﬁﬁ sin og
t 1 2 1 1 . t .2
(Np)y, = Np cos= ap — (Nr — Lp) sin ao cos aop ~ Ly sin® ag
1 _ ' 2 1 ! . t 2
(Np)p = Np cos® ap + (Ly + Np) sin oo cos ap + Lp sin® oo
(IX)b = Ix cos? ap + 2Ixy Sin ag cos ag + I, sin? aq
(Iz)y, = Iz cos? ag — 2Ixg Sin ag cos ap + Iy sin ag
(Ixz)y = (Iz — Ix) sin ap cos ag + Ixy(cos? ag — sin? ap)






APPENDIX C

EQUATIONS OF MOTION, TRANSFER FUNCTIONS,
AND COUPLING NUMERATORS

1. Longitudinal

a. Equations

(1-Xg)s =Xy —Xys =Xy (Xg+Wo)s +g cos 6o u X@(j
—Zas =70 (1 =Zy)s =2y (~Zq=Uo)s+g sin 8y w = Z8a
2
M5 =M, —(Mys +My) sC—Mys 9 Mg
q. = .88

i = -wcos 85+ u sin 8, + (U, cos 8, + W, sin 8,)8

a, = sw— Uy + (g sin 8,)0
a; = a, — lx528
1:1' = fl + zx CcoSsS 90 é

b. Transfer Functions

0
o _ D
5 A
L 3 2
1) Denominator, A = As + Bs” + Cs” +Ds + E
A = (1"‘2\;,)
B = —(Mg +x)(1 = 23) ~ 2, — M

C = MZ,— Mg + Xg[(M) (1 = Z5) + 2y + Mg)
"xwz;1+wo[M€rZ:1+M:x(‘—Z§f)] + gM; sin 6,

NOTE: Terms including Xy, 2y, My, Xy are neglected in polynomial expressions.

C-1
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it

]

XE(M 2 - My) - MY+ MOX 2% + g[M.zx+ M*(1 - z.cos o, + Wo(MZX -MXZ,)

+ g(Mw - M{’X:)sin 6,

* . M* - ]
g(MZ¥ - MXZ )cos 6, + g(M¥X, - MXX)sin 6,

2) Numerators

Ng = Aes2 + Bgs + Cg

Ag = ZgM. + Ms(1 - 2.)
By = Xp[MZx+ MX(1 - 2.)] + 2, (M, - M.X¥) Mg [z, + x%(1 - 2.)]
Co = Xp(Mz¥ - MEZ,) + 75 (MAX, - M XX) + Mg (Z X¥ - X 7X)

Ng = Aus3 + Bus2 + Cys + Dy
A, = %X(1 - zv.,)
B, = Xg[My(1 - 2) + 2+ M ]+ ZgX - Wo[zgM, + M(1 - 2.)]
Cu = Xg(MZ, - My) - Zo(gh, cos 0o+ MX,) + M3 [Xy - (g cos 65)(1 - z‘.,)]

+ Wo(ZMg - M7 ) + gXgM, sin 6,

D, = (Mg - M Zg)cos 6, + g(XgM, - MgX )sin 6,

N = Aus? + Bys® + Cys + Dy
Ay =2
B, = ~Zp(M, + XX) + UMy + X523
Cy = XX(ZgM, - UgMy) + Wo(ZgM% - MpZ¥) - gMy sin 04+ Xg(MUy - Z3Mg)
D, = g(ZE’M“*l - Msz§)cos 6o + gMgX* sin 6 - XgMye sin 64
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cos 6,C,, +

cos GODW +

sin 6,Cy + (Uy cos 6, + Wy sin 6,)B,

sin GoDu + (Uo cos 65 + Wy sin 60)09

NE = aps” + Bgs® + Cps + D},
Ap = - cos A, + sin O A,
B = - cos OBy + sin 6B + (U, cos 0 + Wy sin 6,)A,

Ngé = Aa‘ésLL + Ba;SB + Ca;sg + Da;S + Ea;
Aa% = A, - LA
Bay = By - LB - Ughy
Cai = C, - 1,Co - UBg + g sin 0Ag
Daé =D, - Uy + g sin 8,8¢
Eag =+ g sin 8,Cy

To obtain az, let 1x = O.

2.

Lateral

a. Equations

Uos —g sin 8¢ |

™~ Wos +g cos 085
s—Y, - VT
o]
' 1
~1g s(s—Lp)
1 N
B '—Na NPS
v = VTOB

cos 80 S

&

L

s—N;

-

8y * lxjaq ST -

lzs

P

sV + Upr — W p — g(cos 80)o



b. Transfer Functions
Ba Dlat ? Op Bat ?
. L 3 2
1) Denominator, Ajgy = as + bs” + cs +ds + e
a = 1
b = —(Yy + Ly +Np)
UO 1 ' 178 1 WOLé
c = oM+ Lp(Yy + Ny) — Nply+ Y\ Nr — <
T T
Uo 1t tart tr1 1yt g ' T s
a = Vﬁ (NpLg — LpNg) + Yy(Nply — LpNyp) — Vo (1§ cos 6, + N3 sin 6y)
Wo 1t Tt
+ --—VTO (LBNI. - NBLI.)
e = V;L [(IéN{- - NéLl'«) cos B — (Nf,lé -~ I_éNé) sin 9¢]
)
2) & (dy or d,) Numerators
N‘% = Aﬁs3+BBsg+CBs+DB
— #*
AB = Y5
U W
*r_t t t o) o] t
= -Y + Np] — Ng o2 + =— L
Bg G[LP r] ® VTo VTo B
U
* t_t | U | o]
Cg = Yg(LpNy — Nplp) + L§ Vri cos 8 + (Nglp — Lglp) g
O o]
+ wo (NlLl tart t g .
W 61‘—L5NI’)+N6V_T—SJ‘H 90
o) o
Dy = V‘%’ (WELL — LENL) cos 6o + % (NpL§ — NELE) sin o

o (o]
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NS B
Ng = Aps” + Bps + Cps + Dp

Yl — Lg(Ny + Yy) + N3Ly

Uo

* | . 1. ! 1 t 1 t | . L .

Cp Yo(LpNg — IgNy) + Lg¥ Ny — Ng¥ L. + (LgNg — Nslg) T
(o]
_ t. 1 _ t_t .
D, v%— (LsNg — Nplg) sin 6q
O
Ng = Ars3 + Brs2 + Cps + Dy

Ay = N
By YeNg + Lgly — Ng(Yy + Lp)
c Y*( va Nl |) L'Y N' + va t WO L' t [}
r 5(1pNp — Nplp) — LgYylip BVLP+V_TO(6NB‘N516)

g tort
DI‘ —vT—O (LBNB - NéLé) cos Bg

N%P = A<b32 + Bgs + C

Ag Ap + Ay tan 8,
Bd) BP + BI‘ tan 80
Cyp Cp + Cr tan 6,




a! 4 3 2
Ny = Al s + Bl s” +¢C! s + D} + E/;
8 ay oy ay oy T My

hay = VIhs * lxafr — afp
B! = VTOBﬁ + UOAI' - WOAP + ]xla,tBr - lZBp
Ca"y = VT006 + UoBr - WOBP -~ g Cos eoAQ + lxlatCr - lsz

Ea& = UDy — WODP — g cos 8.Cyp

To obtain ay, let 1y, , = 1z = O.
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