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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.



TABLE I-1%

PAGE NR{BER CROSS INDEX

NT-2ZZA | F-10LA Rt X-1% HL-10 | Jetstar | CV.880M | Bo747 C-5A X3-70A
BACKGROUXND 5 33 €2 109 136 187 1G% 211 2ul 275
FLIGHI CONDITIONS 7 b2 63 110 139 168 192 212 eks 75
GENERAL ARRANGEMENT 8 35 6 AR} Lo 149 196 2z 2u6 27¢
CONTROL SYSTEM 9 36 €5 ne 14 170 197 21k 247 277
STABILITY AUGMENTATION SYSTZM - - €9 143 b2 - - as - 278
TRIMMED NON-DIMENSIONAL DERIVATIVES 10 37 70 1k 143 171 198 216 248 279
DIMENSIONAL, MASS AND FLIGKET 22 ] 82 125 152 183 200 229 261 202
COXDITTON PARAMETERS
ICNGITUDINAL DIMETISIONAL DERIVATIVES 23 5C 83 126 153 184 201 230 262 203
LONGITUDINAL TRANSFER FUNCTION FACTORS
® 3545 off
—  Bobweight loop open
. itch axis control 2k =1 ay <27 154 185 202 231 263 20k
& Thrust 25 52 &8s - - 186 203 232 264 295
— Bobweight loop closed
e Fitch axis comtrol | - 53 8¢ - - - - - 245 295
e Thrust ; - a4 88 - - - - - 2485 297
® 3AS on ‘
— Ecbweight locp cpen |
e Fi4ch axic control - - 0 127 155 ~ - - - | o9
e Thrust - - 92 - - - - - - b2l
— DBobweight loop closed i
e Pitch axis control - - 9l - - - - - - 3303
e  Thrust - - 96é - - - - - - 305
LONGITUDINAL HANDLING QUALITIES FACTORS 26 55 98 129 156 187 204 233 267 307
TATERAL-DIRECTIONAL DIMENSIONAL DERIVATIVES 27 56 99 130 157 188 205 234 268 308
LATZRAL-DIRECTIONAL TRAMSFER
FINCTICN FACTORS
® SAS off
~ Roll axis control 28 5T 100 131 158 189 206 225 269 309
-  Yaw axis control 29 58 1™ 132 1659 190 207 236 270 710
® SAS on
~ Roll axis control - - 102 133 160 - -~ 237 - ¢ 3n
~ Yaw axis control - - 104 13k 162 - - 239 - i ™3
LATEPAL-DIRECTIONAL HANDLING 30 59 10f 135 16h 1M 208 241 2N 315
QUALITIES PARAMETERS ]
CATA GCURCES i 31 0 107 126 165 102 200 Pu2 c7e R




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.



Nominsel Configuration Plight Envelope
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Figure I1-1. 17T-774 Flight Conditions
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Figure II-2. NT-33 A General Arrangement




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
13700 1b
Rigid

— SL
----- 20,000t
—-= 40,000 ft
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sL NT-33A

----- 20,000t 13700 1b
—-— 40,000 ft Stability Axis
Rigid

19



.20

c 16
130
(rad™)
12
08 SL NT-33A
-===e 20,000 ft 137001b
—-— 40,000ft Stability Axis
Rigid
04
0 | | L
o) .2 4 .6 8
Mach
Ol
0
Cny,
(rad™)
-0l
-02 34 is sum of both right and left

aileron deflections

20



@

2+ Oa
Cys, O>-0— ®©
(rad™")
J =
| | | |
Oc) 6 8
Mach
5 » Mach
0] T T I ]
-04 -
Cnar
(rad”™") O
-08 - & O~
020
— SL NT-33A
——=== 20,000ft 13700 1b
—-— 40,000t Stability Axis
04 Rigid
C}sr
(rad™")
e
O

21



(44

F/C #

H(FT)

M{-)
VIC(FPS)
VID(KTAS)
VTO{KCAS)
w(LBS)
CaG. U MGC)
IX (SLLG-FT
IY (SLWG-FT
I1Z (SLLG-FT
IXZISLLG-FT
EPSILCN(DEG)
Q(PSF)
QC{PSF)
ALPHA (CEG)
GAMMA { DEG)
LXPIFT)
LZPIFT)

[ TH{DEG)

X1 (DEG)

LIHIFT)

sQ)
Q)
SQ)
SQ)

NT-33A DIMENSIONAL, MASE AND FLIGHT CONDITION PARAMETERS
S = 234.8 sq ft,

1
SL
. 204
228.
135.
135.
11800.
» 260
12700.
20700.
32001.
480.
-1.42
61.7
62.3
2.20
c.
6.51

-2 .85

2

St
242
270 .
1£0.
1€0.
13700.
263
23801.
21101.
43€02.
480.
-1.37
8¢€.7
87.9
5.20

C.
6.53

-2 .84

TABLE II-2

b = 37.54 ft,
3 4
sL st
.400 .70
447, 182.
265. 463.
2¢5. 463,
13700 1370¢C.
.262 .263
23801 23801.
z1101 21101.
43802 43802.
480. 480.
-1.37 -1.37
237. 726.
247. 819.
.900 -.90¢
0. c.
6.53 6.53
-2.84 ~2.84
0. c.
G. .
.0200 .02¢¢C

T=6.T2 ft
5 6
20 K 20 K
.300 «550
311. 570.
184. 338.
135. 252,
12700. 13700.
.263 «263
23801. 23801.
21101. 21101.
43802. 43802.
480. 480.
~1.37 -1.37
61.3 206.
€2.7 222.
S.40 . 800
0. 0.
€.53 6.53
~2.84 -2.84%
0. 0.
0. 0.
. 0200 « 0200

T
20 K
«750
778,
461.
348.
13700.
«263
23801.
2110t.
43802.
480.
-1.37
383.
440.
~.300
0.
6.53
-2.84
0.
0.
0200

8
40 K
« 650
629.
373.
193.
13700.
«263
22801.
21101.
43802.
Le0,
=1.37
117.
1290,
2.50
0.
€.53
~2.84
C.
0.
+0200
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TABLE II-3
NT-33A LONGITUDINAL DIMENSIONAL DERIVATIVES

(Body Axis System)

F/C # 1l 2 3 4 5 6 7 8
H St St St SL 20 K 20 K 20 K 40 K
M «204 242 .40C .7CC «300 550 750 «650
XU = ~.0391 -.00484 -.01C4 -.0415 « 00677 -.00735 -.0511 -.00355
YAV -.248 -.153 -.128 -.162 -.1l14 -.107 -.0703 -.0766
LAV +000318 .C00603 .00C2€83 -.00C760 .000114 -.000183 -.00151 -.000183
XW 0815 131 0862 -.0c1l .0657 .0391 . 00986 0201
Iw -.936 -.991 -1.72 -3.5% - 451 -1.25 -1.80 —.696
MW -. 00827 +«00669 -.02C¢ -.0421 -.000728 -.0157 -.0239 - 00861
IwD 0. 0. 0. 0. 0. 0. O. 0.
2G 0. 0. 0. 0. 0. 0. 0. 0.
MWD -.00152 -.C0149 -.0014C 0. -.£00785 -.000541 -.000207 -.8B7g—4
MQ —.694 —.806 -1.27 -2.8C -.500 -.981 -1.5%6 ~.535
XDE 516 1.47 b2C -2.¢€5 1.88 «500 -.432 996
IDE =13 .4 -16.2 -44 .4 -152. -11.3 -40.9 ~82.4 -23.8
ME -4.19 -£.83 -16.C -52.1 -4.13 -14.2 -28.7 -8.28
XD1H 00273 «CC235 .00235 .00235 00235 . 00235 . 00235 .00235
IDTH 0. 0. 0. 0. 0. 0. 0. C.
MO TH 0. «G48E-6 +G48E-6 «948E-¢ «G48E-6 « 9% 8E-6 «948E-5 +94BE-6

+ + + + + + + +
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F/C #

H
M

DENCMINATCR
Z{0ET) L
WIDET) 1
Z{DET) 2
W{DET)2

NUMERATCRS
N(u /DE )
AlL )
L/T(u )
e )1
WU )1

1

N{wW /DE )
Alw )
1/T(u
Z{w )

Wi )

)
1
1

N{ THE/DE )
A{THE)
1/T{THE)1
L/T{THE)2

N{HD /DE )
A(HD )
L/T{(HD )1
L/T(HD )2
1/T(HD )3

NCAZP/DE )
ALAZF)
L/T(AZF)1
1L/T(AZP)2
(8211
W(AZF) 1

TABLE II-4

NT-33A ELEVATOR TRANSFER FUNCTION FACTORS

Bare Airframe

{Body Axis System)

1 2 3 4 5 6 7
SL SL SL st 20 X 20 K 20 K
204 242 «4CC «7CC «300. «550 « 750
<0948 .C199 0546 .351 ~.00782 « 0522 (=.0217)
. 172 141 .0922 + 0561 0977 « 0678 «0717)
<622 €80 548 484 887 «398 -380
1.59 1.62 3.41 6.61 €74 3.19 “.63
516 1.47 <620 2.65 1.88 «500 -.432
68.0 9¢.S 177. 2.84 112. 222. 2.15
<673 <269 484 3.13) 631 « 560 (-6.16)
1.87 l1.14 2.80 249.) «537 2.23 { 280.)
-13.4 ~-1¢.2 ~44.4 152. -11.3 -40.9 -82.4
T1.7 97.8 l1€2. 273, 112. 199, 272.
- 115 «C290 .C584 «245 -.0137 . 0519 .488
- 186 . 135 «09%s .C8CsS .109 <0774 .0822
-4 .17 -5.81 -1%.6 52.7 ~4.12 ~14,2 -28.6
. 0627 .£258 .Cl47 . C4Ce .0123 .0108 .0515
. 890 955 1.68 3.47 «433 1.20 1.73
13.4 16.2 44.4 152. 11.5 40.9 82.4
-0174 -.0C440 .0079¢ «0354 -.0326 . 00499 .0501
-7 .48 -9 .06 -1%.4 29.3 ~-£&.54 ~14.8 -20.8
8.55 10.3 17.4 3z.1 7.33 16.1 22.%
12.7 21.7 59.3 192. 15.5 51.5 105.
-.0116 <0145 -.00172 CCCeeEC .C0549 -.0013¢4 .000224
0288 -.Cl91 .009¢7 .0387 -.C385 . 00633 . 0499
.0507 0482 .CS1C +C734 0209 . 0616 . 0456
7.92 8.32 14.2 27.3 5.92 13.7 19.2

40 X
«650

.0315
<0543
268
2.40

« 996
228.
. 545
« 889

-23.8
220,
«0373
0623

-8 .28
.00794
« 667

23.8
-.000124

-11.8

12.4

20.3
00414
-.00428
.03463

10.7



Ge

F/C ¥
H
M

DENCMINATCR
ZLOET) L
W(DET) L
Z(DET)2
W(DET) 2

NUMERATCRS

ML /D0THY)
AlL )
1/7(uU
FARVERES |

Wil )

)1
1
1

N{w /DTH)

Alw )
1/T(w )1
177T(s 12

N{ THE/DTH)
AUTHE)
Z{THE} L
W THE) 1

M(HD /D TH)
A(HD )
1/T{HC )1
I(HD )1
WiHD 1

N¢AZP/DTH)
A{AZF)
1/7(AZP)1
1/T(a2P)2
2{8ZF) 1
W(AZF)1

St
<204

. 0948
. 172
.622
1 .59

.00273
-.00403
. 621
1.59

-.00063
.0C398
. 421

.159 €=~
{ 5.44)
( 7.38)

.00010
7.38
. 379
1.37

-.104 E-

-.00542
663,
. 389
1.46

TABLE II-5

NT-3%A THRUST TRANSFER FUNCTION FACTORS

Bare Airframe

(Body Axis System)

2 3 4 5 -] 7
SL SL £18 20 K 20 K 20 K
242 .40C «7CC «300 «550 «750
.0199 «C54¢ +351 -.C0782 .0522 (=-.0217)
o lal 0922 .C5¢1 .C977 L0678 (L0717
. €80 .548 484 . €87 .398 .380
1.62 3.41 6.61 674 3.19 4.63
.0C235 .CC22¢ .CC235 .00235 . 00235 . 00235
-.0124 -.00284 -.000517C -.0214 -.00229 -.000903
€30 .548 484 .883 .398 .381
1.62 3.41 6.61 676 3.19 4.63
9 -.l180E-4 .000143 .CC036C +C00116 . 000297 .000570
.0€529 -.C33¢ -.CCl67 -.0415 -.00713 -.000521
-5.17 ~.74¢€ -t.74 -.425 ~1l.64 -5.23
6 J1e7E-58 »GS4E-E <G48BE-6 .125€E-5 «963E-6 +945E-6
-729 .521 «26E .819 <252 ( .899)
1.74 2.72 3.2¢ . 506 1.89 (-2.77)
5 000213 .369E-4 -.369E-4 .C00384 .328E-4 -.,123E-4
1.96 6.51 -10.6 242 3.23 -1.264
€12 .7217 .79¢ 817 816 { 7.45)
1.57 31.70 442 1.01 4.29 (~16.1)
5 -.877E-5 -.649E-5 ~-.619E-5 ~-.818E-5 -.629E-5 ~.617E-5
~.C109 -.00112 .CCOE4LE -.C173 -. 000790 .000217
4.8 44,6 2.91 . 351 26.8 -1.04
€32 €85 ( B.44) { 1.06) . 730 . T6R
1.69 3.328 { 51.8) { 32.2) 2.90 16.9

40 X
«650

« 0315
« 0543
. 268
2 .40

00235
-. 00366
. 266
2 .40

.000421
-.00815
~-. 854

.957TE-6
<117
1.15

.000102
.849
.365
3.00

-. 625 E-5
-.00224
2640
.701
2.20



9%

F/C 4

DUGI/D(U)  [DEG/KT)
NLA  (G/RAC)

DE/G (DEG/G)

CAP  (RAC/SEC/SEC/G)

PHUGOID(2) (SEC)
( TuCk(2) )

L/C(t /100

TABLE II-6

NT-33A LONGITUDINAL HANDLING QUALITIES PARAMETERS

Bare Airframe

(Body Axis System)

1 2 3 4 S 6 7 8
SL St SL 8 20 K 20 X 20 K 40 K
«204 « 242 «400 «70C «300 «550 . 750 «650

STICK FIXED

-.0526 0131 -.0240  -.118¢ «C977  -,0150  -.151 .000330
6.37 8.05 23.0 83.2 4.26 21.2 41.6 13.1
5.39 3.14 1.7 565 1.46 1.92 1.02 3.05
$392 .219 497 .51¢ .105 475 .512 c441]

- -- — -- sos. -- ( 32.0) -
2.17 2.53 1.79 1.51 5.25 1.19 1.12 .758
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F/C #

Yv
YB
L8?
NB*
LP'
NPt
LR*
NR*
Y% LA
L*'CA
N*' CA
Y*CR
L*CR

N? DR

NT-33A LATERAL-DIRECTIONAL DIMENSIONAL DERIVATIVES
(BODY AXIS SYSTEM)

SL
.2C4
~.125
~28.4
-5.49
.667
-2.03
-.116
<641

-.2C7

.0286
0295

-.0125

-1l.24

SL
242
-.111
-30.1
-4.72
«940
-1.32
-.112
305

~.173

TABLE II-7

St

400

-.181

-8l.0

+165

.0503

SL
.700
-.338
-264.
-18.0
10.6

~4.51

.0118

«495

-.561

47.0

260

102

.300
-.0696
-21.6
-4.06

+540
-.820
-.103

“214

-.104

550
-.128
-72.7
-7.42

2.60

-1.56

-.0383

.256

-+204

0.

11.7

.121

.0363

1.39

-3,.,21

750
~.185
-144,
-9.89

6.24
-2.23
-.0141

.328
-.318

0.

24.0

«195

.0571



8¢

F/C #

H
M

DENCMINATCR
1/T(DET)L
L/T{OET)2

Z{DEM 1
WIDET) 1

NUNMERATCRS

N(B /DA )
AlB )
L/7(8 11
L/T(8 )2

N(P /DA )
A(LF )
L/rie )
P )1
WP )1

1

NCPHI /04 )
A(PHI)
ZIFHI) 1
h(FHI) 1

MNCAYP/DA )
ALAYP)
L/T(AYP)1
1/T(AYP)2
LLAYP) 1
WAYE) L

St
204

«0318
2.20
. C609
1.13

202
116
7 .48

6.01
-.00522
« 200
. 849

.0286

835
{-1.06)
(-22.0)

6.01
«195
.848

SL
242

«Cl85
1.47
0435
1.26

278
«103
3.30

4.53
-.Cl06
. 145
1.08

«134
«18¢
-.673
2.35

4.55
136
1.05

12.7
. 110
-1.07
<407
1.33

TABLE II-8
NT-33A AILERON TRANSFER FUNCTION FACTORS
Bare Airframe
(BODY AXTS SYSTEM;

3

SL
«4CC

0143
2.24
102
1.75

.0333
<214
37.8

12.¢
-.00111

<141

1.66

« 165
1.7¢
—.559%
2.98

12.¢
141
1.69

37.¢C
<204
-.806
2689
1.89

4

SL
«7CC

«C04¢S
4.57
121
3.28

- .999
—+ 546
1.15

47.C
«000¢€3¢

.13¢

3.3¢C

« 260
10.4
—-.621
2.77

47.C
«136
3.3¢C

135.
-.356
+481
121
3.53

5

20 K

«300

<0129

«966
«C0638

l1.16

«351
0616
1.56

2.14
-.0169
116
+868

«164
+485
=.450
1.74

3.17
«0995
«874

.99
0666
—.587
«460
1.05

6

20 K
«550

« 00932

1.66

1.70

. 0619

144
22.6

11.7

-. 000781

102
l1.64

121
1.60
~.597
3.02

11.7
«102
1.64

34.0
141
=660
226
1.77

20 K

« 750

00333
2.29
. 0868
2.52

-.320
«330
-3.01

24.0
.000215
« 0999
2.53

«195
3.86
~.553
2.89

24.0
« 0999
2.53

69.4
236
-.395
«126
2.66

193
<0692
3.05

T.13
-.00222
« 0687
1.33

.118
.828
~.482
2.56

Tal4
<0673
1.33

21.0
.0730
—.604
«236
1.37
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F/C #

H
M

DENCM INATOR
1/T(DET )L
1/T(DET)2

Z{CET)1
WileT)1

NUMERATCRS

N{3 /DR )
Ale )
1/7(8 )1
L/Tis )2
1/T(a )3

N(P /DR )
A2 )
v/t il
/T (P 12
/7t )3

N{R /DR )
A(R )
L/TI(R
Z(R )
W{R )

)1
1
1

N{PHI/DR )
A(PHI)
L/T(PEL)L
L/T(PrL)2

N

AYP/DR )
A{AYP)
/T (AYP)1
L/T{AYP)2
1/T{AYP)3
L/T(AYP )4

SL
«204

.0318
2.2C
.06C9
1.13

. 0265
-.0464
2.0¢
42.3

-.0125

-.00533
8.0¢
69.0

-1.24
2.12
. 0159
. 605

-.0602
{ .822)
{ 10.8)

-1.40
- .0583
1.36
{ .201)
( 5.68)

SL
242

.C185
1.47
. 435
1.26

. €301
-.(312
1.36
42.9

. 463
-.C107
3.12
-4.00

-1.25
1.35
. (724
« €20

«329
3.35
-5.06

1.22
-.C519
. E80
5.29
-6.80

TABLE II-9
NT-33A RUDDHR TRANSFER FUNCTION FACTORS
Bare Airframe

SYSTEM)

(BODY AXI3

+

SL
«400

. 0143
2.24
«103
1.75

. 0503
~.C0728
2.19
70.2

1.57
~-.00112

3.67

-4.17

-3.50
2.23
.0912
+ 409

l.51
3.70
-4.30

4.08
-.0140
1.78
7.29

-9.12

+

5L

.700

« 00469
4.57
127
3.28

.102
~. 00146
4.57
122.

5.89
. 000641
5.07
=5.54

-12.6
4.58
«259
+343

6.09
5.06
-5.36

14.8
-.00362
4.37
1l.4
-15.2

20 K
.300

.0129
966
.00638
1.16

.0185
-.0377
.836
49.8

-287
-.0170
3.10

-3.83

~.883
730
«123
737

- 140
3.90
~-6.38

.799
-.0602
4T 1
5.13
-6.23

6

20 K
»550

«00932
1.66
.0647
1.70

.0363
-.00664

1.60

89.2

1.39
~.000785
3.060

-4.05

-3.21
1.66
.0170
«463

1.35
3.63
-4.15

3.68
-.0120
1.25
T.24

-8.58

7

20 K
750

.00333
2.29
.0868
2.52

.0571
-.00313

2.26

123.

3.20
.000215

3.74
-4.13

-6.99
2.31
.0822
«355

3.23
3.74
-4.10

7.80
-.00564
2.00
9.38
-ll.2

40 K
«650

«0C483
+97S
.C251
l.61

«C195
-+0C955

«S02

100.

. 808
-.00223
3.05
-3.42

~1.92

547
-.0C0220

«486

« 724
3.16
-3.68

2.03
-.0154
. €43
5.98
-6.90



0¢

TABLE II-10
NT-33A LATERAL-DIRECTIONAL HANDLING QUALITIES PARAMETERS

Bare Airframe
(BODY AXIS SYSTEM)

+ + + + + + + +
F/C # 1 2 3 4 5 ) 7 8
H SL SL SL St 20 K 20 K 20 K 40 K
M . 204 . 242 .400 . 700 «300 «550 « 750 «650
DR BPERIOD (SEC) 5.57 4.97 3.61 1.93 5.43 3.71 2.50 4,45
1/7C(1/2) «553 . 395 «941 1.16 .0578 .588 » 790 .228
SPIRAL (2) (SEC) - - - - - - -- -
PLi) 2.34 2.41 5.18 10.4 2.11 6.29 10.5 5.69
P(2) «418 1.22 4.79 10.3 <659 6.04 10.3 5.56
P{3) 2.00 2.41 5.16 10. 4 2.46 6.61 10.4 6.71
PL2i/PL(1) «179 « 505 <924 .983 «313 <961 .981 .977
POSC /P {AaV) 677 « 329 .0384% .00752 552 .0328 00677 <0542
W(PHAL)/W(D) « 751 . 829 <966 1.01 « 755 +970 1.00 «942
DEL-B~MAX 1.01 . 701 «320 «104 .781 «322 141 «459
PHI TO BETA, PHASE ~297. =313, -313. 48.7 -322. ~320. 38.2 -328.
PHI TO BETA 2.1% 2.07 1.73 1.06 2.44 1.95 1.22 2.16
PHI TO VE 536 «438 .223 .0778 616 0269 124 « 395



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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143

Nominel Configuration

Clean, 750 Rounds Ammunition
50% Internal Fuel

W = 16300 1b

c.g. at .070 ©

I, = 35k9 slug-ft®

I, = 58611 slug-ft?

I, = 59669 slug-ft2 Principal Axis
e = 2.76°

Power Approach Configuration

Clean

20% Internal Fuel
Full Flaps (45°), BLC
Gear Down

1.4 Vg

= 1L126 1b

c.g. at .164 ¢

I, = 3%L50 slug-ft°
55800 slug-ft°
56800 slug~ft<

2.86°

=]

—
1]

Principal Axis

—
&
It

m
th

Figure III-1.

F-104A

60,000 —
h(ft)
40,000 —

20,000 |—

SL

Mach

s Jevel Flight Envelope (Nominal Configuration)
— = e Speed Restrictions

® Transfer Function Case 7

F-10LA Flight Conditions



Sg

F-104A

S=196.] ft2
b = 21.94 ft
€ =9.55ft

o
[ o]
[ e

.25¢

F.S. 472.5
/
B.L. 55.8
7
0 5 10 20
[ o= = . X —_—
F.S.472.5
TL at W.L.103.4
FS.236

W.L.129 3 { L
-<ng - FRL
I W.L. 100
25

Figure III-2. F-104A General Arrangement



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
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(@ IR\

—

F-104A
16300 Ib
070¢

\ \ Rigid Airplane

- SL

= === 15,000 ft
= === 35,000 ft
—— 45,000 ft
—e-=— 55,000 ft




bt

CL

O.l

05

02

0Ol

SL

— — == 15,000ft
—-— 35,0001t
— — 45,000ft
—--— 55,000t

O.l

0.l

05—

02—

F-104A
16300 1b

.0l



0¥y

6.0
F-104A
163001b
Rigid
40 —
CLq
(rad™")
2.0
0 | | | | I | | | | |
0 2 4 6 1.O 1.2 14 1.6 1.8 20
Mach
.2 — — SL
- === |5,000ft
—-— 35,000ft
— —— 45,000t
8 —=-— 55,000ft
Cog
(rad™) \
4+ -
—— \K -
— ad
T e— (e
0 ! I ! |
0 2 1.6 1.8 20
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— SL

F-104A
—T iS00t 16300 Ib
— e 35,000 ft 070¢
— 45 000 ft Rigid
— - 55 000 ft

1.8 20

0
0]
_lo L
Cma
(rad”)
-20
-30 —
0
0
-4 |
Cmg
Cmq
(rad™")
_8 |
..|2 -
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F-104A
© 16300 Ib
CLy 4 @/\‘ Rigid
- ,@’.\\ Mach
o s \ 2 14 6 8 20
1
0 0
4 6 8 10 NP —— ——
—— _-
-2 ® ___ -—mO—
SL
2 - === 15,000 ft
Cou —-— 35,000t
0 4 V4 14" e 16 18 20
3
C"‘u 2
|
0 ! ON
4 20
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CL 85
(rad )

F-104A

16300 Ib St
1.2 — Flexible = =—— 35,000
—— o= — 55,000
sl ’@/_/Cg_ \\
\m (-D\~ -,
\,\\@_-
4 -—
o | | | | | 1 | | 1
0 2 6 8 1.0 1.2 14 1.6 1.8 20
Mach
0 2 6 8 1.0 1.2 1.4 1.6 1.8 20
0 l l l l 1 | r | T
/:—j
- | L - - -
~C—- ® -
\@—/
- 2 -
- 3 }._
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oO 2 4 8 1.0 .2 .4 1.6 1.8 20
c l I l T l | | l
Y8
(rad™)
-1.0 W w
-@_— -__——"@__
F-104A
-20 16300 1b
SL ility Axi
————— 5,000 S.ia.bllliy xis
—— =— 35,000 igid
6
Cn - 3) D~
el .4 -—__-_._ \-{K
(fCld ) ® Q\,@
.2 .\®~
o 1 1 1 | | | | 1 L
o) 2 4 .8 1.0 1.2 1.4 1.6 1.8 20
Mach
o .2 4 .8 .0 1.2 1.4 1.6 .8 20
I | l ! ! I | | |
____—"@
C -.I _——-'@-__‘ /@-
4} ~— - -
'p| -.2 - ’(:P
(rad )




—/—®-
'—/.
F-104A

—_sL
————15,000 ft I86t3g'ol":b Ay
— - 35 000 ft R.".d' Ity Axis
— e 45 000 ft gt
— - 55 000 ft
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4
3

Cs,
(rad™) -2
A
0
0
-.2

Cn,
(rad') =4

-1.0

-.2

-1.4

F-104A

16300 Ib —_—SL
Stability Axis == —— 35,000 ft
Rigid O
2 6
O \
SO~
- _@__ -©~
| | | | | | | | |
2 4 8 1.0 1.2 14 16 1.8 20
Mach
2 4 8 1.0 1.2 14 1.6 1.8 20
[ | ] [ | I | ! |
S Ol




Ly

06
Cc I,

04

(rad™)
02
0]
02

Cng,
.0l
(rad™

0

F-104A

16300 Ib SL
gitoit:;lny Axis — 35 000 ft

g ——=— 55,000 ft

/2\
T~——_
\@_\_@
| 1 1 l l | l l l 1
2 4 6 8 1.0 1.2 14 1.6 18 20
Mach

84 is sum of both right and
left cileron deflections




8y

Cys.
(rad™)

F-104A
16300 Ib
Stability Axis
Rigid

‘G\J —®-
1 | | ] | 1
1.0 1.2 1.4 1.6 1.8 2.0
Mach O—Cr
— S
— e 35 000 ft
—_———— 55,000 ft
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F/C #

H{FT}

M=)
VIC(FPS)
VIO{KTAS)
VTO(KCAS)
W(iL3$)
C.G.{MGC)
IX {SLLG-FT
1Y (SLLG-FT
I1Z {SLLL=-FT
IXZ{SLLG-FT
EPSILCNMDEG)
Q(PSF)
QC{PSF)
ALPHA (DEG)
GAMIA {OEG)
LXP(FT)
LZPIFT)
ITH{DEG)
XI(JEG)

LTH(F T}

SL

. 257
287.
170 .
170.
14126,
. 164
3582,
55802.
56 669.
2658,
-2 .86
97.8

99.5

TABLE III-2

F-104A DIMENSIONAL, MASS AND FLIGHT CONDITION PARAMETERS

s =196.1 sq ft, b = 21.9% ft, ¢ = 3.55 ft

St
.800
853,
529.
529 .

163200.

.0700

3679.

2€99.
-2.76
G48 .

1109.

1.10
122¢8.
728.
728,
16€300.
.07C0
3679.
58¢€12.
59541 .
2699.
-2.7¢
1792.

2391.

-2.40
-2.50

-2.50C

4 5
15 K 35 K
.90C 600
952 . 584 .
564 . 346,
465 . 199.
146300. 1€300.
.07¢CC .0700
3679, 3679.
5861 2. 58613,
59541. 55541.
269S. 2699.
—-2.76 —-2.76
677. 126.
826, 138.
4.80 12.4
0. 0.
18.1 18.1
-2.40 -2.49
-2.50 -2.50
-2.50 -2.50
Q. 0.

35 K

«900
876,
519.
311.
16300,
. 0700
3679.
58613,
59541,
2699,
-2.76
283.
345.
2.50
0.
18.1
-2.40
-2.50

=2.50

.0703
3679,
58613.
59541 .
2699,
=2.76

503,

18.1
-2.40
-2.50

-2.50

1452.
eé&C.
645,
16300,
+C700
3679.
58613,
59541,
2699,
=2.76
489.
T49.
3.80
O.
18.1
-2 .40
-2.50

-2.50

591.
1637C.
L0700
3679.
58613,
59541,
2609,
=2.7¢6
869 .

1440,

-2.L0
=2.50

=2 .50

10
55 K
1.80
1742,
1032,
433,
16300,
.0700
2679.
58613,
59541,
2699,
=2.76
436,
06,
4.,B0
O.
18.1
-2.40
-2.50

~2.50



0S

xy
Zy

MU

XL TH
IDTH

MO TH

1
SL
257
-.0737
-.204
. 060294
L0¢€31
~ 570
-.00732
0.
0.
~-.000204

-.317

TABLE III-3

P-104A LONGITUDINAL DIMENSIONAL DERIVATIVES

2
SL
.800
-.0117
-.0332
.000794
0556
-1.65
-.0305
0.
Q.
-.0C0580
-1.25

g.07

.C0197

+E6LE-4

(BODY AXIS SYSTEM)

3 4 5
SL 15 K 35 K
1.10 «9CC «600
-.0793 -.0167 -.00221
<0270 -.0199 -.0626
.00369 «00¢€1¢C .000806
0343 .0868 -0384
-2.32 -1.22 ~e242
-.0816¢ -.02C0 ~.00617
0. 0. O.
0. 0. 0.

-.000580 -.000478 -.000297

-1.87 -.95¢ -.220
T.21 17.¢ 8.05
-41¢. -20S. ~36.6
~€3.C ~-33.¢ -6.03
00157 .CO157 .C0197

+861E-4 «861E-4 «861E-4

0. 0. 0.

6
35 K
«900
-.0129
-.0932
.00228
. 00565
-.635
-.0139
0.
0.
-.000287
-.436
4.35
-99.6
-16.3
.60197
.861E-4

0.

7
35 K
1,22
-.0121
L0139
-.000%98
.0190
-.79%
-.0293
0.
0.
-.000129
-.493
7.55
-144.
-23.3
.00197
.BELE-4

0.

4S
1.50
-.0125
L0277

00124

-113.
~-18 .4
.00197

JRE1E-G

[al
“

45 K
2.00
-.0150
017
000457
L0110
-6k
-.0118
0.

0.
-.882E -4
-.301
7.04
-134.
-22.2
.00197
.861E=4

0.

10

55 K

1.80
-.011

0172
006798
0N603
-.2956

=.N104
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F/C #

H
M

DENCMINATOR
L(CET)1
K(0eT)1
L(CETYZ
ALCET)Z

NJMERATGRS

N{U /DS )
AU )
/T(u 1
2y )1l
WU )1

N{wWw /DS )
Alw )
L/T(W )L
L/T(n )2
/7w )3

N{THE/DS )
A{THE)
L/T(TrE)L
/T(THED2

N(RrC /BS )
A{ED )
1/T{HC )1
1/T{HC )2
L/T(HRC )3

N(AZP/DS )
A(AZP)
1L/T(AZP )1
1/T(AZP)2
LUAZP) Y
w{AZP)1

SL
257

.238
«152
.324
1.51

1.19
43.8
. 74C

el 2

-29.7

4646
{ .256)
 .150!

~-4.79
+104
.49¢

29.7

.05C4
-4.66

5.12

6l.2
-.0017175
.0575
.08¢E7
3.41

(

TABLE II1I-4

F-104A STABILIZER TRANSFER FUNCTION FACTORE
SAS Off — Bobweight Loop Open
(BODY AXIS SYSTEM)

SL
.8C0

. 122
. (504
. 315
Se4l

8.07
147.
«438
1.23

-231.
148,
{ .158)
.0267)

-37.7
.Cl28
1.47

231.

.Cl06
-13.8

15.5

482,
-.0C135
.C120
.C631
1C.5

SL
1.10

. 767
.0523
.263
10.3

7.27
186.
.632
1.85

~4l6.
-.000664
.0791
188.

-62.8
.0789
2.29

416.

. 0784
-19.4

21.9

720.
-.000458
.0789
.0678
15.7

+

{

+
4 5
15 K 35 K
900 .600
121 .08 44
111 0709
.288 163
4.54 1.91
17.6 8.05
153. 93.9
<412 .690
665 =230
-209. -36.6
153. 94.1
( .178) { .0315}
.0437) ( .0608)
-33.5 -6.02
.0178 0117
1.09 .195
210. 37.5
0132 -.0198
-12.2 -3.99
13.6 4.41
396 . 72.3
-.00311 .00551
.0l62 -.0262
. 0498 0210
9.35 3.01

+ +
& 7
35 K 35 K
.900 1.20
.143  (-.0299)
L0839 { .0389)
.185 .125
3.53 5.78
4.35 7.55
143. 189.
.989 .589
.681 571
-99.56 —144.
143. -.0190
{ .123) .0300
{ .0625) 189.
-16.3 ~-23.3
.G127 L0134
.550 .620
99.7 144.
. 00399 L0129
-8.48 -10.5
9.18 11.1
195. 278.
-.00297 -.00136
.00690 L0142
.0386 . 0390
6.32 7.79

8

45 K
1.50

« 716
.00834
. 0810
5.39

T.52
23¢6.
.« 546
« 359

-113.

-.Cl74
.0266
236,

-18.4
.0118
. 386

114.

.Q0l16
~%.36

9.72

220.
-.00135
.C128
.0291
6.86

(-.000333)

(

9

45 K
2.00

.0156)
. 0967
4.73

7.04
320.
.797
. 344

-134.

~.0103
+«0245
320.

-22.2
L0155
.373

135.

.0153
-10.7

11.2

267,
-.000839
.0161
.0209
T.74

10

55 K
1.80

.603
.00895

0643

4.26

7.21:
282.
«957
.226

-85.8

-.Q0123
.0204
282.

-13.9
.0106
.233

86.1

.0101
-7.96

8,22

166.
-.00143
.0l1l4
.0192
5.83



4y

F/C »
H
M

JENIMINATCR
{0EMN
wDOET)1
LIDET) 2
W(DET)2

{UNMERATCRS

MU /DTH)
AtU )
1/T(u 1
FARVERER B |
wll )1
N{n /DTH)
Alw )
L/T(n )1
Iiw )1
Wih )1

M THE/DTH)
A(THE)
1/7T{THE)L
L/T(OTHE)Z

HHD /DTH)
A{HD )
1/T(HC )1
{tHU )1
wW{HD }1

NCAZP/DTH)
A{AzZP)
L/T{AzZP)]
1L/T(ALP)2
AW PADDY
WlALF) ]

TABLE III-5
F-104A THRUST TRANSFER FUNCTION FACTORS
SAS Off — Bobweight Loop Open
(BODY AXIS SYSTEM)

1 2 3 4 S 6 7
St SL St 15 K 35 K 35 K 35 K
«257 .800 1.1C -9CC «600 «900 1.20
«239 .123 . 767 122 0853 «163 (-.0299)
. 152 .C504 .G523 111 .C708 .0839 ( .03e9)
324 215 « 2612 . 289 165 .185 .125
1.51 S.41 10.3 4.54 1.91 3.53 5.78
.00228 .00197 00197 ~00187 . L0197 . 00197 .00197
000361 .0€0293 0C0€52 -.0012¢ = «009347 «119E~-8 -.000238
. 323 316 263 «293 170 .187 124
1.51 5 a2 10.2 4.5C 1.90 3.52 5.79
994 -4 «8€lE-4 BElE-4 . 8€LE-4 . 86lE-4 «861E~4 «861E-4
00157 £00334 .0C0&79 -.0013¢ ~.CC993 «4T1E-9 -.0002%2
(-.118) 117 L1346 -CoCs ~-.0529 -.107 (-4.67)
(-4.09) 3.91 10.7 11.5 3.21 6.70 { 5.¢£8)
~+242E-8 -.,000E-8 -.300E-7 »3JBOE-7 .103E-6 »355E-14 L,223F-8
24.0 -4 .54 12.¢ 1.49 l.1a 1.60 . 538
4.1 1C0 . -42.5 213, Q.78 -« 949E+9 -1972.
~+795E-5 -.,172E-4 =-.517E-4 - 792E~ 4 .C00339 «146E-10 .172E-6
-64,1 -10.0 =23.51 5.83 543 «163E+8 -2.96
. 139 . 146G $248 ~.124 .135 <0769 453
‘1 .45 4.85 10.3 5.68 1.90 4.65 7.39
WG 94 F-a BE3E-4 «866E-4 «854E-4 . E42E-4 «861E-4 «861F-4
~.0045] -.00126 -.00045€ -.C0284 -.0122 -+ 00161 -. 00165
=4 .79 ~1.63 -2.2% -5.0¢ -1.96 =3.65 . 982
. 194 <265 255 .328 .168 195 08205
1.50 5.38 1C. 4 5.83 1.99 3.87 5.71

L5 K
1.50

. 716
00834

.C810
5.29

00197
-. 000501

.0811
S.29

«861E-4
-.000501
0816
6.43

.222E-R
.1384
33C.

HLBE-&
151
0424
5,38

<861 FE-4

-.C0150
~. 0763
08610
5 .40

]

45 K
2.00

(-.000323)

{ 0156}
.0968
4.73

00197
~«000144
«0968
4,73

«B61F-4
—-.000144
101
4.52

+152F-8
L0681
-58.5

«172E-6

-.0205
116
4,75

.86)1F-4
~.000767
00866
.coa7
4,72

10

5% K
1.80

604
.C0895

.CRa43

4.26

00197
-.00C74C
WOFR45
4,26

«AR6LE-4
- 00740
N645
5.65

.313E-8
Jles
218.

«T792E-4
119
0356

26

«86CE-4
-.00157
-.107
.0738
4,27



€S

DENTMINATCR
Z(BET) L
w{DcT)1
Z{CeT) 2
WiCtT) 2

NUMERATCRS

N{U  /FST)
Aty )
T )
Ziu )1
WU )1

1

/FST)
AW )
/74 )1
1L/T(d 32
TR )3

N{W

N{TFE/FST)
A(THE}
L/T(TFE)L
L/T(THE)2

N(HC /FST)
A{HD )
L/T(HL )1
L/T{HD )2
L/T(HC )3

NUAZP/FST)
A{AZP)
L/T(AZP)]
1/T(AZP)2
Z{AZP)]
W{AZP) 1

SL
«257

249
. léz
303
1.56

-+005¢€5
43.8
«74C
i.25

«141
46.6
( .256)
€ .150)

0227
«104
<496

~.141
«05¢C4

~4.66
5.12

~.29C
-.00715
«0575
. 0887
3.41

{

{

TABLE IXI-6

F-104A BSTICK FORCE TRANSFER FUNCTION FACTORS
SAS Off —- Bobweight Loop Closed

2 3
SL SL
.8C0 . 1.10
151 990
.0387 . 0401
. 239 .159
6.31 11.3
- (265 -.0213
147, 186.
438 «632
1.23 i.85
« 760 1.22
148, -.000664
-158; .0791
-0267) 188,
. 124 «184
.Cl2s . 0789
l.47 2.29
-.761 ~l.22
.Cl06 .0784
-13.8 -19.4
15.5 1.9
~1.49 =2.11
-.0C135 -.000458
.C120 . 078y
«C631 . 0678
1C.5 15.7

(BODY AXIS SYSTEM)

+

{

+

4 5

1% K 35 K
«900 <600
<127 0717
. 0851 .0683
.218 «156
5.3% 1.95
-«0591 ~.0317
153. 93.9
« 412 «690
«565 <230
«704 144
153. 94,1
( .178) { .0315)
«0437) ( .0608)
.113 .0237
.0178 L0117
1.09 .195
-.707 ~.148
.0132 -.0193
-12.2 -3.9¢
i3.6 b.4)
~-1.34 ~-.285
-.00311 .00551
0162 -.0262
. 0498 .0210
9.35 3.01

6

35 K
«900

.13¢4
.0749
.164
3.76

-.0161
143.
.989
.681

369

143.

»123)
.0625)

.0602
.0127
550

—=+369

.00399

-8.48
9.18

-.720

-.00297

.00690
.0386
6.32

7 8
35 K 45 K
1.20 1.50
{-.0266) .776
( .0363) .0C765
.113 .C754
5.91 5.45
-.0268 -.C275
189. 236.
.989 . 546
.57 .359
.512 L414
-.0190 -.Ci74
.0300 . 0266
189. 236.
.0829 . 0674
L0134 .0118
.620 .386
-.513 -.415
.c129 .Cl16
-10.5 -9.36
11.1 9.72
~.988 -.805
-.00136 -.00135
L0142 .C128
.0390 .C291
7.79 6.86

9

45 K
2.00

(-.000450)
{ .0157)
. 0833
5.02

-.0252
320.
<797
. 344

430
-.0103

0245

3z0.

. 0794
.0155
373

~-.481
.0153

-10.7
11.2

~+956

-.000839
.0l61l
. 0209
T.74

10

55 K
1.80

644
.00832
« 0602
4.33

-.0270
282.
.957
=226

322
-.0123

.0204

282.

-0523
.0106
.233

-.323
.0101

=-7.96
8.22

-.625
~.00143
.0l1ls
.0192

“5.83



14°]

F/7C #

I

1

X

JENCMINATCR
Z(DET) 1
alCET)L
2{DET)2
w(DC 112

NUMERATLRS
Hu /DTH)
afu )
M/TU )
2tV 1
WU 1

1

/DTH)
Al H
L/T{w )

Ltw )1
wiw )1

Hw

1

N{ THE/DTH)
Al THED

1/T{THEN

1/T(THE)Z

N{HD /D TH)
AlHU )
L/T{HT )1
ItHo L
W(HD )1

N{ALZP/DTH)
alBLF)
1/7(AZP)1
L/T(alP)2
LLALFPY]
wlAZF) L

St
257

. 249
142
«3C3
1.59

.0G2 28
-.000293
302
1.59

000101
-.0CE55
( .%05)
(-6.19)

«221E-6
(-.531)
( ¢.02)

-.934 E-5
-5c.4
. 159
1.41

965 F-4
-.(J451
-4 .79
193
1.69

St
800

.151
.C337
. 239
6.31

.0C197
-.0C0339
238
€.31

G 26E-4
.CCHAS
( 264)
¢ 1C.5)

«105E-5
[-.429)
{ 1.86)

~-.237TE-4
-11l.4
680
3.48

«7325E-4
-.0C126
-1.63
261
5.22

TABLE III-T7

F-104A THRUST TRANSFER FUNCTION FACTORS
SAS Off — Bobweight Loop Closed

—_

SL
1.1C

+990C
+0401
.199
11.2

-00167

.C002C3
<198
11.2

SELE-4
.0C065¢
4.,20)
17.8)

«lE6E-E
.C874)
2.82)

HZ2E-4
-4.5¢

7.37

HELE-4

0C0«%E

~Z.24
.251
9.98

(BODY AXIS SYSTEM)

4 5 6 7
15 K 35 K 35 K 35 X
.9CC 600 « 900 1.20
127 <0725 «134 (-.0266)
. 0851 .0683 « 0749 ( .0363)
218 .158 «164 -113
5.35 1.9% 3.76 5.91
.0C1S17 «CC197 . 00197 .00197
-.0C0163 -.C0967 -.000328 -.000443
216 .158 164 «111
5.33 1.94 3.76 5.92
«G2lE-4 .873E-4 «893E-4 .« 905E-6
-.090115 -.C0935 . 000740 519E~4
566 <164 «336 (-1.53)
S.43 2.78 5.18 { 11.6}
«G93E-6 .201E-6 +»515E-6 «T11E-6
2.82 { .669) { .565) .532
4.53 ( 1.92} ( 3.08) -S.44
. 732€-4 .C00338 -.316E-5 .128E-6
3.78 495 -79.8 -1.87
.C712 1462 215 315
6.62 1.95 4.12 10.0
- T41E-4 .219E-4 « 799E-4 «TT6E-4
-.CC2¢84 -.0122 -. 00161 -.001¢®
~4.9% -1.95 =3.64 982
. 3256 - 168 e 194 . 0775
S.72 1.98 3,83 5.€1

8

45 K
1.5C

L7177
00765
. 0755
S.45

001097
-.000624
. 0730
5.45

“BQ6E-4
-. 000608
<814
6.22

ST78E-6
162
leté

4 12E-4
. 106
0372
6.23

LT92E-4
-.00150
~.0762
L0870
.32

9

“s K
2.00

(-.000450)

{ .0157)
L
5.02

L0107
-,000308
Q804
S.02

GO2E-4
-.c002310
{ 1.60)
t13.8)

H81F-6
-.0204
« 256

«131E-4
-.00763
Q709
8.41

WTTOE-6&
~.000767
004666
.0943
4L 64

10

55 <
1.80

N-TYS
00832

0602

4,33

.001097
-.00M831
0566
4,23

+8R9E-4

-.0c08n09
R46
5.57

45086
.128
1.56

LT65E-4
0940
L0331

4,67

«BC7E-4
-.00157
-.107
.0741
6.23



Gg

F/C #

D(G)/DtU)  (CEC/KT)
NZA  (G/RAl}

oE /5 (DEG/G)

CAP {RAD/SEC/SEC/G)

PHLGCIOL2)
( TJLK(e) )

(SEC)

1/C(1/10C)

FST/KT (LB/KT)

FST/5  (LB/G)

St

. 257

-. 152
4 .66
5.83

. 487

«933

~.223

23.9

TABLE III-8

F-104A LONGITUDINAL HANDLING QUALITIES PARAMETERS

St

. €00

-.0319
40,2
1.09

719

«907

-.0171

7.86

SAS Off

(BODY AXIS SYSTEM)

SL

1.10

-.236

JT44

-.0254

7.990

4 S 6
15 K 35 K 35 K
+900 600 .900

STICK FUXED

-.0397 «C594 -.0120
22.C 2.62 14.9
1.07 G.36 2.92
«623 .983 .829
.823 <455 .515
STICK FREE

~.C87% ~.189 -.126
T.T€ “3.1 15.7

3% K

1.20

-.0388

22 .6

. 0345

18.8

8 Q 10
48 K 4= ¥ L4
1.50 2.00 1.80
-. 0343 —.0&A0 -.030%
17.4 22.3 12.5
5.17 24587 5.92
1.66 . 9G¢& 1,44
- ( 2080.} -
.222 265 2176
-. 00351 L00C317 -.00563
25.3 14.2 28.5



96

F/C #

Yv
\{:
LB
NB ¢
Lp?
NP *
LR?
NR'?*
Y« CA
L' CA
N' CA
Y+ CR
L'CR

N' CR

SL
257

~.178

F-104A

SL

.800
- 452
- 404.
- 146.

