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SECURITY INFORMATION

i

BuAer Report AE-61-4

Fundamentals of Design

of Piloted Aircraft
Flight Control Systems

Volume HI, Addendum1
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or he hie ofNa Operations, as appropriate
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ireasomakif- chauca of its falling into the havedi of &ws uufries;Wy uatiou, umiess specdjically

asithorized by the Operatiosal Conmmauder.

PUSUTU BY DIRICON Of
THE CHIuE OF lIN BUIEAU OF A-IONAUTIC

NOICS-This dc'ument contains informafon eect the Desg dn
hose of the United SAacrf within the mening of the NbpLawe
1S. U. r C. Sections 793 s nd 794. Mb translusion cc the

*. ~ I.
Reprdcctiont oftIsduenn any mannbyoter toaunthrzdptipohibte by law.• e

tm~ ~ ~ ~ ~~~~~~FBUR 1953o xep ys- ppvIo e tm a

http://www.abbottaerospace.com/technical-library


SECURITY INFORMATION - CONFIDENTIAL

The material of this addendum forms-part of Report AD- 61-4Iiý which together with
'Report. AE- 61-41, has been Written, uinder BuAer Contract NOaks 514514(c), "F7unda-
mentalsý of Design of Piloted Aircraft Flight Control Systems.", These form part of, a
series of, manuals being Written for the purpose of providing a unified approach to
'problems of control system design.

For the sake: of, securing-as wide: a distribution as, possible, Report AE-6i-41. "4Meth-
ods of Analysis and S&rnthesis; - whichliS: Volume I of this series, and the part., "1Dy-
namics of the Airfra'me" (Vol. II),. of AE-61-4II which precedes this confidential
addendum, have been issued in. an unclassified. status. in accordance with one of. the
general intents of the series to provide a souce of information to be used by engineers
in bridging the gap between, their collegiate training and the more advanced topics of
system engineering.

ginc~e the figures: of this addendum contain classified data, they could, not be included
in the body of this Report, but are presented here in order to include the maximumý
usable, information available at this time. Because of the disparity in level of cJlassi-
ficatlon, no-mention- of this addendum. has been-made in tne body. d this Report', but the
information herein ib to be considered in conju nction with, the, contents of Chapter IV.,

The numerical Values and the ranges of values of. derivatives shown, on the follnwing I
charts are estimates~:based' ,' trend.- !!hown f"' illi"ýot vn.16i enren
theory; they apply only to ~ e'type piiulee arc raft ot today vnmi Uhe neax futui e.
They do not apply to missil colIi vfowŽ, where thle winjjg' is quite ejnal comprnped

-to the body, for in these con'2guratios the m-ge of va~lime of non--.Uiniensianal cteriv-
atives can beome, very lairg', (. tidn, Daarvin, d Ank-eabrucia. Hgerman 0i , tEskt,
mation of Range, of Stability Derivai ves for Cuurent and Fuuire XPIlottess Aircraft.
NACA Research Memoranch in, Ri L'YE20, Langiley hfeinor'al Aeronautical Labaran-
tory, Langley Field, Va., s~ctobe 8ý 1947.)

The following notation has )eeo, jscd In the graphs of 'this portion of this Report.

A solid line (- )has been used for straight wing airc raft; a broken line
- -,for ss,. ving; and a dotted line (-~----- for delta wing.
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4.

SECUJRITY INFORMATION - CONMIENTI-AL

It i- to be noted that an abrupt and very, 'large increase. in C,, occurs
___in the transonL %., region, and that the delta. wing configuration reduces

this ef f ect. The. estimated range, cf values -of C. for present and near---
future J~et fighter type aircraft is from. 0.01t to. 0. 50.

CL'.

CLm.

-92

--. 04 I- -

E'-89D

0 L- - -

.0 ME

Fiu#A I Variation of CD with Mach Number for Several
Nigh Speed jot Aircraft

CONFIDENTIAL
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MWO1111Y DnMRIIAT1ON - CONFIDENTIAL

IT - --- - - -- - -- F

It may be seen that CD isapproximately, zero up to the critical Mach

number region at which point it rises abr-uptly to large positive values, - - -

but that the abruptness of the rise and the magnitude which CD attains

- - - ~are much less for the delta wing configuration. The estimated range of - - -

values of CDj for- present atd. near-future jet fighter type6 aircraft is

- - from -0, 01, to 0.50. ........

+ F-80D 9

.2
D-558 II

CDW-

0 0 .. 81.2 1.6 2.0 2.4 2. 8

-T.1

EFigure A 2 Variati on of CD. with Mach Number for Several
High Speed jet Aircraft

2 C CKPWJENTIAL
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SECUMITY INFORMATION - CONFIDENTIAL.

- - - The Values fcr all, three airframe configurations sh ow large variations. - -

with Mach number in the transonic regiAbn. The level of values in the low
- - subsonic region is primarily a function of the equilibrium lift coef- - - -

ficient. The estimated range of Values- of C0. for present. and near-

future J~et 'fighter type aircraft is from 0.02 to 0.20.

-- 8

- - E4U4~D- 558-11.

C1,1

.2- ---

0 4..8 1.2 1.6 2.0 2.4 2.8

j Mach Number

- Iijare A. 3 - C~cL IthI Mach. Nun6er for Several

41hkFigre A- 3Varitio of j)3

HihSee e Arrf
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SEC URITY INFORMATION - CONFMIDENTIAL

The two curves shown for each type of aircraft indicate the probable

*ranger, of equilibrium, CL. The estimated range of values of equilibrium,
lift. -coefficient, for, present -and near-future. jet fighter type aircraft
is, from .01 to, 2.0.

F-89D . 55lb/ft2

-E4( D-558-I ~-55 lb/ft2 )
S

- - - 4 . X-92 ~-27.5 lb/ft2

2.

Figure A - 4 Varzati: uf Equilibrium, Lift Coefficient for Level Flight with
Mach Numbaer -for Several High Speed jet Aircraft)

4 CONIFIDENTIAL
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SECURITY INFORMATION - CONFIDENTIAL

- - The variation with Mach number is influenced considerably by the air-
frame geometry. The estimated range of values of CL for ,present and

- - __ , near-future jet fighter type aircraft is from -0,. 1 to 0. 3.L

-w.. 12 - - - --- -- ( D-558 II

".08 XF-92

• ~I /

ICL-O.l1 (

.04--

A 11

0 . .8 1.2 I 1.6 0 2.4 2.8

Mach Number

S'- -. 04 - '.... -

Figure A -5 Variation of CLu with Mach Number for Several
high Speed Jet Aircraft

CONFIDENTIAL 5
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SECURITY INFORMAT ION C IONFIDENTIAL

All the aircraft shown exhibi t the same -general trends with increasing
-Mach ,ýnumber. The, estimated range of values 'of -CL, for present and near---

future Jet, fighter type aircraft is from 1.0 to '7.0.

5--

-F9

4_ - -. 1 - - -0-0,

'.W7 - - - -- - - - - - - - - -

.0 .B 1.2 1.6 2.0 2.,4 2.8MahNme
Figure A .6 Variation of CL awith Mach Number for

High Sp~eed Jet Aircraft

6 ~CONFIENTIAL
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SECURITY D(FORMATION - CONFIDENTIAL

- � r -- -- --

-- I -- -- I �' -- t ----

-- -- -- 1. 1-- ----

The values for the XF-92 in the transonic region are large. The estimated
- - - values of CL. for present and near-future jet fighter