13.6

- 4,64

-1.07

TABLE III-9

IATERAL-DIRECTIONAL DIMENSIORAL DERIVATIVES

St
l1.10
-.791
-971.
-363.
42.7
-7.12
~.341
7.17
-1.06
0.
8l.5
6.50
.0621
57.6

-8.72

(BODY AXIS SYSTEM)

+ +
4 5
15 K 35 K
.900 .600
-.328 -.0868
-312. -50.7
-134. -32.3
9.91 1.06
-3.63 -.374
-.150 -.0406
2.66 1.02
-.350 -.0809
0. 0.
34.7 6.35
2. 64 407
.0413 L0179
27.6 6.66
~4. 49 -1.18
+ +

35 K
900
=.149
-130.
-58.1

4.98
-1.77

-.0943

14.8
1.01
0188
11.2

-1.91

7
35
1.20
- 234
-273.
-115.
11.9
~2.217
-.117
1.88
- 292
0.
19.4

1.49

.0159

13.1

-2.09

-.160
=233,
-87.8

9.79

-1.46

-.0804

822

-.152
0.

12.9

902

. 00847

T.17

-1. 52

9 10
45 K 55 K
2.00 1.80
-.170 ~.102
-330. -177.
-64.3 -52.2
6.92 4,62
~1.59 - 962
-.0901 -.0544
<689 469
-.188 -.106
0. 0.
15.8 8.38
«890 517
« 00782 «00485
8.68 5.04
-1.78 -1.01



LS

F/C #

H
M

DENCMINATOR
L/T{(DET)1
1/T(DET)2

ZICET)1
WICET)1

NU'MER ATCORS

N{8 /Da )
A(B )
1/T(8 )1
/78 )2

N(P /DA )
AlP )
/1 (p
Z{P )
w{pP )

)l
1
1

N{R /DA )
A(R )
1/T(R
Z{R )
WiR )

)1
1
1

NCPHI/DA )
A(PHI)
Z(pPHI)1
W{PHI) 1

N{ AYP/DA )
A{AYP)
1/T{AYP)1
1/7 (AYP )2
Z{AYP) 1
WlAYP) 1

1

st
257

-.000594

1.86
~.0345
2.1¢

=.0749
170
~9.28

4.76
= .00446
.103
1.97

<266
l.48
-.372
2.28

4.77
-101
1.97

16.%
-.278
«343
.0370
1.96

TABLE III-10

F-104A AILERON TRANSFER FUNCTION FACTORS

2

SL

.800

.0C711
4.82
. (849
4.51

~-1.78
-.308
2.48

45.6
-.0Cl24
. 123
4.93

3.51
1.08
. 202
3.35

46.7
.123
4.92

1€83.
-.176
«721
. 112
4 .87

SL
1.10

.004C4
7.86
.0732
7.53

~5.08
~.2265
3.00

8l.5
-.000450
142
8.54

6.50
1.61
«265
3.83

8l.7
142
8,53

313.
-.169
«961
.128
8.16

(BODY AXIS SYSTEM)

+

SAS Off

+

4 5
15 K 35 K
<300 600
. 00849 .0172
3.08 o246
-136 .0138
4.5C 2.84
«275 «366
—e 447 .0864
=5.36 586
34.7 6.35
-.00282 —.0121
. 0983 «0699
4.49 1.76
2.64 <407
405 249
«169 —~.0646
4.69 3.25
34.9 b.44
. 0987 «0639
“4.49 1.78
131. 22.6
~.154 .111
«05 -.290
«104 0760
4.49 1.85

35 K
<900

. 00843
2.04
.00590
2.85

~+369
317
-1.13

14.8
-.00160

<0656

3.00

1.01
.804
-.0533
2.44

14.8
.0655
3.00

53.8
-.1l46
<250
G574
2.56

35 K
1.20

.00570
2.41
.0453
4.29

—.468
-.596
.843

19.4
—.00144

«0737

4.55

1.49
.528
.0591
3.75

19.5
-0737
4.55

73.6
-, 144
.301
.0695
4.48

8

45 K

1.50

.00368
1.50
.0339
3.97

-.0432
. 295
-4.74

12.9
-.00147
« 0466
3.99

.902
. 334
.0170
3.89

13.0
. 0464
3.99

47.3
-.114
. 164
. 0444
3.98

9

45 K
2.00

.00588
1.72
«0331
3.25

-.0631
.127
-7.43

15.8
-.000868

.0612

3.25

890
.316
-.0252
3.14

15.8
. 0610
3.25

53.9
.116
- <289
.0758
3.29

10

55 K
1.80

« 00602
. 541
.0373
3.00

-187
o111
1.01

8.38
-.00155

<0426

2.80

+517

.220
-.00604

3.27

8.43
.0423
2.80

29.5
.0988
-.167
.0520
2.76



86

F/C #

H
M

DENCMINATOR
/T (DET)]
L/T(DET)2

ZLCET)1
W(CET) 1

NJ MER AT ORS
N{B JOR )
Alg )
L/T(3 )1
1/7(8 )2
/7(8 )3

NEP /DR )
LI
/T )1
/T )2
/i )3

N{R /DR )
AR )
/TR )
Z{R )1
WIR )1

1

N(PHI/DR )
ALPHI)
1/7{(PrI)1
/T (Pr1)2

NEAYP/DR )
A{AYP)
1/T (AYP)1
L/7T (AYP)2
1/T {AYP)3
1/T (AYP)&

-.000594

1

St
257

1.86
—.0345
2.10

.0317
~.0139
2.1¢
35.3

5.35

-.00447

-

(

-.96C
<976

~.923
2.01
0299
-548

5.32
.972
~«974

4.4C
-.0277
-6.66

«611)

le43)

F-104A RUDDER TRANSFER FUNCTION FAOTORS

2 3
st o, SL
.800 l.10
«0CT11 «004Co
4.82 7.86
. (849 .0732
4.51 7.53
« (719 .0621
—.0C574 -.00100
4.94 8.64
119. 156.
41.5 57.6
«0C125 -.000454
-3.32 -3.33
3.40 3.70
-7.07 -8.72
5.41 9.26
- 493 . 627
$ €62 «478
4l.2 57.4
-3.36 -3.35
3.39 3.69
35.8 56.7
-.C129 ~+00460
-1€.6 ~22.9

{

.787) ( .612)
4.07) { 6.05)

TABLE III-1

SAS off

15 X
+900

« 00849
3.08
«136
4.50

. 0413
-.00640
3.11
165,

27.6
-.00283
-3.42

3.47

—4.49
.498
.966
2.22

27.2
3.47
=3.49

24.3
-0l 44
2.25
4.85
-16.5

(BODY AXIS SYSTEM)

35 K
«600

0172
o446
.0138
2.84

.0179
-.0439
.391
144.

6.66
-.0121
2.09

~2.18

-1.18
.254
.0889
2.36

6.60
2.16
=2.30

5.13
-.0582
209
5.75

-8.08

6

35 K
900

.00849
2.04
.00590
2.85

.0188
-.00267

2.02

128.

11.2
-.00160
~2.19

2.23

-1.91
1.95
<320
.736

11.2
=2.21
2.23

8.79
-.C100
l1.46
3.03

-10.3

+ +
7 8 9
35 K 45 K 45 K
1.20 1. 50 2.00
.00570 «00368 .00588
2.41 1.50 1.72
.0453 .0339 .0331
4.29 3.97 3.25
.0159 «00847 .00782
-.00171 -.00256 .000969
2.40 1.48 1.69
175. 235. 285.
13.1 T.17 8.68
—.00144 -.00147 ~.000872
-2.49 -2.95 -2.42
2.58 2.98 2.58
-2.09 ~1.52 -1.78
2.27 +397 477
+635 «508 . 820
.699 1.52 1.03
13.0 7.07 8.58
~2.52 -2.99 -2.45
2.58 3.00 2.58
12.2 2.04 3.83
-.00748 -.00671 -.000431
2.00 + 897 1.40
3.7¢ 8.86 8.88
~1l.4 -25.9 -20.6

10

55 K
1. 80

« 00602
«941
«0373
3.00

+00485
-.000579
.938
294.

5.04
~-+00155
-2.37

2.44

-1.01
236
.358
1.51

4.95
—2.42
2.46

2.30
-.00323
<622
8.20
-15.0
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TABLE III-12
F-104A LATERAL-DIRECTIONAL HANDLING QUALITIES PARAMETERS
SAS Off

(BODY AXIS SYSTEM)

+ + + + + + + + + +

F/C # 1 2 3 4 5 6 7 8 9 10
H SL SL SL 15 K 35 K 35 K 35 K 45 K 45 K 55 K
M .257 . E00 1.10 «900 600 .900 1.20 1.50 2.00 1.80
DR PERIOC (SEC) 3.00 1.40 .836 l1.41 2.22 2.21 1.47 1.59 1.93 2.10
/ci1s2) - <773 <665 l1.24 125 .0535 <411 «308 «300 .338

SPIRAL (2) (SEC) 11617, - - —_— - - -- - - -
PLL) 2.47 132.2 15.0 l1.1 2.60 8.04 8.72 8.51 9.14 T.28
P(2) l1.866 11.2 11.7 i0.8 1.37 T.12 B8.42 8.48 8.79 7.10
P{3) 2.86 12.8 14.5 11.0 4.89 8.44 9.31 8.61 9.06 T.56
PL2)/PI(1) .671 . 847 . 783 .973 525 .885 <966 «997 «963 <975
PLOSCY/PLAV) «232 .C751 .114 <0111 <466 .0732 0340 .00450 .0170 «0256
W{PHI ) /4 (D) «940 1.09 1.13 «999 «629 1.05 1.06 1.01 1.00 «934
DEL-B-MAX «170 «C908 .0873 «0302 261 +0954 .0456 .0129 . 0383 0627
PHI TO BET Ay PHASE -318. 44.3 44.9 390. -353, 33.6 26.4 18.2 -336. 14.8
PHI TO BETA 3.94 5.31 4.92 5.59 3.98 6.12 5.6% .28 5.5¢4 5.56
PHI TO VE <787 341 230 o424 701 «719 497 472 371 «526



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
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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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NOMINAL CONFIGURATION

L AIM-7 missiles

£0% internal Tuel

W = 3892k 1b

c.g. at 0.289 ¢, W.L. 27.65
I, 25001 slug—ft2
= 122186 slug-fte
I, = 139759 slug-ft2
T, = 2177 slug-ft°

60,000 -

h(ft)

o
!

body axis

1l

20,000 |-

POWER APPROACH CONFIGURATION

2 ATM~7 missiles aft
20% internal fuel
Full flaps, BLC
Gear down

19 units angle of attack

W o= 33196 1b

c.g. at 0.291 ¢, W.L. 25.2

I, = 23468 slug-fte

I, = 117200 slug—ft2 body axis
I, = "33723 slug-ft2

T, = 575 slug-ft?

rigure IV-t.

40,000 -

F-LC

SL

FLIGHT ENVELOFE

4 8 l.2 1.6

Mach - 20

level Flight Envelope (Nominal Configuration)
Speed Restrictions
Transfer Function Case n

Flight Conditions

24
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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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Viscous Damper
(o if bottomed out
3.03 Ib/in/sec otherwise)

Bellows Pressure
(.0569 qgPgelb/in)*

Bellows Spring
(.0157 qg Pge Ib/in)

Lumped Viscous Damping
(208 Ib/in/sec)

""—SST 7/

Bobweight
(5.351b/g)

= Effective Bobweight Position (39.3 ft)

F-4C

Lumped Inertia
(.03691b/in/sec?)

Airplane CG

* The product qgPgr is determined by the mach,q,and 85 combination
at a particular flight condition. See Fig. -5 for nominal configuration values

Figure IV-4. F-LC Feel System Schematic




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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RUD
FLEX

O N b

o o O
]

SL

15,000 ft
35,000 f¢
45,000 ft
55,000 ft

F-4C
38924 Ib

Figure IV-6.

F-LC Rudder Flexure Coefficient
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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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SL
15,000 ft F-4C
35,0001 38924 |b
45,000 ft 289¢
55,000 ft
\~§
—— — T e—
- e O
0 Y. . L6 1.8 20 22
! | ] [
S




gL

Ol

OS5

Ol

— SL

- 15,000 ft

—-— 35,000 ft
— = 45,000ft
—=-— 55,000ft

Zero Excess

Thrust

0.l

1
5

Speed
Restriction

05

Ol

Ol

F-4C
38924 Ip

Ol



gL

— SL

----- 15,000 1

—-— 35,000 ft F-4C
— —— 45,0001 4Q . 389241b

—--— 55.000ft f %\\ Flexible

\%
~ \~~
~ \

~ (19
‘\\ %N- —~
>
l l l | | l l | | | !
.2 4 .6 .8 1.0 .2 14 1.6 1.8 20 2.2
Mach




YL

2 14 1.6 1.8 20 2.2
0 T | T I I T
-4
Cma F-4C — sL NS -
(rad™) 389241b  -=--- 15,000t \‘~-——-——‘ /—/’_@:—"::——f_.:_@
-8 .289¢T —-— 35,000t - -
Flexible — — 45,000ft ' -{@_//
—--— 55,000ft \ —-"/-
o0 ?
-1
Cmgq»
Cmg
-2
(rad™)




SL

’ \ 1.2 Mach 16 18 2.0 2.2
} } (%)/ 2y £ j 1 } ._.L-——-—'l { ® f
2 4 6 8 .0 — L. —®
- "/
F-4C SL
38924 1b —— e 35,000f1t
.289¢C —--— 55,000ft
Flexible
Mach
1.6 .8 2.0 2.2
% l \/Q\ﬁ | 4_@-_—5 @—*’—
2 4 6 -
N ———LO¥
8 10 ' ©,
b % A, ] I - — ©
.2 4

5 : .= . T T {
6 — ' [ 12 14 16 1.8 2.0 2.2
\g Mach
— '
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CLas,
Cm88

(rad™)

SL

15,000 ft
35,000t
55,000t

F-4C
38924 Ib
Flexible




LL

4 6 1.0 1.2 14 1.6 18 20 22

| T | T I | | | 1

\®\~-
\ ﬁzf_:{s‘}\. ‘--——— ®
s:h.! - ———_::
— SL F-4C
—-— 35000ft 38924 1b
—<o=— 55000ft Stability Axis
Flexible
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.08

-04

-08

SL

15,000 ft
35,000 ft
45,000 ft
55,000 ft

F-4C

38924 b
Stability Axis
Flexible

——




6L

SL

=== |5,000ft
—-— 35,000ft
— = 45,000ft
—--— 55,000ft \
o= :~\\--——;ﬂ‘-“%’
=== ———
} } } } { } 1 } } %
.2 4 6 1.0 1.2 4 16 1.8 2.0 2.2
Mach

F-4C

38924 b
Stability Axis
Flexible

All Altitudes
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0 4 6 8 1.0 .2 14 16 1.8 20 2.2
0 | l I T | l l | %1
Cys,q o @
(rad™) & D—(t D—0Q o
-02
— SL
-—==— 15,000t F-4C
== 35,000ft 38924 1b
O - — 45,000t Stability Axis
04 ‘@)—\ s 55,000 ft Flexible
03 ® :
C1g \D\ <
a
(rad-l)' \®\ --®\.
.0l ~\5 -~\-.:
0 1 | | | | | | | L
4 6 8 .0 .2 14 1.6 1.8 20 2.2
Mach
.0l
C ‘005 A_-\-\__
"8 Lo =0
- ) —— - - el |0 ] RB
(rad™) =
-005

Combined aileron and spoiler
effect per unit aileron deflection
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Cyar
(rad’™

C"ar
(rad™)
-04

-08

-0l

SL

----- 15,000 ft
—=-— 35,000 ft
== 55,000 ft

F-4C
38924 |b
Stability Axis
Flexible




Z8

F/C #

H{FT)

M(-)
VTIO(FPS)
VIO(K TAS)
VTOIKCAS)
Wiies)
C.G.{VMGC)
IX (SLLG-FT
1Y (SLUG-FT
1Z (SLUG-FT
IXZISLLG-FT
EPSILCADEG)
QL P3F)
QC(PSF)
ALP4A (DEG)
GAMMA ( DEG)
LXP(F T)
LZP{FT)

I TH(DEG)

X1 (DEG)

LTH(F T}

TABLE IV-2

F-4LC DIMENSIONAL, MASS, AND FLIGHT CONDITION PARAMETERS

1
St
206
230,
136.
136.
33197.
-291
23 €69,
117506.
133730,
1575.
-. 820
62.6
63.3

11.7

s = 530 sq ft, b = 38.67 ft, ¢ = 16.0k ft

2
SL
. 800
893.
529 .
529 .
38925.
. 289

25C02.

122193,

136767 .

2177.

-1.09
948 .
1109.
.3C0
0.

1¢.2

4+

3
St
1.10
1228.
728.
728.
38925.
.289
25002.
122192,
1397¢7.
2177.
~1.009
1792.
2397.
-.300
0.

16.2

+ +
4
15 K
.S00
G52,
5€4.
4€5.
3892¢.
.296
25002.
1221653,
13977,
2171,
-1.29
677.
825
+«53C
0.

16.2

346.
199.
38925.
.289
25002,
122193.
129767,
2177.
-1.09
126.
138.
5.40
0.
16.2
-2.81
£.25
5.25

-.370

6
35 K
« 500
876.
519.
311.
38925.
.289
25002.
22193.
139767,
2177,
-1.09
283,
345.
2.60
0.
16.2

-2.81

692,
432,
38925.

.289

503.
703.

1.60

445,
2925,
. 289
250C2.
122193,
139767,
2177.
-1.09
489,
T4S.
2 .60
0.

16.2

+2R9

258002,

122193.

1742,

1032.

433,

33925,

<289

266002,

122193,

130747,

2177

-1.09

434,

706,
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F7/C #

Xy =
PAVER
MU %
XW
Iw
M
InD
2Q
MwD
MO
XDS
s
¥0S
X0 TH
2D TH

MDTH

TABLE IV-3

F-4C LONGITUDINAL DIMENSIONAL DERIVATIVES
(BODY AXIS SYSTEM)

1 2

St SL

206 .800
-.0417 -.0159
~e177 ~.0645

.000743 -.C0L61

.130 .00705
- 4452 -1.54
-.00182 ~.0199
-.0C305 -.00271
~2.48 -8.20
~-.C00642 -.0C0663
-.317 -1.36
5.98 <739
—~6.65 -141.
-1l.46 -32.3
« 000965 000823
-.887E-4 -.756E-4

-+485E-5 -.303E-5

3
SL
1.10
-.0677
.022¢
.C0325
-.0107
-2.11
—.Ca4te
-.0C326
-8.7¢

-.000729

.000823
-+756E-4

-«303E-5

4
15 K
.90C
-.0203
—-.134
-.00425
.C0171
-1.1%
-.0.75
-.00710
-6.0C
-.000C480
- 963

.9z2

Y

~107.
-25.C
.00C823
-« 15¢E-4

= e30ZE-5

S
35 K
«60C
. 000719
-.0689
.000511
. 00458
—4296
-.00326
-.C0104
-1.84
~-.000244
~.307
3.42
-20.7
-4.90
.0co0823
- .T56E-4

-.303E-5

6 7
35 K 35 K
. 900 1.22
-. 00796 -.0123
-.087¢ 0175
~.£0239 LO0222
0158 . 00576
~.567 - 727
~-. 00911 -. 0248
-. 00116 -.00106
-2.89 -4.03

-.000267 -.000247

-.687 —e 745
2.25 2.52
-49.6 -90.%
-11.4 -20.7
000823 .000323

-.756E-4 —,756F—4

-.303E-5 =-.303E-5

) -}

&5 K 45 K
1.50 2.15
-. 0ce79 -.0158

.c1t10 -. 000252
L0C34] .00128
.CClas .0C237
~-~,004 — 004
-.0198 -0

-.000C35e .977c -4
—2.2% -1.27

- B40NE~4 .75QE-4

~.488 -aafa

3.21 2.0%
-70.6 ~-82.6
-16.0 -16.1
.000823 .000823
- 756F=% -, 756F~4
-.303F-5 -.303E-S

~.00528

LO004T4

LN0175

~.00EC1

-.310

-49.56

-11.2

.000823

- .756E~4

-.303%-5



TABLE IV-4
F-4C STABILIZER TRANSFER FUNCTION FACTORS
SAS Off — Bobweight Loop Open
(BODY AXIS SYSTEM)

¥8

+ + + + + + + + + +
F/C # 1 2 3 4 5 6 T e 9 10
H St SL SL 18 X 35 K 35 K 35 45 K 45 K 55 K
M 206 «800 1.10 «9CC .60C . 200 1.20 1,50 2.15 1.80
DE NCMINATCR

Z(DET)1 «102 (-.0278) 639 (-.C612) «0928 ( .0446) .191 . 156 <386 .175%

W{DET)1 . 191 ( .0516) 0542 { .0741) L0774 (~.0458) . 0450 «0402 0220 0274

Z(DET)2 LE07 393 «324 .308 «259 2264 . 162 102 L0665 o650

W(DET) 2 . 157 4 .44 7.95 4.24 1.41 2.85 5.432 .39 £.5¢ L.84

NUMERATCRS
N(L /DS )

AlL ) 5.97 «T37 ~-1.31 930 2.42 2.25 2.52 3.20 2.04 2.86
1/T(Uu )1 11.4 1.94 1.49 1.2% 136. 201 . 266. .310 400, 2143
1/T(Uu )2 { .452) 5.35 -6.31 2.44 { .980) ( .787) { .96%) L6461 ( .978) .584
1/T(u )3 { .561) 167. 304. 218. t .307) ( .663) ( .783) 328. { .496) 394,

N{w /DS )

Alnh ) -6 62 -141. -250. -107. ~-20.6 -49.5 -90.3 =70.6 ~-83.6 ~49,6
1/Ttw )1 49.3 2Cé. -.0032¢C 222. 137. 202. 267. 328. 400, 394,

(W )1 151 .176 ( 0711 169 .0121 . 0964 . 852 « 290 . 731 R4

Ww )1 . 156 «C456 ( 299.) .06217 . 0627 . 0532 .00722 .C0911 L0108 0114

N{ THE /DS )

A{ THE) -1 .45 -32.2 -6C.9 -24.$ -4.90 -11.4 -20.6 -16.0 -16.1 -11.2
1/T{ThE)L e ] «0162 0678 .02CE -.00498 . 0106 .0131 .00608 0187 00460
1/T(THE)2 . 379 1.46 1.90 1.08 .282 .505 .618 <607 .388 260

N{HD /DS )

A(HD ) T.70 l141. 250. 107. 2C.9 49,6 9.3 70.6 83,6 49.7
1/T(HC )1 007 26 <0146 .Ch8C . 0165 -.0245 .C0335 . 0123 .00489 .0151 L0207
L/T{HD )2 -4 .21 17.0 -23.8 15, 5.96 9.99 12.7 11.5 -12.6 -10.1
1/T(HC )3 427 -17.5 23.9 -15.7 -£€.05 -10.2 -12.9 -11.5 12.5 10.1

N{AZP/DS )

ALAZF) 17.0 382. 737. 248. 58.7 135. 244, 188, 177. 132.
1/77(AZP)1 -.0514 -.000207 .000137 -.C0035¢6 -.C00194 -,00287 -.000776 -.00104 -.000385 -.00117
1/7(a2P)2 «0543 .0148 .0679 0172 —e0243 . 00018 .0131 . 0590 01564 .00419

Z{AzZP) 1 «i21 +104 0917 .C87¢ .0620 . 0625 . 0586 . 0600 .029¢ 0289

W(AZP)1 2.80 1c.5 13.6 9.3C 2.61 6.C9 7.81 T.07 8.56 6.19
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TABLE IV-5
F-4C THRUST TRANSFER FUNCTION FACTORS
SAS Off — Bobweight Loop Open
(BODY AXIS SYSTEM)

+ + + + + + + + + +
F/C # 1 2 3 L 5 6 7 8 9 10
H St SL SL 15K 35 K 35 K 35 K 45 X as K 55 X
M 206 .800 1.1¢C +9CC . 600 +9C0 1.20 1.50 2.15 1.80
DE NCMINATCR

I(DET)] . 102 (-.03278) 639 (-.C612) .0928 ( .045%6) - 191 - 156 .38 .175

WDET)1 191 { .0£16) .0542 ( .0741) L0774 (-.0456) . 045C 0402 L0229 «N274

L(DETY2 . 607 «393 <324 «308 +259 224 «162 . 102 L0665 NeX-S-1a

wW{DET)2 =757 4 .44 7 .99 boi4 l.41 2.85 5.43 5.39 6.54 4 R4

NIUMERATCRS
NGU  /DTH)

AlyU ) .000965 .000823 .000823 .000 823 .CC0823 .000823 .000823 L000823 000823 .000823
1/T(U 1 - 109 00607 .GC176 .00¢ 326 00376 . 00295 -.C00327 -.000995 -~-.000421 -.60113
Ztu )1 . 694 .293 .322 . 308 L3271 . 264 . 173 «12% L0782 L1046
Wiy )1 .732 4 .45 8.00 4o € 1.46 2.88 5.42 5.28 6,54 4,84

N{w /0UTH)

Alw ) ~.BT78E-4 —.T754E-4 =.TS54E-4 -—.755E-4 —~.754E-4 -, 755E-4 =~,755E-4 ~,T56E-& -.756E-4 —.756E-4
1L/T{wn )1 14.3 00167 -.00175 .000S5C3 24.0 -.,000110 =-.00302 -.00281 -.00193 -.00279
1/7T(w )2 (-.122) .458 -.788 l.18 (-.807) .658 ~. 756 -.897 -.327 ~sbh]
L/T{w )3 { .151) 37.0 51.7 35.1 { .CT46) 35.6 47.9 £9.2 ge 0 7.3

N{ THE/DTH)
A{THE) -4 67E-5 =-.298E-5 =-.298E-5 =-.295E-5 -.298E-5 -.300E-5 =-.300E-5 -.,302F-5 -.303£-5 -.303E-%

L/T(THE)L -. 192 .283 -1.21 «517 -.289 .178 .450 -321 «282 .215
1/T(THE)2 . 480 1.23 1.28 l1.38 +«358 . 800 -1.13 -1.24 -.63C =700
N(HD /DTH)
A(HD ) .000282 797 E-4 .T711E-4 .826E~4 .C0020C9 .000113 .985E-4 000113 .957E-4 000123
1/T(HD 11 1.39 341 -1.86 1.€5 1.45 . 681 2.53 1.43 1.08 655
Z{HO )1 -e552 (-4.91) (-4.80) (-4.11) —-.367 (-1.86) -.293 -.122 -.0978 -.0393
W(HD )1 .516 { 65.88) { 8.30C) { £.6M .793 { 2.62) 2.68 2,31 3.29 3.15

N{AZP/DTH)

ALAZF) ~.120E-6 =.272E-&4 =.272E-4 ~-,27CE-4 - .2728-4 ~-.269E-4 -, 268F-6 —,26TE-4 —,265E-4 ~—,26FE-4
1/T(aZP}1 -. 0214 -.000 139 .0C0127 -.CCC2%€& ~.(CC872 -.00168 -.000768 -.C0100 -.000377 =-.0C106
1/T(AzZP)2 16.5 .332 -2.06 «G% L -.8C5 .451 6.65 f.07 3.61 3.30

ZiALF) 1 -.984 (-8.60) (~6.62) (-7.34) (-1.5%) (-4.60) -. 53¢ -.316 -+ 264 ~.275

W(AZF) 1 . 815 ( 11.8) ( €.2 ( 1¢C. 2} { 5.35) { 6.67) J.16 2.60 3.43 3.0
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+

F/C # 1

H St

M «206
DENCMINATCR

1L/T(DET)] 20.8
1/T{DET)2

Z{DET)1 . 146

WIDET) 1 .0881

Z(DET) 2 271

w(DET) 2 1.15

Z(DET)Y3 «427

W{DET)3 6.01

NUMERATCRS
N{U  /FST)

AU ) -190.
L/T(u )1 11.4
1/Tu )2 ( .452)
L/Ttu )3 { .561)
L/T(Y )4

NEw  /FST)

Alw ) 210.
1/T(w )1 49.3
L/T(w )2

Ztw 1 - 151

ki )1 . 156

N{ THE /F ST)

A(THE) 46,2
L/T(THE ) . 104
1L/T{THE)2 «379
1/T(THE)3

N{HD /FST)

A{HD ) =245 .
1/T(HD )1 .0C726
L/T{HC )2 =421
L/T(ALC )3 4 .27

1/7T(HD )&

TABIE IV-6

F-4C STICK FORCE TRANSFER FUNCTION FACTORS

SAS Off — Bobweight Loop Closed
(BODY AXIS SYSTEM)

2

SL
800

-.0271
0412
{ 25.3)

<277
4.91
0192
2S.1

=-23.4
1.95
5.35
197.

4476,
2C4.

« 176
. 0456

1czs.
.Clé2
1.45%

4476,
.0146
17.0

-17.5

(

+

3

SL
1.10

2€.6

« 760 {
<0454
«263
7.90
«0C0438
38.9

41.7
1l.49
-6.31
304.

7961
00320
0711
299.)

193¢.
.C678
1.9¢C

-7961.
0680

-23.8
232.9

4

15 K
«9CC

~.044%
.C5€%
25.C)

.21¢
4.6C
.C253
24, €

138¢.
222.

<166
-0627

762.
.02CE
1.08

-2388.
Q0lEs
15.3

-15.7

+

35 K
«600

22.0

=+0455
. 0540
.166
1.67
167
1l.4

~109.

136.
{ +.980)
( .307

656.
137.

.C121
. C627

156.
~.(004938
.282

-€65.

—<C245
€.96

-€.05

6

35 K

.900

-.0335
<0343
{ 23.5)

+155
3.09
. 0751
16.5

-71.5

201.
( .787)
{ .643)

1573.
202.

.09%64
. 0532

363.
. 0106
- 5C5

-1575.
.00335
9.99

-10C.2

1

35 K

1.22

24.5

205
. 0389
. 148
5.12
. 0302
22.1

~80.2

266.
{ .965)
{ .783)

2869,
267.

» 852
00723

656.
.0131
.618

-2870.
.0123
12.7

-12.9

45 K
1.50

1.49
23.2
. 159
.02721
- 128
5.07
. 109
22.4

-l102.
310
641
e.22
328.

2262,
4.22
22¢.
«2°0
00911

so08.
00608

L4077

4,22

-2245,
00489
“.22
11.5

-11.5

(

45 K
2.1%

3.10
21.1
«%21
0102
. 102
6,36
<174
34,5

~-64,9
11.1
400 .
«378)
s40g)

2656,
1l.1
40C .
. 731
.0106

S11.
.0157
. 388
11.1

—-2657.
.0151
11.1

-12.4
12.5

1C

55 K
1.80

1.35
272.2
-169
.N218
<101
4.63
<137
22.5

-en,q
.143
.5%4
4,42
294,

1574,
b b2
3%94.
<184
«Ol14

357.
L0460
. 2h0
4,42

-1579.
«0C307
4.tz
-1n.1

1041
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TABLE IV-6 (Concluded)

NEAZP/FST)

ALAZR) -540 . -12129. -2343Q. -545¢&. -1867, -4206. -7765. -5989. -5624. -4209,
L/TIALR) L -.C514 -.000207 000127 -.CCG3%6 =-.CC0194 -—.00287 -.00C776 ~.00104 -.000385 -,00117
L/T(aZIP)2 . 0543 «Gl43 .C617S .Ll72 - 0243 . 00618 .0131 00590 L0154 .00419
L/T(AZP)3 &.22 11.1 4ob2

IVALFY] . 121 + 104 0917 .C87¢ .C620 . 0625 . 0585 . 0400 0264 .0280

w(AZP)1 2 .80 1C.5 13.6 9.3C 2.61 6.09 7.81 7.07 8.56 6.19

+ + + + + + + + + +
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F/C & 1
H SL
M 206
DE NCMINATCR
1/T{DET) 20.8
L/T{DET)2

Z(DET) 1 . 146

W(DET) 1 .0881

Z(DET)2 271

W{DET)2 1.15

Z{DET) 3 . 427

W(DET)3 6.01

NUMERATCRS
N(U  /0TH)

AU ) -0 00965
/7Ty 1 00561
L/TU 12 20.8
1/T(u )3

Z{u 1 .318

WL )1 1.19

ity )2 432

Wy 2 6.02

N(w /DTH)

AlW ) —«.878E-4
L/T(w )1 0248
L/T(w 2 . 396
1/7(n )3 12.7
1/T(w )4 21.3
1/T{n 5

Z{W 1 . 520

w )1 5.25

N({ THE /D TH)

A{ THE) -4 6T E-5
1/T(THE)L -.0923
1/T(THE)2 «901
L/T({THE)3 20.3
1L/T(THE )4

I(THE) 1 «478

Wl THE) 1 5.04

TABLE IV-7

F-LC THRUST TRANSFER FUNCTION FACTORS
SAS Off —— Bobweight Loop Closed

SL
-800

-.0271
<0412
{ 25.3)

. 277
4.91
.0192
25.1

.000823
.CC339
25.

277
4492
.0192
26.1

-.754E-4
00116
.518
20.7
3%.3

.0458
29.0

-.298E-5
. 250
1.11
23.2

.0457
28 .4

(BODY AXIS SYSTEM)

+ +
3 4
SL 15 K
1.10 «9CC
2€.6 -.044°%
.05¢&¢
. 760 t 25.C) -
0454
263 «216
7.90 4.6C
.000438 .C222
38.9 24. €
000823 .CCo8gc3 .
.00128 .C0241 - .
26.¢ 25.C
<262 «220
7.91 4.62
000420 .025¢
38.9 24.€
—«754E-4 - ,755E-4 -,
-.00172 .CCo2¢S
-+€51 1.26
21.9 2C. S {
53.4 4C. ¢ .
0242 .C567
38.7 24.2
- .298E-5 -.2G9E-5 -.
-1.10 391 -
1.13 1.43
22.8 23.1
024¢ .C55¢
38.0 23. ¢

5

35 K
«600

22.0

. 0455
. 0540
166
1.67
«167
11.4

cces23
cQ271
22.0

.247
1.71
.169
1l.4

154E~-4
18.4
6.3
.583)
Cc514)

214
10.9

298E-5
.185
. 444
21.2

.197
10.7

(

6

35 K
.300

-.0335

.0343
23.5)

.155
3.09
.0751
16.5

000823
000946
23.5

.172
3.11
.0755
16.5

755E-4
000597
. T44
20.4
36.8

<121
16.0

300E-5
127
. 865
22.2

110
15.7

+
7 8
35 K 45 K
1.22 1.50
24.5 1.49
23.2
.205 .159
.0289 L0291
<148 .13g
5.12 5.07
.0302 .109
22.1 22.4
.000823  .000823
-.000438 -.C0C299
"24.5 1.49
23.2
.158 .159
5.12 5.05
. 0305 .109
22.1 22.5
-.755E-4 ~.TS6E-4
-.0030% -.00293
-.587 -.537
21.6 1.21
48.8 21.3
506
.0722 .l60
21.5 22,2
-.300E-5 =-,202E-5
.420 .273
-.940 -, 887
22.8 1.28
21.9
« 064D . 146
21.1 21.9

a5 K
2.15

3.10
21.1
431
.0192
.102
6.26
172
34.5

000823
-.QCe410
2.1
2.1
<117
6.36
.174
34,5

~.756E~4
-.00215
-.222
2.92
20.5
84.2
.188
34.6

-+303€E-5
266
-+516
2.5
2C.6
.18¢
34.5

10

55 X
1.50

1.35
22.2
«169
20218
101
4.63
<177
22.5

.000223
-.N0119

1.36
22

.138
4.62
137
22.5

- 756E-4
-.00304
-.277
1.2}
21.0
72.5
167
22,4

- +3N3E-5
<199
-.516
1.24
21.3
.165
22.2
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NCHD /DTH)

A(HD )

L/T{HD 1

L/T(AD )2

1/T(HD )3
Z{HD )1
wHD )1
Z(HD )2
W{HD )2

N{AZP/DTH)
A(AZF)
L/TLAZP)]
1L/7(AZP)2
1/7T(A29)3
1/T(LZP)&
LiAZP}1
W{AZF) 1
ILAZFR)2
wlAZP) 2

.000282
1.12
20.8

-.0630
«484
. 435
5.91

~.120E-4
-.0214
7.89
24.9

~.E47
« 709
.£22
7.20

«T9TE-4
. 3249
-4.32
5 .45
{ 25.1)

0241
29.0

~.272E-4

-.000189
.331

=7.43
8.15

{ 28.4)

-.00375
25.9

TABLE IV-7
+TLLE-4 «826E-4
-1.84 l.1C
~4.26 -3.532

7.06 4.38

{ 2¢.5]) 24.¢)
.0C513 .03Ce

38.1 24.4
-.272E-4 -.270E-4
000127 =-.CC02¢¢

-2.13 991

-5.54 -6.19

9.6¢ 7.01

( 31.7) 27. 1)
-.0192 .CCC2€C

36.9 2.4

(Concluded)

.C00209
« 734
22.0

-.0241
. 506
.169
11.3

~ 272E-4

-.00872
3,78
23.1

~.969
1.02
.151
12.1

-000113
-1.33
23.4

941
1.30
. 0800
16.3

-.269E-4

-.00168
.4648

-3.74
4.62

{ 25.2)

. 0481
17.2

.985E—4
1.94
24 .4

-.245
2.53
. 0351
21.9

~e268F~4

-.000758
4.63
27.0

-.532
2,81
.00588
23.2

.000113
«527
2.15
23.1

-. 0579
3.11
114
22.4

=267 E-4
~-. 00100
.867
4 .83
25.1
-.281
3.006
. 0768
23.3

«957E-4
. 785
3.39
21.1

-.0494
3.13
L177
34.5

—+265E-4

-.000377
1.94
5.12
21.9

~.258
3.01
<157
34.6

000123
363
1.57
22.2

00928
3.00
141
22.5

-.266E-4
-.00106

.895
3.53
23.5
-.235
2.60
108
23.0
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F/IC »

H
M

DENCMINATCR
1/T(DET)L
1/T(DET)2
L/T(DET)3

Z(DET)1
wlDET)1
2{oeTi2
WIDET) 2
L(DET) 3
w(DET 3

NUVNERATCRS
NIL /DS 2
AU )
/T
1L/T(u )2
1/T(u )3
1L/T(y )4
1/T(U )5
L/T(U 16
Z(u )1
WU )1

N(wWw /DS }
Alw )
1/7T{w )1
1L/T(w )2
1/T(w 3
1/T(w )4
i 1
hiw )1
Ztw )2
Wih 2

TABLE IV-8

F-LC STABILIZER TRANSFER FUNCTION FACTORS

1 2
SL SL
206 800
1.24 -.C375
16.8 .0520
«851
.C868 ( 4.44)
- 189
<672 <540
. €90 10.2
. 584 .103
4 .83 27.4
5 .97 « 737
1.00 1.00
11l.4 1.94
20.0 5 .35
«452) 20.0
.561) 167.
.584 .103
4.83 27.4
-6 .62 -l4l.
1.00 1.00
20.0 20.0
49.3 2C4.
151 .176
. 156 +C456
. 584 . 103
4 .83 27 .4

(BODY AXIS SYSTEM)

St
1.10

.858
6.4C

632
«0542
. €20
15.3
«C7€C
37.1

-1.31
1.00
1.49

-6.31
20.0
304.

-
.C7¢0
37.1

-250.

-.0032¢
«C711
1.00
20.0

{ 295.)

.C76C
37.1

(

15 K
«9CC

-.0607
0746
«574
14.2)

«824
5.1C
.12%
22. ¢

«S3C
l.cC
1.25
3.44
2C.C
218 .

.12€
22.6

-107.
1.0C
20.C
222.

.1¢8
.0€27
.128
22.¢

5

35 K
600

1.44
19.2

«C890
0775
<464
1.20
287
$.82

3.42
1.00
2C.0
136.
. 580}
«307)

.287
G.82

2C. 6
1.00
20.0
137.

.0121
. 0627
.287
G.82

SAS On ~— Bobweight Loop Open

(

(
(

(-]

35 K
- 900

« 0447
-. 0454
1.18
17.9)

«568
2.77
-194
14.5

2.25
1.00
20.0
201.
.787)
. 643)

.194
14.5

-49.5
1.00
20.0
202.

. 0964
0532
+ 194
14.5

{
{

35 K
1.20

1.05
16.1

.189
. 0450
<477
5.90
. 141
20.0

2.52
1.00
20.0
266.
«965)
.783)

<141
20.0

-%0.3
1.00
20.0
267.

. 852
.00729
.14l
20.0

45 K
1.50

.883
1.06
17.2
«155
.C402
»329
5.56
. 210
21.4

~70.6
.88
1.C0
20.0
228e.
. 290
00911
.210
21.4

(

2.04
1.00
2.34
20.0
00 .
+9TR)
49 6)
.208
34,5

1C

55 ¥
1.80

924
1.06
18.1
L175
.0274
247
4.93
«209

21,9

2.86
143
.584
.924
1.00
2C.0
394,
.209
21.9



NCTHE/DS )
Al THE)
1/TUTHE)L
1/T(THE)2
L/T(THE )3
L/T{THE)4
1/7(THE)S
Z{THE) L
W{THE} 1

N{HD /DS )
ALHD )
L/T(HD 1
1/T(HD )2
L/T(AC )3
1/THE )4
1/7T({HC )5
L/T(HL 16
Z{HD )1
W(HD )1

N{AZP/DS )
AlAZF)
1/T{ALP)L
1/7(AZP)2
1/7(AZP;3
L/T{AZP)S
L/TCACR)YS
20AZF) 1
WlALF) 1
ZIAZF)2
wlAZF)2

16

TABLE IV-8 (Concluded)
=1 .45 -32.2 -60.9 -24.5 -4.90 -ll.4 =20.6
<104 0162 0678 .C20€ -.CC0498 .ClCo . 0131
«379 1.00 1.00 1.0¢ .282 -505 <618
1.00 1.46 1.90 1.08 1.00 1.00 1.00
20.0 20.0 2C.C 2C.C 20.0 20.0 20.0
. 584 . 103 .07€C .125 «287 . 194 161
4 .83 27.4 37.1 22. ¢ 9.82 14.5 20.0
7.70 141, 250, 107. 20.9 45.6 90.3
00726 0146 .Cé68C .QlE&S -.0245 . 00335 -0122
1.00 1.00 1.00 1.00 1.00 1.00 1.00
-4 .21 17.0 2C.0 15.2 £.96 9.99 12.7
4 .27 -17.5 -23.8 -15.7 -€.05 -10.2 -12.9
2C.0 20.0 23.9 2C.C 20.0 20.0 20.0
«584 .103 «C76C <125 287 . 164 141
4 .83 27.4 37.1 224 ¢ .82 14.5 20.0
17.0 382. 737. 258. 58.7 135. 244,
-.0514 -.000207 000127 -.00035¢ -.C001%9% ~-.00287 -.000775
.0543 .G148 .0676 0172 ~.0243 . 00618 .0131
1.00 1.00 1.00 1.0C 1.00 1.00 1.00
23.0 2C.0 20.0 20.C 20.0 20.0 20.0
.121 -104 .0917 .087¢ <0620 . 0625 .058%
2.80 1C.5 13.9 S.3¢C 3.51 6.09 7.81
. 584 . 103 .C76C o128 287 194 «141
4 .83 27.4 37.1 22. ¢ $.82 14.5 20.0
+ + + + + + +

-16.0
. 00608
. 407
883
1.00
20.0
210
21.4

70.6
. 00489
. 883
1.00
11.5
-11.5
20.0
. 210
21.4

18¢.
-.C0104
L0590
. 883
1.00
20.0
.0400
7.07
.210
21.4

-16.1
L0157
.388
1.00
2438
20.0
.208
34.5

83.6
0151
1.00
2.34
~12.4
12.5
20.0
.208
34.5

177.
-.000385
.0154
l1.00
2.34
20.0
.0294
R.556
.208
34.5

-11.2
00460

. 260
«924
1.00
20.0
$209
21.9

45,7
00307
924
.00
10.1
10.1
26.0
. 299
21.9

132,
no117
NQ41s
924
1.00
20.0
.0280
6.19
209
21.9
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TABLE IV-Q
F-4C THRUST TRANSFER FUNCTION FACTORS
SAS On =— Bobweight Loop Open
(BODY AXIS SYSTEM)

+* + +

F/7C & 1 2 3 4 5 6

H SL SL SL 15 K 35 K 35 K

M .206 .800 1.10 «9CC .600 .900

DENCMINATCR

L/T(DETL 1.24 -.0375 .858 -.0607 1.44 . 0447
1/T(DET)2 19.8 .0520 6 .40 .074¢ 19.2 ~.0654
L/T(DET)3 . €51 974 1.18

HDEM1 . 0868 { 4.44) 632 ( 14.2) .C890 { 17.9)

WDET)1 . 189 .0542 .C775

Z(DETY2 672 +940 . 620 .824 . 464 .568

W(DIT) 2 .690 10.2 15. 5.1¢C 1.20 2.77

ZIDET)3 584 .103 .C76C .12¢ .287 .19¢4

WIDET)3 4 .83 27.4 37.1 22.6 .82 14.5

NUMERATCRS
NCU  /DTH)

AtU ) 000965 .000823 .000823 .oone23 .€00823 . 000823
1/T(u )1 .112 .0C608 .0C177 . 00436 .C0376 . 00295
i/T(U 12 1.31 .851 .858 «ST4 1.55 1.18
1/T(U 3 15.8 4,45 6.43 14,2 16.2 17.9
1/T(u )4

7y 1 .738 .939 €16 .828 .573 .589

WU )1 . 637 10.2 15.2 5.11 1.20 2.80

Ztu )2 «584 .103 .C76C «12€ «287 <194

WU )2 4,83 27.4 37.1 22.¢ .82 14.5

N{W /DTH)

Alw ) —«878E-4 ~-.T54E-4 -~ .,754E-4 = ,755E-4 =—.7154E-4 -,755E~4
1/T(w )1 1.02 .00167 -.0017¢ .CCOESC3 .998 ~-. 000110
/7w )2 14.8 .429 -.746 847 {-.798) «630
L/T(w }3 19.4 959 .518 1.28 { .0738) 1.00
L/T(W )& (—.120) (.10 2¢.C 24.2 ¢ .287) 22,2
1/T(w )5S { .159) ( 27.4) 45.7 34.6 { $.82) 33.5
L/Tin )& -

Ztw )1} . 584 .994 .0760 .10¢ .992 .194

wWh )1 4,83 2¢.7 37.1 22.¢ 22.2 14.5

35 K
1.20

1.05
16.1

- 189
0450
AT
5.90
«141
2C.0

-000823
-.000327
1.05
16.0

-490
5.91
. 141
20.0

-.755E~4
-.00300
=749
.970
22.0
45.9

.14l
20.0

8

45 K
1.50

.883
1.06
17.2
. 155
.0402
«339
S.64
. 210
2l.4

.000823
-.000905
.883
1.06
17.2
.365
5.64
.210
21.4

—« 756 E-4
-. 00281
-.883
.883
.23
21.0
58.2
210
21.4

9

45 K
2.15

1.4
2.34
17.4
384
.0220
«250
€& .88
- 208
as.5

.C00823

=.000421

l1.04
2.34
17.3
<265
6 .89
208
34.5

~«756F-4
-.00193

~.324
.984
2.34
20.6
83.4
.208
34,5

10

56 K
1.8n

.924
1.056
18.1
.175
0274
e 267
4,83
209
21.9

.000823

-.00113

924
1.06
1R.1
.« 289
4.93
.209
21.9

- 756E-4
-.00279

~.458
«Q24
987
20.6
€9.8
.209
21.9
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R{ THE/DTH)
ALTHE)
1/T{THEL
1/T(THE)2
L/T(THE)3
L/T(THE )&
1/T{THE)S
Z{THE) L
Wl THE) L

N(HD /0TH)
A(HO )
1/T7T(HC )1
L/T{HE )2
1/T(HC )3
1/7(HD )4
FARTVIN Y
W(HO )1
Z(HD )2
w{HD )2

N(AZP/DTH)
A{AZP)
1/7(AZP)1
1L/T(AZF)2
L/T{(ALP)3
I{riP)1
wAZF) 1
ItALP) 2
wWlALF) 2
Z(AalF)3
wW(AZP)3

-4 6T E-5
- 192
480
1.00
20.0

. 584
4.63

.000282
593
2.06
19.8

-.523
. 497
.584
4 .83

-.2G8E-5
«283
1.00
1.23
20.0

103
21.4

«T9TE-4
.331
572

-3.83

946
13.7
.103
27.4

-.120E~4 .-.272E-4

-.0214
1.04

-.922
. 780
«584
4.83
975
18.6

-.000189
«324
.568

(-5.98)

<170
15.0
.103
27.4

TABLE IV-9
- .298E-% ~-.2%9E-5
1.00 .E17
-1.21 1.0C
1.28 1.3¢
20.0 20.C
07€C .128
37.1 22. ¢
JT11E-4 «826E-4
538 «T176
(-.642) 1.26
( 2.51) -2.21
1l.2
825 { 13.7)
1€.4
.0760 .125
37.1 22.6
~.272€-4 =—-.270E-4
,000137 ~.0C0256
940 «T6€
1.24
~.880 (—5.22)
2.7¢
651 +8G¢&
24.2 17.4
.CT€C .12¢
37.1 22. ¢

(Concluded)

-.268E-5

- 272E-4

-.289
358
1.00
20.0

. 287
5.82

. £00209
+ B840
2.25
19.2

-.311
.710
.287
S.82

~-.C0872

.994
7.36
17.5)

~+¢G45
1.03
.287
$.82

-.300€-5
.178
. 800
1.00
20.0

«194
14.5

.000113
.6l4
. 907

-1.52
4.30

( 18.1)

«194
14.5

-.269E-4

-.00L68
426
1.00

(-3.55)

.951
13.5
. 194
14.5

-+3C0E~-S
450
1.00

-1.13
20.0

.14l
20.0

. 985E-4
«897
5.34
16.4

-.268E-4
-,000758
.928

-.392
2.44
.8l4
15.5
141
20.0

-.302€E-5

.321
. 883
1.00
-1.24
20.0
«210
21.4

.000113

«851
.883
2.73
17.4
. 109
2.78
.210
21.4

-.26TE-4

-.00100
883
.933

- 177
2.75
. 873
13.6
.210
21.4

-.303E-5
.282
-.630
1.00
2.34
20.0
.208
34.5

«95TE-6&
.785
2.14
2.34
17.6
«160
2.82
208
34.5

-, 265E-4
-.000377
.906
2.34
-.115
2 .47
897
12.4
.208
34.5

-.303E-5
215
~.700
924
1.00
20.0
. 209
21.9

000123
.598
.524
144
18.3
«188
2.88
.209
21.9

-.266E-4
-.00106
902
924
-.133
2.30
.996
11.2
«209
21.9



¥6

F/C &

H
M

DENCMINATCR
1/T(0eT)]
L/T{DET)2
L/T(DET)3

ZIVEN 1
W(DET)1
Z{DETI 2
a(CETY2
JLDET) 3
WICET)3

NUMERATCRS
iy /FST )
AU )
1/T(L 11
1/Tu )2
1/T(U )3
1/T(L 4
1/7(u )5

N{w /ST )
Aln )
1/T(w )1
1/Tin )2
1/T(w )3
Ziw 31
wWiw )1

St
206

1.05
20.6

«l43
. 0880
<313
1.12
w431
6.06

150 .
1.00
ll.4
.« 452)
«561)

210 .
1.00
49.3

«151
. 156

{

SL
800

-.0270
.0413
«G24
21.2)

627
5.53
0181
2G.4

4476,
1.00
2C4.

<176
.C456

SL
1.10

902
17.9

<7158
0654
<E57
1C. 1

-.00157

39.2

41.7
1.00
1.49
-6.31
3Cs.

7961.

-.00320

(

0711
1.00
299.)

{

TABLE IV-10
F-4C STICK FORCE TRANSFER FUNCTION FACTORS
SAS On — Bobweight Loop Closed

15 K
.9CC

—+0443
«C56¢C
«S88
22.1)

«504
4.87
.C25¢
24.5

-29.¢
1.0C
1.25
3.44
218.

3388.
1.0¢
222,

.166
.0627

(
(

(BODY AXIS SYSTEM)

35 K
«600

l.14
21.4

~.0469
« 0540
294
1.56
.170
11.5

-109.
1.00
136.
.980)
«307)

€56,
1.00
137.

.0l21
0627

{
(

35 K
900

-.0335
0344
1.07
22.2)

. 362
3.03
.0781
16.7

-71.5
1.00
201.
.787)
. 643)

1573,
1.00
202.

. 0964
. 0532

(

35 K
1.20

1.04
22,2

<204
. 0389
357
$5.22
.031e
22 .4

-80.2
1.00
266,
«965)
.783)

2869,
1.00
267.

852
00729

45 K
1.50

+«990
1.68
21.1
.159
. 0291
«337
4 .98
<106
22.6

-lo02.
.310
. 641
1.00
4.22
328.

2242,
1.0C
4,22
328,
. 290
.00911

(
(

45 K
2.15

1.02
3.34
18.5
.431
0192
. 289
.46
173
34,5

-64.9
1.00
11.1
400.
.978)
«496)

2656,
1.00
11.1
400.
.731
0106

10

55 K
1.80

.9¢1
1.50
20.7
168
0218
263
4.56
138
22.6

-90.9
143
584
1.00
4,42
394,

1576.
1.0C
4.42
394,
184
0114
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z

N{ THE /FST )
A{ THE)
L/T(THE)L
1/T{THE)2
1/T(THE)3
1/T{ThEIS

N{HD A#3T )
A(HD ?
1/TIHC )1
L/T{HD )2
1/T(HC )3
1L/T(HE )e
1 /T(HC )5S

AZP/FST
A(AZF)
1/T(AZP)1
1L/7(aZP)2
1/7T{A2P}3
1L/T{A2P)4
ZLALFR) ]
W(AZP)1

46,2
. 104
.379
1.00

-245.
0GC726
1.00
21
4 .27

=540 .

-.0514
« 0543
1.00

. 121
2.80

1024.
.0162
1.00
1.46

~4476.
«0146
1.00
17.0

-17.5

-12129.

-.000207
.0148
1.00

. 104
1C.5

TABLE IV-10
193¢. 7s2. 156.
0678 .02CE -.C00498
1.00 1.0C .282
1.90 1.C¢€ 1.00
-7961. -338¢. -£65.
0680 .Clés -.0245
1.0C 1.0C 1.00
-23.8 15.3 £.96
23.9 -15.7 -¢€.05
=23430. -945¢., ~1867.
.000127 -.CC0356 -~.C00194
0679 0172 ~.0243
1.00 1.0C 1.00
0917 .C81¢ .C620
13.9 9.3C 3.61

(Concluded)

363.
. 0106
«505
1.00

-1575.
. 00335
1.00
9.99
-1C.2

~4306,
-.00287
. 00618
1.00

. 0625
6.09

656.
.0131
618
1.00

-2870.
.0123
1.00
12.7

-12.9

~7765.
-.000776
.0131
1.00

.0585
7.81

508.
.00608
.07
1.00
L.22

-2245.
.00489
1.00
4.22
11.5

=11.5

-5989.
-.00104
.00590
1.00

4 .22

. 0400
7.07

511.
.0157
.388
1.00
11.1

-5624.

-.000385

.0154
1.00
11.1
.0294
8.56

357.
00460
260
1.60
4.42

=4209.

-.00117

00419
1.00
4,42

.0280
5.19
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TABLE IV-11
F-4C THRUST TRANSFER FUNCTION FACTORS
SAS On — Bobweight Loop Closed
(BODY AXIS SYSTEM)

+ + + + Y + + + + +

F/C # 1 2 3 4 5 6 7 8 9 10

H SL SL SL 1€ K 35 K 36 K 35 K 45 K 45 K 55 K
M 206 .800 1.10 «°CC «600 -900 1.20 1.50 2.15 1.80
DENCMINATCR
1/T(DETHL 1.05 -.0270 .902 —.0443 l.14 -.0335 1.06 »990 1.02 991
1/T(DET)2 20.6 0413 17.5 «C59¢C 2le4 . 0344 22.2 1.68 3.34 1.50
1/T(DET)3 «924 .68 1.07 21.1 18.5 20.7

Z(DEM 1 . 143 { 21.2) « 755 { 22.1) —-.C469 ( 22.2) 206 . 159 «431 .1568

W{DET) 1 .C880 .0454 .C540 . 0389 «0291 L0162 «021R

LIDET) 2 .313 62T «€57 «EC4 294 . 342 .357 «337 «289 «263

WDET) 2 1.12 $.53 1C.1 4,87 1.56 2.03 5.22 4 .98 668 4.56

ZIDET) 3 «431 .0181 -.0C1s7 .C256 .170 . 0781 « 0315 . 106 «173 135

W(DET) 3 € .06 2G.4 39.¢2 24. 5 11.5 16.7 22.4 22.6 34.5 22.6

NUMERATCRS
N{L  /DTH)

AtU ) 00965 .000823 .0C0823 .CC0823 .coes23 . 000823 .0008z3 .000823 000823 000823
1/T{(U )1 .0C561 .0C240 00128 «CC241 -.C0271 »C00946 -.,000438 -.000999 -,000410 -.00110
1770 )2 1.05 924 «502 .G58 1.15 1.07 1.04 «930 l.02 .991
1L/T{u 3 20.6 21.2 17.5 22.1 Zl1.4 22.2 22.2 1.69 3.35 1.%1
1L/T{U )4 21.1 18.5 2n.T

ity )1 . 359 < €27 <55 +5C5 <375 «359 .367 « 360 . 305 <3073

WL )1 1.15 5.54 1C.1 4.E9 1.60 3.06 5.22 4,97 6.46 4,55

2ty )2 . 436 0181 -.00200 .C2ce L1772 . 0786 .0219 <107 L1732 135

WL )2 6 .07 2S.4 3G.2 24.6 11.5 16.7 22 .4 22.6 34.5 2246

NEwW  /DTH)

Alw ) -.878E~4 -,754E-4 ~.754E-4 -, 75%FE-4 =,7154E-4 -,755E-4 ~,755F-4 -.T7SH6E-4 ~s156F-6 - ,756F-4
1/T(w 1) .0248 .0Cl16 -.,00173 .CCC 259 .998 -. 000597 =~-.C030% -.00293 -.00215 -.00304
L/T(w )2 -381 492 - €25 «EG2 2C.2 + 719 -.578 -.532 -.221 —-.276
1/T{w )3 1.03 962 927 1.22 24.4 1.00 .974 1.01 +«QRR 1.C1
L/T(n )4 13.1 26,2 27.2 24.2 { .574} 2242 23.2 1.17 2.90 1.19
1L/Ttn )5 20.9 32,6 48.C 37.4  .Cc509 35.0 47.0 22.2 21.1 21.5
1L/Ttw )6 fR.6 83.6 70.0

Ztw 1 . 822 .C433 .0261 .C62C 217 .l24 . 0751 <151 . 188 . 1A7

hiwh )1 S .25 26.0 38.8 24.3 iC.9% 16.0 21.% 22.2 34.7 22.4
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TABLE IV-11 (Concluded)

NC T2 /D TH)

ALTAE) —.467E~5 =-.263E-5 =~.2G8E-5 -.2G69E-5 -.298£-3 -.3006-5 ~-.30CE-5 =-.202E-5 -.302E-5 ~-.303E-5
1/T(THE)] -.0923 .250 1.00 . 291 -.185 .127 420 . 273 . 266 . 1699
1/T{THE)2 501 1.00 -1.10 1.0C o alrle - 865 —.94G ~. 887 -.510 -.516
L/TITHE)3 1.00 1.1l 1.13 1.43 1.00 1.00 1.00 1.00 1.00 1.0
L/T(THE )4 20.3 22.2 22.8 23.1 Zle2 22.2 22.8 1.28 2 .95 1.24
L/T(THE}S 21.9 20.€ 21.3

Z(THE) L <478 .0457 024¢ L058¢ 197 .110 . 0662 146 .189 <165

wlTHE) 1 5.04 28 .4 38.0 23. € 10.7 15.7 21l.1 21.9 34.5% 22.2

NIAD /DTH)

A{HD ) (00282 WISTE-4 LT1YE=-4 «B826E-4 .CC0209 .000113 «985E-4 L000113 O5TE-4 007123
1/T{HD )L «553 «235 +536 L1751 .655 -1.13 . 536 520 664 <351
L/TIHD )2 1.22 .ST71 (-.941) 1.2¢ 1.46 2.60 3.36 L,978 1.31 .S83
1/7(d4C )3 20.6 -3.45 ( 2.4C) ~2.38 Zl.4 22.2 22.3 3.27 4.51 2.4
L/THHE i d .39 6.37 21.2 18.7 z20.3
Z{HD )1 ~. €437 ( 21.4) L9862 { 22.2: .C387 .977 -.1i6 .0934 e .10

W(HD )1 453 le. 4 .1798 . 868 2.11 2.56 2.68 2.68

2{HD )2 438 .0229 .LCzE4 .C3C¢ 172 .0822 .035¢ 111 <176 . 136

W{HD )2 5.95 25.2 38.9 24.€ 1l.4 16.5 22.1 22.5 34,°% 22.5

N{AZP/DTH)

A{ALF) - 120 E~4 —.272E-4 -—.2125-4 -.270E~4 = ,272E-4 =.269FE-4 ~=.268E-4 -.267E-4 -,2&50-4 <~.204E-4
1/T(aZP)l -.C214% -.000189 L000127 =.,CC02¢¢ -.(C872 -.00168 -.006768 -.00100 -.000277 =.COLGA
1/T(AZP)2 1.04 <224 « 540 do4 594 424 . 928 .858 G0 L8610
L/TIAZF)3 8.98 508 (-.€6€) 1.23 4.54 1.0C 9.01 Q&7 2.13 «950
1/T{ALP}4 22.3 -5.34 ( 2.62) —4,5¢ 21. 7 -3.01 21l.1 Q.71 (-.142) 7.12
1/T(AZP)S 12.4 6.52 16.5 { 2.28) 16.5

(A7) 1 -.800 .956 JE42 ( 16.4) -.881 « 22.1) -.4l8 -. 196 L9058 -.180

wi{azZF)1l €82 18.0 2¢+8 . G4l 2.30 2.48 14.0 2.08

L(AZR)2 . 652 -.0C329 -.Cl67 .0C452 .1€3 . 0586 0158 .0760 . 153 £ 105

W(AZF}2 7.11 30.5 4C. 8 26.1 12.4 17.7 23.9 23.8 34.7 23.3
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F/C &

0(G) /0 (U)  (CEG/KT)
NZA  {G/RAD)
DE/G  (DEG/G)
CAP (RAD/SEL/SEC/G)

PHLGC1L(2)
{ TUCK(2) )

{SEC)

1/¢01/10)

FST/KT  (LB/KT)

FST/G6  (LB/G)

St

. 206

TABLE IV-12

F-4C LONGITUDINAL HANDLING QUALITIES PARAMETERS

St

. 800

-.C440
40.5
.867
.48 8

( 18.4)

N

1.17

-.205
72.6
. 827

.880

935

-.073¢

17.9

SAS Off

(BODY AXIS SYSTEM)

{

+ +
4 5
15 K 35 K
.90C .600

Bobweight Loop Open

~.05C¢ «0737
32.1 €.06
1.2 4.54
«562 .388
11.3) -
-€83 . 731

Bobweight lLoop Closed

.C511 -.0279

12.¢ 1C.2

.0199

12.2

-. 0370
22.4

3.64

L44T

-.0613

21.3

~e 0147
18.3

S .65

-.0453

-.00923
14.1

8.44
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F/C #

Yv
Y8
(R
NB*

X

AR

Y*LA
L'DA
N'CA
Y#DR
L*DR

N'DR

-10 .4
1. 44

-1.43

1

-2

~.0372

-.00744

2

5.6

04

817

739

2.2

TABLE 1V-13%
F-LC LATERAL-DIRECTIONAL DIMENSIONAL DERIVATIVES

(BODY AXIS SYSTEM)

5 6
35 K 35 K
+600 -300
-.0566 -.0921
-33.1 -80.6
-10.7 -18.3
1. 66 4. 97
~-.799 -1.24
-.017° -.0504
«300 .395
—.134 -.238
-.00151 -.00227
4. 70 0.00
.0887 195
0113 0142
768 1.95
-1.36 -2.61

+ +
7 8 9
35 K 45 K 45 ¥,
1.22 1.50 2.1%
-.151 -.118 -.133
-176. -171. -277.
~14.1 -11.7 —a,67
12.3 9.a0 a.37
-1.28 -1.00 -1.08
-.0378 -.0170 L0153
.318 .323 .217
~-.397 -.300 -.272
-.00302 -.00199  -.00169
10.9 6.78 5.35
L6857 376 .357
L0122 . 00988 .00847
2.99 1.95 2.87
-3.10 -2.03 -1.86

-.0T&8

-134.

-8.56

5.18

~ 757

-.00c13

.19R

-.181

-.00022°

4.67

.05A7



001

FIC #

H
M

DENCMINATCR
L/T(DET)1
1/T{DET)2

I(DET) 1
WIDET)1

NUNMERATCRS

N{B /DA )
AlB )
L/7(8 )1
1/7(8 )2
1/7(8 )3

NEP /DA )
AP )
1/7(e )
2{P 1
WP 11

1

N{R /DA )
A(R )
L/T(R )
LR 11
WR )1

1

N{ PHI /DA )
A(PHI)
Z(PHI}1
W{PHI} 1

N{AYP/DA )
ALAYE)
1/T(AYP)1
L/T(AYP)2
ZLAYFR) )
W{AYF) 1

St
206

«0147
1.15
. 156
1.82

-.0130
-10.4
( .297)
( 1.05)

204
-.0285
152
1.74

<416
. 746
145
1.91

2.2
. 150
1.74

12.0
=. 234
. 373
. 149
1.77

TABLE IV-1k

P-4LC AILERON TRANSFER FUNCTION FACTORS

St
.800

«0C469
3.10
. 125
4.01

-.00744
-.425
1.77
111.

22.2
-.000186
- 136
4.11

.923
3.08
-.169
2.16

22.2
. 136
4.11

70.7
-.211
<496
.114
4.14

SAS Off
(BODY AXIS SYSTEM)

+ +
3 4 5
SL 15 K 35 K
1.10 «3CC .600
.005¢8 +0C348 »Cl73
3.13 2.32 «650
+ 134 .C372 .C881
6.21 3445 1.83
-.0102 - 004659 -+.C0151
—.06¢4 — 427 <121
3.08 1.35 «433
249 . 121. -450,
15.0 17.5 4.70
000128 ~.CC0N262 -.(CC908
.135 «10S 0767
6.82 3.57 1.35%
2.45 o T4 7 .0887
4.06 2.26 .331
-.200 —-.lat -.0560
1.24 2.0% 4,03
15.0 17.¢ 4.71
«13¢ . 108 .0722
6.83 3.57 1.38
69.3 56.6 13.8
-.C88¢ —e243 125
1.27 363 -.400
.0915 «0$ 50 «149
é.4C 3.217 1.32

35 X

«900

. 00969
1.33
. 0491
2.43

-.00227
.127
2.70

-115.

0.00
~.00166
. 0742
2.31

<195
« 733
-.275
3.69

10.0
. 0735
2.31

29.3
-119
~+300
. 0765
2.34

35 X
1.20

.00187
1.40
. 0727
3.57

~.00302
-.487
<704
121.

10.9
-.00C756

.0788

3.63

« 567
. 966
-.0224
2.48

10.9
.0782
3.63

33.0
=199
.230
.0710
3.58

8

45 K

1.50

-.000172

.99
. 0670
2.23

~.C0199
~«760
.930
35.1

&.78
-.00100

«0rQ1

3.2%

.376
YA
L0a57
2.92

6.80
0691
2.25

22.3
- 184
-.195
0665
3.26

9

45 K

2.15

.0C0558

l.CA
L0721
2.2

=-.00167

-.0660
1.60
134,

5.35

-.000374

.0706
3.00

357
«711
203
1.71

5.35
.0709
3.00

17.3
-.0738
«4P5
0230
3.28

10

55 K
1.80

000228
748 '
0535
2.58

~.000329
.15%
.479
-544,

467
«0518
2.51

13.5
104
-.257
«NTHA
2.62
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F/C 4

H
M

DENCMINATCR
1L/7(0ET)L
L/T{DET)2

ZIDET)I L
n(DETH]

NUMERATCRS
M{B /DR )
A(B )
1/7(8 )1
L/Tes )2
1/7(8 )3

N{P /DR
ALP )
L/7(p )1
/72 2
1/T(Pp )3

N{R /DR }
A(R )
1/T(R
LR )
wWiR )

1
1

N{PHI /GR )
AlLPHIT)
L/T(PHI L
1/7(PHI)Z

N({AYP/DR )
ALAYF)
1/7(AaYP)1
1/7(AYP)2
LLAYF) L
Wl AYF) 1

SL
206

. 0147
1.15
- 156
1.82

L0174
-.0511
1.26
46.4

. 699
-.0287
2453
-3 .34

-.670
«S9L7
257
1.15

561
2 .67
-4.10

-4 .79
-.102
«604
«356
2.71

TABLE IV-15

F-4C RUDDER TRANSFER FUNCTION FACTORS

St
.800

00469
3.10
.125
4.01

<0442
.CCLél

3.09

178.

i

T7.32
.CC0188
-3.52

3.57

[}

-7 .80
3.10
. 297
-269

7.28
~3 .54
3.57

-66.5
-.0C390
3.00
102
5.19

SAS Off

(BODY AXIS SYSTEM)

SL
1.10

<005¢¢€
3.12
134
6.21

.03C7
«0035¢

3.12

286.

9.26

.000140

—z.1¢
2492

~8.80
3.12
<671
238

-79.0

.0033C
3.15
0552
6.92

4 5
1£ K 35 K
«9CC «600
.(C348 .0173
2.3:% 650
0972 .C88L
3.45 1.83
.c2e1 0113
-.CC2°5¢ -.0240
2.3¢C . 750
2Cl. 130.
5.07 + 768
-.0C0264 -.C0911
4.21 3.91
—4.3¢ -4.40
-5.5¢ -1.36
2.32 366
.113 -201
43¢ 1.21
5.02 .542
4.2¢ 4.51
444 -£.57
-4S.4 -13.3
- .CC5¢5 -.0320
1.93 «368
<118 130
4.54 2.68

3% K
« 200

- 00969
1.33
. 0491
2.43

. 0142
-.00775
1.2¢
191.

1.95
-.00167

4.26

-4.59

-2.61
1.11
«169
<694

1.83
4.35
-4,79

7

35 K
1.20

.00187
1.40
.0727
3.57

.0132
. 000200
1.40
248.

2.99
-.06C771

-1.58

1.73

-3.19
1.40
.258
225

2.90
~1.62
1.74

-27.8
-.000527
1.37

.C540

3.75

8

45 K
1.50

-.000179
.96
0670
3.23

.QQonre
—-.C01565
. 9556
215,

1.95
-.co170
-1.51

1.5¢

-2.03
BCRES
277
.226

1.86
1.55
-1.%8

-13.1
-.00267

-260
0602

4.12

+ +
° 10
45 X 5% K
2.15 1.80
.0005%8 000226
1.04 7483
.0731 JNE3S
2.93 2.5¢8
.0CR6T 00616
L0190 -,0n172
1.05 L7582
222. 225,
2.57 1.21
~-.000276 ~-.0N105
( 0758) 1.79
{ 1.6%) -1.79
-1.86 -1,31
-.172 .h32Z
( .237) 326
( 1.09) 204
2.52 1.12
( .0692) 1.83
( 1.46) ~1.R8
-4 ,95 -7.18
00246 =.20300
1.11 #4911
Q400 NL0R
8,48 4.18
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TABLE IV-16
F-LC AILERON TRANSFER FUNCTION FACTORS
SAS On
(BODY AXIS SYSTEM)

+ + + + + + + + - +

F/C 4 1 2 3 4 S 6 7 8 9 1m0

H SL SL SL 15 K 35 K 35 K 35 K 45 K 45 K 55 K
M 206 .800 l.10C «9CC «600 « 900 l.20 1.%C 2.15 1.8n0
DENCMINATCR
1/T{CET)L .00233 -.000122 .0C46E «Cll14 «C0289 «00176 «00129 ~.00059% 00114 -.C00318
1/T(DET)2 «305 «852 «S34 2.72 «453 1.28 « 645 «617 .32¢ bH24
1/T{CET)3 2.03 1.58 3.15 8.01 3.62 5.31 1.28 .9Q2 1.1 +8C3

2{DET) 1 .3923 { 2.20) «€57 « 763 332 . 508 <752 JENR .572 . 592

WDET) 1 1.52 { §.95) &.68 1.085 1.36 1.01 .28 2,158 2.24 2.48

NUMERATCRS
N(B /0A )

Al ) -.0160 ~-.C0965% -.00937 -.006Ct -.CC181 ~.00294 -.0031% —. 00214 -.00107 -.00N441
1/T(B }1 . (939 .Cl24 .C828 +OlEC - 0136 .0128 « 0293 0254 L0543 N223
1/7(8 )2 .887 -1.04 -.154 -1l.14 .398 l1.62 -1.68 1.1¢ —-. 300 .591
L/T(8 )3 -6 .92 7.03 4.91 S.7¢€ 4415 10.3 2.24 -6 ,27 2.13 2.79
1/7(8 )& 8.52 Lz8. 246, 137. -254. -48,9 129. £5.1 143, =393,

N{(P /DA )

AlLF ) 2 64 21.8 1.2 17.3 4.68 9.90 10.9 .75 5.29 4,64
1/T¢P )1 ~-.C285 -.0C0187 000136 -.0C0Z94 ~-.CC908 -. 00166 -.000747 -—-.00100 ~.000277 ~.,0N106
1L/T(p 2 1.09 «£9: E13 «71C 2.61 5.33 602 .« 594 «578 626

Z{F )1 <867 { 2.16) LETE ( 1.4¢) +«543 « 764 . 766 626 .5¢0 +568

wWp )z 1.29 ( 1C.2}) 7.33 ( 8.1¢) . 549 «T72 3.48 3.19 3.3% 2:42

N{R /DA )

A{R ) - 547 1.31 2.21 +€5E .125 «320 +699 611 .30F% «DR SN
1/T(R 11 <471 <481 «4G & ~46E «302 <417 «456 400 $623 « 300
1/7(R )2 + 904 7.C4 S.26 5.87 «719 3.08 1,84 + 755 1.36 «h23

2(R )1 . 226 ~+C496 -.220 -.C272 467 <417 <271 . 3085 + 2GS 414

WR )1 1.69 1.52 1.38 l1.38 2.21 l1.68 1.53 2.69 1.52 4467



g0T

NEPRL/0A )
Al FRL)
L/TIPHIL
ZiPrii)
Al Frl, 1

N{AYP/DAL )
FLAY P
1/T(AYP)1
L/T(aypi2
L/TLAvP)3
LUAYF) L
wW{AYF) 1

2 .76
1.07
.841
1.30

13.2
. 149
-. 370
925
. €10
1.64

21.9
. 592
2.1€)
10.2)

T4.1
.0293
-.579
9 .30
JE41
2.32

TABLE IV-~16
.2 17. 4
.813 «71C
JETE { 1.4€¢)
7.34 { €.15)
&7.1 58. ¢
L1111 .C2¢4%
-.174 -L.E1¢
2.56 7.52
475 .E32
6.0C 1.94

+

(Concluded)

4.70
2.59
.539
«556

3.16)

$.92
5.33
. 763
. 772

30.4
.0212
—. 675
5.02
770
1.18

38.3
. 046
-.3%6
1.17
.673
3.33

6.77
.59¢
625
3.18

22.5
.0580
-.372
. 756
.573
2.28

5.30
.578
. 560
3.34

4445
.635
.596
2.42

13.4
.0371
476
.615
PR
2.£3
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F/C #

H
M

UENCMINATCR
L/T{DET)]
L/T(DET)2
L/T(DET)3

LIDET) 1
WIDET)1

NUMERATCRS

N{B /DR }
A(B )
1/7(8 )1
1/7(8 )2
1/T(8 13
1/T(8 )4
N{P /DR )
A(P )
L/7T(P 11
L/T(P )2
1/17(p )3

L/T(P o

St
206

00233
905
2.03
393
1.52

<0166
-.0911
«500
1.26
4c.h

. 669
-.0287
. 500
2.53
-3 .34

TABLE IV-17

F-4C RUDDER TRANSFER FUNCTION FACTORS

2

St
.800

-.000122
.852
1.58

{ 3.20)

{ 9.95)

. 0298
—.00161
. £00
3.09
178.

4.93
-.0C0138
500
-3.52
3.57

SAS On

(BODY AXIS SYSTEM)

3

St
1.1¢C

00468
. 534
3.15
«657
6.68

.0226
0C35¢
.500
3.12
286.

6.91
.0C0 140
.50¢C
-2.1¢
Z2.92

12 K
«9CC

<001 14
2.72
g.01
7632
1.05

0204
-.0C25¢
.50C
2.3C
2C1.

3.69
-.CJ302¢4
«50C
4.27

-4.3¢

35 K
«600

.C0289
453
3.62
«332
1.36

.01¢C2
=.0240
.50
<750
130,

«690
~+C0911
500
2.91
-".40

35 K

-300

. 00176
1.38
5.31
- 508
1.01

L0117
-.00775
«500
1.26
191.

l.62
-.00167
«500
4.26
-4.59

7

35 K

1.20

.00122
-
1.38
. 732

3.38

.0113
. 000201
-500
1.40
248.

2.57
~.000771
500
-1.58
1.73

a

45 K

1.50

-.000595%

«517
. 092
«ROR
2.15

<009 26
-.0016%
. 500
.90 6
215.

1.83
=-.00100
« 500
-1.51
1.54

+ +
S 10
45 K 55 K
2.15 1.8n
«0011% -.,00n318
.539 HZ4
1.11 8303
572 «5562
3.24 2.48
O8R4 « 10594
00190 -.00179
«5N0 5700
1.C5 752
222. 225,
2.53 1.17
-.000376 -.0Nn105%
500 500G
( .0758) 1.79
{ 1.645) -1.79
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TABLE IX-17 (Concluded)

{R ) —. €41 -5.2%6 ~6.517 —4.0¢ -1.22 ~2.17 -2.73 -1.91 -1.84 -1.27
1/T(R )1 . 500 209 .200 .50¢C .366 . 500 . 500 . 500 -.172 5300
/TR )2 917 3.10 3.13 £.332 . 500 1.11 1.40 «Go4 . 237 632

ZtR )1l . 257 .97 LET1 L1112 .201 .169 .258 <277 ( .500) <326
WirR )1 1.15 . 269 .23¢8 .49¢ 1.21 . 694 .225 . 226 ( 1.09) 294

NEPRL/ZOR )

a{PHI) 936 4 .91 6.95 .08 487 1.52 2449 1.74 2.48 1.10
L/TU{FHINL 500 .200 .50C .50C 500 . 500 «50C . 500 500 LS00
1/7T(psI)2 2.607 ~3.54 -2.15 4.2E 4.51 4.35 -1.63 1.55 { .G682) 1.32
1/T{PHIL}I3 =% 410 3.57 .92 442 -C.57 -4.79 1.74 ~1.0% ( 1.66) -1.88

NLAYPITR )

ALAYF) -4 .58 —&4.,8 -59.0 -3¢.0 -12.0 -20.3 -23.8 -12.3 —4.88 -5.9%
L/T{AYP)L -. 102 -.C0C390 .00330 -.CCu€5 -.0320 -.0l52 -. 000507 -.002¢&7 L0244 —.00300
L/TCAYF)2 . 509 .=0 . 50C .20C .363 .3L0 +5C0 «5C0 50 500
L/7T{AYP)3 «EC4 3.C0 3.15 1.92 « 500 . 7606 1.37 L Q60 1.11 HE1

LiAYFIL . 356 . 102 .C55¢ 2118 .130 -133 . 0544 L0022 L0400 D403

alAYE) 1 2.71 5.19 6.92 4.54 2.68 3.29 3.75 4,12 &8 .48 4,18
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F/C #

H

¥
DR PERIOQD (SEC)
1/€¢172)
SPIRAL (2} (SEC)
PL1}
P(2)
PL3)
pL2)y/p (1
PLOSC) /P (AVY)
W{P4I) /w(D)
DEL-B-MAX
PHI TC BETA, PHASE
PH{ TC BETA

PHI TG VE

TABLE IX-18

F-LC IATERAL-DIRECTIONAL HANDLING QUALITIES PARAMETERS

1 2

SL SL
« 206 . 800
3 .49 1.58
1.43 1.15
1.90 7T.39
- T7.33
-— 7.52
- 992
== 00847
«955 1.03
. 0738 «C664
29.1 3z2.4
2.63 1.39
<657 .C891

SAS Off

(BODY AXIS SYSTEM)

1.02

1.22

5.51

S.42

984
02117
1.10

. 10¢

+ +

35
«600
3.45

.802

. 900
2.59

.446

1.20
l.7¢

«661

1.02
. 0521

18.2

. 0157
15.5
1.05

. 0940

948

.0591

10

L

1.80
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Crawford, W. N., and G. Nadler, Static and Dynamic Control System
Characteristics for the F-4 Alrcraft, MAC Rept. Fol18, 16 Dec. 1966

Bridges, B. C., Calculated Longitudinal Stability and Performance
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AN/ASA-32H Automatic Flight Control System, MAC Rept FO3L,
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Bridges, B. C., Calculated Lateral-Directional Stability and Perfor-
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the AN/ASA-32H Automatic Flight Control System, MAC Rept. F335,

3 May 19638

NATOPS Flight Manual, Navy Model F-LB Aircraft, NAVAIR 01-245 FDB-1,
1 Nov, 1966
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SECTION V

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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Nominal Configuration

Zero Fuel

Lower V

Speed Brakes Retracted

W o= 1

c.g. at

011

entral On

5560 1b

.22 ¢
5650 slug-ft=
Q0000 slug-1Tt2
22000 slug-1t=

20 slug—ft:

80,000

60,000

h(ft)

40,000

20,000

SL.

Figure V-1.

-

Flight Envelope

®

X-15 Flight Conditions

Speed restrictions

Transfer function case

-
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.25¢

FS.3454
X-15
- 2 MGC
S = 200ft BL. 443 £ /7
b = 22.36 ft 1
T = 10.27 ft @ @D
\ Q
| = = = T )
o 5 10 20'
FS.115.9

wL.0

Figure V-2. X-15 General Arrangement




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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" —_— GL X-15
-=—= 20,000ft 15560 Ib
—-— 40,000ft 22T
- = 60,000t
2 —e-=— 80,000ft
Qo
(degq)
8 -~
4
h--—@_—
\~
= 1 A T
0
o) 2.8 3.2 j\’ 5.6 6.0




S1t

Ol

05

02—

Ol

—

SL

20,0001t
40,000ft
60,000ft
80,000ft

Ol

N

Mach

O

D

0.1

.05

.02

.0l

X-15
15560 Ib
u o M
- I \\ \
CDmN @i\(@
| | | | !
2 5 1O 2 5
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X-15
CLa 4 \@____:@//"\.--QQ 15560 Ib
(rud-i) 3 \%\\
2 - -.\ -— - \
0 | |
0 5.6 6.0
SL
20,000t
40,000ft
L2 60,0004
Cpq 80,000ft
(rad”™")
8
4
T —e-
o | l
0 56 6.0
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SL

20,000t
40,000t
60,000ft
80,000ft

X-15

15560 Ib

22¢

Rigid Airplane
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sl — sL X-15
“\ ———— 20,000ft 15560 Ib
al —-— 40,0001t
\ —— 60,0001t
2 C‘K
ob— LofJ—_ 5 o | !
0 4 8 1.2 16 yn20 24 28 32
Al ﬂ
2k
| Mach
' 4 8 | \I 2 6 20 24 28 32
o) | 0 éf | ] i | | — |
8 ®
Mach
0 4 8 1.2 16 20 24 28 32
0] mOa 8 | A’é..—"‘@ [ — @&
-1+ - '//
2} Nof”
-3k




611

12+
X-15
15560 Ib
8
CLB,
(rad™")
@.—
0 { | ] ] | ] ] | {
0 8 1.2 1.6 2.0 24 2.8 32 A 56 6.0
Mach
0 8 1.2 1.6 20 24 28 3.2 56 6.0
Y I | I T | I —N 1 .!
..I p—
Crmy,
(rad™")
_2 -
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Mach

0 4 8 1.2 1.6 20 24 2.8 3.2 5.6 6.0
0 I 1 T I I ] I T A T T
-5
Cyg -lOF o — -
-| “——_ -
(rad D s W@__ o O -
20+
81
(3) '\
| (e) — -
Cng -6 W}dz = S
(rad-l) 4+ // . / .\
4 ——"" S s o
2 - o o—((O—
0 | 1 | |
2.8 3.2 56 6.0
02+ e "\\
e = 5.6 6.0
0 % —A—a—
— =
-02}
c -04 SL X-15
1g 20,000t 15560 b
(rad™) _og |- 40,000ft Body Axis
60,000t
-08 80,000t
-0+
-2k
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(rad™)

Chp
(rad™)

.30

.20
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-.20

SL X-15
20,000 ft 155601b
40,0001t Body Axis
60,000t
80,000ft
28 3.2 56 6.0
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RK————
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C}r 3
(rad™) o

S

."—" \ —————
\®~
— ———
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Mach
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0 T ] I I T I I '\/ I T
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=== 20,000ft 155601b
=——-—  40,000ft Body Axis
= = 60,000t
-8k —--— 80,000ft T
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Cys,
(rad™)

Cn80
(rad™"

0
-05
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04
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T T i T T T 1 R A S—— -
\@\.- N ————
N @ =
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~

84 is the total differential
stabilizer deflection
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-
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_-.-—(:}—
| | | ] ] | I ] /\/ | ]
4 8 1.2 1.6 2.0 24 2.8 3.2 56 6.0
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0 4 .8 1.2 1.6 2.0 24 2.8 3.2 5.6 6.0
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G231

/0 R
H(FT)

M{-)

VTQIEPS)

VIN(K TAS)
VTO(KCAS)
W(L3S)
CeGa L MGC)

IX (SLUG-ET SQ)
IY {(SLUG-FT SQ}
1Z (SLUG-FT sSQ)
IXZISLUG-FT S$Q)
EPSILCNIDEG)
QUPSF}

QC(PSF)

ALPHA {DEG)
GAMMA (DEG)
LXPLFT)

LZP(FT)

1 THIDEG)
XI(DE2G)

LTHIFT)

TABLE V-1

X-15 DIMENSIONAL, MASS, AND FLIGHT CONDITION PARAMETERS

S = 200 sq Tt, b

1 2

SL st

. 500 .80C
558 . 863.
331. 529.
331. 529.
15560. 15560,
« 220 . 220
3650. 3650.
80003. 80CC 3.
820G3. 82C03.
590 . 590 .
-. 431 -.431
370. 948.
3%4. 1109.
4 .00 1.30

0. Q.
18.8 18.8
-2 .20 -2 .20

0. C.

0. 0.

0. C.

3

20
.800
830.
492 .
373.
15560
.220
3650
80003
82002
590 .
—-.431
436 .
510 .
3.00

0.
18.8

-2.20

40
.80C
174,
459 .
243,

15356¢C

.22C
365C

200C3
g20cz2

56G0.

431
177.
207 .
7.7C
0.

18.8

-2.2C

22.%6 ft, ¢

K 40 K

1.20
1161,

€88.

388.

. 18560.
.220

. 3650.
. 80003.
. £2003.
S90.

-.431

397.

£55.

2.20

10.27 £t

.220

3650.
8C003.
82003.

590.
-.431

153.

-2.20

1147,
432,
15560,
.220
3652,
an0¢32,
82003,
590.
-.431
426,

703,

-2.20

60 K

00

jus

2904,

1720,

15560.
220
2650.

a00r3,.

~.431
954,

1675.

-2.20

927.

z21ls.

15560,

goenz.

82003,

590.

-,431

106.

=2.20

10

6.00
58A8.
34735,
T64.

15560.
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TABLE V-2

X-15 LONGITUDINAL DIMENSIONAL DERIVATIVES

(BODY AXIS SYSTEM)

+ + + + + + + + + +
F/C # 1 2 3 4 5 6 7 8 9 10
H SL SL 20 K 40 XK 40 K 60 K 60 K 60 K 80 K 80 K
M PREVIY) .800 «800 «800 1.20 1.20 2.00 3.00 1.60 5.00
XU = -+.0339 -.0601 -.0292 -.0134 -.0216 -.00516 -.00871 -.0101 -.00111 -.00916
FAVER -.0471 -.0253 -.C335 -.0323 -.0281 -.0348 -.0117 -.0l06 -.0113 -.C05%1
MU % .00C803 . C00278 .000279 .000188 ~.00199 «495E-4 000471 L00621C . 000529 «430E-4
AW « 0269 .00105 .0111 .0149 -.00810 -.00893 -.0190 -.0148 -.0127 -.002i15
I -1.01 ~l.60 -. 845 -.393 -.602 -.261 -.311 -.323 ~.132 -.121
M -.011¢6 ~.0123 -. 00945 -.0055¢ -.00979 -.00511 -.00673 -.00548 -.06202 ~.000820
WD 0. 0. 0. 0. 0. 0. 0. 0. 0. C.
AN 0. 0. 0. 0. 0. 0. 0. 0. 0. 0.
M D) -.000250 ~-.000282 -.00G150 -.923E-¢ -,000124 ~-.472E-4 0. +PB94E-5 -_.6C7E-S C.
MQ -.735 -1.53 -.755 -.376 =559 -.194 -.182 -.251 -.0482 -.107
x0S 11.2 .78 1C. 4 10.8 9.27 9.21 b6.24 4.85 7.11 5. 64
I0S -1¢0. -43]. -198. -79.6 ~l66. -63.1 -89.2 -126. -27.1 ~108&.
MDS -13.8 -37.7 -17.4 -=-T7.03 ~15.5 -5.96 ~-9.80 -12.2 ~2.85 -8.79

4]



Lel

F/C ¥
H
M

DE NCMINATCR
Z{0ET1
P(DET)1

Z(DEM 2
w(DETI2

NUNERATCRS

N(Y /DS )
AU )
1/7TtU 1
1/T(U )2
1/7(U 13
Niw /DS )
Alw )}
L/T(w )1
Ziw )1
Wlw }1

N(THE/DS )
Al THE)
1/T{THE)1
L/7T{THE)2

N{HC /DS )
A[HD )
1/T(HD )1
L/T(HD 12
L/T(HD 13

N{AZP/DS )
A(AZP)
1/T{AZP}1
L/T(ALZP)2
LLAZP) 1
WAZF) 1

TABLE V-3
X-15 STABILIZER TRANSFER FUNCTION FACTORS
SAS OFf
(BODY AXIS SYSTEM)

1 2 3 4 5 & T e
SL St 20 K 4C K 40 K 53 K 60 K 60 K
500 .800 .80C .8CC 1.20 1.20 2-00 3.00
. 247 .716 338 «173 (-.C469) .108 . 264 « 365
0773 0424 L0452 L0416 ( .0552) L0317 0232 .0158
. 351 467 «29¢€ £ 20C .194 -104 . 0675 . 0683
2.68 3.67 2.91 2.11 2.40 2.%3 3.62 «.00
11.2 9.78 10.4 1C. & G.27 9.21 .26 4.85
47.8 1.22 72.6 67.8 247 . 0926 .070¢ . 0840
{ .849) 1.98 ( .s28) t .92¢) 9954 .420 L 781 .013
{ .853) 78.1 { .739) ( .321) 109, 103. 212. Z2r2.
-160. =421, -1398. -76.¢ ~166. -63.1 -89.2 -12¢.
48.6 T75.7 73.3 €8.1 i09. 109, 212. 282.
. 299 967 394 166 - 876 .100 . 261 £531
. 0555 .0310 .03¢7 .C3¢7 0124 . 0209 0160 L0117
-13.7 =-37.6 -17.3 -7.02 -15.5 ~5.986 -9.80 -12.3
. 0344 0600 0293 .Cl3¢ .0226 .00218 . 00688 .00919
. 881 1.52 -738 +334 498 .210 «251 . 267
161. 431. 198 . gC. 2 166. 63,8 89.4 126.
.0270 .C586 .0258 .CC43¢ .0209 -. 005%1 00482 0023
-6 .03 -10.0 -5.87 —-4.46 ~6.98 4,47 -7.13 -0.52
6 .92 11.8 T.7¢ 4.93 7.62 4 T4 T.32 g.75
38.0 276 . 128. 524 125. 48,5 95.0 106,
~.00446 -.000827 -.0C217 -.CC711 -.C0157 .00116 -.00124 -.0C065]
0312 .C533 .027¢& LOl1C .0223 -. 00789 .C0605 00873
. 0540 0411 .028¢ .CL4al .C135 . 0148 0224 . 0166
8.28 12.6 Q.10 .82 £.44 .37 7.06 e.53

° 10
g0 K AC X
1.60 6,00
« 262 H26
N296 .N0TRR
0rE8 SS18
1.8 2.72n
7.11 S.64
JC3RA JORLR
.221 212
150, 477 .
-27.1 -108.
15@, 479,
~.0363 .230
0184 L0552
~2.85 -B8.79
-. 00270 0Negg
£116 L1111
2a.0 108.
-.0121 .0naeq
-3.00 -7.21
3.99 7.32
26.6 S7.7
-.n{158 -.0002397
-. 0100 Q0e72
L2110 00597
4.2 Q.94
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F/C #

DENCMINATCR
1/T(DET)
1/T(DETI2

Z(DEMI1
WDET) ]

NUMERATCRS

NGy /DS )
ALU )
1/T(u 1
/T )2
1/T(u )3

Niw /DS )
AlW )
1/7T(w
Zlw )
WiwW )

"
1
1

N{THE/DS )
A(THE)
1/T(THE)]
L/T(THE) 2

NIHD /DS )
A(HD )
L/T{HE )1
L/T(HD )2
1/T(HD )3

N(AZP/DS )
AtAzZR)
1/T(AZP)1
1/7(az292)2
2tazey)
WAZF) 1

SL
500

1.53
10.7
. 338
0514

11.2
47.8
( .849)
( .853)

-160.
48,6
«299
. 0555

-13.7
. 0344
.881

161.
«0270
-6 .03
6.92

$8.0
-.N04% 46
.0312
.C540
8.238

X-15 STABILIZER TRANSFER FUNCTION FACTORS

SL
.800

.00833

.0517
{ 1.89)
{ 29.7)

9.78
1.22
1.98
78.1

=421,
75.7
«G67
.0310

-37.6
0600
1.52

431.

.0536
-10.0

11.8

276 .
-.000827
.0593
0411
12.6

(

TABLE V-4

SAS On

(Body Axis System)

20 K
.8CC

1.32
13.4
AT 4
.0309

10.4
72.¢
.G28)
.739)

-198.
73.3
-394
.03¢7

-17.3
.C2¢3
.738

198 ..

.025¢
~6.87

7.7¢

128,
00217
.027¢
.026¢
9.10

4 5
40 K 40 K
.8CC 1.20
1.29 ~.C350
4.82 0491
.188 ( 1.53)
+03%5¢ ( 11.4)
10. 8 5.27
67.8 247
( .G2¢) 996
( 321 1C9.
-75.6 ~166.
c8.1 109.
<166 -876
.C367 .0124
-7.02 -15.5
-Cl38 .0225
«334 .498
8C. 3 166.
. C0O43s .0209
—4.46 -6.98
4.93 7.69
52.4 125.
~.C0711 -.CO0L57
.011c .G223
.Glal .0135
5.83 E.a4

6

60 K
1.20

. 0957)
.« 0295)
-951
2.562

9.21
« 0926
«420
109.

-63.1
109.
.100
« 0309

-5.96
.00218
«210

63. 8
-. 00561
~4.47
4.74

«8.9
.00116
-.00780%
. 0148
5.32

60 K
2.00

3.25
4.5R
<262
0218

6.24
. 0798
. 761
212.

-89.2
212.
261
. 0160

-9.80
.00688
«251

89.6
.00482
-7.13

T.32

5.0
-.00134
00605
. 0224
7.0

60 K

3.00

2.58
T.16
. 278
L1147

4 .85
. 0R40
«213
282.

-12¢.
282.
W631
L0117

-12.3
.00919
« 267

12¢.
00823
-8.,52

&.75

104.

-.000451

C0873
. 0166
9.53

(

RN K

1.4A0

( .26¢2)
«0ZR5)
H22
1.R7

7.1
.C386
.221
152.

-27.1
159,
~aN363

0184

~2.85
L0270
.11¢

28.0
-.0121
~3.90

3.79

26.6
-.00185%5
-.C1en
0210

4,21

o
[&]

80 ¢
6.00

«94h

S.R3

LD
LNN734

5.64
.N548
.212
479,

-108,
479,
.830

00552

~8,79
.005899
11

108 .
.0N849
-7.21

7.32

57.7
.CNN297
.0ng7
.NN5Q?

9.94
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(RAD/SEC/SEC/G)

TABLE V-5

X-15 LONGITUDINAL HANDLING QUALITIES PARAMETERS
SAS Off

(Body Axis System)

2 3 & S 6 7 8
SL 20 K 40 K 40 K 60 K 6C K €0 K
. 800 . 800 «80C 1.20 1.20 2.00 3.00

STICK FIXED

-.176 -.0769 -.C132 -.0629 .0198 -. 0145 -. 0250
41.2 18.8 7.92 17.8 7.37 15.0 24,0
487 1.47 4.54 2.41 7.71 5.10 3.1l
.320 J445 .55¢ .652 .801 .872 $666

-- - -- ( 14.8) - -- --
1.4 846 557 .539 .287 .185 .187

-.025¢



0€1

Yv
Y8
s
NB*
e
NP ¢
LR
NR?
Y* DA
L' DA

N*' DA

TABLE V-6

X-15 LATERAL-DIRECTIONAL DIMENSIONAL DERIVATIVES

(BODY AXIS SYSTEM)

+ + + + + + + + +
1 2 3 4 5 6 7 8 < 10
SL St 20 K 40 K 40 K 60 K 650 K 60 K 80 K 80 K
500 .800 +800 800 i.20 1.20 2.00 3.00 1.60 6.00
-.357 -.571 -.304 -.137 -.241 -.0951 -.127 -.163 ~.0414% -.0997
-1%. -510. -252. -10¢. -279. -110. -246. ~474. -¢64.8 ~£85.
-i2.4 -1.9¢6 -11.7 ~-16.3 -8.76 ~5.33 -2.36 16.6 -12.3 -20.1
1C.4 31.0 13.7 4.89 15.1 5.21 11.1 15.7 1.76 11.2
-2.54 -3.93 -2.09 -1.16 -1.60 ~.738 -1.02 -1.08 - 4l 8 -.567
.012¢9 -.00384 -. 00862 -.0139 -.0168 -.060502 -.00735 -.0188 . 00998 -. 01096
~.1l84 -.170 -.0830 -.0353 -.245 .0570 «103 -.131 Ll64 . 261
-.576 -1.05 -.513 -.24:9 -.35%6 -.149 -.196 ~.251 -.0727 -.106
-.0274 -.0461 -.0217 -.00895 -.0120 -.00353 -.00493 -.00542 -.000840 -.00157
35.2 113. 52.2 21l.1 46.5 17.3 28.7 42.3 8.05 33.0
1.59 4.85 2.09 L7718 l.46 «403 «9¢3 1.08 .C579 1.13
«137 224 .113 .0509 .0821 0326 . 026 .0503 .0143 .C241
5.27 15.0 64560 255 11.9 4.21 5.38 6.88 1.20 ~6.5%
-5,.,81 -14.9 ~7.09 -2.97 ~7+50 ~2.88 ~6.90 -1l.7 =l.81 -12.2
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F/C #

H
M

0% NLMINATCR
L/T{DET)1
1/7T(DET)2

Z(DET!Y
W(DET)1

NUNMERATCRS
N(B /LA )

Al(B )
17748 )1
1/7(B8 )2
L/T4(8 )3

N{P /DA )

AP )
/TP 1

{p )1

(P )1

N{R /DA )

A(R )
1/T{(R )1

(R )1

W(R )1

N{ PHI /DA )
ALPHI)
Z(PHI) 1
W(PHI)} 1

N{ AYP/DA )
A{AYP)
1/T(AYP)1
1L/TCAYP)2
ZLAYP) 1
Wi AY P) 1

. 0149
2 46
. 148
3.36

-.0274
-27.3
{(-.560)
( 1.25)

1.59
.895
. 267
3.96

35.3
.141
3.34

91.9
-.387
. 606
. 154
3.33

TABLE V-7
X-15 AILERON TRANSFER FUNCTION FACTORS
SAS Off
(BODY AXIS SYSTEM)

2 3 4 5 6
SL 20 X 4C K 40 K 60 K
.800 .80C .8CC 1.20 1.20
.0C132 00734 «017¢€ .CC608 -. 000447
3.93 2.0¢ 991 1.59 . 679
l4a .110 .C951 0754 .0623
5.63 3.80 2.64 2.96 2.43
—.0461 -.0217 -.0085¢ -.0120 -.00353
-.347 -26.3 -229. -63.2 -615.
5443 (-.308) ( .705) { .551) ( 724)
49,2 { 1.35) { .30¢) { .634) { .185)
113. 52.2 21.1 46.5 17.8
-.00C323 -.00201 -.CC55¢ -.C0l54 -.00403
«143 .109 .0782 .C754 . 0544
5.63 3.78 2434 2.93 2.30
4 .85 2.C9 778 1.46 403
1.95 .77C .31C 501 190
.279 . 150 .C616 .C559 .0493
3.67 4.22 4.45 .20 5.83
114 . 52.3 21.2 46,6 17.9
. 144 . 108 0772 .0753 . 0534
5463 3.78 2.3¢ 3.93 2.32
30C. 136. 54.1 116. 42.7
-.344 -.3235 .176 .219 .136
. 696 .4C8 -.37¢ -.325 -.296
. 138 <114 118 .0823 . 0997

5 .52 3.79 2.31 3.95 2.19

7

6C K
2.00

-.00215
1.C1
. 0502
3.35

-.006498
~202.

{ .121)
( .308)

28.7
-.00116
. 0490
3.34

.993
.239
L0677
4.74

28.8
0492
3.35

T72.2
«157
-.192
. 0591
3.27

e

60 K
3.00

-.0C18%
1.09
.0524
2.89

-.005a2
-98.7
( .984)
{ .466)

62.2

- 000425
.0523
2.92

1.08
.289
«0152
4.78

62,3
0522

3.92

97.6
107
-.360
. 0680
3.R0

ec K
1.6

.00862
.207
0752
2.19

-.000840
-2366.
{ J&E5)

( .07°0)

B .0S
-.005309
L0656
1.24

<0579
0ras
.11C
8.07

8.07
0434
1.28

10

80 K
6.00

-.000987
« 503
SD302
3.50

-.0N157
NGTS
727

~ 380 .

33.0
-.000 287
L0314
3.45

1.13
.105
-.0111
4.27

33.1
.0312
3.45

84,7
.0383
-.296
L0777
2,08

Zals



cel

F7C w
H
M

DENCMINATCR
1/T(DET)1
1/7T(DET)2

Z(BET) 1
WIDET)1

NUMERATCRS
N{8 /DVv )
AlB )
1/7(B )1
L/T(3 2
1/7(8 )3

N{P  /70V )
AlLP }
L/1(p )1
LF Y1
WP )1

N(R  /0V )
AR )
L/T(R
Z(R )
W(R )

11
1
1

N{PHI /DV )
A(PH])
ZOPHENL
WEPHI) L

NCAYP/OV )
AlLAYF)
1/7(AaYP)1
1/T(AYP)Z
ZLAYF) ]
WlAYEY 1

SL
500

«0149
2 .46
. 148
3.36

. 137
.0128
2 .45
45.9

5.87
-.C0417
(-.988)
{ 1.82)

-£.81
2 .49
. 356
«208

S .46
{-1.10)
( 1.79)

TABLE V-8

X-15 VERTICAL STABILIZER TRANSFER FUNCTION FACTORS

2

SL
200

00132
3.93
- l44
5.63

224
.0101
3.90
65,1

15.0
-.000802
162
5.45

~14.9
-.210
.51
( 4.04)

14,7
. 155
5.51

-4€.9
. 0492
6.08

-.498
4.47

3

2C K
800

.00734
2.0¢
110
3.8¢C

113
.008C7
2.05
66.2

6.60
-.001%3
- 215
1.11

~7.09
-a.1l12
( .176)
 z.12)

€.23
271
.14

-24.9
.0100
2.27

—-.0927
4.37

SAS Off
(BODY AXIS SYSTEM)

4 5
4C K 40 K
«8CC 1.20
.0176 «CC608
«591 1.59
(957 «0754
2.64 3.96
.0509 .08z21
.CC21¢ 0117
1.1¢C 1.56
64.7 59. 8
2.5¢% 11.9
-.CC561 -.C0154
(-3.7¢) .111
( 3.78) 2,11
=2.97 -7.50
.36¢ +352
<367 [~.612)
1.17 [ 1.96)
2.15 11.5
{ 4.046) .103
(-4.16) 3.17
-1C. 7 =-19.4
~.0278 .0238
.62 C 2.69
724 -.C324
4.51 4.70

6

60 K
1.20

-+.000447
«679
. 0623
2.43

. 0326
. 00181

<656

106.

4.21
~. 0002

L0673

1.24

-2.88

<157
(-.393)
( 1.0

3.79
.« 0361
1.32

-7.07
« 00545
. 787
L0226
4.16

7

60 K

2.00

-.0021%
1.01
. 0503
3.35

. 04625
-.00C352
.989
171.

5.38
-.C011%

. 03Ce

2.8

~6.90

- 190
(—.417)
( 1.31)

4.90
0138
2.98

-35.5
.00159
1.17
~. 00935
Ga.b6

8

€0 K

3.00

-. 00185
1.0°
«0524
2.89

«0503
00237
l.c8
227.

€.213
—.000428

L0572

£L.R2

0143
~.03 10
«3AE
144,

1.20
=.00540
( 3.00)
=417}

-1.81
0790
L1116
1.68

724
{ 4,29)
(-5.77)

-9.07

-.0208
.21%
«0430
4,25

10

80 ¥«
6 .00

-.000987
803
L0307

380

0241
-.00343

435

492,

-H.54
~.00C2R”7
.N550
6.98

-12.2
.106
201
1.15

-7.18
0563
.67

-103.
-.0n686

418
.CORA

7.758



g1

JENCMINATCR
1/T(DET)1
L/TIDETI2

neemnl
WICET)]

NUMERATGCRS

N{B /DA )
A8 )
1s7(8 )1
L/7{(3 2
/T8 13
N(P /DA )
A(P )
1/7(v )1
He )1
WP 1
N{R /DA )
A(R )
1/T(R i1
LR )1
WlR )1

NCPHI /DA )
Al PRI
Z(PHI)1
WPHI)1

N(AYP/UA )
Al AYF)
1/7(AYP)1
1L/T(AYP)2
L{AYP) )
w{AYF} 1

TABLE V-9
X-15 AILERON TRANSFER FUNCTION FACTORS
SAS On
(BODY AXIS SYSTEM)

1 2 3 4 5 [
St St 20 X 4C K 40 K 60 K
.500 .800 .00 .3CC 1.20 1.2¢0
-. 0464 -.0328 -.0342 -.031¢ -.0277 -.0312
19.3 58.2 27.1 11.1 24.0 9.30
<419 «256 4038 322 390 298
3.37 5.75 3.81 2.332 3.93 2.21
-. 0274 -.0461 -.0217 —-.CC8%¢ -.0120 -.00353
-33.3 5.02 1.14 «362 557 210
[ .854) -3.23 6,23 1.32 £.26 1.12
(2.31) 51.9 -3%.¢ ~230. -59.1 -617.
35.2 113. 5§2.2 21.1 46,5 17.8
-.00388 -.0C079C -.0019¢ —-.CC554 -.C0152 -.0040C
-410 553 397 L273 «374 248
3.37 5.67 3.81 2.35 2.95 2.31
1.59 4 .85 2.09 <778 L.46 403
.895 1.95 «77C .31C .501 .190
. 267 279 «150 .C61l6 0559 .0493
3.96 . 3.67 4.22 4.45 £.2C 5.83
35.3 . 114. 52.13 21.2 46.6 17.9
$4N9 L «553 397 .27¢C 373 245
3 .37 5.67 3.81 2.36 2.96 2.33
91.9 3C0. 136. Sa.l 116. 42.7
-. 625 -.533 .488 .23S 312 164
<668 820 -.278 -.€e7C - .656 - 672
.412 .522 .289 <334 374 342
3.46 5.58 3.9¢C 2.46 4.10 2.38

7 8
60 « 60
2.0 3.00
-.0173 -.013
14.8 21.6
. 385 .18
3.32 2.c4
-.004098 —.0C5a62
273 «292
3.94 10.4
~207. -1ce.
28.7 “2.3
-.0011°% -.Go04le
+365 « 500
3.36 Bl
« 993 1.c8
.239 - 289
. 0677 0152
4.74 4.T8
28.8 4243
BT 500
3.35% 3.96
72.2 7.6
.20rR .228
RS -1.21
.39¢ L 522
3.52 b 28

R0 K
1.60

-.00578
2,50

- 507
1.51

- 000240
«CBLT
.5ag

=2266,

P.0SR
-.00531
.28

1,.,3°%

1.2

.0579
0786
RS
8.07

8 .07
. 23¢
1.30

17.%
0826
~1.6%
L8227
1.20

1c

A0 K
6.00

-,.20250

~.00157

33.0
=.00r281
. 547
3,49

1.12
-108
-.0111
4,27

33,1
506
3.69
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TABLE V-1Q
X-15 VERTICAL STABILIZER TRANSFER FUNCTION FACTORS
SAS On
(BODY AXIS SYSTEM)

+ + + + + + + + + +
F/C & 1 2 3 4 5 ] 7 € 9 10
H SL St 20 K 40 K 40 K 60 K 60 K 60 K 80 K 80 K
M +500 .800 . 800 <800 1.20 1.20 2.00 3.00 1.60 6.00
DENTAINATOR

JTWOETHL ~.04h4 -. (0328 -.0343 -.0315 -.0277 -.0312 ~.01l73 -.0131 -.00523 -+00250
L/T(UETIZ 19.3 58.2 27.1 11i.1 24.0 9,30 14.8 21.6 2.58 16.4

Z(DeETH! 419 « 556 .408 .322 +390 298 .385 .518 «507 «564

WIDET)L 3.37 5.75 3.81 2.33 3.93 2.21 3.32 3.94 1.51 3.52

NJMERATGRS
N{B /DY)

Al3 ) .137 o224 113 0509 .0821 .C326 0426 . G503 L0143 L0241
1/7T{(8 1l -.0&%2 -.C305 -.0348 -.0423 -.0250 -.0300 -.0160 -.0101 -.0z86 -.00544
/T )2 17.% b6.9 25.6 9.37 22.1 T.11 14.0 21.2 2.99 16.4
L/T(6 13 49.0 73.6 69.1 67.2 103. 109. 172. 239. 146, LS82.,

NP /DY

AP 5.87 15.0 6.¢0 2.55 11.9 4,21 5.38 6.588 1.20 -6.54
L/T(?7 1 ~.00206 -.00100 .00252 -.00536 -.00173 - 00474 -,00133 -.000458 ~.00534 -.0060275
VTP 2 23N ~-.%69 .0371 1.17 ~.691 ~.250 -.427 -1.33 Z.09 1.85
L/T(e )3 -15.38 -50.6 -25.5 -12.5 -12.4 -5.26 -16.4 -30.6 -7.8¢ 26.1

N(R O /0V )

AR -5.81 -14.9 ~-7.09 -2.97 ~7.50 -2.88 -6.90 -11.7 -1.21 -12.2
L/T(F 31 20.9 -. 08480 -.0147 11.9 ~.107 -.0770 -.0670 - .0898 .0863 16.6

(R )1 -811 ( «189) ( .0987) «448 ( 151} ( .0810) ( .0983) ( .141) { .0687) .857

Wik )1 «0719 { 63.1) { 29.2) 204 ( 26.1) { 9.93) ( 15.8) ( 22.6) ( 3.74) 0927

N{PHI/DV )

ALPHI) Se%b 14,7 6.23 2.15 11.5 3.79 4.9C bob4h 724 -7.18
IVARTAI O RY .219 =485 .0423 1.06 -.639 -.211 -.391 -1.26 2.01 1.85
LT(PRID2 -18.5 ~93.2 -28.7 -l¢.8 ~13.9 -7.03 -19.7 -34.5 -l4.5 25.2

N(AYP/DV )

ALAYP) -19.8 ~46.9 -24.9 -10.7 -19.4 -7.07 -35.5 -58.0 -9.07 -103.
1/T(aYP )1 -.05C8 -.0289 -.0351 -.0465 -.0243 -.0298 -.0159 -.0099¢4 -.0298 -.00547
L/T{AYP )2 4409 149. 02.4 2442 80. 4 30.0 26.7 36.1 4.86 17.7

LEAYP) L -.05¢60 -.206 -.0680 .119 -.0320 .067C 0242 .0106 «492 .051%

WlAYP) ) 2.82 3.61 3.01 2.19 3.26 2.24 3.51 5.79 2.5C 6.56



Gel

F/C #

H

M
DR PERIOD (SEC)
1/Ci1/2)
SPIRAL (2) (SEC)
ARY
P2)
P(3)
p(2y/etl)
P(OSC)I/P(AV)
W(PHI)/W(D)
DEL~-B8-MAX
PHI TN BETAy PHASE
PHI TO BETA

PHI TO VE

TABLE V~11

X-1% LATERAL-DIRECTIONAL HANDLING QUALITIES PARAMETERS

SAS Off

(BODY AXIS SYSTEM)

+ + + + +
1 2 3 4 5 3

St St 20 K 40 K 40 K 60 K
. 500 . 800 . 800 .800 1.20 1.20
1.89 1.13 1.67 2.39 1.59 2.59
1.36 1.32 1.01 .871 685 566
-- - - - -~ 1550.
13.6 28.8 2445 15.8 28.2 23.0
- - -- 14.7 - 22.5
-- - - 15.6 - 23.0
-- - -—- <929 -= .982
-- - -- .0326 - .0101
+9893 1.00 997 894 994 «954
0324 <132 .0384 398 +100 543
22.3 -3.41 17.5 14.2 9.05 13.9
.888 «C391 «699 2.14 484 . 755
0911 . 00251 0662 318 «0480 121

.998
.153
30.0
W14

.0139

416
375.

39.5

1.01
+0631
191,
l.11

« 0709
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SECTION VI

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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6861

Nominal Configuration

Zero fuel (burnout)
Gear up

Transonic or subsonic configuration

Flight Envelope

depending upon flight condition 80,000 — /

’

®

W= 6466 1D h(ft) g ®
c.g. at .517 T, W.L. 9.k (se
I, = 1353 slug-ftZ 60,000 |—

2
I, = 6413 slug-ft Body Axis
I, = 7407 slug-ft2 ////,/”
I, = 399 slug-ft° 40,000 (— (%

s
@®
s

20,000

s ®.,
' ®
[ @/
sL 1 1 | L 1
4 .8 .2 .

0
Mach

Nominal Envelope Extremes

Transfer Function Case n
(S = Subsonic, T = Transonic)

Zero

Note:

Configuration Speed Brakes Elevon Flaps Tip-Fin Flaps
Subsonic Zero Zero
Transonic 8° 30°

Figure VI-1.

30.5°/32.5°

HL-10 Flight Conditions
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HL -10
S=160 ft2

b=13.6 ft
¢ = 2117 ft

W.L.O

=3
=3
= |

C
[
coe

o

C

WL.Ii

5¢
F.S.127.0

F.S.53 F.S.127.0

Figure VI-2.

HL-10 General Arrangement

TL(W.L.109)
/_

FRL(W.L.100)



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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F/C #

H(FT)

M{ =)

VTO(FPS)
VIO(KTAS)
VIO(KCAS)
wW(iBs)
C.G.{MGC)

IX (SLUG-FT SQ)
1Y (SLUG-FT 5Q)
IZ (SLWG-FT SQ)
IXZ{SLUG-FT SQ)
EPSILOCAN(DEG)
Q(PSF)

QC (PSF)
ALPHA{DEG)
GAMMA {DEG)
LXPIFT)

LIP(FT)
ITH(DEG)

XI (DEG)

LTH(F T)

TABLE VI-1

HL~-10 DIMENSIONAL, MASS AND FLIGHT CONDITION PARAMETERS

s = 160.0 sq ft,

1 2 3
03 K 16 K 22 K
« 500 « 380 <700
5%2. 400 . 720.
327. 237. 427.
313. 187. 311.
6466. 6466. 6466,
. 517 .517 517
1353. 1353, 1353,
6413, 6413, 6413.
7407, 7407. 7407.
399. 399. 399.
-3.75 -3.75 -3.75
329. 116. 307.
351. 120. 346.
10.2 19.0 10.6
-32.0 -14.0 -26.0
6.50 6 .50 6.50
-1 .40 -1.40 -1.40
C. 0. 0.
0. 0. 0.
-1.20 ~1.20 -1.20

b = 13.60 ft,
4 S
30 X 40 K
.62C «650
617. €29.
365. 373.
231. 193.
6466, 6466,
«517 517
1353. 1353.
6412, (XD N
7407. 7407.
399. 299,
-3.75 -3.75
169. 117.
186. 129.
15.¢ 18.8
-26.C -23.0
6.5C 6.50
~1.40 -1.40
0. Q.
0. 0.
-l.2¢C , —l.20
.

c = 21,17 ft

38 K
. 800
774,
459.
256.
6466.
.517
1353,
6413.
7407,
399.

-3.75

196.

0.

~1l.20

920.
545.
263,
6466.

.517

6413,
7407,
399.
-3.78
126,
24%.
l4.1

=26.0

51 K

1.10
1064,
631.
273.
6466,
«S17
1353,

6413,

Q 10
75 X 72 £
1.20 1.50
116°. 1453,
693, 864,
175. 264,
6466, 6465,
517 517
1353, 1353,
6413, 6413,
7407, 7407,
3oq, 3Qq,
-3.75 -3.75
75.3 136,
108. 208.
R.OD 12.0
-15.¢ 14.0
6.5C 6 .50
-1.40 -1.40
0. 0.
0. 0.
~1.20 -1.20
+
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F/C #

N
M
WD
zQ
MWD
v
XDE
ZDE

MDE

1
03 K
500
-.0509
0383
. 00663
164
-.916
-.0305
0.
0.
0.
-.662
38 .1
-212.

-28 .0

TABLE VI-2

HL-10 LONGITUDINAL DIMENSIONAL DERIVATIVES

(Body Axis System)

2 3 4 5
16 K 22 K 30 K 40 K
.3892 .70C .62C 550
—.0401 -.0260 -.02217 -.0l91
-.0122 0417 0175 ~-.0143
. 00596 L00ze¢ .C0217 . 00136
«140 0637 0777 0727
-.481 -.T742 - 453 -.291
-.0166 -.0141 -.0132 -.00548
0. 0. 0. 0.
0. 0. 0. 0.
0. 0. Q. 0.
-.321 -.4172 - +30% -.205
5.6 33.7 27.7 22.1
-74.2 -180. -98.7 -65.0
-9.51 -16.8 -12.3 -7.97

38 K

800
-.0325

.0128
. 00400

.0148
-.432

—.0139

--139

29.6

-117.

-16.2

.0182
.00a479
o851

—-.417

-132.

-16.1

-.0597
00842
.C0ATR
L0763
-.334

—.0162

-.199

21 .4

-8%.3

-16.2

-4.53
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TABLE VI-3

HL-10 ELEVATOR TRANSFER FUNCTION FACTORS

SAS Off
(Body Axis System) P
F/7C # 1 2 3 4 5 [ 7 8 Q 10
H 03 K 16 K 22 K 3C K 40 K 38 K 45 K 51 K 75 ¥ 72 K
M +500 «380 +700 .62C «650 «800 +950 l.10 l1.20 1.50
ODE NUMINATQOR

Z(PET) ] « 469 283 «403 <363 .333 «526 .618 L627 600 « 362

W{(DET) 1 « 0760 -117 .0581 0632 « 0651 <0678 <0635 «0531 «0209 «034%

Z(DET}2 . 186 « 145 +184 145 .125 « 0794 «0751 0610 0315 L0618

W(DET)2 4 .19 2.68 3.25 2.55 1.89 3.35 3.79 &.25 2.81 2.80

NUMERATCRS
MU /DE ) )

AlU ) 38.1 25.6 33.7 27.7 22.1 29.6 33,5 21.6 4.01 5.84
L/T(U )1 72.3 48.6 66.1 3.7 73.0 .138 108. 172. 172, 238,

Ity )1 « 346 .536 .862 « 596G +« 601 { .402) «539 «4&T 602 JHlY

wlU 1 « 440 .298 «369 «265 «196 ( 104.) «199 . 138 .112 .106

NCwW  /DE )

Alw ) -212. -74.2 -180. ~98.7 -£€5.0 -117. -133. -85.3 -28.5 ~27.5
1/T{w )1 . 0158 48.8 ~-.Cl2C +C0853 73.2 104. 108. «0320 L0506 .N057)
l/7tW )2 « 0500 { .267) 0422 «Cl161 ( .369) { .629) ( .991) . 0266 01646 N11E
1/T{w 13 72.5 { .0690) 66.4 T4.¢ ( .0378) { .0296) ( 0341 172. 172. 235.

N{ THE /DE )

A( THE) -28.0 -9.51 -16.8 -12.3 -7.97 -16,2 -16.1 -14.2 -6 ,23 -4,53
1/T(THE)L . 0440 <0623 .0204 .C1 73 .0218 . 0246 - 0592 +05R3 L0193 282
L/TITHE)2 «686 «334 « 5G4 .378 239 «332 .289 «231 0661 . 103

N(HD /DE )

A(HD ) 182. Té€.2 165. 92.0 €3.2 109. 123. 72.0 27.8 27.2
1/7(HC )1 . 0650 0207 .0325 .0269% .0199 .0292 <0632 0647 L0215 .0167
1/T(HD )2 -6 .69 -3.83 -6.16 -5.22 -4.07 -5.93 -5:50 -6.18 -3.31 ~-4,.,97
L/7(HD )3 7 .34 4.18 6.60 5.51 4.28 6. 06 5.67 €.27 3.38 5.67

N{AZP/DE )

AlALR) -29.6 -12.4 -71.1 -18.5 -13.3 -11.5 -28.7 7.01 -1.00 1.98
1L/7(4azeP)l .0218 -.0105 .0107 .009813 «00613 . 00918 .00782 0117 00350 ~-.N1u8
1/7Taz5)2 <0445 .0301 .0229 «C17% .0142 .0218 « 0571 0882 0186 0256

AR YR DY (-18.5) (-9 .66) {—-9.84) ( 12. 21 (-6.18) ( 17.8) ( 11.0) «0142 {-17.9) 00687

w(AZP) ] { 19.0) { 9.95) ( 10.1) (-12.3} ( $.26) (-19.4) (-12.2) 22.0 ( 18.1) 18.4



Ga1

F/C &

H
M

DE NCMINATCR
Z{DEM 1
W(DET) 1
ZIDET)2
WIDET)Y2

NUMERATCRS

NtU  /DE )
Aty )
1/7(y
FARVENS

w{U )

1
1
1

N{w /DE )
Alw )
1/7T{W 31
L/Tin 32
1/7(W )3

N{ THE /DE )
Al THE)
1/T(THE)L
1/T{THE)2

N{HD /0E )
A{HD )
1/THD )1
1/T{HD 12
1/T{HEG )3

NUAZP/DE )
ALAZF)
1/7(AZ27)1
1/7(A2P)2
ZLAZF)L
W(AZP) 1

03 K
.5C0

{ 2.42)

( 10.3)
+ 485
. 06 36

38.1
72.3
. 346
<440

-212.
.0158
- 0500
72.5

-28.0
+ 0440
- 686

182.
. 0650
-6 .69
7 .34

=29.6
.G218
. 0645
(-18.5)
{ 19.0}

(

TABLE VI-4

HL-10 ELEVATOR TRANSFER FUNCTION FACTORS
SAS On

16 X

.380

267
- 109
. 792
2.80

25.6
48.5
-536
.298

-T4.2

48.8
( .26T)
.0690)

-9 .51
.0423
234

T€.2

.C207
-3.83

4.18

-12.4
-.0105

-0301
(-9.66)
{ 9.95)

(Body Axis System)

22 K
700

{ 2.86)
{ 5.0¢)
391

.C467

33.7
66.1
862
365

-180.

-.Cl2C
0422
66.4

-16.8
.020¢
«594

-7T1.1
.0107
.0226

(-9.84)
( 10.1)

3C K
«62C

342
«05¢&1
.986
2.88

27.7
73.7
-
265

-98.7
.C08572
.C1G1

T4.6

-12.3
.Cl78
.378

g2.0

02653
~5.22

5.51

-18.5
.3C982

.Cl73
( 12.2}
(-12.31

{
(

40 K
650

315
+0594
. 883
2.07

22.1
73.0
+ 601
-1946

-€5.0
73.2
369N

.C378)

1.97
.0218
.239

€3.2

0199
-4.07

4.28

-13.3

.C0613
.0l42

-5.18)
S.20)

+503
. 0625
. 969
3.63

29.6
.138
( .402)
( 104.)

-117.
1C4.

{ .0296)

-16.2
. 0246
-332

109.

-0292
-5.93

6. 06

-11l.5
.C0918

.0218
{ 17.8)

(-19.4)

{

33.5
1086.
. 539
.19¢

-133.

108.
( .991)
.0341)

-l6.1
.0599
.289

123,
. 0632
-5.50
5.67

-28.7
.00782

. 0571
t11.9)
(=1¢.2)

21.6
172.
CLb7
.158

-85.3
.0320
. D366
i72.

~14.2
.0583
. 231

T2.0
Q66T
~6.18
6 .27

T.01
L0117
L0852
L0142
22.0

{
{

a0y
172
L5602
o112

-28.%

L0596
L0164
172,

~4.23
L0123
L0861

27.8
0215
2,21

2.38

-1.00
002580
0185
~17.°)
le. 1)

5.24
235,
Y%
106

1.08
-.nN10R

0256
~CO6RT

18,4
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DI{G) /DY) (DEG/KT)
NZA  (G/RAD)

CE/G  {(DEG/G)

CAP (RAD/SEC/SEC/G)

PHUGOID{2) (SEC)
{ TuCkKiz2) )

1/7C€1/10)

03

«500

-.121
11.5
3.03

1.48

.516

TABLE VI-5

HL=-10 LONGITUDINAL HANDLING QUALITIES PARAMETERS

SAS Off

(Body Axis System)

2 3 4 5 6
16 K 22 K 30 X 40 K 38 K
« 280 . 700 .62C 650 . 800

STICK FIXED

-.00405 ~.0433 -.0121% . 000279 -. 0386
4.11 12.9 €.94 4.54 T.72
9.36 2.70 4.14 £.26 4.80
1.55 <791 892 . 731 l1.36
- 400 .51C +399 «343 .217

~. 160
8.14

5.81

-+ 0685

4.76

1R.7

.114



LST

F/C #

2
2
L8
NB
Lee
NP o
LR
NK *
Y% DA
L' DA
N' DA
Y DR
L' DR

N* DR

-10.6

TABLE VI-6

HL-10 ILATERAL-DIRECTIONAL DIMENSIONAL DERIVATIVES

~ 4248

-.0104

(BODY AXIS SYSTEM)

.700
-.322
=232,
-75,1

13.1
-1.13

«02640

«820
~.382

-.00679

30.7

3.73

0553

13.0

-8.77

620
-.203
-125.

-49.5

-.686
0179
532

-.235

-.00547
17.0
2.11
0372
6.61

~5.12

«650
-+140

-88.2

~.&73
0115
357
-.162
-.00428
10.7
l1.19
0251
4,87

~3.,51

.800
-.160
-124.
-7T1.4

12.4
~.710

0119

<477
- 245

-.00899

.0280
5.82
~4455

. 950
-.204
-187.
-71.5

14.0
-.627
.00882

397
= e234

-.00900

«0233
6.53
-4,60

1.10
-.173
-184.
-69.7

11.0
-.524
.00877

+.351
~-.185

-. 00590

16.7

1.83

«0202

6.50

-4.87

-.0564

-66.,0

~25.5

3.94

-.175

« 00344

.123

-.0616

. 000156

5.23

. 0603
« 00677
2.45
-1.75

-. 0851
-124.
-34,5
4,91
~-.201
«00774
. 180
~« 0795
0.
7.52
-+392
00777
3.94

~2.18
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TABIE VI-?
HL-10 AILERON TRANSFER FUNCTION FACTORS
SAS Off
(BODY AXIS SYSTEM)

+ + + + + + + + + +

FIC & 1 2 3 4 5 6 7 8 S 10

H 03 K 16 K 22 K 30 K 40 K 38 K 45 K 51 K 75 K 72 K

M 500 +«380 « 700 «620 +650 .800 « 950 1.10 1.20 1.50

DENUMINATOK
L/T{LET )L . 0168 « C796 .0509 «0548 0440 «0434 . 0367 .0375 « 0249 .0201
L/7(0ETI2 .812 . 383 .683 -375 «265 -417 . 389 .298 «171 «124

I(DET)] .132 ~CT77 .107 0762 .0579 .0602 .0574 .0518 .0179 0320

WiBLT) 1 Setrts 4.39 5.17 4.55 4.02 S.44% 5.57 5.27 2.73 3.46
NUHMTRATORS
N{S /DA )

A8 ) ~.00523 -+ Cl04 -.00679 -.00547 -.00628 -.00899 -+.00900 -.00590 000154 1.95
/78 )1 -578, -307, -291. -457. -539, ~243, -193. -394, «0874

{3 1 ~.172 . 46 -.415 337 .587 .182 .0638 +318 { .152) +973

HWiB )1 «5387 . 358 541 «313 216 «315 <313 «201 ( 4329,) 0726

NP /DA )

AlP ) 36.0 15.5 30.7 17.0 10.7 18.5 18.2 1647 5.23 T.52
IYANS )t +0218 -.0C737 .0120 «00983 .00395 «00802 .00743 L0111 .00239 -.00987

ZiPp )1 .103 «C817 .0862 .0695 «0591 .0537 .0535 0«81 .0282 «0473
WwipP )1 4.83 3.23 4,69 3.67 2,98 4.60 4492 4.26 2.05 1.75

N{R /DA )

AR ) 3.39 1.96 3.73 2.11 1.19 2.43 2.76 1.83 . 0603 -.3Q92
L/T (N )1 «305 267 «234 .192 «158 167 «14] <115 «197 « 0955
VAR )2 { .148) ( .072%5) ( <120} { «0750) { «0519) ( .0586) ( 0556} [ +0484) ( 40240} -2,50
L/T (R )3 { 6.55) { 5.31) { 5.81} ( 5.47) { 5.19) ( 6439} { 6,31} ( 6.47) ( 7.14) 3.5¢4

N{PHI /DA )

ALPD) 34. 6 15.7 29.7 l6.6 10.6 18.1 17.6 16.90 5.22 T.33

I(PHIY1 .102 . €807 .0853 .0702 0598 «0541 .0538 « 0691 . 0291 LS )

wWiPH]) 1 4,74 3.26 4,64 3,62 295 4.54 4.87 4.1 2.0? 1.86

N{AYP/DA )

ALAYP) 69.5 3C.3 62.3 34,1 20.0 34.8 35.1 29.0 7.89 7.98
1/T(AYP )] -.293 « 271 ~.234 .286 .200 +.198 .207 .178 BOLEL] <0629
L/T{AYP )2 <569 -« 387 «506 -.320 -.498 -.216 -.228 -+332 - 617 «l1l4
1/T{AYP 3  .122) { .126) { .0933) { .111) { .167) ( 0679} (| .06k87) { .0963) { .?83) 4,71

L/T{AYP )4 { 4.66) { 3.1 ( 4.33) ( 3.22) { 2.24) { 4.54) [ 4.62) { 3.34) (1.19) -4.73
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TABLE VI-8
HL-10 RUDDER TRANSFER FUNCTION FACTORS
SAS Off
(BODY AXTIS SYSTEM)

+ + + + + + + + + +
F/IC ¢ 1 2 . 3 4 5 [ 7 8 G 10
H 03 K 16 K 22 X 30 K 40 K 38 K 45 K 51 K 75 K T2 K
Il -5C0 «380 . 700 620 650 800 « 950 1.10 1.20 1.50
DENIOM INATOR
1/T(NET)] . 0868 «CT7906 .0509 0548 0440 0434 -0367 . 0375 . 0249 0201
L/T{DET)2 «812 .383 .683 +375 . 265 417 . 389 « 298 . 171 124
HDETI] «132 «CT77 .107 0762 0579 0602 L0574 + 0518 0179 0329
W(DET)1 5.64 4.39 S.17 4.55 4.02 5.44 5.57 5.27 2.73 3.46
NUMERAT(CRS
NI{8 /DR '}

AlB ) .0865 .C473 .0553 0372 0251 .0280 0233 « 0202 . 00677 L00777
1/7(8 )l .00111 -.031s6 .00183 -.00794 -.0105 -.00z222 .00348 «00498 ~.0n203 -.0116
/T )2 1.17 . 827 .881 506 L343 544 « 480 « 396 L1175 161
/1 )3 148. 112. 200. 181 . 195. 213. 261. 313. 306. 3R0.

N{P /UR )}

ALP ) 13.0 5.12 13.0 6.67 4.87 5.82 6.53 6.50 2.45 3.94
L/T(P 1 .0219 -.NC739 .0120 .00985 «00395 .00802 «00743 .0111 «00339 -.00989
/7P }2 7.91 4.83 6.01 5,27 4,17 6.42 5.90 6,26 3.73 -3.72
(AR )3 -8.66 ~-5.22 -6.19 -5.53 -4.30 -6.75 -6.00 -6.39 -3.78 3,73

N(R /DR )

A(R ) -10.6 -3.81 -8.77 -5.12 -3.51 —4 .65 —4,.,60 -4.87 -1.75 -2.18
/T (F 11 «306 . 247 234 192 «159 o167 «lal «115 . 196 .N355

LR )1 .183 «C8l6 $172 «0952 .0685 .0830 .0855 .0713 «0Ns61 .0345

WiR )1 3.568 3.40 3.20 3.24 2.91 3.70 3.55 2.67 l.67 2.31

N({PHI/OR )

ALPHI) 17.3 4.79 15.¢ T.61 5.13 6,71 7.50 8.34 2.67 2.88
L/T(PRI)L 6.86 904 -5.42 4486 4403 5.90 ~5.40 -%.,28 3.56 4.53
1/T(oHD)2 -6.98 ~5.52 5.48 -4.,98 ~4.,12 -6.07 S.4l 5.33 -3.5¢8 -4,63

NUAYP/DE )

A{AYP) -3.07 1.32 .978 -.991 ~.182 - 445 «609 -1.02 -.01R3 2.69
1/T(AYP)1 -.0430 -« 123 -. 0195 -.0404 -.0393 -,0557 -.0218 -.0131 —.0143 -.0207
L/T(AYP )2 «681 » 300 €13 +330 «235 . 260 297 « 248 .132 .129
L/T{AYP )3 ( «170) 17.2 43.8 { «125) { .187) { .139) 39.9 { +0785) ( .196}) 11.8

1/T(AYP }4 ( 33.9) ~20.6 -63.9 ( 31.5) { 51.9) { 43.9) -48.1 { 36.9) { 92.8) -12.1
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F/C #

H
M

UENIMINATOR
1/7(DeTI1
L/T(DET2
1/T(DET)3

Z(pET)1
w(DET) 1

NUMERATOR S

N{g /DA )
AlB )
17708 )1
/18 )2
1/T(B 13
/7B )a

NP /04 )
AP )
/T )1
/TP )2
Z(F )1
WiP 31

N(R /DA )
A(R )
1/T{(R )1
1/T{R )2
L/T{R )3

V/T (R Ve

TABLE VI-9

HL=-10 AILERON TRANSFER FUNCTION FACTORS

1 2
03 K 16 K
«5C0 +380
.00751 .0C201
.323 « 275
2.95 14.8
( 7.48) « €38
{ 42.0) 3.75
-.00523 -.Cl04
.00374 «0C600
«304 . 245
69.8 Z25.1
-830. -382.
36,0 15.5
. 0225 -.CCT35
4B. C 1.0
. 886 « 755
«394 .438
3.39 1.96
+ 305 « 267
«330 «330
{ +148) ( .0725)

{ 6.48) ( 5.31)

SAS On

(BODY AXIS SYSTEM)

22 X
700

.00626
269
2.10

( 7.01)
{ 34.0)

-.00679

«00352
.232
76.0
-453.,

30.7
.0122
41.8
. 880
«4la

3.73
234
«330
{ .120)
( 5.81)

30 K
620

«C06G1
. 224
19.9
.709
3.63

-.C0547
.00391
. 190
37.5
-531.,

17.0
.00989
23.9
.790
«430

2.11
«192
»330
{ 07500
{ 5.47)

+
5 6
40 K 38 X
<650 800
.00328 .00533
187 o214
13.6 17.7
«533 <673
3,22 4.37
-.00428 -.00899
00399 «00442
. 157 «164
23.0 37.7
~5706. -292.
10.7 18.5
.00395 .00803
16.3 2l.4
e 742 914
424 «570
1.19 2.43
.158 o167
330 «330
+0519) ( .0586)
( 5.19) ( 6.39)

+ + +
7 a 9
45 K 51 K 75 X
« 950 1.10 1.20
.00555 .0C620 .002¢€9
. 197 .156 .232
17.0 18.7 6.75
« 706 .608 <439
4,40 4022 1.61
-.00900 -.00590 006154
.00408 «0C295 .00277
«138 .113 . 19¢
44,7 25.9 8.10
-248, -4135, 4349,
18.2 16.7 5.23
«00744 .0111 «00339
«561 22.1 €.93
( «645) . 891 «663
{ 22.0) «519 b4 7
2.76 1.83 0603
14l «115 + 197
«330 « 330 «330
{ «0556) ( ,0486) ( .0240)
(6.3 { 6.47) { 7.14)

10

72 K
1.50

~.000772
.120
8.54
445
2.53

1.93
00272

L0951

6.75

T1.52
-.00981
7.93
«640
«357

~+392
«N955
«330

-31.50
3.54
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{PHI/DA )
A(PHIT)
L/T(PHIDL
2(PHI)1
WiPHIN1

NOCAYP /DA )
ACLAYP)
L/T{AYP ]
L/TLAYP)2
L/T(AYP}3
L/T(AYP )4
1/T(AYP}5

24,6
49,9
. 886
.3B6

69.5
. 00653
«304
-3.16
“.19
42.3

15.7
17.8
« 157
« 443

3C.3

.Cla7
« 246
-2.01

3.00

15.3

29.7
43,2
+879
«406

62.3
.00553
«232
-3.47
4.68
35.3

TABLE VI-9 Continued

16.6
24.5
<786
«420

34.1
«00662
«190
—2.97
4,20
19.8

10.6
16.4
739
419

20.0
.00649
<157
~2.90
4.17
13.3

18.1
22.0
«9C1
+ 556

34.8
«0116
165
-2.22
3.90
17.6

17.6
22.8
.985
«585

35.1

.00774

.138

~3.,24

5.65
17.0

16.0
23.2
«867
«493

29.0
.0C468
114
-3.90
5.84
18.0

5.22
6.95
» 691
463

7.89
.00393
«200
-1.84
2.56
6.56

T.33
8.09
«651
«375

T.9E
.00318
. 0957
4.25
~4.58
8.91
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F/C #

H
M

OENOM INATOR
1/T(DET)L
1/T(DET)2
L/T(DET)3

Z(DET) 1
W(DET)1

NUMERATOR S

N(B /DR )
AlB )
1/7(8 )1
/T 2
1/7(8 )3
1/7(B 4

NP /OR )

A{P )
/7t 1
1/77(Pp )2
L/T(p )3
/1P )&

N(R /DR )

A(R )
L/T (R '
L/T(R )2

Z{R )1

HWiR )1

03 K
«500

.007%1
.323
2.55
7.48)
42.0)

. 0865
.0188
«330
7.68
149,

13.0
. 0219
«330
7.91
-8.66

~10.6
-321
+330
1.90)
7.52)

TABLE VI-10

HL-10 RUDDER TRANSFER FUNCTION FACTORS

16 K
380

«0C201
275
14.8
«€38
3.75

. 0473
-.C117
« 330
2.96
113.

-3.81
263
» 330
631
3.30

(
(

{
{

SAS On

(BODY AXIS SYSTEM)

3

22 K
- 700

00626
<269
2.10
7.01)
34.0)

. 0553
.0107
«330
6.52
200.

13.0
.0120
+«330
6.01
-6.19

-8.77
.238
«230
1e47)
6.88)

+ +
4 5
30 K 40 K
«620 650
«00491 .00328
224 187
19.9 13.6
<709 533
3.63 3.22
«0372 .0251
00724 Q0150
«330 «330
3.37 2.00
182. 196.
6.67 4.87
00985 «00395
«330 «330
5.27 4.17
~5.53 =4.30
-5.12 ~3.51
.198 <162
»330 «330
. 713 497
3.20 2.88

6

38 K
+«800

00533
214
17.7
«573
437

.0280
.00658
330
3.80
214.

5.82
«00802
«330
6.42

-6.75

-4.65
.173
»330
<677
3.64

7

45 K
« 950

.00555
. 197
17.0
- 706
4,40

0233
«00693
«330
3.72
262,

6.53
«00743
«330
5.90

-6.00

-4.60
. 142
«330
. 710
3.54

8 9Q
51 K 75 K
1.10 1.20
.00620 .00269
«156 2232
18.7 6.75
608 « 439
4,22 1.91
. 0202 .00677
.0103 «00251
.330 330
3.24 1.06
314. 306,
6.50 2.45
.0111 00339
» 330 «330
6.26 3.73
=639 -3.78
-4 .87 -1.75
. 115 «210
330 330
«592 330
3.68 1.61

10

72 K
1.50

-.00N0773
«120
B8.54
445
2.53

«00777
~.0102
«330
l.14
380.

3.94
-.00989
330
-3.72
3.73

-2.18
« 0961
«330
«330
2.30
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N(PHI/DR )
A(PHI)
L/T(PHIN
L/T{PHTI)2
L/T(PHT)3

N(AYP /DR )
ALAYP)
1/T(AYP)1
L/T{AYP )2
L/T{AYP )3
1/TIAYP )4
1L/TLAYP)S

17.3
«330
-6.02
7.87

-3,07
«010C4
-330
6.26
11.1
61.0

4,79
» 330
4.92
-5.65

1.32
~.0400
. 330
1.20
9.30
-34.1

TABLE VI-10

15.4
»330
—4.86
6.06

.978

. 00743

.330
-193.
( «954)
( 7.71)

7.61
«330
—4.73
5.11

-.991
.00105
«330
2.08
( «935)
{ 29.6)

Continued

5.13
«330
~4.06
4.09

-.182

-«00468

6.71 7.50
»330 -330
-5.79 -5.11
6.18 5.70
- 445 «609
~.00313 . 00350
330 <330
l.61 2.4l
20.4 17.3
84.9 -99.3

{
(

8.34
«330
-4 .86
5.76

-1.02

.00814
«330
2.11
«630)
35.2)

2.67
3230
—3.54
3.60

-.0183
-+822E-4
.330
«672
40,7
208.

2.88
3130
4,30
-4.990

2.69
-.0115
330
«937
10.9

~12.9
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TABLE VI-11
HL-10 IATERAL-DIREBCTIONAL HANDLING QUALITIES PARAMETERS
SAS Off

(BODY AXIS SYSTEM)

+ + - + + + + + + +

F/C # 1 2 3 4 5 6 7 8 9 10

H 03 K 16 X 22 K 30 K 40 K 38 K 45 K 51 K 75 K 12

M . 500 . 280 . 700 «620 «650 -A00 +950 1.10 1.20 1.50

DR PERING (SEC) 1.12 l.44 l1.22 1.38 1.56 l1.16 1.13 1.19 2,30 1.82
1/C(L/2) 1.20 « 706 «974 «693 «526 «567 «521 « 470 162 «290
So[RAL (2) (SEC) - - - - - - - -— - -
P(l) 25.8 11.1 31.2 21.5 9.65 - - - T3 2e.44
P(2) 25.8 11.0 31.1 21.5 9.65 - - - T.27 «860
P(3) 26.3 13.7 - - 13.0 - - - 10.2 4.95
Pt2)y/P(1) .000 .588 «997 «998 .000 - - -- « 279 353
PLOSC /P (AV) «00471 . (619 -- —_— 0800 - -- - « 0967 «622
WIPHT }/W (D) . 862 « 743 .898 «795 «733 +836 «873 . 784 . T44 «537
DEL-B-MAX «120 « 290 «115 .201 «257 «123 «0928 s 166 «179 «309
PHI TO BETAy PHASE 1.21 1.54 1.53 «799 +873 1.29 «497 «153 -358, 202
PHI TO BETA 3.38 2.21 2.96 2465 2.12 2449 2.40 2.66 3.48 2.68
PHI TQ VE <368 « 406 ¢332 «373 «389 353 «339 « 374 « 793 e 655
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2.
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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

Nominal Configuration Flight Envelope

Slipper Tanks Installed

He Gross Weight
BYy ross W8 40,000}~ ®®
W = 38204 1b
c.g. at 0.25 ¢, W.L. 9k.2 h(ft)
I, = 118773 slug-ft°
x (1 s we 20,000~
I, = 135869 slug-f't2
I, = 243504 slug-ft°
Ixz = 5061 slug-ft2 PA
0] 4 8 1.2
Mach

Power Approach Configuration

Level Flight Envelope
Slipper Tanks Installed
Light Gross Weight — Speed Restrictions
Gear Down ® Transfer Function Case
4L0% Flaps
1.4 vg
W = 23904 1b

c.g. at 0.25 ¢, W.L. 9k.2

I, = L42273 slug-ft2
I, = 126099 slug-ft2
I, = 160104 slug-ft@

Iz = 5470 slug-ft2

Figure VII-1. Jetstar Flight Conditions
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JETSTAR
S = 542 5ft2
b = 5375 ft
c = 1093 ft

25T
FS.4779

MGC
B.L.13l.2
a
B.L.-I7 d
FS.211
FS.21l
TL
\ RW.L.IO4.0

w.L.|23——7:@D 50 0@ o

Figure VII-2. Jetstar General Arrangement

FRL
WL.I00



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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F/C #

H(FT)

M{-)

VTO(F PS)
VIO(KTAS)
VTO(KCAS)
W(LBS)
C.G I NGC)
IX (SLUG-FT
1Y (SLUG-FTY
1Z (SLUG-FT

IXZ(SLUG-FT

EPSILCNDEG)

Qi{PSF)
QC(PSF}
ALPHA (DEG)
GAMMA (DEG)
LXP(FT)
LZP(FT)

1 TH(DEG)
X1 {DEG)

LYH(FT)

JETSTAR
1 2
SL SL
. 200 .230
224 . 257.
133. 152.
132. 152.
23905. 38205.
«250 . 250
“2275. 118779.
126106. 135876.
160113. 243518.
5470. 5061.
-2 .65 -2.32
59.4 T78.4
60.0 79.4
6 .50 11.2
0. 0.
22.2 2242
-2 .40 -2 .40
0. C.
0. C.
-.820 -.820

3
St
.400
447.
265.
265.
38205.
.250
118779.
135876.
243518.
5061.
~2.32
237.
247 .
4.00
0.
22.2

-2.40

TAELE VII-&

4
s
".525
586.
347,
347,
38205,
.25¢
118775.
135876,
243513.
5061.
-2.32
408.
437,
2.7¢C
0.
22.2

-2.4C

5
20 K
.350
363,
215.
158.
3€205.
.250
118779.
135876.
243518.
5061.
~2.32
83.5

€6.0

-2.40

338.

252,
38205.

250
118779.
135876,
243518.

5061.

-.820

DIMENSIONAL, MASS, AND FLIGHT CONDITION PARAMETERS

7
20 K
750
778.
461.
348.
38205.
250
11877%.
135875.
243518,
S061.
-2.32
383,
440.
2.60
0.
22.2

-2.40

LS00
ega,
287.
146,
38205.
250
113779,
125876.

243518,

~2.40

. 250
118779,
135876
243518.

5061.
-2.22

117 .

=2 .40

10

Aol 3
.ROC
774,
u8Q,
242,
29206,
w250

118770,

2643518.
50A1.

~-2.32
177.

207,

-2.40
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F/7C #

XU =
PAVIR
LIV
XW
W
[4.]
IWD
Q
VWO
MQ
XDE
I0E
MDE
XD TH
ZDTH

MO TH

TABLE VII-3

JETBTAR IONGITUDINAL DIMENSIONAL DERIVATIVES

1 2
St SL
.200 »230
-+0166 =.00456
=175 -.103
- 00131 .00175
.108 .164
-1.01 -.723
-.00991 -.00902
0. 0.
0. 0.

-.000910 -.000834

~+546 -.582
1.97 2.78

-17.2 -14.0

-2.26 -Z.80

.0C135 -000842
0. [

-+« 650E~5 ~.604E-5

+

(BODY AXIS SYSTEM)

3 4 5

St St 20 K

400 . 525 350
-.0102 -.0126 ~.00324
-+.0563 -.03C5 -.0804

000549 .00C727 « 00102

.118 «1C3 111
-1l.24 ~l. €8 =+565
~.0146 -.0201 -.00665

0. 0. 0.

0. Q. 0.

-.000848 -.00C306 -.000647

-1.03 -1.33 -.439

3.02 3.51 2. 62
~-43.2 ~-T4.53 -15.0
-8.38 ~14.5 -2.95

000342 «00Cé42 . 000842

C. 0. C.

—«l04E~S ~.6040-5 -~.604E-5

+ +

6
20 K
.550
-. 00697
-.0436
. 000815
.0918
-.881
-.0107
0.

0.
-.000482
- 724
2.96
-37.5
-7.647
. 000842
0.

-« 604E-5

20 K
« 750
-.0157
~.0212
-.00247)
0689
-1.33
~.0154
’
0.
0.
-.000574
-1.09
3.3%
=73.5%
-14.5
. 000842
0.
~.6064E -5

+

~.00353
-.0614
.000002
.0858
-.354
-.00401
0.
9.
-. 000207
-.2709
2.49
-12.4
-2.47

« 000842

Q
40 K
650
-.00168
-.0%08
000747
.0aag
- 475
-.00561
0.
t.
-.000237
-.280
2.66
-21.7
-4.27
.000842
0.

~.6DGE-S

+

-.211€-5

-.03c8

-.00425
0266

- ,&5S

- NOTHT
0.

e.
-.000280
- .50¢
2.54
-34.6
-6.73
.000842
0.

~ 60 4F-5



GBI

F/C #
H
M

DE NCMINATCR
L/TIDET)
L/TIDET)2

ZLDEM 1
W{DET}1

NUMERATCRS
N{U /DE )
Aty )
1/T(0 )
2ty )1
Aa(U )1

1

Nlw /DE )
Alw )
1/T(W )
(W 1
Wiwh )1

1

N( THE /DE )
A THE)
1/T{THE)L
1/T{THE)2

N(HD /DE )
A(HD )
1/T{HC 1
1/T(HD )2
1/T{HD )3

NCAZF/DE )
ALAZP)
1/T(AZP)L
1/7(azP)2
AR -YAR DY
WiazprP) 1

1

St
.200

( .0521)
{ .188)
.528
1.66

1.97
28.5
«590
l.11

-17.2
29.7
«0612
<161

-2 .25
. 0360
«919

17.4
-.00931
-4 77
5 .57

32.7
.0198
-. 0297
- 140
3.76

JETSTAR ELEVATOR TRANSFER FUNCTION FACTORS

2

SL
«230

{ .02913)
( .160)
<456
1.66

2.78
50.2
+384
€70

-14.0
50.9
.0C143
.118

-2.79
.C297
.£53

14.3
-.0168
~-5.36

6.19

47.9
.0196
~.0372
- 106
3.11

3

SL
«400

{ .062¢)
{ .0797)
<475
2.7S

3.02
6.4
258
1.10

~43.2
87.4
0704
0662

~8.34
.0l€C
1.17

43.3
.00715
-9.36

10.8

142,
-.00611
012z
.0999
5.54

TABLE VII-k

Bare Airframe
(BODY AXIS SYSTEM)

4

St
+52%

102
{ .0644)
477
3.75

3.51
115.
252
1.35

T4.5
116.
<146
.0627

~-14.5
.01¢5
1.57

T4.€

.0118
-12.¢

l14.4

248.
-.00277
«Cl4t
.10C
7.33

(

{

5

20 K
«350

0386)
.115)
«355
l.64

2.62
70.1
.410
529

15.0
70.7
.0105
. 0867

2.94
.0199
+515

15.3
-0104
5.73
.36

50.3
«0129
«0237
«C790
2.29

(
(

6

20 K
550

«0498)
.0751)
. 362
2.60

2.96
113.
.274
773

-37.5
114.
. 0581
. 0515

-7.45
.0118
. 824

37.7
- 00405
-9.17

10.2

128.
-« 00549
. 00951
. 0746
5.23

7

20 K
. 750

-, 0194
.03239
.382
3.77

3.36
154.
<335
1.07

-73.5
155.
.270
.02732

-14.5
.0158
1.25

73.5

.0143
-13.1

14.7

249.
-.00109%
.0162
0777
T.54

8

40 K
500

( .06C0)

(

.0037)
.252
1.66

2 .49
94,7
378
« 340

-12.4
G5.1
0191
D659

-2 .87
.0198
»317

12.6
+00751

~5.34
5.74

62,4
0126

-.0207
L0550
2 .98

{
{

Q

40 K
650

L£4022)
L0709
259
1.03

2.66
123,
«558
<434

-21.7
124.
00430

2NLTE

4,27
.00589
.4e3

21.8
-.00553
-7.10

T.64

73.1
LD03ep
-.00952
0533

4.02

10

40 K
K00

102
-.13s
«?R9
2.45

2.54
181,
£727
596

-34.6
152.
=104

.N232

-6.T7
Ln21n
«h2AH

36,7
-.00182
~-9.36

10.1

116.
L0177
-.N0361
0565

5432



981

F/C &

H
M

DE NCMINATCR
1L/T{DET)
1/T(DET)2

Z(DET)1
W(DET)1

NUMERATCRS
M{U  /DTH)
A(L )
1L/THY )
oy )1
WU )1

1

N{W /DTH)
Alw )
1/T(W )}
L/TIW )2

N{ THE/DTH)
A(THE)
L/T(THE)L
1L/T(THE)2

N(HD /DTH)
A{HD )
1L/T(HD )1
1/THE )2
1/T(HD 13

N{AZP/DTH)
A{AZFR)
1/7(AZP)1
1/T(AZP)2
Z1AzZP) 1
w(AZP)1

TABLE VII-5
JETSTAR THRUST TRANSFER FUNCTION FACTORS
Bare Airframe
(BODY AXIS SYSTEM)

2 3 4 5 6
SL SL SL 20 K 20 K
<230 «400 .52¢ <350 «550

«0293) ( .0626) ( .102) ( .0386) ( .0498)
«160) { .0797) { .0644) ( .115) ( .0751)
456 «475 <477 »355 362
1.66 2.79 3.75 l.64 2.60

000842 000842 .000842 .000842 . 000842

0409 0327 . 0251 . 0348 «0261

«547 <508 2495 474 <417

1.67 2.8C 3.75 1.66 2.61
-.00157 -.00272 -..00354 -.C0220 -+ 00345

(-.752) (~.354) {-.905} (-.648) (-.922)
«135)  ( .067&) ( .C436; ( .C954) ( .05641)

=+590E~5 -~.569€-5 -.600E~-5 -,597€E-5 -.600E-C
-.357 -.150 -.135 -.226 —.167
822 1.32 1.7¢C . 646 «937

000164 «58TE-4 «39TE-4 . 000145 “661E-4

3.32 -.203 ~a159 -.611 =.224
(-.€72) =5.24 -9.48 -1l.16 ~4.95
«951) 8.94 13.¢ 2.40 T.61

.000131 000133 «000133 .000133 . 000133

—-.0235 - .00492 ~.00257 ~.Cla7 -.00437

-.483 ~.167 —+l41 - 292 ~.183
0565 «C9380 .115 .0370 « 0725
2.70 4.92 6.56 2.91 4.71

9

40 K
650

0492)
-0709)
«25°
1.95

L00orea2

.0225
.387
1.08

-.00270
{-.958)

0621)

~+601E-5
-+ 151

.522

.000103
—.238
-2.90

4,48

000133

~.00611
- 175

.0408
3.62

10

40 K

800

s D) e
P MO
WD N

e e .

000842

N208
.347
2.55

~.0ra6n

~. 000608

.565

~.602E-5

438
.220

&1TE-4

«610
-6.06
T.32

000134

-.N06307
542
.Ne21
4,70



L8T

F/C #

D(G)/DIU) IDEG/KT)
NZA {(G/RABD)
DE/S  (DEG/G)
CAP (RAD/SEC/SEC/G)

PAUGOID(2) (SEC)
{ TUCK{2) )

L/C(1/10)

St

. 200

.0278
6.32
10.8

425

1.70

JETSTAR

st

.230

«506

1.40

TABIE VII-6

LONGITUDINAL HANDLING QUALITIES PARAMETERS

Bare Airframe

(BODY AXIS SYSTEM)

SL
«400

-.0215%
16.C
3.25

o478

4

8

<525

STICK

-.0384

28.0

S

20 K

«350

FIXED

.0310

5.86

20 K
.550

-.0122

14.5

20 K

<750

-.0429
30.0
1.85
468

( 35.4)

&0 K

. 500

0166
8.64
F.70

<425

. 731

10
40 K

800

00545
15.0
3.49
413

( 5.17)

825



881

F/C #

Yv
YB
L3
NB!
Lpe
NP ¢
LR
NR ¢

Y#* LA

-.00557

.0340

1.1l

-.644

TABLE VII-T
JETSTAR LATERAL-DIRECTIONAL DIMENSIONAL DERIVATIVES

(BODY AXIS SYSTEM)

+ + + + +
2 3 4 5 6 7
SL St St 20 K 20 K 20
.230 «400 525 <350 «550 750
-.100 ~.175 -+229 -.0756 -.119 -.167
~25.8 -78.0 -134. -27.5 =67 .8 -130.
-3.42 -5.27 -7.28 -3.23 —4.43 ~4.93
1.10 3.3¢C 5.47 1.21 2.99 5.63
~.752 -1.30 ~1.75 -.582 -.935 -1.34
-.173 -.164 -.187 -.121 -.119 -.137
234 .181 170 169 124 .0868
-.172 -.261 -.333 -.125 ~.178 -.252
0. Q. 0. 0. 0. 0.
1.04 3.14 5.71 1.10 2.88 5.83
~.0864 ~.0767 ~.0524 -.0770 -.0759 -.0624
0244 0424 0557 0184 .0289 0371
.533 l.61 2.717 568 l.40 2.43
~.580 -l.81 -3.12 -+618 -1.55 =2.66

.5C0
-.0469
-22.7
-2.175

1.02
-.380
-.0840

.105
-.0804

0.

.929
-.0716

«0114

4b4

-.511

40 K
«650
-.0618
-38.9

-2.93

-.0831
«Clas
. 766

-.836

10

40 K

. 800
-.0781
-60.5

-2.27

2. 064
-.0720
0162
1.21

~1.16



681

F/C #

H
M

DENCMINATOR
L/T(DETH1
L/T({DET)2

Z{CETH 1
Aa(CET)1

NUMERATORS
N(8 /DA )

AlB )
1/7(8 1)1
/T3 )2

N{P /DA )

A(P )
1772 )1

(P 1

WP )1

N(R /D& )

A{R )
L/T(R )1
T 2
/TR 13

N{PHI/DA 1}
ALPHI)
4P}
W(PHI)1

N{ AYP/DA )
ALAYP)
1/T{AYP)1
1/T (AYP )2
ZLAYP) 1
w(AYP}1

SL
<200

-.0112
1.9%
.C832
1.45

. 256
.05¢6
3.51

2.21
-.016C
.148
1.17

~-.00557
-673
-1.13
99.9

2.21
«129
l.17

5.16
.08C4a
~2.34
. 0867
1.28

TABLE VII-&
JETSTAR AILERON TRANSFER FUNCTION FACTORS
Bare Airframe

(BODY AXIS SYSTEM)

+ + + + + + + +
2 3 4 5 6 7 8 9 10
SL SL SL 20 K 20 K 20 K 40 K 40 K 40 K
.230 .400 .525 350 <550 . 750 +500 . 650 . 800
.0C318 00335 «00467 .000351 00242 .00186 -.0C0800 -.0CC24& -.000201
.S58 1.45 1.39 741 1.04 1.42 . 496 +576 + 5RO
. 0229 .C729 .C856 .0147 0499 .0690 .00352 . 0267 . 0453
1.39 1.97 2.47 1.37 1.86 2.45 1.26 1.46 1.69
. 280 . 295 .321 266 «302 327 254 . 291 «265
.C350 .0626 .0055 .0286 .0440 .0502 .C175 .N268 .0353
1.35 2.96 4.79 1.07 1.99 3.59 «ET6 »920 1.31
1.C4 3.14 5.71 1.10 2.88 5.83 .929 1.71 2.64
—-.C242 -. 00497 -.00255 ~.0153 -.00441 -.00187 -.C133 -.00625 -.00304
. 153 .122 .120 .103 .0876 .0885 .C744 . CH43 . 0616
.507 1.79 2.34 -992 1.70 2.37 . 891 1.27 l.61
~. (864 -.0767 -.0524 -.0770 -.0759 -.0624 -.0716 ~.0831 -.0720
. 443 L. T17 .807 <404 «570 . 700 .« 290 «369 490
-.823 ~1.46 -1.72 -1.02 ~1.62 -1.9¢8 -1.04 -l.44 -1.79
3.30 8.92 23.2 3.00 6.64 15.6 2.26 3.19 4.52
1.02 3,13 5.71 1.09 2.87 5.83 .914 1.70 2.64
.112 .116 .118 .0798 .0827 .0866 . 0531 . 0566 . 0589
. 526 1.80 2.34 1.01 1.71 2.37 .914 1.28 1.62
. £66 5.83 12.5 .938 5.23 12.6 . €39 2.27 4,74
«C443 L0776 L0767 .0378 .0557 .059¢4 . 0233 0361 . 0467
~-9,37 -2.4% -2.23 -4.,36 -1.87 -1.67 -3.97 -1.85 -1.20
£ 221 .135 .138 .209 S111 . 100 .2717 .137 .0988
l1.22 1.97 2.51 1.20 1.81 2.47 1.07 1.36 1.67
+ + + + + + + +



061

F/C K

H
M

SENCM INATCR
L/T(DETHL
L/T(DET Y2

Z{CET)]
WI{CET)1

NJMERATORS

N{B /DR )
ALB )
I/T{s )1
/T8 12
/T(B8 13

N{P /DR )
SoAte )
e
e )
W(v )

11
1
1

N{R /OR )
AR )
/PR
LW/TR )2
I/T(R )3

N{PRI/DR )
A{PHl)
Z(PHINY
w{PHI)1

N

—

AYP/DOR )
ALAYP)
i/Tlayp)l
1/T{av?P )2
ZLAYP) 1
WlAYP) L

SL
266

-.0112
1.95
.C832
l.4¢

-C340
-.02535
2.13
22.5

1.11
-.0161
( .974)
(-1.0%)

—.5644%

2.25
{ <1e7)
( .333)

1.03
( .932)
(-1.2C)

-4.05

-.046C7
3.96
<233
1.20

2

St
«230

.0C218
. 658
. (229
1.39

e (244
-.C312
. E70
2.1

« £33
=.C246
{ 1.55)
(-1.67)

-.580

. €03
( «134)
{ .€07)

<418
{ 1.65)
(-2.09)

-5.33
~. (666
. £50
$ 243
1.57

TABLE VII-9

JETSTAR RUDDER TRANSFER FUNCTION FACTORS

St
400

.00535
i.45
.0729
1.97

<0624
-.0024C

1.43

45.4

1.61
-.00502
(-1.58)
( 1.67)

-1.81

1.42
( .181)
( «344)

1.48
{ 1.68)
(=1.72)

~17.4
-.00942
1.37
111
2.20

Bare Airframe

(BODY AXIS SYSTEM)

+
4 5
SL 20 K
525 «350
00467 .000351
1.89 o741
. 0856 0147
2.47 1.37
.0557 .0134
. 000986 -.0201
1.90 <668
58.5 38.5
2.77 .568
-.00259 -.0154
(=1.54) { 1.47)
( 1.77) (-1.55)
~-3.12 -.618
1.60 604
( 287} { .116)
[ 264} ( .553)
2.63 <460

(-1.64) { 1.57)

( 1.76) {-1.85)
-30.0 -5.63
-.GC202 -.04038
1.92 .453
L0378 173
2.83 1.59

+

6

20 K
«550

«00242
1.04
0499
1.86

.0289
-.00232

1.02

57.4

1.40
-.00444
(-1.34)
( 1.642)

-1.55

1.C1
( .161)
( .310)

1.28
{ 1.43)
(-1.47)

=14.6
~.00693

.G51
.0653

2.07

7

20 K

-750

.00186
1.42
.0690
2.45

.0371
.00211
1.45
4.6

2.43
-.00177

.252

<496

-2.66

~.0455
131
l.67

2.31
.179
502

~24.3

00234
1.56
.0472
2.68

{

8

40 K
.5C0

-.0C0600
495
.00352
1.26

«.Cll4
-.Clé64
. 434
51.7

Lh44
-.0124
( 1.43)
(-1.438)

-.511

362
.0682)
( «579)

341
[ 1.58)
(-1.81)

-4.77
-.0317
. 269
.126
1.50

40 K

-65C

°

~.000248

576
.0267
1.46

«Cl4s
-.00599

«548

54,2

. 766
~.00627
{(-1.19)
( 1.20)

-.836

. 506
( 120}
{ 365}

. 663
{ 1.26)
(-1.34)

~T.¢6

~-.0118
457
0872
1.67

10

c40 K
- 800

~.000201
.680
«0453
1.69

-01A2
00102
.698
77.1

1.21
-.00303

.0848

«695

-1.1%
-.150
.186
.717

1.12
0464
<721

-10.3
. 00207
« 765
.0394
1.87



T61

DR PERIOC (SEC)
1/8(1/2)

SPIRAL (2) (SEC)
PLL)

P(2)

P(3)

pL2y/pP(1)
PLGSC)/P LAV)
WPHL ) /W (D)
DEL~B-MAX

PHI TQ BETA, PHASE
PHI TG BETA

PHI TO VE

TABLE VII-10

JETSTAR LATERAL-DIRECTIONAL HANDLING QUALITIES PARAMETERS

<537

-311

. 804

«381

57.9

1.22

314

Bare Airframe

(BODY AXIS SYSTEM)

+ + + + +

2 3 4 5 6 7
SL St SL 20 K 20 K 20 K
« 230 .400 525 .350 550 750
4.51 3.2¢C 2.55 4,60 3.39 2.57
«208 $652 .778 .134 «453 627
.« £04 1.60 2.45 756 1.89 3.87
.C631 1.51 20 -352 1.88 3.73
. 709 1.38 2.78 1.03 2.40 3.84
. 106 943 -G96 L4566 . 999 «962
< €23 .Q705 0342 434 .0639 .0173
E64 912 549 . 740 .919 .970
368 . 251 .207 356 262 .203
-327. 31.8 31.8 =333, 26.0 25.7
1.48 1.13 «983 1.50 l.11 . 708
<3230 145 .0961 +325 153 .0714

«5C0C

«510
.428
. 724
«374

340,

« 396

.1l14

.874

.339

16.7

«9358
261
20.0
«693

.103



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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Nominal Configuration

W = 155000 1b

c.g. at .25 T, W.L. =19.2
1510000 slug-ft°
2510000 slug-ft2
4100000 slug-ftZ

H H H
"
oo

Power Approach Configuration

Flaps 30°

Gear Up

W = 126000 1lb

c.g. at .195 ¢, W.L., —19.2

I, = 1150000 slug-ft?
Iy = 2ks50000 slug-£t°
I, = k070000 slug-ft2

Landing Configuration

Same as Power Approach except:

Flaps 50°
Speed Brakes 8°

Gear Down

Figure VIII-1.

cv-860M

Flight Envelope

40,000 -

h(ft)

20,000 + /
L PA /

0 Lep— '

4 8

~——— - = Speed Restrictions

Q) Transfer Function Case

Convair 880M Flight Conditions
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Cv-880M

S = 2000 ft2
b =120 ft
T = 18.94 ft

MGC
8L.2825

F5.833.3

FRL
wL.O
WL .-432

TL

Figure VIII-2. Convair 880M General Arrangement



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

265
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TABIE VIII-3

Cv-880M DIMENSIONAL, MASS, AND FLIGHT CONDITION PARAMETERS

+ + + + + + +
F/C # 1 2 3 4 5 6 7
H(FT) SL St 23 K 23 K 35 K 35 K 35 K
M{-) . 203 « 249 «€0C «86C «700 . 800 « 860
VIO(FPS) 226, 278. 61%. a8l. ¢8l. 779. 837.
VIO(KTAS) 134. 1¢5. 364. 522 . 404. 461. 496,
VTO{KCAS) 134. 165. 259 . 38l. 235. 272. 295.
W{LBS) 126007, 126007. 158co8. 1550¢c8. 1£5008. 155008. 155008.
C.G.{ ¥GC) . 195 . 195 250 «25C 250 250 « 250
IX (SLUG-FT sSQ) «115 E+7 «115E+7 «151E+7 «151E+7 «151E+7 «151E+7 +151E+7
IY (SLUG-FT SQ) «245E+7 «245E+7 «251E+7 «251E47 «251E+7 «251E+7 «251E+7
1Z {(SLUG-FT SC) «359 E+7 «359E+7 «41CE+7 «410E+7 «410E+7 «4L0E+T «410E+7
IXZ{SLULG-FT SQ) 0. 0. C. 0. C. 0. 0.
EPSILCNDEG) 0. 0. 0. 0. 0. 0. 0.
Q{PSF) 60.8 92.2 21¢. 444, 171. 224. 259.
QC (PSF) 6l.4 92.6 236. 532. 193. 262. 310.
ALPHA (DEG) 5.20 4.32 5.30 2.8C €.30 4465 4.04
GAMMA (DEG) 0. c. 0. 0. 0. 0. 0.
LXP(FT) 48.1 48.1 49.1 4G.1 49.1 49.1 49,1
LZP({FT) -4 .15 -4 .15 ~4.15 -4.15 -4.15 -4.15 =4.15
I TH(DEG) 3.00 3.00 3.00 3.0C 3.00 3.00 3.00
X1 (DEG) 3.00 3.00 3.00 3.0C 3.00 3.00 3.00
LTHIFT) 2.00 2.00 2.00 2.0¢C 2.00 2.00 2.00
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F/C #

XU *

PAVIR

XW
INW
M
WD
2Q
MWD
MQ
XDE
IDE
MDE
XDTH
IDTH

MD TH

TABLE VIII-4

Cv-880M LONGITUDINAL DIMENSIONAL DERIVATIVES

1
St
.203
-.0292
-.226
.894E-5
.140
-.674
-.00159
-.0154
-10.2
-.000723
- .481
450
~4.95
-.443
.000255
. 134E-4

. 8l16E-6

(BODY AXIS SYSTEM)

2
St
«249
-.0192
-.173
.000262
.127
-.785
-.00461
-.0154
-12.3
-.000717
-.585
539
-7.13
- 647
000255
~.134E-4

.816E-6

«6CC
-.005C1
-.0473
00021
.0865
-.629
-.00276
-.00544
-5.2¢
-.C00338
-.578
l.14
-12.3
~-1.27
.C00207
-.109E-4

«197E-¢€

+ + +
4 S 6 7
22 K 35 K 35 K 35 K
«8¢€C «700 « 800 . 860
-.007¢4 -.00799 -. 00468 -.00512
-.0283 ~.000148 ~-.0364 -.0330

.00ClE2 .000325 . 000207 .000221

0669 .0929 . 0699 L0852
-.921 -.501 577 -.632
-.00434 -.00245 -.00281 -« 00344
—.005¢1 -.00391 -.00396 ~-. 00419
-12.¢ -7.26 -8.42 -9.21
-.00€380 -.000235 -.000237 -.000242
- +.85C -.431 -.493 -.520
1.Cl1 1.52 1.10 1.09
~20.6 -10.4 -13.5 -15.4
-2.34 -1.17 -1.49 -1.65

.00C2C? .C00207 . 000207 . 000207
-.109E-4 -.109E-4 -.109E-4 -.109E-¢4

- T97E-6 «79T7E-6 «T9TE~6 «T97E-6
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TABLE VIII-5
Cv-880M ELEVATOR DIMENSIONAL DERIVATIVES
Bare Airframe
(BODY AXIS SYSTEM)

+ + + + + + +
F/C # 1 2 3 4 s 6 7
H st SL 23 K 23 K 35 K 35 K 35 X
M .203 0249 .600 .86C .700 .800 .860
DE NCMINATCR

H{DET) 1 . 120 .0628 .0361 .081¢% .0351 . 0443 . 0513

WIDET)1 . 131 -137 .0659 .0452 .0528 .0538 . 0504

Z(DET)2 .793 +599 494 .492 .400 .399 .381

WIDET) 2 .818 1.29 1.42 2.13 1.37 1.56 1.78

NUMERATCRS
N(U /DE )

AlU ) .443 .531 1.14 1.0C 1.51 1.09 1.08
1/TIU )1 18.1 23.1 7.2 58.¢ 74.9 84.3 88.2

2ty 1 . 345 .204 .192 .187 .236 212 .209

w(lL )1 1.08 1.11 .5913 . 822 <401 «535 577

Ntw /DE )

Alh ) -4 .87 -7.03 -12.3 -20.5 -1C. 4% -13.5 -15.64
1/T(W 1 19.7 24.7 67.7 $9.2 75.3 84.9 88.7

Ztw )1 . 0965 .0783 .0428 .10$ .0554 .0533 . 0641

Wh 1 . 180 .143 .0s08 .0325 . €C0961 . 0397 L0356

N{ THE /DE )

ALTHE) -.439 ~.t42 -1.37 -2.32 ~-1.17 -1.48 -1.66
1/T(THE)L .0841 .0505 L0121 .C0977 .C0815 . 00932 .00875%
1/T{THE)2 .597 .€97 .596 .884 4T .545% ".595

N(HD /DE )

A{HD ) 4 .89 7.05 12.3 20.5 10.5 13.5 15.4
1/T(HEC )1 .0161 L0124 .0C289 .C0675 .cotol . 00304 . 00377
L/T(HD )2 3.34 3.94 6.11 9.02 5,78 6.56 7.00
1/7T(HD )3 -3.89 -4.65 -6.72 -5.82 -€.30 -7.15 -7.63

N{AZP/DE )

ALAZP) 16.3 23.9 54.9 53.¢ 46,9 59.13 65.3
1/THAZP) -.0250 -.0154 -.0063¢& =-.C02CC =-.CO0703 -.,00428 =-.0033¢
1/TazP)2 . 0405 L0277 .009:21 .CC874 .C0798 . 00730 .00710

ziazeyl . 260 . 250 .145 .143 .125 124 .128

R{AZPI1 1.97 2.32 3.02 4.4C 2.83 3.26 3.56
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F/C #
H
v

DENCMINATCR
Z(DETM L
W(DET) 1
Z(0ET) 2
W(DET) 2

NUMERATCRS
N(L /DTH)
AlL )
1L/7V )
7ty )1
WL 1

1

N(W /DTH)
Alw )
/7w )
Z{n 1
hiw )1

1

N{ THE/DTH)}
A(THE)
1/T{THE)L
1/T(THE) 2

N(HD /DTH)
A{HD )
L/T(HG )1
Z(HD )1
W(HD )1

N{AZP/DTH)
ALAZP)
1/T{AZP}1
1/T(AZP)2
Z(AZF) 1
wiaze)l

SL
«203

- 120
<131
.793
.818

.000255

- 104
<776
.858

-.128E-4
-8 64
-.400

228

«842E-6
{ .955)
{ .398)

35984
. 137
658
2.15

-.533E-4
-.0155
«163
« 549
1.70

SL
249

.0628
- 137
«£99
1.29

.000255
-.0586
. 590
1.30

~+129E~4
-1z.9
-.0568
.158

«829€E-6
( -838)
{ +580)

«320E-~4
.210
.501
2.70

-.532E~4

-.00919
+353
<416
1.99

TABLE VIII-6
Cv-880M THRUST DIMENSIONAL DERIVATIVES
Bare Airframe

(BODY AXIS SYSTEM)

+

3

22 K
«600

.03¢1
.0659
<494
l.42

.0002C7

-.0453
«435
1.42

-.107E-4
-42.6
590
.Ca5¢

«BO7E-6
.13C
«EGE

.258E-4
09172
. 249
3.52

~.503E~4

-.0C46S
«113
.201
2.5€

+

23 K
.8¢C

.081s
.0452
492
2.13

.0002CT
—-.0284
«461
2.13

- «107E-4

-€2.5
€11
.0285

+80SE-6
.03ee
«543

.209E-4
«C71¢
«21C
5.96

- +.503E-4

-.CcL81
.C845
.18°2
3.72

35 K
<700

.0351
.0528
«400
1.37

.C00207
-.0438
.281
1.34

-.1C7E-4
- +C0906
€937
{(-49.5)

+«E06E-6
.0850
536

«405E-4
. 0668
.187
2.92

- .503E-4

-.00686
+C864
. 145
2.39

6

35 K
.800

L0643
.0538
+399
1.56

. 000207
-.0348
.335
1.55

-+ 108E -4
-55.8
. 750

.0350

. 803E-6
111
«559

«275E-4
.0865
.197
2.92

-+ S02E-4

-. 00344
.0991
.165
2.76

35 K
.860

. 0513
. 0504
.381
1.78

.000207
-. 02093
.328
1.77

-.108E-4
-60.1
. 899
.0317

.803E-6
.113
. 625

.253E-4
. 0906
.188
4,644

-+502E~4
-. 00276
.102
162
3.01
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F/C #

D(G) /DY) (CEG/KT)
NZA (G/RAD)

DE/G (DEG/G)

CAP (RAD/SEC/SEC/G)

PHUGOID(2) (SEC)
{ TWLKI(2) )

1/,0(1710)

TABLE VIII-7

CV-880M LONGITUDINAL HANDLING QUALITIES PARAMETERS

Bare Airframe

(BODY AXIS SYSTEM)

+ + + + +
1 2 3 4 5

SL SL 23 K 23 K 35 K
+203 « 249 +€0C .86C . 700

STICK FIXED

-.0488 -.0376 -.00873 -.02C3 ~-.C0306
4 .69 6 .47 11.¢ 24.4 10.1
18.8 22.5 T.3¢ 4.6C €.03
«lao «264 .17¢ .187 .184
3.55 2.04 1.55 1.55 1.19

35 K

. 800

-. 00918
13.3
7.09

.184

1.19

. 860

-. 0116
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TABLE VIII-8

CV-880M IATERAL-DIRECTIONAL DIMENSIONAL DERIVATIVES

(BODY AXIS SYSTEM)

+ + + + + + +
F/C # 1 2 3 4 5 6 7
H SL SL 23 K 23 K 35 K 35 K 35 K
v «203 . 249 600 .8¢€C . 700 . 800 «860
YV -.139 -.148 -.118 -.17C -.0842 -.0969 -.108
Y8 -31.5 -41.3 -70.7 -15C. -57.4 -75.5 -90.4
LB -2.19 -2.96 -5.9¢8 -10.¢ -5.38 -6.64 ~-T.72
NB 499 763 1.42 2.98 1.02 1.50 1.82
Lp -1.39 -1.62 -1.14 -1.1% -.863 -.884 -.893
NPt -.113 -.0857 -.041l6 -.01CS -.0453 -.0240 -.0165
LR? .980 756 424 .4C¢ 364 «384 . 401
NR? -.215 -.232 -.18¢8 -.327 -.130 -.156 -.169
Y*CA -.0371 -.0161 -.004%58 -.00774 -.00303 -.00364 —-. 00512
L'CA 1.84 Z.81 2.85 6.CC 2.30 2.93 4,00
N'DA 401 .202 .22C .321 .192 .142 .195
Y*DR 0250 .0298 .0245 .0259 .0187 .0196 .0187
L'DR «335 «507 .80¢€ 1.3¢ «563 .824 .892
N?'DR - 327 —«480 -.926 -1.22 -« 747 -.870 -.82°9
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F/C #
H
M

DE NCMINATCR
L/T(DET)1
L/T(DET)2

Z(DET)1
W(DET)1

NUMERATCRS
N(8  /0A )
A(B )
1L/7(B )
e )1
Wig )1

1

NP /DA )
AP )
1/7(P )1
(P )1
wiP 1)1

N(R /DA )
A(R )
L/T(R )
(R )1
W(R )1

1

N{ PHI /DA )
A(PHI)
ZLPHI L
W(PHI)1

N{AYP/DA )
AL AYF)
1/T(AYP)]
1/T(AYP)2
ZUAYF) 1
W(AYP) 1

St
.203

.00912
1.50
- 119
1.02

-.0371
. 316
(-2.74)
{ 5.42)

3.84
-.0122
.« 266
938

«401
«951
-.251
1.09

26.8
« 360
-.596
. 159
.987

TABLE VIII-9
CV-880M AJIERON TRANSFER FUNCTION FACTORS
Bare Airframe
(BODY AXIS SYSTEM)

2 3

St 22 K

249 «500
0123 .0C785
1.69 1.12
.136 «112
1.11 l.41

-.0161 -.004+5€

.215 ~8.17
(-3.87) .931
{ 4.78) «952

2.81 2.85
-.0C€8135 —+0047S

.223 .127

1.05 1.39

.202 «230

1.05 .576
-.211 .0451

1.26 l.4t

2.82 Z.817

.219 «12€

1.04 1.35

1€.9 20.2

.252 ~.210
~.561 292

152 .118

1.09 1.40

&

23 K

Y116

. 0184
1.17
.132
1.8¢8

-.00774
-1.2¢
{ 1.68)
{ 4.71)

€.0C
-.C017¢

.141

1.9C

321
.78¢
0865
1.7¢

6.01
141
1.9C

33.¢
-.272
363
.133
1.9¢

5

35 K
<700

.C0553
. 792
-105
1.33

-.€0303

294
[ .423)
{-46.9)

2.30
-.C0682

.107

1.21

192
.325
.0193
1.59

2.33
.104
1.22

16.9
.180
—.214
.108
1.26

35 K

.800

. 00790
.871
. 0903
1.43

-. 00364
253

( .868)

(-26.6)

2.93
-. 00333
.105
1.35

«142
504
-.0167
1.75

2.94
.104
1.35

16.3
.196
~.269
105
1.38

35 K
860

.00837
875
.0931
1.54

-. 00512
-17.1
.987
.578

4,00
~. 00269
.104
1.49

«195
«549
. 0190
1.77

4.01
.103
1.49

21.9
223
264
.104
1.51



Log

FsC #

H
M

DE NCMINATCR
1/T(DET)1
L/T(DET)2

Z{DEN) 1
W(DET)1

NUNERATCRS

N{B /DR )
A(B )
1/7(8 )1
1/7(8 2
L/7(8 13

N{P /DR }
AP )
1/7(p 1
L/7(P )2
1L/T(P )3

N(R /DR 1}
A{R )
L/T(R
Z(R
W(R

)1
)1
1

N{PHI/DR )
A{PHI)
L/T{PHIIL
1/T(PHI )2

NCAYP/DR )
A{AYP)
1/T(AYF)L
1/7(AYP)2
ZUAYPR) 1
wWlAYF) 1

TABLE VIII-10

CV-880M RUDDER TRANSFER FUNCTION FACTORS

Bare Airframe

(BODY AXIS SYSTEM)

+ +
1 2 3
SL SL 23 K
203 +249 <600
00912 .C123 .0C789
1.50 1.69 1.12
. 119 . 136 .112
1.02 1.11 141
.0250 .C298 .024%
-.07¢53 -.C398 -.01€4
1.53 1.71 1.12
14.4 17.5 41.0
. 335 .507 .80¢€E
~.0123 -.0CB 46 -.00481
1.29 1.50 2.16
-2.12 -2.06 ~2.54
-.327 -.480 -.926
1.53 1.71 <974
.C813 .114 .275
498 462 «504
.305 «4Tl .72G
1.28 1.49 2.22
-2 .36 —2.24 -2.79
-8 .68 -12.7 -27.1
-. 09130 -.C595 -.021C
1.63 1.78 .859
. 227 . 204 .184
1.03 1.12 1.57

.0184
1.17
.132
l1.88

0288
- .C025S
1.17
45.6

1.3¢
-.0C11717

2.52

-2.6C

-1.22
1.06
.221
495

1.3C
2.56
-2.69

-31.4

-.Clél
.55¢
103
2.24

35 K
.700

. C0553
.792
105
1.33

.0187
-.+0205
819
44401

.563
-.£C685

2.26

-2.70

- 747
444
<367
. 698

«454
2442
-3.20

-¢l.6

-.C303
«516
184
1.63

35 K
.800

« 00790
.871
. 0903
1.43

.« 0196
-.0136
« 871
47.9

. 824
-. 00334
2.21
-2.51

-.870
.721
.228
. 547

753
2.26
-2.70

-24.1
-.0238
634
146
1.70

35 K
. 860

.00837
. 875
.0931
1.5

.0187
-.0115
.880
4T7.9

. 892
-.00270
2.20
~2.45

~.829
. 751
.209
.543

.834
2,24
-2.59

-21.4
-. 0226
656
134
1.85
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TABLE VIII-11

CV-880M LATERAL-DIRECTIONAL HANDLING QUALITIES PARAMETERS
Bare Airfreame

(BODY AXIS SYSTEM)

+ + + + + + +
F/C 4 1 2 3 4 S 6 7
H SL st 23 K 23 Kk 35 K 35 K 35 K
L4 «203 « 249 «600C .86C . 700 «800 «860
DR PERIOD (SEC) 6 .20 5.69 4.49 3.37 4.75 bo.41 4.10
1/C(1/2) 1.08 1.24 1.02 1.21 556 . 822 . 848
SPIRAL (2) (SEC) - -- - - -- -- -
P{1) 2.52 1.56 2.3¢ 4.85 2.37 2.95 4.11
PL2) 1.57 1.19 -- 4.8¢% 2.12 2.72 3.92
P(3) 2.12 1.38 - 4485 2.21 2.79 3.95
P(2)/PI(1) <624 764 -— 1.0C .893 «924 .953
P{OSC) /P (AV) «192 <105 - «107E~4 «0395 0263 .0143
W{PHI )} /W (D) <915 «937 +984 1.01 <914 « 947 « 967
DEL-B-NMAX . 669 .272 .0578 .C237 «140 105 .0839
PHI TQ BETA, PHASE -302. -304. 34.1 23.1 -333. -333. 24.9
PHI TG BETA 1.96 1.94 2.45 2.68 2.64 2.85 2.90
PHI TC VE <497 «400 .3229 251 398 «376 «357



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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(A N4

Nominal Configuration

Load to Max Zero Fuel Weilght
TOGW less 4C%h Fuel

W = 636,600 1b
- 40,000 ®
c.g., at 0.25 ¢
I, = 18.2 x 106 slug-rt2 h(ft) '
_ 2z -0b 2 l
Iy = 5%.1 X .O6 slug—ftr Body Axis 20000 ® ©
I, = L49.7 x 10° slug-ft< ' ;
Tey = 0.97 x 109 slug-£t /
’
L PA
SL 09 @
o) . 8
Power Approach Configuration Mach
Max Landing Weight
20° Flaps — —
Gear Up Q)
1. Vg
W = 000 1b
o6k, _ Landing Configuration
c.g. at 0.25 ¢
I, = 13.7 X 106 slug—ft2 Same a5 Power Approsch except:
_ 6 ey 2 o
Iy = 30,5 X 106 slug-ft Body Axis 30~ Flaps
I, = 43.1 x 10 slug-ft° Gear Down
I, = 0.825 x 100 slug-ft2 1.2 Vg

Figure IX-1. B-747 Flight Conditions
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oL T wn

.25¢
FS5.13399

MGC
B.L.49I
B-747
= 5500 ft2
= 195.68 ft (
= 2731 §t

50 100

FS.3079 FS.1339.9

FRL
WL.1998

WL.ll6
TL

e ey
RN LU

Figure IX-2. B-747 General Arrangement



PITCH AXIC

B-747
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SeSAs
I Scc(deg) -2
Foc (ID) ——= = ~ =53 Selrad)
40—
3 D
b\ 2O ’7® 4
(2 e
20} e ,©/
Pogd
10 -
0 O] ® 1 | ]
0 .2 4 Mach .6 .0
ROLL AXIS
F, (D) ——————= | SW(degl. S = 3, (rad)
w 6l 57.3 alra
YAW AXIS Sreasirad)
Spgpun)
| 7.15 ] é »

vaten

,
<
o

Control

B-7.7

Figure IX¥-7.



B-747

YAW SAS

505s
(s+.368)(s+3.68) Flaps Up

re (rad /sec) — -

o—— 3, Jrad)

Flaps Down

-688s >
(s+368)(s+368)

Pnsirad) —

-34.5s
(s+10)2

r =r
Pins = fpdf

(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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SL B-747
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Mach
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SL B-747
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SL B-747
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SL B-747
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SL B-747
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F/IC #
H(FT)

M{-)
VIO(FPS)
VIO(KTAS)
VIC(KCAS)
W{LBS)

CaGa{ MGC)

IX (SLG-FT
1Y (SLUG-FT
12 (SLUG-FT
IXZUSLLG-FT

EPSILINIDEG)

QIPSF}
QC{PSF)
ALPHA (DEG)
GAMMA (DEG)
LXP(ET)
LZIP(FT)

I TH(DEG)
Xl (DEG)

LTH(F T)

TABLE IX-3
B-747 DIMENSIONAL, MASS AND FLIGHT CONDITION PARAMETERS

s = 5500 sq ft, b =195.68 ft, ¢ = 27.31 ft

1 2 3 4 5 6 7 8 Q
SL St SL SL 20 X 20 K 20 K 40 K 4n X
. 193 . 249 «45C .65C <500 . 650 . 800 700 800
221. 278. 502 . 726, €18, 674, 830. 678, TT4.
131. 1¢5. 298. 430. 207. 399. 492, 402. a52.,
131. 165, 298 . 430. 228. 299. 373. 210, 2472,

56 4032. 564032, 63663¢. 63663¢€. 526636, 636636. 636635, 526636, 636636,
. 25C .250 .250 «25C .250 .250 .250 «250 .250
.142E+8 «142E+8 .182E+8 .182E+3 .182E+8 «182E+8 .182E+8 «132F+R «182E+8
«323E+8 «323E+8 .331E+8 «331E+8 «331€E+8 «331E+8 .331E+8 «331E+8 «331F+8
o4 54 E+8 «454E+8 «49TE+S «4GTE+S «497E+8 «497E+8 «4QTEHS «6QT E+8 «49T7E+8

870050. 87C050. 970056. 970056. 970056, 970056. 970055. 270056, ATQ0S6.

-1 .60 -1.60 -1.76 =-1.76 ~1.76 -1.76 -1.7¢ -l.76 -l.76
58.1 92.2 300. 626 170. 288. 436, 135. 177.
58.7 92.6 315. 695 . 181. 320. 510. 153. 207,
8.50 5.70 3.10 Q. €. 80 2.50 0. 7.30 460

0. c. 0. 0. 0. 0. 0. 0. C.
86.0 8¢.0 36.0 8¢, C £€6.0 26.0 86.0 RELO 6.0

-10.0 -10.0 -10.0 -10.C -10.0 -10.0 -10.0 -10.0 -10.0
2.50 2.50 2.50 2.5C 2.50 2.50 2.50C 2.50 2.5C
2.50 2.50 2.50 2.50 2.50 2.50 2.50 2.50 2.50
10.0 10.0 10.0 10.¢C 10.0 10.0 10.0 10.0 10.0

516

278,

6366136,

£ 230

.182E+8

»3321E43

JAHITESS

q70056h,

-1.7¢



08¢

F/C ¥

Xy #*
2y =
MU e
XW
ZW
M
IWD
P4
MWD
rQ
XDE
IDE
MDE
XD TH
IDTH

MO TH

TABLE IX-k4
B-T4T LONGITUDINAL DIMENSIONAL DERIVATIVES

(BODY AXIS SYSTEM)

1 2 3 4 5 6 k4
SL St SL St 20 K 20 K 20 K
.198 249 450 «650 500 «650 . 800

-0209 -.0108 -.00499 -.00777 -.00247 -. 00280 ~.00643
-.202 -.150 -.0807 -.120 -+0679 -.0832 ~.09641

. 000117 .000181 .000146 ~.00C19S .000247 «885E~4 -.000222

«122 106 0743 0345 .0782 «0482 .02%3
-.512 ~.613 ~eT3¢ =.963 ~+433 -.539 ~.624
-.00177 -.C0193 -.00262 -.00239 -.00170 -.00190 -.,00153
0334 0338 0267 «.02%3 0157 0156 <0164
-6.22 -7.58 -10.4 e=12.8 -6.39 -8.09 -9.99

-.000246 -.000240 -.000221 =-.0CC228 -.000125 -.000155 =-.0002}2

~357 -.437 -.699 - .92% —.421 ~+535 —.648
959 971 1.18 0. 2.02 1.15 0.

=6.42 -9.73 -21.8 -32.4 -16.9 =26.4 =32.7

~.378 -.574 -l.4C -2.07 ~1.09 ~-1.69 -2.08

- 57T0E-4 «570E-4 «5CSE-4 «5056-4 «505E-4 «505€-4 +S505E-4
—«249E~5 -,249E-5 -.220E-5 -.220t-5 =-.2206-5 =-.220E-5 =-,220E-5

« 310E-6 «310€-6 «302E-¢ «3028-6 «302E-6 +302E-6 «3028 -6

8
40 K
700
00187
-.0696
«0C0259
0263
=292
-.00101
. 00704
-4432
~«905E-4
-.284
1.93
~15.1
=.970
«505E-¢
-+.220E-5

«302E-%

9
40 K
800
-. 00276
—.0£650
000193
~02R9
=317

-.001NS

-5.16
-.000116

-.33¢

-l.16
«S0SE-4
-« 220E-5

«302E-6

—«523E-4
«0159
~.401
-.00190
00614
~-6.71

-.000 160

+781

-18.6

~1.22
«SOSE-4
-«220F-5

«302E~-6



1€¢

F/C %

H
M

DENCMINATCR
Z(DEM 1
WIDET)1
L(DET) 2
W{DET)2

NUMERATCRS

N(U /DE )
Alu )
1/7T(y
FARVEES|

LXS VA

1
1
1

Niw /DE )
Alw )
1/T(W
Z{w
hih

1 B3
11
)1

NG THE /OE )
A({ THE)
1/T(THE)]
L/T{THE)2

N{HD /DE )
A{HD )
L/THE )1
L/T(HD }2
L/THD )3

N{AZP/DE )
ALAZP)
1/7(A2P)1
1L/T(AZP)2
2{AZP) 1
W(AZPY]

St
.108

. Cal7
. 152
€16
L7711

<993
11.9
. 441
. 725

-6 .65
12.9
.C814
<171

-.377
.0801
<440

6.72
-.0118
=2.17

2.71

25.7
.0329
-.C4e8
.213
1.24

St
249

.0228
. 127
. 629
<910

1L.01
15.2
. 390
857

-10C.1
1.4
.0514
- 133

-.572
.C396
574

10.1
-.0C415
-2.75

3.39

39.1
.0189
-.0233
«197
1.55

TABLE IX-5
B-74T ELEVATOR TRANSFER FUNCTION FACTORS

Bare Airframe

(BODY AXIS SYSTEM)

SL

450

.0319
0753
«575
1.37

1.22
21.1
. 269
926

-22.5
32.3
0401
.0728

-1.40
.0136
- 711

2245
.0024¢C
-4.21

5.31

97.7
-.00577
.00814
. 140
2.27

«HEC

«11C
<0368
637
1.63

=-1.15
3.71
(-14.9)

~33.3
46. 6
.051¢
«C724

-2.01
0124
. 952

33.3
. CCo4¢
~5.716

Tats 2

144,
0.
«CCo4E
.127
3.15

.

20 ¥

«500

«0241
. 0823
446
1.04

2.05
32.7
- 306
. 469

17.2
33.2
«0238
. 0666

1.09
.015%
«400

17.3
203GC2
3.35
3.97

76.3
€0927
0124
109
1.73

20 K
650

« 0264
0653
<473
1.26

1.17
42.0
-335
. 758

-26. 8
43.0
.0338
. 0635

-1.68
.01 07
511

26.8

. 000539
-4 ,29
5.09

117,
—~a 00445
. 00497
.103
2.23

7 8
2C K 4C K

« 800 . 700

.323 « 0636

.00984 0781
567 <357
1.30 .870Q
-.873 1.95
1.83 42,8
(-25.5) . 705
.323

-33.2 -15.2
52.7 43,2

. 0537 00781

- 0593 .0Ra3
-2.07 -.9¢68

. 0105 L0419
<606 .272
33.2 15.13

00454 -. 0151
-5.15 -2.19
6.13 2.59
145. £8,1

0. Q0154

. 00454 ~. 01K7

. 0986 .0831
2.69 1.61

« 10
40 K 4n X
80N 200
.0489 <304
0673 0311
« 387 .38
Q64 1.35
1.45 785
49 ¢ 56.0
sL34 783
. 302 578
-18.0 -18.7
50.1 5.9
.Q435 WCRD
0521 L0287
-1.1¢6 -1.21
L0113 <0217
2085 .373
18,1 18.8
-.00166 .N161
-3.64 ~4.36
4,08 4,82
&l.7 85.7
00532 -,0N1 88
=.00705 20179
«0771 N8al

l1.81 2.15



444

F/C #

H
M

DENCMINATCR
Z(DET) 1
WDET) 1
Z(DET)2
WIDET)2

NUMERATCRS
N(U  /DTH)
AlU )
1/T(u
(v )
w(u )

15
1
1

N{wW /DTH)
Al )
1L/7(w )
Z{n )1
Wiw )1

1

H( THE/ZDTH)
A(THE)
L/T(THE)]
L/T(THE)Z2

N(HD /DTH)
A(HD }
1/T{HD )1
Z{(HD )1
W(HD )1

N{AZP/DTH)
A{AZP)
1/T(AzP)1
1/TLAZP)2
z(azpry1
WlAZR) 1

SL
.198

« 0417
. 152
«616
o771

«571E-4
-.173

+ 592

. 784

=287 E-S
~19%.4
~+0347

. 189

-312E-6
{ .876)
( .340)

-113 E-4
. 118
<433
1.97

~e297E-4
-. 0276
. 155
«362
1.16

TABLE IX-6
B-T47 THRUST TRANSFER FUNCTION FACTORS
Bare Airframe
(BODY AXIS SYSTEM)

2 3 4 5 6 7
SL St SL 20 K 20 K 20 K
249 «450 «650 «500 «650 «800
.0228 0319 110 0241 . 0264 «323
. 127 .0753 0368 .0823 « 0653 .0098¢
-629 «57% <637 446 «473 <567
.910 1.37 1.62 1.04 1.26 1.30
«570E~-4 «505E-4 +5C5E-4 «505E-4 «505E-4 «505E-4
~. 141 -.0823 =-.070C = +0943 ~. 0715 ~.0713
<605 «£4C 846 .323 «433 . 586
«928 1.37 1.617 1.00 1.25 1.32
= 2TTE-5 ~.236E-5 -422TE~5 =-,234E-5 =-,227E-5 -.224E-5
-27.6 -62.6 -93.¢ -€5.1 -87.5 -109.
.0126 .0785 - .355 286 » 0642 - 360
<129 .C72¢ «077¢ 0627 « 0637 « 0621
«312E-6 .303E-6 +303E-6 «303E-6 «303E-6 «303E-6
«197 .08GE «C32¢ «115 .0808 .0125
. 504 .721 +955 .383 500 <603
B42E-5 «508E-% «22TE-S «830E-5 «448E-5 «224E-5
.102 068¢ 0243 <0739 « 0601 00572
«230 170 «139 «176 <158 158
2.74 4.98 1C.C 3.06 S.18 8.60
—+296E-4 <~.284E-4 -.2B3E-4 -.284E-4 -,283E-4 -,283E-4
-.0137 -.0037¢ C. ~-+C0B810 -.00231 0.
. 122 .0751 0243 0884 . 0641 00572
<202 203 «£198 <164 «.160 161
1.62 2.0¢ 2.84 1.58 2.03 2.42

40 K
«700

. 0636
.0781
«357

879

+«505E-4
~.ll4
159
« 740

—e227E-5
-88.1
<360
« 0551

a303F-6
110
+233

<866 E-5
«0652
.161
2.75

—.283E-4

~.00689
.0761
. 135
1.46

40 K
.800

«N4B9
0673
«387
«964

«505 E-4
-.0803
.251
»908

~+225E-5
-102.
. 320
A28

«303F-6
.0932
« 270

«£629E-5
<0626
-153
3.58

~.2R3E-4

-.00372
0692
.128
1.65%

10

40 K
900

304
0311
«351
1.35

S505E-4
-. 05802
301
1.29

—+223E-5
=114,
.0817
0400

«303E-6
0484
.379

+434E-5
0372
« 127
5.13

—+2R33E-4

-.00169
L0401
<124
1.98



€8¢

CtGI /DY) (DEG/KT)
NZA (G/RAD)

DE/S (DEG/G)

CAP (RAD/SEC/SEC/G)

PHUS010(2) (SEC)
{ TUCK(2) )

L/c(1/710)

TABLE IX-7

B-747 LONGITUDINAL HANDLING QUALITIES PARAMETERS

Bare Airframe

(Body Axis System)

1 2 3 4 5 6 7
SL SL SL St 20 K 20 X 20 K
. 198 « 249 450 «65C .5C0 650 . 800

STICK FIXED

0349 .0123 -.00726 -.0164 . 0900 -.00166 -.0137
3.27 5.00 10.8 20.8 €.50 1C.7 15.4
25.9 15.7 6.8C 3.43 8.45 4.95 2.98
« 170 . 157 «166 .124 <160 145 .108
2.13 2.21 1.92 2.2¢ 1.36 1.46 1.88

40 X

. 700

40 K

. 800

10

40 K

.900

-.0486



1444

Yv
Y3

Ly

Lpe
NP
LR
NR*
Y#CA
L' CA
N' CA

TABLE IX-8

B-T4T LATERAL-DIRECTIONAL DIMENSIONAL DERIVATIVES

(BODY AXIS SYSTEM)

+ + + +
1 2 3 & 5
St SL SL St 20 K
.168 «249 «450 «65C 500
~-.0890 -.C997 ~+143 -.197 -.0822
-19.7 -27.8 ~-71.7 -143. —42.6
-1.33 -1.63 -3.19 ~5.4% =2.05
.168 247 -810 1.82 @19
~-.9175 -1.10 -1.12 -l.47 -e652
—-.1¢6 -.125 -.0706 -.0214 -.0701
327 .198 «379 .256 376
-.217 -.229 —e246 —e344 ~.140
0. 0. 0. 0. 0.
221 .318 «229 372 .128
.0264 .0300 .0285 0371 0177
.0148 .0182 0226 0213 0131
«0¢&36 .110 254 #3318 148
~.181 -.233 =.hlée =-.970 ~.391

+ +
[} 7 8
20 K 20 K 40 «
<650 . 800 . 700
-.104 -.120 -.04R3
-70.4 -99.4 -33.1
-2.96 -4.12 -1.45
.923 1.62 404
-.304 ~.974 - . 404
-.0531 ~.0157 -.0366
317 292 <312
-.193 -.232 -.0663
Cc. 0. O.
.210 310 <0964
0199 0127 . 00875
0142 .0124 «30777
211 .183 .115
=816 -e922 -.33
+ +

9 10
40 K 40 K
. 800 900
-.0558 -.0606
—432.2 ~52.8
-2.05 -1.32
+598 «971
-eb65 -.459
~.0318 .00284
.388 280
~.115 ~.l4l
0. 0.
»143 .186

. 00775 -.00611

.00729 . 00464
.153 .100
-~ 478 - bb?



GEQC

TABLE IX-9
B-T47 AILERON TRANSFER FUNCTION FACTORS
SAS Off
(BODY AXIS SYSTEM)

+ + + + + + + + + +

F/7C & 1 2 3 & 5 6 7 a 9 10

[al St St St SL 20 K 20 K 20 K 40 K 40 K 40 K

o] -168 « 249 <450 654 .500 .650 - 800 . 700 . 800 . 900

UENGM INLATOR
L/T{DET )1 .0427 . (565 .C19¢ .0203 .C0903 .01038 .01C3 -. 00234 .00730 -.00777
L/TtueT)2 1.11 1.23 1.23 1.56 . 745 .913 1.06 <462 .562 478
Z{DBET)1 .0878 . 107 .126 <153 . 0693 .0823 .09gl . 0568 . 0349 L0529
W(CET)1 . 735 . 746 1.06 1.40 .863 1.07 1.31 +788 L6677 1.02

NUMERATCRS

N{B /DA )

A(B ) .00740 .0C171 -.0161 -.0371 -.C00243 -.0107 ~.0127 00358 00373 .0139
1/7T(8 1 +154 176 468 -.168 174 .230 . 333 .0981 . 0595 + 103
1/7T(8 )2 7.1C 29.9 -. 605 .981 -3.62 -.910 -.694 1.61 2.17 .528

N{P /DA )

Ale ) .227 . 318 .229 «372 .18 .210 .310 . 09564 .143 «186
/T (P )1 -.0169 -.C108 -.u0335 0. -.00722 -.00205 0. -.00€01 -.00331 ~.00154

PA N Y .308 274 .197 .181 <166 <149 +135 . 122 .111 <100

WP )1 .591 « €53 1.12 1.56 « 846 1.11 1.35 . 7134 <877 <967

NIR /DA )

A{R ) .02¢4 . 0300 .0285 .0371 L0177 .0199 L0127 .00875 00775 -.00611
1/T (R )1 499 593 . 849 l1.68 .44 2 .718 1.46 .330 «435 -1.22

(R 1 -.482 ~.395 -.0874 ~ 142 -.128 ~-.201 -, 3a7 ~s 153 -.217 .863

Wik J1 . 895 «S07 . 855 o791 842 .920 1.08 . 919 l.16 .925

MIPHI /DA )

A(PHL) «231 321 .230 372 . 1320 .211 .310 L0875 <143 186

Z(PHIY1 «28B4 . 264 .196 .181 162 .1438 . 139 L1117 .109 . 0691

WiPHI) 1 «586 « €50 1.12 1.6 844 l.11 Loz « 735 . 878 « 968

N(AYP/DA }

ACAYFP) 4,54 5.76 4.T4 6.91 2.80 3.82 4.19 1.72 2.10 l1.24
1/T (AYP)] .2517 <79 ~.143 -. 0950 -.151 -.137 -.126 -.12a -.135 -.166
L/TLAYP )2 -.331 -.3i3 . 4300 626 216 264 . 334 .14 . 146 «173

L{AYPY 1 . 0469 . 121 . 145 - l46 .109 .0983 .0955 L0731 L0829 . 0405

WlAYP) 1 . 643 . 705 1.07 1.42 « 847 1.07 1.29 .762 .9C7 l1.11



9€¢

F/7C #

H
M

DeNTHINATER

/T (e
L/T{LETI2
Z(BET)]
W(CET) )

HUMFRATCRS

Nt

R

N

=

5 /LR )
alg )
TI(3 1"

i tp )1
L/TH(P )2
/T (p 13

R /DR )
A{R )
1/7 (K }
Z(R )1
W(R 1

1

PHI /DR )
AlPAl)
/T (PHIL
L/T(Pr1)2

AYP/UR )
ALAYP)
L/T(AYP)1
1/7(avP)2
ZUAYP) 1
WlAYP) ]

SL
168

«0&27
1.11
.C878
-735

.N148
.05C3
1.05
11.¢C

t

.0036
.02C9
1.42
-2.18

-.151
1.05
«C750
«4lé

. 0410
1.48
=3.31

-2.12
- . 0646
.958
267
<568

SL
249

. 465
1.23
. 107
s 746

.C182
-.(192
1.17
13.6

<119
-.C113

1.64
-1.99

-.233
1.17
. (895
<384

.C867
1.69
—2.48

-12.6
-.C3386
1.07
. 2C38
. 140

SL
«450

.0194
1.23
.126
1.06

L0226
-.Cls2
1.16
28.0C

254
. Cu3eo
2.28
-3.09

—.06l4
l.16
.130
- 397

221
2.35
-3.47

-38.6
-.0268
.573
<191
1.11

TABLE IX-10
B-T47 RUDDER TRANSFER FUNCTION FACTORS
SAS Off

(BODY AXIS SYSTEM)

SL
«650

.0203
1.56
-153
1.40

L0213
-.00420

1.50

45.8

<318

3.58
-4.18

-.970
1.58
0796
+370

318
3.58
-4.18

64,7
-.0103
1.32
137
1.45

+ +
5 6 7
20 K 20 K 20 K
500 650 . 800
.C0803 .0108 .0103
. 745 913 1.06
«0693% .0623 .0981
«863 1.07 1.31
.C131 “0Ll42 0124
-.0359 -.0lo2 -.00957
<665 .830 .998%
31.0 44.0 T4.4
.148 211 .183
~.00728 -.00206 0.
1.83 2.4l 3.75
~2.77 -3.24 -5.15
-.391 -.616 -.922
621 .865 1.11
ol44 0522 -.0468
<434 .382 366
.101 .185 .183
2.01 2.50 3.75
~3,7« -3.58 ~5.15
-25.3 -41,3 67,1
~.05373 -.0210 -. 5126
$491 L0069 .88
.193 o147 118
984 1.10 1.22

40 K
+7G0

-.00234
462
0568
. 788

00777
-.0366
411
4443

«115
-.00601

1.57

~2.%41

—. 322
. 393
. 0769
«357

L0727
1.79
=3.40

-22.1
-.0330
. 312
. 136
. BEC

40 K
.800

.00730
<562
.0349
947

.00729
~.0329
COTH
66.8

153
-.066332

2445

-3.63

~.475
.e98
L0245
.e88

.1156
2.49
-G bt

-33.7
-+ J2R4
332
.135
1.05

10

40 K
«3CC

-.00777
<4738
. 0929
1.02

«G0464
-.0N208
.47
96.3

106
~-.00153
1.74

~2.43

- 462
524
-.,0283
.278

.0815
1.83
-3.20

-33.90

-.0206
L4627
<0797
.573



TABLE IX-11

B-747 AILERON TRANSFER FUNCTION FACTORS
SAS On

(Body Axis System)

F/C 4 1 2 3 4 5 6 7 8 o 10
H St St St SL 20 K 20 K 20 K 40 K an X 4n £
Kl .198 249 W4SC H5C . 500 650 . 8090 700 LA0N .S00

UENIMINATCR
1/7T{DETIL L0770 . 198 .0las <01¢éC .CC688 ., 00843 .00801 -.00188 L0514 —.00687
1/T{(LET)2 <471 . €58 . 804 1.63 <495 . 486 1.2 385 ORT 2,83
L/T{DET)3 1.20 1.53 { .524) { <7769} 1.069 1.67 { .685) . 808 1.10 ¢ .273)
1/T(DET)S 3.10 2 .50 { .¢00) { .791) 2.91 1.90 { «748) 3.07 Z.k8 { .540)
1/T{0oETIS Q.26 9.03 ( .578) ( 692} ( 267) { 677 { .729) { .224) { .268) O .an2)
1/T(DET)S 10.7 1C.9 ( 1.94) { 2.28) { «794) {( .9C8) ( 2.10) C .71/} { .22p) ( .961})
Z{2eT 1 « 472 . 849
w(DET) 1 « 5706 .87

NUMERATCRS

M3 /DA )
A(8 ) 00740 00171 -.0L61 —-.C371 -.(0243 -. 07 -.0127 .00358 L0372 .N130
1/71(1 IRe 11,1 12.0 .090¢% <101 L0706 . 0633 « 0525 L6770 L0412 L6132
1/7(8 1e 13.7 3G.4 L8341 -.281 +465 . 708 -1.17 .371 LAl h 3.2%
e )1 »79C 150 (-1.21)  1l..8) { 4,90} (-1.57) { 1.58) .783 . 754 .20
“(8 )1 .89 446 {( 3.97) { 3.2:= (-5.32) { 4.03) ( 3.17) 3 .47 3.00 “BN6
(B 12 . 901 . £49
wB 12 3,69 2.838

(P /DA
ALP ) .227 .313 .229 <372 .128 .210 <310 . CCRL e 143 100G
L/T(p )1 -.0198 -.Cl07 -.00335 S, -.C0721 -, 00204 0. -.00600 -.00331 ~.00154
1L/7(P )2 « 863 1.48 <613 «4006 .619 . 611 621 612 L7068 .525
L/T(P 3 3.04 2443 1.80 1.2¢€ 2.85 2.07 .907 2,04 2.67 2.84
L/T(P )4 9.99 9.99 { .837) { .61C) {577} {740 { .A90) (456 { .581) { o075)
1/7(P )5 10.0 1C.0 { 1.24) ( 2.35) ( .741) ( 1.15) ( 2.09} { .626) ( .ra2) € .62
ZiP )1 . 594 JEl6
wiP 31 . 426 402

MR /04 )
AlLR } . 0264 .C300 .028%5 <0371 .Cl77 . 0199 L0127 JO0RTS JO0077S -J00611
L/T(R )1 3.96 12.6 . 368 . 358 «368 . 368 L3613 . 220 3608 3618
1/T(R )2 6 .22 { .873) . 845 l1.08 SHH2 .718 Loab . 262 438 -1.22
1/T(R 32 12.7 { 251} 2.68 3.5¢ 3.58 3.68 3.672 .68 368 3,68
P S I L7733 JE34 -.087¢4 - Jlb4c -.128 -.201 —307 -. 153 -.217 873
wiR 1 L4110 1.49 LESE .21 SB42 L9220 1.02 LO1Q 1.1€6 L0085
R )2 L0277 .952
wWiR )2 1.02 4,22



862

NCPHI /04 )

AlPHID
L/T(PhI)1
1/T{PHI)2
1/T(PHI I3
1/T(PHI )4
Z{PHINL
wiPHI)1

NCAYP/DA )
AL AYF)
1/T(AYP)]
1/1(4aYP)2
1/T(AYP)3
L/T{AYP)&
L{AYP) ]
K{AYP) 1
ZGAYP; 2
W(AYP) 2

. 231
.838
3.06
9.59
10.4
.585
«428

4 .54

~e 249

3.35
780
11.7
« 794
«360
« 502
. 123

«321
1.46
2 45
9.59
10.4
. 620
402

5.76
-.175
2.87
7.16
12.2
«483
« 3279
.857
1.02

(
(

TABLE IX-11
«230 2372
.616 J4b¢
1.83 1.28

«834) ( .610)
1.22) ( 2.3%5)

4.74 6.91
o147 « 14,5
~.212 -.151
.821 { +464)
2.94 ( 1.40)
«425 949
1.09 l.96
+

(Concluded)

«130
€15
2.87
«563)
«739)

2.80
.118
-.217
495
3.30
<348
.870

(
{

.211
. 612
2.09
« 736)
1.14)

3.82
.103
-.217
694
2.94
.301
l.11

310
621
« 907
{ .690)
( 2.09)

4.19
.0823
-.226
{ .52%)
( 1.26)
«932
1.78

(
{

«0675
<606
2.05
. 465)
.629)

1.72

« 0835
-.202

4060

2.32

«336

«775

{
{

.163
- 702
2.68
L8741}
s 744)

2.10
. 0700
~e227
518
3.08
.382
942

.186
.526
2.84
{ 474)
( 922}

1.34
.0698
-.273
«599
2.51
LTS
1.20



(8]

F/sC #
H
M
DE NCMINATCR
L/T(DET)1
1/7TIDET)2
L/T(DET)3
1/T(DET)4
1/TIDET)S
1/T(OET)A
Z(RET) L
W(DET)1
NUMERATCRS
N{B /DR )
a(z )
1/7(2 11
177(8 12
1778 13
1/7(8 ja
1/7(8 )5S
1/7T(8 )6
1/7(8 )7
N{P /DR )
A(p )
1L/T(P 1
1/7(p )2
1L/7(P 13
1/T(P )&
1/77(P )5
2P )1
wiP )1
N{R /DR )
A(R )
1/7T{R 1
L/T(R )2
L/7(R 13
L/T(R 4
1/T(R )5
Z(R )1
wirR )1

St
.198

0770
<471
1.20
3.10
9 .26
10.7
e 472
. 576

.0l48
-.0503
«368
1.05
3 .68
9.94
10.1
11.0

0636
-.020%
368
1.42
-2 .18
3.68
1.00
10.0

-.151
. 368
1.05
3.68
9 .99
10.0
. 0790
<416

St
249

.198
.858
1.3
2.50
9.03
1C.9
« 849
.287

.0182
-.019¢
. 368
1.17
3.68
9 .97
10.0
12.6

.110
-.0113
«368
1.64
-1.99
3.68
{ 9.938)
{ 1¢.0)

-+233
. 268
1.17
3.68
9.98
10.0
.Cg95
«284

TABLE IX-12

B-747 RUDDER TRANSFER FUNCTION
SAS On

SL
450

0148
« 804
.524)
.900)
«578)
1.94)

.022¢
-.0182
. 368
l1.1¢
3.68
28.0

«254

-.0034C

{
(

. 268
2.28
-3.09
3.68

~.61l4
.368
l.1¢
3.68
.13C)
«297)

(Body Axis System)

{

&4

SL
«65C

.01 ¢€C
1.63
{ .796%)
( 791}
{ 6923
{ 2.28)

.0213
-.0042C
«368
1.5¢C
3.68
45. 8

.318
0.
«36¢8
3.5¢
3.68
—4,18

—«970C
«368
1.5¢8
3.68

«CT796)
{ .37C)

5

20 K
.500

«CC688
495
1.09
2.91

 .26M {
{ .7954) (

. 0131
-.0359
<368
. 665
3.68
31.0

.148
-.C0728
.368
1.83
-2.77
3.68

-«391
+368
621
3.68
( 144)
{ .434) (

FACTORS

20 K
«650

. 00843
« 696
1.67
1.90
JATT)
908}

.01642
-.0162
368
830
3.68
44.0

211

-.00206

.368
2.41
-3.24
3.68

~. 6106
.368
. 865
3.68

.0522)
.382)

20 K
. 800

.00801

1.28
{ .685)
{ .748)
{ .729)
( 2.10)

0126
~-.00957
«368
. 995
3.68
Ta.4

.183
0.
<368
3.68
3.7%
-5.15

~.922
.368
1.11
3.68

{(-.0468)

( .364)

8

40 K
L7700

-.J0185%
. 386
. 808
2.07

( .234)

( .716)

20777
~-.0366
+ 368
<41l
2 .68
44,3

.115
-.00601
. 268
1.57
-2.41
2.68

-.331
. 368
+393
3.68

.0789)

( .297)

4C X
LEON

+00%16
e &b
1.10
2.68

{ .838)

00729
-.0222
. 3t8
478
3.68
66.8

+153
—.00332
« 368
2.45
-3.63
3.68

~.475
. 368
£497
3.68
0245)
{ .488)

10

40 <
.300

-,00687

2.83
t .973)
{ .540)
( .432)
{ .961)

L0464
-.N208
.3¢68
4Tl
3.68
96.32

100
-, 001R3
368
1.74
-2.83
3.68

—W442
+358
524
3.648

(-.0283)

{ .278)



0re

N{ PHI JOR )
A{PHRIT)
1/T{PHI)L
LAT(PHT)2
1/T(PHL)3
L/T(PHI)S
L/T{(PHI)S
1/TiPKL)G

NCAYP /DR )
ALAYF)
1L/T(AYP)]
1/7T1AYP)2
L/T(AYP)3
1/T{(AYP}&
Ziaye)l
W{AYF) 1
Z(AYP) 2
W AYP} 2

. 0410

«368
1.48
-3.31
3.68
0.00
10.0

.0867
. 368
1.69
-2 .48
3.68
( 1.00)
( 10.0)

221
363
2.3¢
-3.417
3.68

-38.9
-.0268
.368
«972
3.68
.191
l.11

TABLE IX-12

.318
368
3.58
2.68
-4,18

-é4.17
-.0103
.368
1.32
3.68
£137
l1.45

(¢ 1cluded)

101 .185 .183 0727 .115 .0815
. 368 368 368 . 368 « 368 «358
2.01 2.5C 3.68 1.79 2 .69 1.83
3.68 -3.58 3.75 =3.40 3.68 -3.30

~-3.74 3.68 -5.15 3.68 —4 b4 3.68

-25.3 -41.3 -67.1 -22.1 ~33.7 -33.0

-.0373 -. 0210 -.0125% -.0330 -.0N234 -.0200
. 368 .+ 368 .368 312 «334 .368
« 491 . 669 . 848 . 368 .368 427
3.68 3.68 3.68 3.68 3.¢68 3.68
.193 <167 <118 <126 »135 0797
. 584 1.10 1.22 « 860 1.05 873

+ + + + +
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F/C #

H

M
DR PERLIOD (SEC)
L/CtL 72}
SPIRAL (2) (SEC)
P(1)
PL2)
PL3)
PL2)/7pPt1}
P{ASC) /P LAV)
WPl /4{D)
DEL-B-MAX
PHI TC BETA, PHASE
PHI TO BETA

PHI TG VE

SL
.198
8 .59

799

+ 178
.0285
J111
. 160
671
.797
.161
-304.
1.564

- 299

B-747 LATERAL-DIRECTIONAL HANDLING QUALITIES PARAMETERS

SL
« 249
8 .47
.978

. 235

-0867

. 148
+369
.377
.871
.136

-306 .
1.69

« 349

SL
. 450
5.98

1.1¢

.182
.811

-0691

TABLE IX-13

SAS Off

(Body Axis System)

SL
«65C
4.53

l1.41

.0178

37.¢

2.07

«162

-134

.155

832

.0819

978
0219 .
322.

2.26

343

e 261
=215
233
+ 891
. 0494
1.03
00936
35.4
2.12

« 267

«302
.287
299

«949

.0238

8 9
40 K 40 K
. 700 .800
7.99 6,68
.516 .317
296, -
.156 .188
.153 .175
.187 221
.979 .935
.0569 0755
.933 .27
.03201 L0234
-3131, -332.,
2.09 3.07
. 355 456

89.2
363
.35¢
.381
990

D174



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

243



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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1) 44

Nominal Configuration

220,000 1b Cargo

TOGW less L0% Fuel

W = 654,362 1b

c.g. at 0.30 ¢, W.L. 265

I, = 27.8x100 slug-rt2
- 6 P2
I, = 31.8x10° slug-ft Body Axis
I, = 56.2x106 slug-rt2
Ig, = 2.46x106 slug-rt°

Power Approach Configuration

220,000 1b Cargo

TOGW less 80% Fuel

30° Flaps

Gear Down

1.4 vg

W = 580,723 1b

c.g. at 0.30 ¢, W.L. 265
I, = 19.1x100 slug-ft?
I, = 31.3x100 slug-£t2
I, = U7.0%x100 slug-ft2
Iy, = 2.5x100 slug-ft2

Body Axis

Figure X-1.

Flight Envelope

40,000
h(ft)
20,000
SL @—3—©
0] 4 .8
Mach
Level Flight Envelope (Nominal Configuration)
—_— Speed Restrictions
® Transfer Function Case n

C-5A Flight Conditions



9%¢

.25t

C-5A

F.S.1346.9
S 26200 f12
b =219.2 ft
€ =30. ft
T —————
o' 50'
1 F.S.384.8 F.5.1346.9
W.L.361.5

FRL

W.L.265.0

Figure X-2. C-5A General Arrangement

TL

W.L.210.9



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
Flexible

SL
- = —=— 20,000 ft
— ~— 40,000 ft
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08¢

C-5A
654362 Ib

-—SL
- 20,000 ft
— === 40,000 ft

Zero Excess
Thrust

02

.0l

0.



C-5A

654362 ib
Flexible
SL
- = 20,000 ft
— == 40,000 ft
6 |- SN
- g\
5 - _ ——— -
CLa :@R/‘% J \\\
4 .
(rad™")

2 =

| -

o 1 | | | 1

o) .2 4q .6 .8 1.O
Mach
1.2 —
Coq
8
(rad™)
4 —
0 | 1
0 2 1.0
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-4
Cma
-8
(rad™")
~-1.2
0
-4
Cmd ]
Cmq
-8
(rad™")
~-12

-16

-20

-24

-28

Mach
6

2 8 1.0
I l l [
C-5A
654362 Ib e S L
30¢ — 20,000 ft
Flexible - =—40,000 ft

|
ro’
e

~ —

Crn:

a

S——
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-2.0

-2.5

-3.0

.08

.06

.04

.02

SL

— = — 20,000 ft
- =— 40,000 ft

C-5A
654362 Ib
Fiexible




C-5A
654362 Ib

. — SL
Flexible —— - 20,000 ft
—_— e 40,000 ft
4
CL8 ~ \\
e ~ ©
e
3 3) \\ \
(rad™") N &K
\®\
2 N
d =
0 | [ | | |
o) 2 4 6 8 1.0
Mach
0 2 4 6 8 1.0
| I I | '
-4 —
C"‘ae
-8
(rad™")
-L2
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0]
-4
Cyg

-.8

(rad™")
-1.2
A

gnﬁ '

L

o 0]

(rad™")

2 4 6 3 10
! | [ | |
@ (5) ©
(&-(3)
G
sL
— — — 20,000
— 40,000

©, (D e = =D C
@B mm — Ty, B
| | | I '@ |
2 4 8 .8/ 1.0
Mach !
!
Cog

[
!
r==1F~~_ @
e G

C-5A
654362 Ib

Stability Axis

Flexible



0
-2
Cy,
-4
(rad™)
-6
-.04
Cnp
-.08
(rad™")
-.12

.2 4 6 .8 1.0

I l I 1 |

C-5A
654362 Ib
Stability Axis
Flexible

7\
— /
\\CL}
SL

- —— — 20,000 ft
~—~— 40,000 ft
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.3
Cgr,
Cn,
.2
(rad™

C-5A

654362 Ib
A0 ¢
Stability Axis
Flexible
SL
—_———— 20,000 ft
\ — - —— 40,000 ft
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02

Ol
Cns,

(rad”")
-0l

-02
-03

SL C-5A

——== 20,000 ft 654326 b
——-— 40,000ft

+
)




0
-002
Y8sp
- -004
(rad™)
-006
.08
Clasp
(rad ")
04
0]
02
CnSsp
(rad™")
.0l
0

C-5A
654362 Ib
1 1 l | |
2 4 6 8 1.0
Mach
SL
-—=— 20,000 ft
—-— 40,000ft
. Y _-or-
® —@'”"@;-“@\
| I I I |
2 4 6 8 1.0
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Cys,
(rad™)

-04
C“Sr
(rad™)
-08

0%
(8)
I | | | |
2 4 : 8 1.0
Mach
Maoch
2 4 .8 1.0
I T T T |
(9)
00
Oaun 020 020,
SL C-5A
----- 20,000t 654362 Ib
— e 40,000ft Stability Axis
Rigid
—""‘@\
PraCatg
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F/C #

H(FT)

M=)
VTIO(FPS)
VIO(KTAS)
VTOL(KCAS)
W(L3S)
C.G.{ MGC)
IX (5LLG-FT
1Y (SLUG-FT
1Z {(SLUG-FT
IXZ(SLULG-FT
EPSTLCNIDEG)
Q(PSF)

QL (PSF)
ALPHA {DEG)
GAMMA (DEG)
LXP(FT)
LLP(F T)

I TH{DEG)

X1 (DEG)

LTH(FT)

sQ)
sQ)
sQ)

sQ)

TABLE X-2

C-5A DIMENSIONAL, MASS AND FLIGHT CONDITION PARAMETERS

1
SL
. 221
246.
146 .
146.
580756.
. 300
.191E4+8
«313€E+8
<4 TOE+8
<250 E+7
-5 .08

T2.2

81.7
-8.10
2.00
2.00

4 .50

s = 6200 sq ft,

2
SL
+3090
335.
198.
198.
654399 .
« 300
.278E+8
.318€E+8
-562E+8
-246E+7
-4.91

133.

3
SL
450
502 .
298.
298.
€54399,
.300
+2TBE+E
«318E+8
«562E+8
J246E4+7
-4.91
300 .
315.
1.60

0.

b = 219.20 ft,

4
SL

«65C
T26.
430.
430.

6543935,
<300

«278E+8

+318E+8

L246E+T7

—-4.91
&£26.
695 o

-.500

T =30.10 ft
5 6
20 K 20 X
+400 . 600
415. 622.
246. 369.
181. 275.
654399. 654399,
.300 .300
.278E+8 .278E+8
+318E+8 .318E+8
+562E+8 «562E+8
«246E+ T «246E+T7
~4.91 -4.91
109. 245,
113. 268.
5.00 2.20
0. 0.
8l.7 81.7
-£.10 ~-8.10
2.00 2.00
2.00 2.00
4.50 4.50

20 K
+ 800
2830,
492.
373.
654393,
.300
.278E+8
«318E+2
«562E+8
2466E+7
-4 .91
436.
510.

.100

40 K
770
Tas.
L
222,

654299,
<200
L2TEE+R
.318F+8
JEAR2F4R
J246FLT
-t 91
164.
189,

.50



9%

F/7C #

XW
IW
MW
IWD
Q
MWD
MQ
XDE
IDE
MDE
XD TH
IDTH

MOTH

1
St
221
-.0214
=231
-+ T78E-5
0957
—«634
-.00 145
0.
0.
-. 000884
~.610
<450
-9.53
- 688
«554€-4
-+ 193E-5

« l144E-0

TABLE X-3

C-5A LONGITUDINAL DIMENSIONAL DERIVATIVES

(BODY AXIS SYSTEM)

2 3 4 5 6 7

SL St SL 20 K 20 K 20 K

300 «450 «65C +400 «600 . 800
-.00343 -.00583 -.00270 -.00297 -. 00313 -.0150
-.121 -.104 -.0%15 -.0913 -.0798 -.0112

.000232 -.612E~-4 -,000185 . 000277 «930E-4 -.000433

.130 0686 0236 .106 « 0460 0224
=572 -.834 =-1l.23 =.405 ~.618 -.925
-.00240 -.003¢C9 -.00209 ~.00163 -,00210 -. 00333
0. 0. 0. 0. 0. 0.

0. 0. 0. 0. 0. 0.

-.000698 -.000630 -.00C514 -.000392 -,000386 -.0002&7

-.773 -1.08 -1.29 ~.525 ~. 766 -1.02
1.73 . 728 ~«35C l1.79 «861 . 0545

~13.5 -26.1 -40.1 -11.3 -22.4 -31.2

-.775 -1.41 -1.76 =672 -1.25 -1.51

«491E-4 49 1E~-4 «491E-4 «491E-4 «491E~-4 «4G1E-6
-«172E-5 -.172€-5 =-.172E~-5 —-.1726E-5 =~.1T72E-5 ~-.172€-5

«142E-6 «l42E-¢ «l4ZE-6 «l&2E-6 «142E-6 «142E -6

8
40 K
770
-.00379
~.0605
-.000233
L0304
-.627
-.00176
c.
0.
-. 000182
-.506
1.00
-16.4
-.06]
L491F %
- 172F-5

. 142E-6

9
an K
«875
-.0330
.168
00167
000142
-.387

-.00196
C.

C.

-.000158
—.551
l1.46
-17.0
-.218
«G481E-4

~«172E-S

«162E-6



£9¢

F/7C #

H
M

DENCMINATCR
Z(DET)]
~»(DET)
{peT)2
Y{2ETI2

NUMIRATERS
N(Y  /DE )
AlU )
1/7(u )1
1/7(u )2
1/7(U '3

NiWw /DE )
AlW )
1/77T(W 1
1/7(W )2
L/T(4 )3

N{ THE /DE )
ALTHE)
1/T(THE! ]
L/T(THE)2

N{HD /DF )
A{HD )
1/7T(HD )1
1/T{HD )2
L/7(KHD 13

N(AZP/OE )
ALAZP)
1/7(azP)1
1/77T(aZP)2
ziazp) i
W{AZP)1

. 100
« 119
. 843
. 865

«450
15.6
{ .482)
{ 1.40)

-9.53
18,4

( .0730)
( .170)

—. 680
. 0610
. 582

9.54
.00211
-2 .88
3.73

46.0
-. 0179
.0197
. 193

1.50

TABLE X-k4

C-%A ELEVATOR TRANSFER FUNCTION FACTORS
SAS Off — Bobweight Loop Open
(BODY AXIS SYSTEM)

SL
.300

.C351
- 104
-706
1.12

1.73
15.1
{ .202)
{ «639)

~-13.5
1.8

t .02C8)
( .107)

—«765
0342
+ 505

13.6
—.0C248
-2 .68
3.70

49.0
.0189
-.0215
124
165

St
450

0612
.059¢4
712
1.57

.728
26.1
{ .19¢)
( 1.306)

-2¢.1
28.2

( .042%8)
{ 079¢%)

~1.39
.0149
ST

26.1
00448
-3.94

5.34

87.7
.00327
.00784

121

2.50

4 5 6
SL 20 K 20 K
650 400 600
«232 .0283 . 0271
.0213 0969 . 0638
. 152 <577 . 608
1.96 « 947 1.34
-.35C 1.79 8561
1.92 24. & 34,2
~-2.58 ( .239) { 442}
37.9 { 439 { «8392)
—4C.1 -11.3 -22.4
23.3 24. 8 35.5
{ .C751) ( .0304) ( .0223)
( .C606) { .C852) { .0642)
-1.74 ~ 667 -1.24
.0l15 .0302 . 00913
1.17 . 353 . 578
40.1 11.5 22.4
00852 -.00376 -. 000206
~5.26 ~2.66 ~4.00
7.02 3.37 5.01
102. 43.2 79,2
.CCO538 - 0169 00414
.0079¢ -.0211 -. 00435
.124 .C3¢0 . 0980
3.81 1.52 2.38

(~.0487)
{ .0648)
.579
1.92

. 05645
2.29

{ 18.3)

-31.2
411
( .8564%)
{ +00922)

-1.50
L0161
JRE2

31.2

0153
-5.2¢6

K56

|

.
[BalN )
- D

[ B NI

[N, ) )

NS

~

IR

L0506
0110
. 435
1.23

1.00
62,4
{ .593)
{ 5321

=156.4
“3.1
Qee 3y
caaQ)

(.
(.

-.928
.00817
« 394

16,5
~.200655

-3.78

4,41

£0.2
. 00430
-.00%01
JOTE3
2.1

XD

e e e

1,46
. 287
-539
A5 .h

-17.0
-. 0681
LCRC6
G661

L0216

w20

17.1

N4a22
-3.73

t,30

£7.7
-.00224
.0440
0556

2,20



¥9¢

F/C #

H
M

DE NCMINATCR
Z{DET)1
WIDET) 1
{DET)2
W(DET) 2

NUPMERATCRS
NCU  /DTH)
AlU )
1/T{u )
Z{u 1
WU 1

1

/DTH)
Alw )
1/T(n )1
1/TW )2
L/T{W )3

N{ W

N{THE/ZDTH)
A(THE)
1/T(THE)L
1/T(THE)2

N{HD /DTH)

ALHD )
L/T(HD )1
Z{HD 11
W(HD )1

NUAZP/DTH)
AlLAZP)
1/7(aZ2R)1
1/7(azP)2
Z(AZP)]
wlAZP)1

St
221

. 100
. 119
.843
. 865

«554E-4
-.0712
. 836
«896

~+193E-5
-11.0
(-=.726)
( .223)

148 E-6
( .930)
( «398)

454 E-5
- 137
«715
2.71

- 140 E~¢
~-.00740
. 147
501
1.53

sL
<300

. 0351
.104
«7C6
l1.12

«491E-4

-.0525
<666
1.13

( .108)

«147E-6
{ .887)
( .397)

.T95E-5
172
451
2.24

—~a127E-4
-.0130
£ 217
.310
1.56

(

St
«45C

0612
-0594
712
1.57

«491E~-4

-.033¢
.703
1.58

~+l72E-5
-37.5
(-.589)
«0862)

«143E-6
.143
.1728

.309E-5
0967
. 345
4 .82

-.134E-4
-.COLl91}
. 103
269
2.26

{

TABLE X-5

C-5A THRUST TRANSFER FUNCTION FACTORS

SAS Off — Bobweight Loop Open
(BODY AXIS SYSTEM)

SL
657

232
«0213
«752
1.99

«4G1E-4
-.02988
.758
2.00

- 172E--5
-55.6
(-.G34:
«C667;

«142E8-6
.0282
l1.19

-129€E-5
0227
<235
10.2

—+133E-4
«000443
220
«25C
3.21

(

20 K
<400

.0283
0969
577
« 947

«491E-4
- 0552
.508
.939

-+172E-5
-21.4

[ .414)
«CT76)

«145E-6
[ .8:7)
{ «314)

. G38E-5
159
« 355
1.87

~.136E-¢

-.0131
« 206
245
l.41l

{
(

6

20 X
+600

. 0271
. 0638
. 608
1.34

«491E-4

-. 0351
+«596
1.33

-«172€E-5
-48.5
-0188)
.0651)

- 143E-6
157
«529

+360E-5
<109
« 276
4.19

-.134E-0
-. 00209
117
«21a
2.12

7

20 K
. 800

(-.048T7)
( .0648)
.579
1.93

«491E-4

=+ 0241
.583
1.93

~«172E-5
-.00482

«142E-6
-.il6
« 945

+.180€E-5

-.116
112
7.98

~e133E-4

—eb6T74E-4
-.116
.179
2.93

40 K
«770

.C506
0110
425
1.23

+4Q1E~4

-.0308
.309
1.21

-«172E-5
-53.13

(-.847)
-0552)

«142E-6
0164
. 358

«&6T1E-S

00332
«229
2,37

—«132€-4
-.CC405
00828
o164
1.91

40 K
.875

«&52
«071h
.373
l.40

491 E-4
~.0252
-339
1.31

—«172E-5
~.0142
$602

-74.7

«142E-6
1]
<868

«591E-5
. 286

-.117
3.08

-.134F-4
-.00308
.333
L0630
1.87



§9¢

F/C &

H
"

JENIMINATIR
E(DET.}
#{DET) L
lten 2
w(DETI2

NUHMERATCRS

NCU o /FST)
ACU )
/Ty )1
L/Tty )2
/Ty 93
N{w /FST)
AlW )
1/Ttw )1
L/Ttw 12
1/T(d )3

N{ THE/FST)
A{THE)
1/T{THE)L
1/T(THE)2

N(HD /F ST)
A({HD )
1/7(HD )1
1/7TIHD 12
1/T(HD )3

N(AZP/FST)
AlaLe)
1/T{AZP)L
1/7(AZP)2
2aze)1
WlAZF) 1

St
221

. 110
. 110
.783
.936

-.00201

15.6
( .482)
(1.40)

. 0427
18.4

{ .0730)

{ <170}

00305
« 0610
. 582

~. 0428
00211
-2 .88
3.73

-.206
-.0179
. 0197
.198
1.50

C-5A

SL
.300

.0376
<101
.682
1.16

-.00430
19.1

{ .202)

[ +€39)

0335
19.8

( .0308)
{ .107)

00190
0342
. 505

-.0338
-.00248
-2 .68
3.70

-.122
.0189

~.0215
124
1.65

(
(

SL
.45¢C

0646
«0566
<677
1.65

~.00132
2641

( .19¢}

{ 1.36)

0672
28.2
.0428)
«079%)

.00252
.0145
177

~.0472

.00448

~3.94
5.34

~+159
-.00337
.0078¢

.121

2.50

(
{

TABLE X-6
STICK FORCE TRANSFER FUNCTION FACTORS
SAS Off — Bobweight Loop Closed

(BODY AXIS SYSTEM)

247
0197
«693
2.17

.000637
1.92

-2.58
37.9

.C73¢C
33.3
«075 1)
. 0606)

.00317
0115
1.17

-.C73C

.C0852

~5.26
7.02

~.185
«CCOS58
.0075¢
124
2.81

(
(

« 0304
.0928
553
991

. C0542
24. 4
«239)
-439)

0342
24.8
.0304)
.C852)

.00202
.0302
«353

~.0347

Co37s

-2.65%

3.37

-.131

« 0169

-.0211

.0990
1.52

{
{

6

20 X
600

. 0285
0503
«575
1.642

-.00156
34,2

( .462)

t .892)

. 0405
35.5
. 0323)
«0642)

. 00225
+00913
.578

-. 0405
-.000206
-4.00
5.01

~.143
.00414

-. 00636
. 0980
2.38

7

20 K

« 800

(-.06%56)
[ «N613)
«543
2.0¢

~.9B9E-4
2429

( .736)

( 18.2)

0567
41.1

( .B864)

{ .00922)

00272
.0161
862

-+ 0567
0182
-5.26
6455

- 168
-, 6R2F -4
L0189
Jleh
3.40

-.00211

42,6
( .%93)
( .532)

. (345

43,1
{ .0493)
( .0490)

00197
00217
394

-« 0245
-. 000655
-3.78
4,43

-. 126
L0030
~.00501
L0783
2.14

~.00263
.287
.539
£5.6

0307
-.0651

<0806

6.1

00165
0316
« 350

-.0308
0422

-3.73
4,39

-. 104

-.00226
Q640
L0566
2.20
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F/C %

H
M

JE NCMINATCR
Z(DET) ]
W(DET) 1
Z(DET)2
W(DET) 2

NUMERATCRS
U /DTH)
AL )
1/7(U )
U 1
Wiy )1

1

Ni{w /DTH)
Atw )
1/7(4d N
1L/TtW 2
1/T(W )3

N{ THE/DTH)
A{ THE)
1 /T (THE)L
1/T(THE)?2

N(HU /DTH)
AtHD )
1L/T(HD J1
Z(HY )1
W{HD )1

NUAZP/DTH)
ALAZP)
1/7(A2P}1
1/71AazZP)2
I(8LP)1
W(AZF)1

St
221

. 110
. 110
.783
.G36

«554E~64
-. 0636
731
+«959

-.195€-5
-.211
—.252
-10.5

L1406 E-6
{ .853)
( .402)

-e139E-4
-.00740
. las
486
1.54

TABLE X-T7

C-5A THRUST TRANSFER FUNCTION FACTORS

SL
.300

.0376
<101
.682
l1.16

«491E~4

~.0501
«lb44
1.17

-.173E-5
=22.6
{-.168)
( 111

- 146E-6
{ «867)
( +400)

«T796E-5
. 169
«449
2.26

-.137F-4
-.0130
.216
- 207
1.57

(BODY AXIS SYSTEM)

St
«45C

0646
«C566
€77
1.65

«491E-4
-,0307
« 669
1.67

«142E-6
<146
717

.311E-5
L0962
.345
4.84

~.134E-4

~.00191
.103
<267
2.28

St
«65C

0241
.0167
-693
2.17

491E-4
.0248
«69S
2.18

175€-5
«0361
<117
3.9

141E-6
.C28¢
1.20

132E-5
0228
«235
1C.2

132E-4
000443
.022¢C
<249
3.25

20 K
«400

« 0304
.0928
.553
. 591

491E-4
0518
486
983

173€E-5
2¢. 0
«292)
c798) (

144E-6
«826)
.316)

S40E-3
«155
.353
1.9¢C

135C-4
.0131
206
e2462
l.42

SAS Off — Bobweight Loop Closed

-}

20 K

«600

. 0285
. 0603
+575
1.42

«491E-4

-.0317

.563
1.41

-+.173E-5
-47.6
(-.11%)

. 0659)

e 1428-6
163
.519

«362E-5
-109
275
4,21

-.133E-4
~. 00209

o117
212
2.14

7

20 K

. 800

(-.0454)

«0613)
543
2.08

«491E~6

-.0213
5647
2.06

-« 174E -5
-.00478

-a142

-65.6

«141E~6
-.117
1564

+«183E-5

-.113
<112
7.98

-.133%¢6-4
~«.6T0E-4
-.11¢

«1ED
2.94

40 K
770

0462
«0104
AR
1.30

LGQ1E-4

-.0282
L280
1.28

~.173E-5
-58.32

(-.044)
J0859)

«142E-6
.0168
352

N

00322
.228
2.39

- 133E-4

-.004605
.00828
.163
1.93

40 X
«875

459
<0693
381
1.25

L401E-4
-.0238
.327

1,28

~.172E-5
-.0138
628
-73.0

«142E-6
127
<906

.502€-5
286

-.116
3.07

-.133F-4

-.00308
334
.0118
1.88
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TABLE X-8
C-5A LONGITUDINAL HANDLING QUALITIES PARAMETERS
SAS OFF

(BODY AXIS SYSTEM)

F/7C # 1 2 3 4 S 6 7 8 9
H St SL SL St 20 K 20 K 20 K 40 K 4«0
¥ .221 . 300 «450 «65¢C «400 «600 . 800 « 770 .875

STICK FIXED

D{G)/DIU) {(DEG/KT) -.00658 .00729 -.0135 -.025¢ 0112 .000581  -.0478 .00103 -.127
NZA  (G/RAC) 4.564 5.26 11.6 25.¢ 4.71 11.0 21.5 9.05 9.07
DE/Ss  (DEG/G) 13.2 16.7 8.23 4.91 15.6 7.27 6.38 10.1 12.7
CAP (RAD/SEC/SEC/G)  .156 .2264 .200 .145 .182 .158 .167 <166 .203
PHLGO1D(2)  (SEC) -- -- -- -- -- -- ( 14.2) -- --
{ TJCKI2) )

1/C(1/10) 4.28 2.72 2.77 3.11 1.93 2.09 1.94 1.32 1.10

STICK FREE

FST/KT  (LB/KT) -2 292 -.687 -.232 -.025¢ -.561 -.292 . 265 -.0122 -.915
FST/3  (LB/G) 60.2 127. 8e.7 56.2 9. 1 79.3 70.5 93,2 132,
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TABLE X-9
C-5A LATERAL-DIRECTIONAL DIMENSIONAL DERIVATIVES
(BODY AXIS SYSTEM)

+ * + + + + + + +
F/C # 1 2 3 4 5 6 7 8 9

H St SL St SL 20 K 20 K 20 K 40 K 40 K
v 221 «300 «45C «65C <400 «600 . 800 770 «875
YV -.0775 -.0995 -.122 =-.231 —.0673 ~-.106 -.151 ~.0636 ~.0684
Y8 -19.1 -33.3 -76.8 -168. -27.9 -65.8 -125. —47 .4 -58.0
L ~+635 -.863 -1.€0 -3.C7 ~. 747 ~-1.33 -2.38 -1.08 333
NB* .110 .150 «56C 1.32 <106 «432 . 885 237 386
e -1.09 ~ <997 -1l.3¢ -1.8% -. 707 ~.988 =l.42 -.706 =632
NP ¢ ~.156 -.150 -.113 -.107 -.120 -.0921 -.0906 ~.0776 ~-.0716
LR?® «613 «399 344 «3€C «324 .282 .303 «233 «256
AR -.231 -.187 -.310 -.45S -.113 -.203 -.251 ~-.0991 ~.0930
Y#DA -+000443 =-.947E-4 -.000142 -.C3C2C5 -.6256-4 —-,9376-4 -.000125 -,522E-4 =.593FE-4
L'CA 461 321 «51¢€ < r4é <284 <434 370 .298 «357
N'CA 0522 -.0126 .0500 .1 68 -.0212 .0343 . 0850 .00618 0414
Y*DR 0212 0181 0271 #2362 .0119 .0179 0200 .« 00910 00760
L'DR .105 0852 229 «3CC 0625 .187 «292 112 .107
N'CR -.213 -.282 ~+636 ~1.34 -.231 -.522 -.830 -.324 ~+338
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TABLE X-10
C-5A AILERON TRANSFER FUNCTION FACTORS
SAS Off
(BODY AXIS SYSTEM)

+ + + + + + + + +
F/C # 1 2 3 4 H 6 7 8 Q
H SL SL SL L 20 K 20 K 20 K 40 K 40 K
M 221 «300 <450 «65C 400 -600 . 800 .770 875
DENCMINATCR
1/T(DET)] .0283 0162 Qlél 0139 .C0800 .0103 .00788 .00520 -.0264
1/T(DET)2 1.13 1.04 l.44 1.9¢ . 766 1.07 1.51 .793 .582
Z{DET) 1 . 226 .184 209 .221 «103 .138 . l44 .0564 . 197
W(DET)1 «530 <608 .875 l.25 «549 . T71 1.03 .618 605
NUMERATCRS
N(B /DA )

AlB ) -.000443 -.947E-4 -.000142 -.CCC2¢5 -.625E-4 -.937E~-4 -.000125 -.522E-4 -—.593E-4
L/7(8 1 <203 .0473 . 292 ~+C455 0184 «145 -. 0595 .0389 .0632
1L/7T(B )2 -2.75 l1.78 -1.09 1.48 1.11 -1.95 917 2.72 -1.64
1/7(8 13 T2.7 -5¢4. 283. 844 . ~1046. 191. 676, =232, 183.

N(P /DA )

ALP ) e 461 221 «516 «446 «284 e434 «370 «298 . 357
L/T(P 1 -.00541 -.0105 -.00167 . 300367 -.0106 -. 00190 -+ 655E-4 =-,00257 -.00318

F )1 . 422 382 «284 258 «349 £222 . 194 «165 <163

WP )1 <456 «368 877 l1.62 238 « 749 1.22 515 «596

N(R /DA )

AR ) .0522 -.0126 .0500 «165S ~-.0212 .0343 . 0850 .00618 0414
1L/T(R )1 -505 ~.224 «79¢ 1.72 ~-.133 «574 1.20 327 «333

Z(R )1 ~ 560 { 258} —.29% .0953 ( .164) -.413 ~.0352 (-.612) ~.215

W(R )1 «645 { 4.88) «771 +41C ( 2.35) . 782 - 448 (-2.69) «584

N{PHI /DA )

A(PHI) «464 .320 «S18 444 .281 <435 .370 «298 «360

Z(PHI) 1 «415 «240 «284 «254 276 221 <194 <159 « 160

WIFHE) L 452 «364 875 1.62 .235 . 148 1.22 515 +595

N(AYP/DA )

ACAYP) 7T .89 1.54 8.20 17.3 . 542 6.26 9.84 2.88 6.22
L/T(AYP)] <273 .C515 -.334 ~.C4l8 .0191 «178 -.0507 .0453 .110
1/T(AYP)2 ~.451 -3.35 338 1.31 -7.49 ~.396 «T74 -.882 -.289

Z{AYF)1 . 186 +284 .209 «114 353 «208 . 0941 <305 .220

WiAYP)1 - 595 «753 .S71 l.4¢ « 693 «866 1.22 . 728 «698
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F/C #

H
M

DENCM INATCR
1/T(DEM)L
1/T(DET)2

Z{LCET)1
WICET) 1

NJUMFRATORS
N{B /DR )
A8 )
/148 )1
1/7(8 )2
/12 )3

N(P JOR )
AlP )

N(PHI/DR )
A(PHI)
(PHINL
wWiPHI)1

N{ AYP/DK )
A{AYP)
1/T (AYP )]
1/T (AYP)2
Z(aypP)1l
wW(AYP) 1

-02%83
1.13
226
.53¢C

.0212
-.0559
1.25
10.4

.105
-.00568
{ «719)
(-1.78)

-.213
1.2C

{ .0541)
{ .251)

. 0945
{ .704)
{-2.01)

-11l.2

~.06€8
1.32
.0983
<577

TABLE X-11
C-5A RUDDER TRANSFER FUNCTION FACTORS
SAS Off
(BODY AXIS SYSTEM)

2 3 4 5 [ 7 8 9
SL St St 20 K 20 K 20 K 40 K 40 K

300 450 650 400 600 . 800 «770 «875
.Cl62 .0161 .0139 .00800 .0103 .00788 .0G520 -.0254

1.04 l.44 1.96 .766 1.07 1.51 . 793 <582

. 134 209 .227 «103 .138 . la4 + 05564 .167

. €08 . 875 1.25 549 <771 1.03 .618 605
-.C181 .C271 .0392 .0l19 L0179 .0200 .0GC910 .00760
-.0424 -.012¢C -.00394 ~.0423 -.0123 -.00571 -.Cl40 -.0162

1.03 l1.42 1.93 .718 1.03 1.47 - 733 chLs

1€.3 24.1 34.6 20.1 29.7 1.7 36.4 45.6

. ({852 .229 «500 .0625 .187 292 «112 . 107
-.C117 -.00173 .000377 -.0119 -.00194 -.,665E-4 -.00260 ~.00336

( 1.19) ( 1.70) ( 2.42) ( 1.17) { 1.55) ( 2.16) ( 1.44) —.262

{(-2.39) (-2.38) (=2.94) (-2.32) (-2.16) (-2.78) (-2.03) 1.18

-.282 -.639 ~-1.34 -.231 ~.522 -.830 ~e324 -.338

1.02 l.43 1.95 «694 1.04 1.49 5723 -.1l41

( .201) { .211) ( .293) { «190) ( .151) { .192) ( <117} .181

{ .276) { .251) [ .243) ( .282) ( .242)  .232) { .242) 676
. (490 .212 511 .0259 167 .290 .0924 .C783

( 1.21) ( 1.70) { 2.42) ( 1.29 ( 1.58) ( 2.16) { 1.49) —eaQo

(~4.16) {-2.57) (-2.88) (-5.22) (=2.39) (-2.79) (~-2.36) 1.38

-1é.3 -36.7 -77.2 -13.4 -3G6.0 -48.9 -18.8 -20.3
-. (a8l -.0180 -.00808 ~.0442 -.0163 -.00822 -.C0l62 -+, 0156

+ 599 1.39 1.89 « 645 .981 1.42 +« 663 .721
170 . 0992 .0316 180 0691 .0887 «111 .0362

. 170 1.09 1.586 745 1.04 1.38 . 524 +«871
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F/C #

H

~
DR PERICD (SEOQ)
1/800/72)
SPIRAL (2) (SEC)
P(1)
P{2)
PL3)
PL2y/P(1)
PLASC)Y /P LAV)
W(PHL) /W (D)
DEL-B-NMAX
PHI TC B3ETA, PHASE
PHI TO BETA

PRI TQ VE

SL
«221
12.2
2.11
«387
<161
«215
<416
«413
. 854

«522

-288 .

1.10
«255

TABLE X-12
C-5A LATERAL-DIRECTIONAL HANDLING QUALITIES PARAMETERS
SAS Off
(BODY AXIS SYSTEM)

+ + + + + +
2 3 4 5 6 7
SL SL SL 20 K 20 K 20 K
«300 450 «65C «400 .600 . 800
10.5 T.3% 5.1¢ 11.5 8.23 6.16
1.69 1.94 2.12 «939 1.26 1.31
« 226 371 «431 «242 398 386
-.000993 .308 .326 -.117 «324 291
«132 «Z1l¢ «35% «-180 «359 «339
-.0C440 .828 «75¢ - .484%4 .813 «753
1.01 .0939 14C 3.50 .0778 .110
«£99 1.00 1.3¢C «428 «971 1.18
«395 .0537 .119 «530 .0811 <0794
60.8 -307. 46.7 56.6 -309. 50.1
l1.34 1.25 1.24 1.63 1.47 l.42
« 230 <142 «C817 «309 . 186 «135

770
10.2

«512

.310
« 163

«310

«310
.834
. 186

-308.

.875
10.6
1.82

26.3

.983
«104
183,
.882

.120



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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GLe

Neminal Configuration

XB-TOA
Flight Envelope

Tips Folded According to Flight Condition 80000 —
~0% Internal Fuel
S h(ft)
W= TRLooL1b /
c.g. at 0..18 E, W.L. =7.2 60,000 [~ ©
Iy = 1.8 x 10° slug-rt?
I, = 12.9 x 0% slug-rt° | 3;=65°
€ o) Body Axis
I, = 22.1 x 10" slug-ft 40,000 — /l ®
“
Ixz = —0.88 x 10° slug-t° // : -
8;=0 // |/
20,000 |— y 8r=25°
Power Approach Configuration /
/
Tips Extended // | I | | {
SL 0 3
19% Internal Fuel 0 4 8 1.2 1.6 20 2.4 2.8
Canard Flaps Down Mach
Gear Down
W = 300000 1b Level Flight Envelope
c.g. at 0.235 ¢ _ Speed Restrictions
I, = 1.45x106 slug-ft2
x . ¢ et? ® Transfer Function Case
Iy = 16x10 flug- t Body Axis
I, = 17.2x 100 slug-ft?
Iyz = 0.6 106 slug-ft2
Figure XI-1. XB-T7CA Flight Conditions



.25¢

Esmmi////////q
MGC

aLmii////,

XB-70A

S = 62978 ft2 /T\
b =105 ft — 8

¢ = 78.53f L/

913

\c
T

L1

00 00 00

Figure XI-2.

FS. 4185 FS.1621.2
FRL
— ] /— WL.O
s —
e} 00 WL.-335

XB-70A General

Arrangement



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)

279

~.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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— SL XB-70A
=== 20,000ft 384524 Ib
40,000t 218t
60,000 ft Flight
N b O
e \\@.\~ ~—05
w
| | 1 | l | L
8 1.2 1.6 20 24 2.8 3.2
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SL XB-70A
- — == 20,000 ft 384524 b
——e— 40,000ft
- = 60,000t
10+ Ol
Sk 05 -
CL Ig Level Flight Co
2 02+
Mach
Limit
Ol Ol |-
05— .005 -
| ] ] | | | | | |
o) .2 10 2 5 0.l 2 5 10 2 5

Mach



¢8%

(rad™"

(rad™)

XB-70A

3.0 .
S ) 384524 |b
=== N Flexible
—@’@/ S;=65°
20 —_— T
e O =
\@\
.0
o | l 1 1 1 1
1.2 1.6 2.0 24 28 3.2
Mach
—— SL
8 -=== 20,000t
' —-— 40,000ft
— — 60,000t
4
\\\°-u-_
~O— —
o oo | S | |
0 1.2 1.6 2.0 24 2.8 3.2



£8¢

4 8 1.2 2.0 24 32
| ] I l 1 I
'@‘@\ ()
t@ - - //@Y
-~ —
~‘.Ts) \
Cm&
Cgul °
// =R
/ , C
- ’ /© ~ "
_7
/
/ —— SL XB-70A
. ———- 20,000ft 2I18T
\51,' —-— 40,000ft Flight
——= 60,000ft



i4:14

f:\ Mach

4 N 12 16 20 24 28 32
—3&— S O e S U iy o e R
—_ sL XB-70A
- ——~ 20000ft 384524 Ib
—-— 240,000ft Rigid
— — 60,000t
+—a@ 5 t = O G e ) Y L ammm
4 8 1.2 1.6 20 24 2.8 3.2
Mach
4 8 12 0 24 28 32
I @ [ / -~ © &—C 2 >
Q ,I/
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4 (4)
XB-70A
= Flight
B

®
O3
® ©,
0O } } + f } f } f
4 8 .2 1.6 20 24 2.8 5 3.2
®
00—
-l — 8T=25° T
Cmse
-1
ad )
(r T=O
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CLac
(rad-|)

Cmsc
(rad )

- SL XB-70A

—= == 20,000ft 3845241b

—-— 40,0001t Rigid

- — 60,000t

9 -
o e 9 \s
\@&
T~
~O~
T O—
| | | | | | ] |
4 .8 L2 1.6 20 2.4 2.8 3.2
Mach
(S)=—~.
\~\
O~
TS
D~ 5
S—
~O

| | | 1 { | | |
4 8 1.2 1.6 2.0 24 2.8 32



L8T

Mach

0 4 8 12 16 2.0 24 28 32
0 | I I | l | I l
5.0
— O
-4 \®s@_/ 5 @ @ G) - @
Cyg 5,=25° 87=65
(rad™
-8 XB-70A
384524 |b
Flight
2
Cng
(rad™)
A @
| |
0 4 32
0 j -+
c =65°
RB
(rad™ _ ®
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XB-70A
384524 1b
Flight
=TT % | | % |
8 1.2 1.6 20 24 28 3.2

® H—0 ® .
S

T

65
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Mach
(rad™) @ 1.2 1.6 2.0 24 2.
5 % % = ; l8 o 3.2
W 6
-
Mach
0] .8 1.2 .6 2.0 24 2.8 3.2
Y I | i T | T T
Cnr — —-‘""'—t/
_I /
(rad™) ___@____@—-——""@—
".4 @//
XB-70A — SL
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U6e
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Mach
-04
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Mach
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c6¢

F/7C #

H{FT)

M=)
VIC(FPS)
VTO(KTAS )
VIC(KCAS)
W{LBS)
C.G.(MGC)
IX (SLUG-FT
Iy (SLUG-FT
IZ (SILUG-FT
IXZ(SLUG-FT
EPSILCN{ODEC)
QIPSF)
QC{PSF)
ALPHA(CEG)
GAMMA (CEG)
LXP(FT)
LZIP(FT)
ITH(DEG)
XI(uee)

LTH(FT)

XB-T0A DIMENSIONAL, MASS, AND FLIGHT CONDITION PARAMETERS

300017.

.235
SQ) «145E+7
sSQ) «160E+8
SQi «1T72E+8

SQ) -6000135.

99.0
-6.70

00
0.

TABLE XI-2

s = 6297.8 sq ft, b = 105.0 ft, ¢ = 78,53 ft

2
SL
«£00
893.
529.
529.
384546,
.218
-180E+7
«1COE+8
.221E+8
-88C050.
2448
948.
1109.

3.20

917.7

~6.70

3
SL
<950
1060.
628.
628,
384546,
.218
~1BOE+7
+100E+8
«221E+8
-880050.
2.48
1336,
1666.

2.60

97.7

-6.70

4
20 K
«600
622.
369.
275.
384546,
.218
«180E+7
-100E+8
<221 E+8
-880050.
2.48
245 .
268 .
7.70
0.
97.7
-6.70

0.
0.

5
40 K
900
871.
516.
278 .
384546,
.218
< 180E+7
.100E+8
<221 E+8
-880050.
2.48
224.
273.

7.50

97.7

-6.70

0.

2.20

)

40 K
1.60
1548.
918 .
528.

384546,
.218
<180 E+7
«100E+8
<221 E+8
-880050.
2.48
707.
1105.

3.70

S7.7

-6.70

2129.
1261.
710.
384546,
.218
«180E+7
«100E+8
-221E+8

-880050.

-6.70

2.00
1936.
1147.
432.
384546,
- 218
«1B0E+T7
«100E+8
«221E+8

-880050.

2.50
2420.
1433,
535.
384546,
.218
«180E+7
.100E+8
<221E+8
-880050.
2.48
663,
1139.

4e60

97.7

-6.70

10
60 K
3.00
2904.
1720.
630.
384546,
.218
«180E+7
.100E+8
<221E+8
-88C050.

2.48

-6.70



£6¢

F/C #

XU =

My ®=
XW
ZINW
MW
IAD
zQ
MWD
MQ
XDE
Z0E
MDE
XDES
ZDES
MDES
XDTH
IDTH

MOTH

1

SL

«310
-.0105
-.0893
« 000343

.0327
-.757
-.00290

0.

0.
«715E~4%

-+ 749

-43.8

~.836

. NN1NT
0.

«138E-6

+

XB-TOA

2
St
.800
-.00514
-.0188
-.00113
.0629
-1.19
-.00285
0.
0.
. 000161

-1.75

8.37
-150.
-6.10
«837E-4
0.

«220E-6

TABLE XI-3

LONGITUDINAL DIMENSIONAL DERIVATIVES

(BODY AXIS SYSTEM)

3
St
«$50
-.0352
-.00588
~.000452
. 0698
-1.50
-.00376
0.
0.
000277

-1.10

~186.

-9.92

+837E~-4
0.

.220E-6

.600
.000472
-.0271
«000199

.00819
~.580
-.00302

O.
0.
«610E-4

~1l.13

=51.9

=24 24

«837E~4
0.

.220E-6

5
40 K
900
.00212
~.0399
-.000644
.00700
-.380
-.00316
0.
0.
«S6TE-4

-1.30

5.30
-40.3
~1.90
.837€-4

0.

.220E~6

6
40 K
1.60
-.00221
-.00543
LT96E-4
.0282
- 424
-.00429
0.
0.
.2BSE-4

-.930

2+40
-37.2
-2.27
Z837E=-4
0.

«220E-6

-.00780
-.00141
.000143
.0349
-.515

-.00403

-49.2

-3.50

.B37E-4
0.

«220E-6

-.00166
-.00494
. 000152
.00776
-+192

-.00189

-17.8

-1.20

«837E-4
0.

«220€E-6

~.CC0267
-.00149
«GLBEE -6
. 009369
-.204

-.00163

0.
-.213
1.26

-16.4

-20.9

=1.57

.837E-L
O

.220E-6

10
60 K
3,00
-.00285
.00125
-.376F-4
.00983
-.218

-. 00114



¥6¢

F7C #

H
M

JE NCMINATCR
1/T{NET)L
1/T(HLTY2

Z(DETYY
WDRET)1

NUMERATCRS
My /CE )
AU )
1/7¢u )
ity )1
LYBUNE |

1

Miwo /08 )
Alw )
1/T (W n
L/Ttd 2
L/T{e 3

N THE/DE )
Al THE)
L/T(THE)L
L/TUTHE )2

WHEE DI
ACHD )
1/7T(4D 11
1/TiHD )2
177010 )3

N{AZP/DE )
alAZE)
1/7(A2P)1
1/7{azey2
[AN-FA2 D!
W(AZF)1

SL
310

{ 0652}
r.102)
39

1.253

5.77
&0
Q22
-&52

-4 3.R
7.30
{ .0531)
{ .C7% 1)

-. 837
. 0104
< A0

a4,z

~.NLRn

-1.59
2.37

39,2
JORRT
-.N2a2

S8

2 .08

TABLE XI-4

XB-7T0A ELEVATOR TRANSFER FUNCTION FACTORS

SL
801

-.0942
JCG6N
JE54
2.14

T.67
42,

AR
. 648

-137.

- (0705
L0113
50.2

-7 .48
00612
1.1

137.
625
-6 AT

.24

503,
020N

SOOR 2%

P la s

.57

SAS Off — Bobweight Ioop Open

(BODY AXIS SYSTEM)

3

St

Qs

-.0470
L0806
L4871
2.37

4

2C K
6CC

t .0136)
{ .0495)
<82¢
1.59

£.55

{ .508)
{ 34.1)

—68, 4
34,4
(-.0650)
( .C394)

~2.61
-.0C0S36
.823

4E. S
-.Cill

]

5

40 K
2900

.0278
0420
. 4560
1.78

4,87
« 2890
«322)
53.4)

2425
coeTng
.328

37.2
~0902
3.50
4,76

182.

. TN0LCT

corsy
.Cenl
Y

(
{

. 0LGqa)
. 0141}
267
2.6%

-

- -

-3.11
.0C258
L3P

9.0

. N0090k
_7':(.;
a.43

27%.
AL A Y
00226
. 0862
2.5¢

1.52
?59.
.N224
626

1.7C
224,
L8222
J1E4

1.2%
’l(’n'»'_
JEREC

L1027

&t
R,

{ L1
LO0LTT)

=7 .0k
NN AA
.10

1‘?
YA

RS}

107

- e
rrage
. :
Ralal iy 34
4k

-7 05
onaTe
L08R

Nk
000
—R.4D
R ER

2re

N st Y

OroRs
RV AN
2,60



S6¢

F/C #

H
M

DENCMINATCR
1/T{(DETI]
1/T(DET)2

HMOoETNL
W{DETH]

NUMERATERS

Wy /M
ALY )
1/7(U )1
Z{u 11
Wil )1
‘W /DTH)
Alw )
1/7(w 1
1/T{(w )2

W THE/DTH)
A{ THED
1/T{THE)L
1/T(THE 2

N(HD /D TH)
A(HD )
1/T(HOD )
Z{HD )1
W(HE )1

1

N{AZP/DTH)
s{AZF)
1/TtAZP)Y
L/7(aiP)2
taze)l
w{AzZF)1

(

SL
310

0652)
( .103)
.501
1.25

.00N0107
~. 0282
. DRE
1.24

.372fF-4
. 0680
.N301

»136E-6
t .798)
{ .647)

+160E-4
364
. 459
1.98

—.13%E-4
-.0124
. 492
. 249
171

TABLE XI-5

XB-TOA THRUST TRANSFER FUNCTION FACTORS
SAS Off — Bobweight Loop Open

SL
«£09

-.0942
.0760
.€54
2.14

.837TF-4

-.N27%1
.£623
2.14

.00019¢4
-.00352

-, t2g

219c-6
-.411
1.1R

L6TF-5

-. 354
.233
7.50

-.216%-4
-.00201
—.4r2
L1387
3.32

(BODY AXTIS SYST.M)

+ + + + +
3 4 5 & 7 e
SL 20 X 40 K an K e K [SSAN
.950 HCC .96 1.60 2.20 2,00
-.0670 ( .0138) L0278 U L0696) { .217) { .07¢2)
LQRCF { .C49C) -.0430 ( J01Ff1) ( .0157) .2171)
- 487 s S2¢€ G660 267 .20t s 148
2.77 1.58 1.73 2.%5 2.9° 1.3
B837TE-4 .837E~4 . 937E-4 .B827F-4 «RATE-4 LRATE-L
-.C22¢ - 0782 -.0149 -, N054A B MALERY ~.,00sa0
45" 632 . 384 200 168 .0Neas
2.37 1.54 1.75 2.54 2 .99 1.r0
.C0C 221 .CCN123 .L0n186 .Q0n230 . CQCasR « 074073
-.0C2¢67 t .c02) -.0102 . 00248 =,MNC267 =, D0NATS
-.128 { .C29%) -.265 0279 «061¢ JERL
L21GE-¢ L219F-6 L2109E-6 .2720F~5 .220F -4 22D F-4
-.122 <149 -.158 L5 T LORTD LORTT
1.49 L5006 .290 <399 .510 L1854
«380E-°% -112E8-4 +100E-¢& «540F-5 .336F-5 2306 E-R
-.12% LC3EE -.73830 L el .0TpG PLE
- 130 .22¢C . 2156 .116 0664 0777
3.8¢ 3.08 2.19 S.R1 a,o0o0 3,66
~ . 216E=4 =~ 214F-4 =~ . 214F-4 - 215F-4 -.215F-46 —.21%F-4
-.0C13°Ff -.0C711 -.NC&T1 -.00135 -.n0C%28 -,0r1wz
-.131 12 -.119 .N634 . C6R2 L0770
. 1883 <156 L1110 . 021 L0772 JORON
4.04 1.94 1.7 2.5%59 .28 1 .94
+ + + + +

SP2TE-4
- ANERE
- e

Ta76

POARORN A
~.ArOE_4
L0znn

L2207k
Sn2en

1o

J647F-5
.hYC‘.O
AN
4,87

2181 -6

YRR
-(\?.-7
JSLr
2.78

\R27E. 4
NN YA

-, N=on
-

fAnr g
RalalellYake

-.ri2e

R
~.fr1an
L2721

LAOEE-§
- N3

an
.

5.1/‘

_.7188.4

—JNCBAD
-y
Lraos
2,64



963

TABLE XI-6
XB~T0A STICK FORCE TRANSFER FUNCTION FACTORS
SAS Off — Bobweight Loop Closed)
(BODY AXIS SYSTEM)

+ + + + + + + + + -

F/7C ¢ 1 2 3 R 5 & 7 a @ m

H SL SL St 2C K 40 K 20 K 40 K 0K [N 4 “r L

M <310 800 .950 -6CC .co0n 1.40 2.20 Sune 7.5" .00

JENCHMINATCR

L/T(OETN 14.5 -.0579 -,0201 11.2 . D243 11.8 11.% 12.4 12.7 - ,crca
L/T(DETI2 ([ L47¢) 0354 L0052 (-.,027%) -.93R3  ( .051NH) L .272) { .ChEr) foa124n AN
1/T(DET)3 ( 0912 1¢.0 13,5 { 0Den9) 11.6 { .0130) { ."13’;) [l E L (A S | LI

FAREIZR BB .5l4 .223 L0180 .33 £372 <157 aTe L1077 LOTRY AR

WDETY 1.3 257 5.08 2.12 2.15 2.25 KPR B A T

ZIDET) 2 23 284 . 2567 2210 .29% L2F2 rre VAR 2T P76

WIDETY 2 25.3 2.8 i%.¢€ 26.2 26.6 2¢.n 1.1 7L LA 2T .5 28.n

NUMIRATIRS
NInE /55T

ARV =250 . -337. -229. -283. -211. -81.1 —£hH.D -fFL R ~54,F -30,n"
1/7T(3 11 6 .50 49.4 75.7 . 386 <280 1564, 289, 2726, ne, RECRONN

2ty 1 22 L0 <314 { .=08) « 327 $L27 -0%2e .22 JERO N

aly )1l o652 <R42 LG8 2 { 34.C) { 93.4) . 372 L 425 FRESS 182 187

ML /EST

Al ) 1337, 5637, T2EG. 2C95. 1402, 1254, 1543, 524, RS A3,
/T 0w 7 .20 -.C0705 -.0C17% 3404 33,7 167, 1A fl. At < LTRe
L/ (W Ve € .0%31) 0113 L0338 (~,C460) (-.0251) ( .0548) .60 . CLl8h} ( .1a™) OrT AT
1/T 1w P { 0241} S0.2 T6.4 ( .0294) ( .0325) { .0112) ( .ne58%) ( ,2107) { D067~y 3485,

MO TEE /FST)

LA{THO) 245,73 24 . 317. 113. GT.2 125. 200, a7, R=, 4 e,
L/T{TREDD .01ns LCCALI 0356 -.200625 —.00NTNG . 00258 0TI LO01T4 L2 e e
1/T(Thi)2 a0l 1.16 l.44 523 . 328 324 .482 . 178 .12 <278

MHD /FST)

ACHD ) -1e12, -hcLh, -7257. ~2114. ~1616. -1256. -16435, -¢an., =70, -gq=,
L/T A ) -. 0106 L00425 .24) -.0111 -.70902 L0090k O072% -.Q0NA2L AC1en LNN222
/T4 )2 -} .87 -6 .7 -12.0 -3.5% -3.5D0 -7.5% -1n,a —F R =T =R .47
L/THO )3 2 .27 2.3 1.9 4.71 4.76 /.43 11.% [ 7.7 r,E8R

NUAZPIEST)

ALAZRY -1 A7, ~2R60 4L, -43278. -294 ¢, -7827. -1190n, ~17912. -h222, —en22. -Came,
L/Ttazsm L0827 -.cr2n) -.0c1ae = WCC0T63 - TONLN0T - TP AT -.200813 O01ey -Wanre G NN ALD
LZT (AP PR S0 Qu LL0REL -.01C4 -.C2887 LhOD e .AnT7R RERSAAR R PR PRAMC LY

LUALE)) MR D len o1 PRECA | . 0ent o002 JCEop PRI ST OB AN

WEALT) ) 200 3.57 4.77 2.0 1.36 F.F0 .20 .4 .77 T.en



L6¢

F/C 4

H
"

DENCMINATCR
L/T(DETIL
1/T(RET)2
L/T(DETYA

ZIDET]
wW(DETYY
Z(DET) 2
W(DET) 2

NUMERATERS

MU /0TH)
Aty )
L/7(y )1
1/7(u 12
2ty )1
Wy )1
Iy 12
Wy )2
N(W  /DTH)
Alw )
L/7T(w )1
1/7(w )2
L/T(w )3
Ztw )1

Wiw )1

(

(
(

14.5
0674)
.091G)

.514

1.34

- 255

25.3

L00C 107
-.075]1
14.5
508
1.23
. 258
25.3

«372E-4
18.9
-.22M)
.101)
. 221
1¢.5

TABLE XI-7

XB~T70A THRUST TRANSFER FUNCTION FACTORS
SAS Off — Bobweight Loop Closed

(BODY AXTS SYSTEM)

+ + + + +
2 3 4 5 s 7
SL SL 2C K 40 K 40 K 40 K
200 950 «6(C . 90N 1.60 2.23
~-.0579 -.0201 1.2 . 0243 11.8 11.9
. 0596 <0536 (-.027°%) -.0383 { .0514) t .272)
1G.9 10.5 € .040¢%) 11.6 { .013%9) L .ni2s)
.229 .CL8C . 383 .373 . 157 .07¢2
3,87 5.05 2.12 2.15 3.25 ER
. 284 $ 267 .31C 236 $272 .250
2.2 35.¢6 26427 26.6 28.0 31.1
.B37E-< 8374 83764 «837E-4 « 837F -% «R3TF-4
~.0]101 -.0075¢C -.Cl¢¢ -.0125 -. 00515 -.00372
10.1 10.5 11.2 11.7 11.¢ 11.09
«Z12 0C227 .338 301 <115 . 04562
3.26 5.04 2.07 2.13 3.23 2,98
<284 . 267 .31C 296 .202 .29
32.2 35.6 2642 26.6 2%.0 31.1
.0C0194 .000231 0060123 . CCOo18A . C00N3129 .0CcasR
-.0C3%3 —.UC244 12.C -. 00663 L0017 -.N0C0236
-.500 - 164  .118) -.318 <0165 . 058P
11.0 11.1 t .0362) 12.4 12.7 12.7
- 250 «22% «29C «279 260 . 235
37.8 36,0 ’h.E 26.8 22.Nn 311

+
] o
£D ¥ ATK
2.0 ?a.5°
12.4 12.2
SCARLA) (1260
JLTER) t .onpesy
2107 ki EA
.20 2.7°
281 L2748
2l A 27 .6
fH2TF-4 LRRTF b
- DORRY —.onLe >
12.% 17.4
-."223 ~J0E23
28 7.4
L7281 727¢
26.6 27.58
»202423 LL0mE)
-.0rpgo2 JJL2F-4
S PRAR SNYPA
12.n 13,7
«PER . 2%0
26,7 27.¢

2,00

-, NNrCn
JLNRRA
AP
.28
2Th
2.0

JR3TE_
~ 002
12.2
_.r75a
7.'{A
L2274
2R.N

MRaYolal S K-
FEalalaied-1sl

-.N"117
17.9
287
2e.0



86G

N{ THE /CTH)
A{ THE)
L/T(THE)L
1/T{(THE)2
L/T{THE)3
Z{THE) L
W THF) 1

HAd /0TH)
A(HD )
1/T{HD
1/T{HL
Z{HD )

Wi kD )
(o )
WlHD )

1
2

)
)
1
1
2
2

Hazr /D

ALLT RS
L/TaZrl

1/77:aP)2

1/787P)2
[AR-YAS B!
WiAaZ#) 1l
LUaIP) 2
W(AZF) 2

.13 F-6
12.1

{ .70%)

{ .678)
. 302
5.4

16D E-46
<310
15.7
. 443
1.91
«232
25.4

-.135F~-4
-. 0124
« <91
13.3
. 3073
1.71
. 277
?25.3

219E8-6
-.425
1.34
11.3
. 248
32.0

46TE-5
-.324
Q.86
0136
9.06
<214
31?2.6

-.214E-4
~.0nz01
- 4013
11.1
. 104
3.63
295
32.0

TABLE XI-7
L2196-6  L219E-6
-.134 (168

1.75 .490
11.2 12.3
L2258 .287
35.2 z6.1
L380E-5  L112E-4
-.109 .C77¢C
1¢. s 10.8
-.108 .222
11.6 3.63
.302 .218
36.2 26.2
-.214F-4 -.214F-%
-.0C128  -.CC711
-.131 124
1.1 12.1
.168 152
4,42 2.013
.231 .291
3¢,2 26.1

(Concluded)

$219F-6

-.175
276
12.6
277
26. 6

. 10GE-4
-.c81l7
11.3
.266
2.59
.302
2646

- 214E-4
~. 00471

-.119
12.5
. CG31
1.93
«280
26.6

«220E=-6
0594
<406
12.8
. 260
27.9

«540F-5
.0283
11.7
.0514
6.39
.2°1
28.1

.218F-6

.00135
« 0534
12.7
. 0763
2.68
e 262
?7.9

.220E-6
0673

L0643
11.8
-. 0213
9.7%
D274
31.2

- 215F~4
-.000828
L0853
12.7
L0703
3.63
.237
31.0

«220F-£
<108
o 146
13.1
. 268
6.0

LO0LE-5
L0F08
12,4
L0810
2,81
.29¢
26,6

«215F-4
00n1R2
.0779
ia.n
0T
1.7
. 2F0
26.6

L6LDF-8
.01e”
12,2
L0108
4,00
L2790
276

- 21884

-.on1n3
L0257
13.7
.0e23
2.78
PN
27 .

JAQEF-8
-.N124
12.1
-.N1eA
A 0L
LR
2RO

-.216F-4
- JNO0Er D
-0 4
12.9
L0764
5,80
.25Q
27,9



66¢

F/C 4

H
M

JENCHINATCR
1/T{OETI
L/Ti0ET)2
1/77(0E7)3

ZIDET)I1
A(DET) ]
Z{(DETY 2
YIDET) 2

MUMERATERS

MU /OE )
ALU )
1/7( )1
1L/T(U 12
ARSI
wWu )1
e 2
wlu 12
Nl W /0E )
Afw )
1/T(W )1
1/T(W )2
1/7(w 13
L/T(w )4
Ilw 1

Wi )1

1

SL
<310

13.3
. 211)
101y
687
1.4)
. 275
25.5

S .2h
6 .61
13.13
022
. 652
. 277
25.3

TABLE XI-8

XB-70A ELEVATOR TRANSFER FUNCTION FACTORS

SAS On ~— Bobweight Loop Open

(BODY AXIS SYSTEM)

+ +
2 3 4
SL SL 2¢C
<809 O R0 .6CC
12, 13.3 1n

.575%) { .656) t .3
.0533) { .0722)

e 735 s
3.09 3.7¢ 2.1¢
.222 201 L3272
31.2 34.° 2%. 5
3.29 1.99 3.84
12.3 12.2 12.3
53.7 124, 274
L4010 .313 LG27
JETS 1.02 W 451
. 226 .2C5 273
31.9 35.1 26.1
-c8.8 -43.8 -28.4
0285 -.0158¢C 12.3
-.0758 a2 37. S
12.2 13.3 (-.111
ha.5 125. ( .n741R
226 L2058 e273
31.9 3€.1 2¢.1

o2
qcC)
{ .2726)
25

+
6 7
40 K ap K
1.60 2,20
13.7 13.%

.278 708
2.7¢9 1.22
253 .278
27.3 30.2
«L4R0 . 136
13.3 13.%
359, 122°.
2431 . 0206
«3A3 JHb82
256 “230
27.7 30.R
=7.%1 =2.48
L0150 -.0157
-.078 L0202
13.7 13.2
262, 13¢2,
256 230
27.7 an.?

+
f [a}
SRR &7
2.07 ?.57
1,54 1.2
2.0k %.20
12.3 iR.3
L2362 arE
.N30e L0607
. 7R . TRA
26.1 27.0
k22 o427
12,2 12,2
e, 541,
LF21 LETD
187 LTS
W26A L2587
26.5 ?7.4
-5.,77 -8 ,4L®
SOPRES -.0122
-.01Nn2 w122
12,2 12,72
252, 540,
o 265 P87
2h.5 2744

.29
11,13

son,
.:f‘.‘?
« 7
753
27.R

P A
-, n128
n1az
12,3
59¢,
L2213
27,8



00¢

MCTHE /DE )
A(THE)
L/T(THED]
L/T(THF 2
L/T(70E)3
Z{THRE) 1
WITHE) L

MWD /DE )
LLHD )
1/7T{HLC )1
L/THD )2
1/T(HE )3
1/T (40 )4
LinD )]
wH )

NLARP/IE D
ALALFY
1L/7T{A72)1
1/T{acey2
1/7¢(r2iP)3
LLAle) L
AP
LLAaLr) 2
wlAZD)2

- 76 4
- 0104
01
132.2
. 217
25.13

TABLE XI-8 (Concluded)

~4 .28 -5.32 -1.75 ~1.40 -1.80
LCo23 .0354 JT26E-4 (00569 .0N253
1.17 1.50 .535 336 .3298
13.3 13.3 13.3 13.3 13.3
220 .20C 266 . 265 «252
31.8 35.C 26.0 2644 27.7
fE.9 43.8 28.7 19.2 7.53
L0673 .L343 -.00912 -.00630 . 00182
B .62 12.2 ~4.,32 4.39 8.56
-8 .67 13.3 4.54 4.7 13,2
12.3 -15.3 12.3 13.3 -16.5
.218 - 196 « 267 e 262 260
32.2 35.6 26.2 26.7 26.7
icQ, 476, 142. 118, 148,
-.0C0139 -.0013¢ .S48E-4 (00427 -~,00114
LOE5L .035¢ -.C062% -.00680 .G0Z295
13.3 13.2 13.3 13.3 13.3
. 194 .229 <151 .121 153
3.5% «.23 2.02 1.87 2.58
.220 .2C0 .27C <265 .253
31.7 3%5.0 25.6 26,4 27.7

-2.17
00723
502
13.3
227
30.8

20GF,
~.000551
. 0NT784%

-1.c08
L0257
L1180
13.3
L2t 4
26.5

co,2
-.J0162
L0279
13.2

. 167
1.05

. 2¢5
26.5

-1.2%
LLCr3n
. 107
13.3
.758
27.4

5,60
0280
.81
12,3
-15.2

L 246
28,0

115,

-.O00RRT

LOD2EC
13.2
127
2.27
L2658
27.4

-1.28
PRTaRCEEY
218
13.3
262
?7.8

6.558

nn2ng
7.7
13.3

-1%8.5
VLA
8.4

12%.

~ 00R 8L
.OnoE7
13,13
122
2,60
L252
7.8



10€

TABLE XI-9
XB-70A THRUST TRANSFER FUNCTION FACTORS

SAS On — Bobweight Loop Open

+ + + + + + + . + + +

F/C # 1 2 3 4 5 6 7 ” o r

H SL St SL 2C K L0 X LK 40 K ATNK & K [ Xal g

M <310 800 .9 50 -6CC .90 1.60 2.2 NL0n 7457 2,00
JENCMINATCR
1/7T(DET)1 13.3 13.3 13.3 13.3 1.48 13.3 1,2 1.6 1.7¢ 1.8
1/T{DET)2 ( .7211) { .575) [ .6356) { .390) 3.10 { .276) LTy LA 3,2¢ 1,08
1/T{(DET)3 { .wW01) { .0533) { 0722} ( .0726) 13.3 { .0N496) (., eLp) MR 17,2 12,3

Z(DET) 1 «OR7 81l « 735 «925 «4N4 .818 VAL .72 o REF .34

WLET)1 1.41 3.09 3.78 2.1¢€ . 0501 2.79 2,23 L0204 Lan? RaR AT

Z(DET)2 .275 $ 222 « 201 o272 W267 ,252 L2228 “Zts A LR

WDET)I2 25.5 21.2 34.5 2%.5 25.9 27.2 N,z 2641 27.0 27.3

NUMERATCRS
ML /D THY

AU ) 000105 «B22E-4 «8255-4 +810F-4 .80RF-6 L P2LE-4 JR28F-L LR27F-14 LR2RE-4 LO2TE -4
1/7( )1 -.0222 -.CC785 -.00523 -.Cl4z -.N009%6 -.00424 ~.0N265 -, 06 TN AR P2 Nelales -0
L/T{y 12 12.3 12.3 13.3 12.3 13.3 13.2 13.2 12,2 13, 13,3

IASVEER B} 664 . 105 .529 756 .752 . 534 LB2% R A JLTh S22

Wiu )1 1.33 3.07 3.77 1.92 1.94 2.71 3,26 1.96 2.2 2.2

Lty 2 . 275 $222 . 201 «2732 269 .255 L2229 LR T JP5R P28

Wi )2 255 31.2 34,5 25.4 25.9 27.3 ar.2 c4.l 2TL." ?7.3

NUW  /DTH)

Alw ) .160E-& «2E1E-4 2B6E-4 «197E~4 .219E-4 .191F-4% L2007~ L1 2EF-4 JJL8F-4 158 F~-8
1/7T(w 1 . 0153 ~-.00445 -.00283 -.rCC85C -.N0569 -. 00211 -, 00112 -, 2Nz .00 Ak LAl AR K
1/T(w 2 L0254 .C533 .C871 .CB24 L0519 .N328% .007e L, N7 e et
1/7(w )3 ©.52 13.3 13.3 13.3 13.3 13.3 12,7 12.7 12,3 12,3
1/T(w )& 13.3 45.0 66.2 33.8 49.9 112, 17%. 162, 717, 2hHR,

Z{w 11 . 278 .221 200 272 266 W257 .27 AP A Pl

Wih )1 25.1 31.9 35.2 26.1 26.8 27.9 2L.T DELE 27.°% 27.9



c0¢

NOTHE /G TH)
A(THE)
1/T(THFE)L
1/T(THEY2
L/T(THED3
2ETHE) L
wlTHE) ]

o /0TH)

AlAY )
1/T(40 )]
1/T0¢40 2

L/THHE )3
L/T(RE )4
Z{ne )i
Wirdd )1

NUAZP/DTH)
AL ALP)
1/7T(AZ7)1
1/7(a 2002
1/7T4A/P)3
ZCAZFY Y
W(aze)l
2{AZP)2
wW{ALP)2

443 E~6 .1295-5
13.3 .C4h3
L967) 1.14
. 403) 15.3
.278 .220
25.2 31.9

- 212E-5 =,215E-4%
. 181 0455

3.2 -7 .65
17,3 8.07

-19.3 12.3
.33 .213
2.4 3z.1

-.2TRE=4 =~ CGRE-&

-.012% -.0C201
.221 L4671
13.3 13,3
L2581 L 185
2 .00 3.63
277 .220
25,1 1.8

.158E-5
.08u4¢
1.44
12.2
. 199
35.2

- .216E-4
.082¢
10.3

-10.9
13.3
. 198
35.4

-.,000129

~.0C13¢&
L0847
13.2
.192
4.33
. 199
35.2

TABLE XI-9 (Concluded)

+107E~-5
.108
506
13.3
£ 269
26.C

-~ .863E-5
.C922
5.C1

-8.6C
13.3
257
2€.9

- .848E-4
~ . 00667
<103
13.3
. 132
2.05
. 266
26.C

]

.

125F-5
.070l
. 308
13.3
.264
26.5

112E-4
0631
4.52
7.53
13.3
. 258
27.2

con1nt
C0485
0704
13.3
. 0685
1.89
265
26.5

.139€-5
. 0956
360
13.3
251
27.9

~«128F =4
. 0905
T7.02
-8.30
13.3
. 248
28,2

-.000114

~.001 34
.0948
13,2
0724
?.59
. 251
27.9

J170F-5
.0e77
. 465
13.3
£ 228
32l.0

~e174E-4
. 0657
Q.49
-10.3
13.3
225
31.2

-.000) &S
-.00NS5T
. 0975
13.2
L0751
3.41
« 226
30.9

J113F-5  ,131F-8
01 Jnarn
. 162 L1R7
13.3 12,2
L2613 LY
26.6 27.5
~.65€E-8 -, BPCE-§
.0pR7 .revs
&,45 6.5
12,3 -11.4
-15.4 12,3
.2e7 .2¢ep
27,4 28.0
-, A70F-2  —,202113
-,2rian -.0C¥IC2
TN DA
12.3 13,32
L0701 SNEED
1.05 ?.78
266 L
26.6 27.8
+

JNLTFE
raag
. 7?79
13.3
- 251
27.9

-.100F-4
LRT7
7.50

-1, 8
13.3
LP2LT
23.2

—.Anr R
- JOCHERT
LGOI
13,3
EY S
2.52
251
27,9



€0g

F/C &

X

JENCMINATCR
1/T{DET)]
L/T{oeT)2
L/VIDET)3

I{nNeETI
W{DET)1
Z(DETY2
W(CET)2

NUMERATCRS

U /DR )
AtU )
1/7{U 11
L/T(U 2
JARVEED D
wu 11
W /DE )
Alw )
1/7(w
L/T (W 2
1L/T(W )3
L/T (W )&

M{ THE /DE )
AL THE)
1/T(THE}]
1/T(THE}Z
L/T(THE)3

St
310

lasa
€ .187)
{ .0930)
.6l6
1.67
. 254
25.5

-4 .25
6 .60
66.8
. 9272
«H52

32.3
7 .30
65,8
{ .C%31)
{ .0941)

(

{

(
{

TABLE XI-10

XB-70A ELEVATOR TRANSFER FUNCTION FACTORS

N

St
800

1C.9

L 494)
N435)
622

4.18

.58

31.2

-3.97
L402)
-866)
~81°
5243

T1.1
€233
-.0240
.R19)
5%2.2)

2.90
00623
1.14
77.1

(BODY AXIS SYSTEM)

+ FS
3 4 S
SL 20 K L0 K
.950 £0C .9CC
11.6 11. ¢ 1.84
+637) { .248) 3.22
.0€8387) ( .0es6C) 11.8
.540 L8613 274
4,695 2.50 L0470
. 229 201 .287
34,4 2.4 75,8
-3.12 -6.6€ -6.72
«314) .297 «275
1.01) .01 .323
L.756 .¢N< . 899
64,7 36,1 2g, 7
69.1 4c, 3 St.1
-.C130 (-.0°0%5) (-,0733)
L0423 { .02A2) t .n282)
.753) { .c0&) { .900)
64.9) t 2¢.2) (26, 7)
3.70 2.12 2.41
.0354 - .000258 .f0n2462
1.48 L5258 .327
75.4 4¢.8 38.4

SAS On — Bobweight Loop Closed

20 X
1.60C

12.2

t .277)
+0454)
<760
3.20
270
27.2

-2.87
{ .447)
{ .2532)

.925
62.6

44,5

. 0108
-.0123
{ .026)
{ 62.6)

2.77
. N0254
.380
42.0

2 X
222

12.%
( .302)
. 04BR)
L7072
3.7%
. 261
2n.2

-1.0%
52.6

0270
4321

48,2
-.0121
.01¢9
2.7
116.

3,64
LCOTSD
A-TA
4N.4

[N 4

ne

. ) e

B AN Rge BERY BN Y
~Ne Dm

.
-~ NP on

gty

~N e

-2.¢1
4141
l1ir.
. 828
163

2.12

L0022
172
28,2

9]

&0

2.5

2.0%
17,4
Y e

L3A7F

.25
27."

~Z .60
2p,0
1A,
LA

182

22,7

EEUAL
20230

apL.r
144,

?.E’l

JL0P0A

REl

24,7

“n ¢
T~

1.,C4
2FL
12.32
.2%8
.nza7
o5

27,7

-?2.1°
2,3
JiF.

XA

128

1k, 0

- .hnc e

10
& 2
YRR

2.01
reser
2T a
?3.4



141}

MHD /DE )
A(HD )
1/7(HL )1
L/T (kD )2
1/7(HU )3
L/T(4D e

MEAZP/DE )
ALAZF)
1/70azpe
1/TlazP)2
1/T(AZP)3
Z{AZP)]
Winzeyl

~32.5
-.N18a
-1 .5%
2.37
66.8

-29.0
005327
-. 0242
6h.7
115
2.03

-71.2
00449
-7 64
% .55
4<,.8

-212.

-.CC130
L0659
géLt
. 185
3 .56

TABLE XI-10
-69.1 -45. 8
.0343  -.0097%
12.3 ~-3.85
-12.4 4.48
41.7 38,7
-293. -155.
-.00137 -.00018%
L0356  -.00956
83.4 51.8
.222 -134
4.264 2.02

(Concluded)

-51.5
-.00704
-1.82
44,35
30.2

~-184.

. CC0163
-.C0725
40.7
. QR65
1.87

-44,6

.G0153
7.98

-8.59
22.1

-2?21.
-.00123
-00276
45.9
.123
2.58

-48.2
00725
-12.8
( .97¢)
( 15.7)

-287.
-.000~78
«DO78A
44,32
.123
3.37

-21.7
L000478
f.17
-6 .62
23.1

-176.
-.,0017°
220222
27.5
. 107
1.05

~33,R
0738
[
-8 .,22

22.3

-21e,
-.000027
00328
2H,F
.102
2.780

~24,0
L0272
7.71
—a,18
272 .6

-6,
- . OD0RTF
LC0230

5.0
L0614

2.61



F/C *

o
M

DENCMINATGR
1/T(DET)1
1/TIDETIZ
1/T{DET)3

Z{(DET 1
WIDET)]
Z{BET) 2
N{DET)2

G0¢

NUMERATCRS

MUY /DTHD
AlU )
1/T(U 11
VALY )2
iy 11
Wiy )1
iU )2
Wy )2
NiwW /DTH)
Alw )
1/T{w )1
1L/T(w )2
1/T{w )3
1/T1(w )&
2tw )1

Wiw )1

1

310

l4.4
{ «1RT)
{ .C93n)
. 616
1.67
. 256
25.6

000105
-. 0206
14e4
.59 2
1 .44
. 255
25.5

«1A0E-4

{-.0667)
( «7312)
{ .987)
1t.1)
. 297
25.N0

(

TABLE XI-11

XB-T0A THRUST TRANSFER FUNCTION FACTORS

SL
-800

10.9
-494)
L435)
622
4.18
. 253
31.2

.822F-4
-.C0593

11.1
=216
4011
.59
3.2

f261F-4
-.00427
(567

14.0
44,5
.219
31.7

SAS On — Bobweight ILoop Closed
(BODY AXIS SYSTEM)

+ + + +
3 & s 5
SL 2C K 40 K 4n
9 E0 L6CC .o0n 1.60
11.¢6 11.5 1.84 12.2
{ .637) ( .348) 3.22 { .277)
{ .0587) { N£60C) 11.8 { .Ca54)
. 240 <863 .374 <760
4,99 2.50 L0470 3.20
229 <301 287 .270
34,4 25.4 25.8 27.2
+B25E-4 ~RINE-4 . RNRE-4  B24C-4
-.00394 -.0128 -.,CC889 -.C0375
11.8 11.¢ 12.1 12.4
J439 OT 4 . 701 LATH
4,972 2.3¢C 2.20 3.09
. 230 «3273 .290 .271
34.% 2%.4 25.8 27.3
256 E-4 «197F-4 .219E-4 «191F=-4
-.0C277 -.00353 —-.00573 ~-. 00210
0291 L0773 049N «NQZ24
14,1 13. % 13.5 12,7
65.8 33.7 45,8 112.
. 196 271 + 265 247
3¢.9 2F.C 265 27.8

(

{

7

40 ¥
2.20

12.4
.302)
«TLER)
709
2,78
<761
30,2

LB20F-4
-.0N225

12.%
L4460
.72
263
3n.3

«20TE-¢C
~.r011?

+NAT7S

13,7
174,
.221
3¢.¢

£n X

72.00

1.R%
3.06
12.6
2L A
L0272
277
26.1

a22c-4
craiz
12.7
.412
2.15
.?279
26.1

125F-4

LN 3

.re3r
12.°¢
160,
260
Pk

S
2.5"

2.0F
3.27
12.4
X
L0378
.2¢P
27.0

RPEF L
_.’\(\T,l:\l‘
12.7
L4821
2.27
L2770
27 .0

A -

~n14An
L0o22
12K
217.
L2577
?T.R

LQA27F-2
EALARE A
12.4
L4F ]
?2.513
< 2~ T

27.3

JSRE-G

—.rNr s

LNOZR
12,5
2R,
.760
27,9



90¢

H{ THE /D TH)
A{THE)
1/T(TREYL
V/T(THE Y2
1/7({THE)3
L{ThE) L
Wl THE)

MAD /0THS
ALHD )
F/T{HD )1
L/TIRD 2
1/7(48 )2
L/T(HS e
ZiHD )1
WiHD )1

A

~

NP L U
~

B —
~
TU DNNM U
-~~~ 9 v I
L R R s
w N —

¥
>

~
u

42 E-6
12,0

( .025%)

( .¢0%)
. 285

25.2

-.212F-5
.173
=227

t.921)

(£ .65)
. 475
27.6

-.278F-4
—-.0123
. 221
13.3
« 260
2.07°
$ 277
5.3

TABLE XI-11

«129€E-5 .158E-5 .107E-5
L0GeAT .C84¢ .110C
1.11 1.36 +496
12T 13.8 13. 4
L2164 .192 .258
31.9 35.2 26.C

—.218F-4 -.216E-4 L363E- 5
(643 .0e2C . 868
=7 .69 -11.0 L, RE
8.30 { .99%&) -8.35
13.1 ( 11.9) 14. 6
218 .203 .233
3z.1 35.4 26.8

~s€65F=-4  -.,000129 .B43E-4
-.00201 -.00113¢ «00667
L0671 .0847 .103
12.9 14.0 13,5
. 159 .197 . 130
3.55 4.22 2.04
L2111 . 189 . 267
31.9 36.2 26.C

.125€E-5
L0772
. 298
13.4
. 262
26.5

~.112z-4

L0620
4,47

-T.44
13.9
L2644
27.1

—-.Connt
-.L0485

L0704
13.5
. C,89
1.83
.262
2¢6. %

(Concluded)

.13GE=-5 «170F-5 .113F-5
. 0058 .3877 L1022
«352 .452 . 159
13.6 13.7 13.5
.246 221 . 261
27.9 1.0 26.6

~.138E-4 -,174f~4 ~-.456E-5
. 0RQ6 . 0052 .nele
7.27 -10.¢ 5.42

-8.38 10.%8 13.6
12.9 11.7 -15.4
.253 232 . 261
28.2 31.2 27 .4

-.000116 - 000128 - 0T CF -4
- 001 34 -. 000827 -.,2018D
. 0648 . 09786 L0A66
13.8 13.8 12,5
. 0748 . 0787 L0717
2.55 3.25 1.04
$ 263 .219 L 260
27.9 30.° 2€.6
+ +

«131F-5
L09na
L1825
13.%
«?252
27.5

-.ANGE-K
LORES
L BR

-11.4
13.3
L2409
8.0

-.000113

- 00102
LNO1A
13.%
LOe64
2.76
L 2F)
27.%

L1a7F-&
0ran
.208
13.5
an
27.9

- JIN9E-4
.f‘nﬂ??
760

-]_("O
13,2
240
28,2

&

—.o0n R
-.0CrEnT
L0000
13.%
L7
2.61
240
?7.9



L0g

F/C %

DIG) /() (DEG/KT)
MZA  CG/RAD)
DE /s (DEG/G)
CAP  (RAD/SEC/SEC/G)

PHUSZI0{2)
{ TuCK(2) )

{SEC)

1/Ct1 /100

FST/KT {LB/KT)

FST/6  (LB/G)

SL

. 310

-.338

71.2

TABLE XI-12

XB-TOA LONGITUDINAL HANDLING QUALITIES PARAMETERS

St

80N

0807

1£.2

{

-. 103

.570
.119

14.7)

-025¢

13.8

SAS off
(BODY AXIS SYSTEM)

+ + +
4 5
20 K 40 K
.A0C . 900

Bobweight Loop Open

-03133 . 0270 -
9.70 R.59
5.52 3.34
252 «366
--  16.1)
1.65 1.42

Bobweighn Loop Closed

-.0513 0589

30.2 45,3

1.5N

.C0273

. 636

-.0191

39.4

~. 02172
31.8
2,48

281

<880

-.0172

28.°0

00100

LAN0

-JANGEY

.2RT

-.0112

&1.4

mn

AD €

[

S0

- ..Qne 7o

00707

27.4



80€

F/C #

Yv
Y8
Lg
NG *
Le?
NP *
LR?
NR !
Y« DA
L' DA
N* DA
Y% OR
L' DR

N' DR

SL

.310
-.0508
-17.6
-5.C4

.898
-1.71
-.156
-.213

-.200

SL
800
-.213
=-190.
S.67
1.60
-6.02
.0533
-.636
~e375

~.0129

-.0386
.0515
~-.0881

~l.24

SL
950
-.266
~-282.
~9.19
3.73
-7.36
. 145
-1.01
-e415
-.0133
3.54
~.201
.0531
-4.71

=l.al

TABLE XI-13

600
-.0499
-31.0
-6.11

.889
-1.05

<0417

«259
~+140
-.0091«

4,01
-.0936

«0249

«260

~.421

XB-TOA IATERAL DIRECTIONAL DIMENSIONAL DERIVATIVES

(BODY AXIS SYSTEM)

+ +
5 6 7
40 K 40 K 40 K
900 1.60 2.20
-.0352 -.113 -.129
-30.6 -175. -275.
-6.18 2.90 4.81
.881 2.04 2.21
~1l.26 -1.16 -1.03
0572 -.0219 -.0507
.0927 -.202 -.0625
~.0883 -.307 ~«367
-.00176 .000481 0.
3.54 l1.51 1.67
-.188 ~.166 -.107
.0149 .0183 .0182
~.455 2.10 1.75
-«330 -.845 -1.07

+ +

8 9 10

60 K 60 K 60 K

2.00 2.50 3.00
-.0473 -.0548 -, 0623
-91.6 -133. -181.

1.94 1.99 —+569

.811 .912 1.16
-.393 -.413 -.438
-.0170 -.0193 -,0115
-.03%9 .0212 0849
-e134 -.151 —.174
.231€-4 0. 0.

« 966 «993 1.07
-.0638 -.0395 -.0427

00750 00721 .00693

.800 681 «285
~.425 -.485 -.582

+ +



60€

F/7C #

H
M

DENCM INATOR
L/T(DET)L
1/T(DETI2

Z(DET) 1
WIDET)1

NUMERATORS

N{B /DA )
A(B )
1/7t8 1
1/7(8 )2
1/7T(8 )3

N(P /DA )

N(R /DA )
AlR )
L/T(R 1
L/T(R )2
L/T(K )3

N{PHI/DA )
A(PHI)
ZiPHI)1
W(PHI)L

N{AYP/DA )
ALAYP)
L/T(AYP )L
1/T{AYP )2
Z(AYP) 1
W(AYP)1

1 2
SL St
.310 .800
.0287 ~.Cl58
1.77 4.15
.0615 -184
1.27 1.28
-.0175 -.C129
. 0485 -21.9
1.94 { «559)
-27.9 { .505)
2.738 5.24
-.0119 -. 00193
. 184 -216
.829 1.32
-.125 -.C336
<407 ~5.01
~.607 { .991)

5.55 { 1.28)

2.76 5.264
+157 215
«834 1.32
. 146 19.9
.0651 «157
-497. -1.93
-.198 245
511 l.44

3

SL
«950

< 00706
T.217
<197
1.64

-.0132
0451
3.58

-23.0

3.54
-.00131

211

1.83

-.201
~.505
«655
5.18

3.53
.208
1.83

-10.0
«0251
15.0
.133
1.87

{

TABIE XI-1k

SAS Off

4

20 K .

«600

.0270
.678
«217
1.23

-.00914

-68.1
.786)
-213)

4,01
-.00691

.118

<866

-.0936
«430
1.50

-2.54

4.00
115
«874

12.0
-.150
234
0817
1.56

(BODY AXIS SYSTEM)

40 K
900

.0133
. 745
.266
l.16

-.00176
.0685
241

-368.

3.54
-.00483
0851

743

-.188
.288
l.12

-1.19

3.52
<0804
o752

3.84
.127
-.181
~.196
1.69

40 K
1.60

-.00576
1.19
.l45
1.38

.000481
.0359
1.06
547.

1.51
-.00132

<144

1.55

-.166
.283
-.795%
1.98

-5.34
.0423
3.90

-.192
l.41

XB-TOA AILERON TRANSFER FUNCTION FACTORS

<174
.0390
1.37

1.67
-.0005%96
«156
1.60

-.107
.319
-.776
2.41

1.67
. 155
1,60

«791
0419
-19.1
.l24
2,00

8

60 K
2.00

-.0178
.396
.126
. 779

«231E-4
.0320
394
7269,

«G66
-.C0179
. 0960
.970

-.0638
.148

-1.01
1.56

. 959
<0923
<979

. 279
.0381
~-11.3
0259
l1.27

9

&0 K
2.50

-.0152
395
<137
-875

116
. 0348
<484

«993
-.00102

.102

. 998

-+ 0305
. 166
-1.07
1.86

«990
.1C1
1.00

2.79

. 0390
-1.84

<430

l.14

10

650 K
3.00

-.000645
<436
.108
1.10

.106
. 0406
L4664

1.07
-.000653
.109
1.07

—.0427
.180

~1.06
l.67

1.07
.108
1.08

3.01
046l
-1.96
.586
1.18



01¢

F/C #

H
M

DENGOM INATOR
L/T(DET)1
L/T(DET)2

ZLDET) 1
W(DET)1

NUMERATORS

N{B /DR )}
AlB )
/T8 )1
/T )2
L/T(8 13

N(P /DR )
AP )
1/7(P )1
TP 2

/r(p )3

N(R /DR )
A(R )
L/T (R
(R

W(R

1l
)1
)1

N(PHI/DR )
A(PHI)
L/T(PHI)L
L/T(PHI)2

NUAYP/DR )
ACAYP)
1L/T(aYP)1
L/T(AYP )2
Z(AYP)1
W{AYP) 1

SL
.310

.0287
1.77
. 0615
l1.27

.0333
.00130
1.73
17.5

.118
-.0121
4.77

~4,91

-.568
1.55
.178
.538

0433
6.53
-9.93

-43.9
-.0747
1.07
715
.516

(

XB-TOA RUDDER TRANSFER FUNCTION FACTORS

SL
.800

-.0158
4.15
. 184
1.28

. 0515
«C0337
4.07
24.4

-.0881
-. 00197
6.67

-20.7

=1.24
- 274
«303)
4.14)

-.158
6.28
-12.3

~T6.2
.0133
4.23
-. 125
1.34

{
{

(

3

SL
950

. 00706

7.27
«197
1.94

.0531

-.00282

10.5
19.8

-4.71

-.00135

.0939)
2.57)

-1.41
7.71
bbb
292

-4.738
«114)
2.56)

-113.
-.0119
5.78
. 0668
1.59

TABLE XI-15

SAS Off

(BODY AXIS SYSTEM)

4 5
20 K 40 K
600 900
0270 .0133
678 «T45
217 266
1.23 l.16
.0249 0149
-.0153 -.0114
«955 1.56
18.4 17.8
«260 —.455
-+000694 -.00485
2.62 ( .0860)
=3.43 { 2.31)
—.421 -.330
«570 -473
317 566
«708 757
.203 -.498
2.83 ( 107}
—4.l6 { 2.23)
-23.9 ~22.3
-.0606 -.0352
.383 .332
«337 <406
1.07 1.10

(
{

{
{

(
(

(3

40 K
1.60

-.00576
1.19
«145
1.38

.0183
0140
l.13
53.9

2.10
-.00132
«146)
1.80)

~.845
«243

-.455)
1.49)

2.05
.138)
1.83)

-40.2
.025%
l1.88

-.194
1.26

(
(

(

(
(

7

40 K
2.20

-.0131
966
+200
1.43

.0182
.00807
1.08
62.9

1.75
«000599
.128)
2.28)

-1.07
266

-+367)
1.30)

1.71
«123)
2.31)

-54.0
.0148
1.54

-.103
1.7¢4

8

60 K
2.00

-.0178
396
«126
«179

« 00750
- 00860
«395
68.0

. 800
-.00180
( .0821)
( 1.36)

- +425
o142
{(-.497)
{ «813)

« 754
{ «0735)
( l.41)

t

217
.0170
« 155
-.169
. 891

9 10
60 K 60 K
2.50 3.00
-.0152 ~. 000645
«395 «636
«137 .108
. 875 1.10
.00721 «0N693
.C0281 -.000649
«4l9 «436
72.3 86.6
481 «285
«00102 . 0485
( «0631) (-.0855)
{ 1.71) ( L773E-4)
+485 —+582
«152 «105F-6
(-.367) ( .0485)
( .688) [ «&84)
443 «250
{ .0540) 0485
( 1.78) ~. 0614
-26.7 -34.9
.00732 -.000651
.583 .439
.0610 .00299
l.19 1.55



11¢

TABLE XI-16
XB-TOA AILERON TRANSFER FUNCTION FACTORS
SAS On

(BODY AXIS SYSTEM)

+ + &+ + + + + + + +

F/C # 1 2 3 & 5 6 7 8 9 10

H St SL St 20 K 40 XK 40 K 40 K 60 K 60 K 60 K

tA .310 .800 .950 «60C .900 1.60 2.20 2.00 2.50 3.00

DENSMINATOR
1/T(DET )L +O0153 -.C115 L00%13 00647 .00415 -.00392 -.00683 ~-.00774 -.00663 -.000649
1/TIDET)2 hb b . 3297 <388 .351 »350 365 «345 «382 «371 «353
1/T(OET )3 3.00 6.73 8.86 2475 2.65 2.00 1.90 .953 «9Q63 «955
Z(BET) ] «377 . 781 .33 «304 «335 .25 278 « 147 «193 217
W(DET) 1 1.05 1.12 1.88 «957 «865 1.38 1.42 TT7 . 855 1.06

NUMERATCR S

Mg /JA )

A(B ) -.0175 -.Cl29 -.0133 -.00914 -.00176 .£00481 «173 «231E~-4 «115 106
1/7(8 )1 .0319 . (723 .0288 o147 .0511 .0337 +0354 . 0290 «0310 .0351
1/71(8 )2 . 442 -21.7 .498 -68.0 266 +333 «340 . 257 £ 271 «268
1/7¢(3 )3 2425 { .$33) 4,05 ( «961) «405 1.13 1.48 «563 « 669 . 667
1/71(3 14 -27.5 ( 1.09) ~21+3 ( .320) -367. 545. T261.

NP /DA )

AP ) 2.78 5.24 3.54 4,01 3.54 1.51 1.67 « 966 .963 1.07
1/T(P )l -.0118 -.0C193 -.00131 -.00691 -.00483 -.00132 -.000596 -.0C179 -.00102 -.000653
VAR Y )2 « 504 . bhh «357 «348 «354 341 » 344 e 369 352 »253

(P )1 .537 « 773 «711 176 «150 .206 251 .166 «190 .209
WP )1 « 674 L.14 1.77 «846 .721 1.53 1.57 .« 947 « 971 1.04

N{R /DA )

A(R. ) -.125 -.0386 -e201 -.0936 -.183 -. 156 -.107 -,0638 -. 0395 -.0427
L/T (R )1 333 « 333 «333 333 .288 .2873 +.319 . 148 166 +180
L/TAR )2 « 407 -5.01 -.505 «430 .333 «333 «333 .333 «333 «333
/T (R 13 -. 607 { +991) «655 1.50 lel2 ~.795 -.776 -1.01 -1.07 ~-1.06

L/T(R )4 5.55 { 1.28) S..8 -2.5¢4 ~1.19 1.98 2.41 1.56 1.86 1.67



AR

N{PHI /DA |}
A(PHIT)
W/TPFIN
LIPHI)
WwiPHI)1

NCAYR /DA )
A(AYP)
1/7T{AYP )1
1/T(AY®P }2
L/T(AYP )3
Z(AYP) 1
WlAYP) 1

2.76
501
$ 507
.62C

<l46
.05C4
<454
-457,
-.07¢62
.534

5.24 3.53
. 445 .358
. 172 . 708
l.14 1.77
19.9 -10.0
. (734 .C206
. T24 <426
-2.08 16.8
. 734 ]
1.37 1.94

TABLE XI-16

4.00
«348
172
<454

12.0
-.160
.211
«360
.137
1.53

Continued

3.52
<354
. 145
.730

3.84
.113
-.2006
. 344
-.0790
1.94

1.50
341
202
1.54

-5.34
L0411
.338
3.73

-.174
1.45

1.67
<344
. 249
1.58

. 791
0393
. 341
-16.8
. 187
2.18

« 959
« 349
«162
. 956

«279
.C358
313
=9.47
.108
l1.48

+990
352
.188
975

2.79
. 0357
«309
-1.79
513
1.25

1.07
«353
.208
1.04

3.01
.0392
3064
-1.89
«660
1.33



e1g

F/C #

H
M

DENOM INATOR
1/T(DET)1
L/T{DET)2
1/T(DET)3
J{VEM) ]
W({CET)}

NUMERATOR S

N{(B /DF )
ALB )
1/71(8 1l
/T8 )2
1/7(8 )3
L/T(8 )4

N(P /DF )
AlP )
/7P ’1
/T (P 12
Zep )1
Wip )1

N(R /DR )
A(R )
L/T (R BN
/T (R 12
1/7T(k )3

/TR )4

o

SL
.310

0153
cbtb
3.00
<377
1.05

.0333
-.00454
.333
3.07
17.6

.118
-.0121
.323
{ 4.77)
(-4,91)

-.5%568
. 333
2.9%

( .214)

{ «390)

TABLE XI-17

XB-TOA RUDDER TRANSFER FUNCTION FACTORS

SL
.800

-.Cl115
. 297
6.73
. 781
1.12

.C518
.0Cl26
. 333
6.73
24.3

-. (881
-.,0C197
«333
{ 6.67)
(-2C. 7}

-1.24
-.198
.258
. 333
6.73

SAS On

(BODY AXIS SYSTEM)

+ +
3 4 5
St 20 K 40 K

950 .6C0 .900

.00513 00647 .00415
.388 351 «350
8.86 2.75 2.65
«633 .304 .335
1.88 «957 «865

.0531 .0249 .0149

-.00251 -.00985 -.00747
.333 .333 .333
{ .967) 2.72 4.1C
{ 16.3) 18.7 17.0
-4,71 s 260 -.455

-.00125 -.00694 -.00485
.332 .333 333

. 0939 { 2.62) 0860
2.57 (-3.43) 2.31
-1.41 —-.421 -.330
.333 «333 333
9.82 2.74 2.92

{ 494, { «389) ( +514)

{ .258) ( .322) { .305)

+ + +
6 7 8 9
40 K 40 K 60 K 60 K
1.60 2.20 2.00 2.50
-.00392 -.00683 -.00774 -.00663
. 345 « 345 . 382 .371
2.00 1.90 «953 543
215 .278 . 147 193
1.38 L.42 L7177 « 855
.C183 .0182 00750 .00721
.00944 « 00464 .00368 .000840
.333 .333 «333 .333
1.60 1.79 <750 «B64
54,1 63.1 68.1 T72.4
2.10 1.75 . 800 .481
-.00132 -.000599 -.00180 -.00102
«333 -333 «333 »333
146 .128 . 0821 <0631
1.80 2.28 1.36 1.71
-. 845 -1.07 =.425 ~.485
.219 227 . 129 .131
.333 ~.280 +333 —. 269
-.379 $332 -.389 +323
1.99 2.00 l.14 1.09

10

60 K
3.00

-.000649
353
«955
217
1.06

.00693
-.0N00654
«333
.« 947
86.6

.285

. 0485
333
-. 0555
«T73E~-4

-.582

«482E-7
.0485
333
«969



v1g

TABLE XI-17 Continued

NUPHI/ZDE )

A(PHI) .0433 -.158 ~4.78 .203 -.498 2.05 1.71 « 754 43 .250
1/T(PHI)1 «333 «333 »333 333 .333 -333 .333 333 .333 . 0485
1/T{PHI)2 5.£7 6.68 ( «11%) 2.61 { 14s) ( «134) ( .119) ( .C6e3) ( .0«28) -.134
L/T(PEI}3 -11.5 -11.5 ( 2.56) -4.50 { 2.23} ( 1.83)  2.31) ( 1.61) { 1.78) 333

N{AYP/DE )

ALAYP) -632,9 ~-7€.2 -113. -23.9 ~22.3 -40.2 -54.0 -21.7 -26.7 -34.9 :
1/7(AYP )1 ~.0475 ~OCT777 -.00867 ~.0371 -.0213 .0200 .00934 .C0885 «00314 -. 000655
1/7 (AYP )2 -333 - 333 «333 333 .333 333 .333 . 333 333 «333
L/T(AYP )3 2.86 6.73 7.80 2.76 2.46 2.43 2.34 1.22 l.11 «967

ZLAYP) 1 3062 ~.C860 . 0496 .367 «435 -.168 ~.0869 -elés ~. 0620 .00968
WlAYP) 1 423 1.37 1.65 .534 «553 1.25 1.76 933 1.22 1.56



¢1e

F/IC #

H

M
DR PERIOD (SEC)
1/C{172)
SPIRAL (2) (SEC)
P(1})
P(2)
P(3)
PL2y/e(l)
PLOSC /P LAV)
W(PHL } /WD)
DEL-B-MAX
PHI TO BETA, PHASE
PHI TO BETA

PHI TO VE

TABLE XI-18
XB-TOA LATERAL DIRECTICONAL HANDLING QUALITIES PARAMETERS
SAS Off

(BODY AXIS SYSTEM)

1 2 3 4 5 [ 7
SL SL SL 20 40 40 K 40 K
310 . 800 «950 «600 900 1.60 2.20
4.94% 4.98 3.30 5.25 5.60 4.60 4.50
«559 1.70 1.82 2.02 2.51 1.32 1.85
-- 43.9 - - - 120. 52.8
l.11 l.45 461 2.20 l.67 1.70 2.28
-.0279 1.38 398 1.59 869 1.55 2.22
1.04 1.50 «435 2.82 2.04 1.70 2.40
~.0251 « G54 .863 <724 .521 909 «973
1.05 .« 0329 .0593 <160 .315 04673 .0135
<655 1.03 +943 713 646 1.13 1.12
. 607 . 0689 .0658 «452 44?7 =219 175
48.7 244. 55.2 22.8 386, 211, 197.
1.86 1.90 652 3.42 3.56 1.31 2.17
»308 122 «0352 «432 471 0873 117

3.89
4.72
.958
. 0605

10
60 K
3.00
5.75
+989

1075.

«9G5
.00265
«979
.165
22.3
. 405

.0259
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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.

A-1



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)]
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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
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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]

A-13



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)]
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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?



1-d

a. NON-DIMENSIONAL STABILITY AXIS TO BODY AXIS

Cw

APPENDIX B

TRANSFORMATION OF STABILITY AXIS DERIVATIVES TO BODY AXIS

CLa cos ag - C1, sin °'°+°Du 8in ag +Cp cos ag

Cpg, co3 ap - Cp &in oo - CLy 8in ao-Cy, cos ao

LORGITUDINAL
Body Axis
Cy = Cy cos oo +Cp 8in a4
Cx = Cp cos ao-CL 8in ao
CNG, =
Crg = Crg cos ag
CNq = CLq cos ag
Cny = Cry cos ao +Cpy 8in co
CNg = Crg cos ap +Cpg 8in ap
X =
Cxg = 'CLd, sin ag
Cxq = -CLq sin og
Cxy = Cpy cos ag - CLM sin oq
Cxg = Cpg cOS o= C1g sin ao

Crm, Cmu, Cmm; Cmq: CmM, cmf, ~ UNCHANGED

/ XB 9Uo

Xs.Vr,

Uy = VTOcos Qg

wo = VTosin G

LATERAL

Body Axis
(Cla)B

"

(:]_13 cos Oy - Cnﬁ sin o

(clﬁ)B = (15 €08 Q- Cpy 8in Q,

(cnﬁ)B = Cnﬁ cos @ + Clﬂ sin &,

(Cngly = Cng 08 Qo+ C1g 8in 0

Cygs Cys s Cyp, - UNCHANGED

(Clp)B = Ci cosPer, - (C1.+ Cnplsin ag cos g+ Cny sinag

(Cll‘)B = C1. °°52ao' (Cnr - C]_p)sin O cOs Og - cnp sin2a°

(cnp)B = Cnp coseao - (Cnr - C]_p)sin Qo cos Qg ~ Clr sin2a0

(Cnr)B = Cp,. cosecxo+ (c1.+ Cnp)sin ¥ cos ag +Cay sineao



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.
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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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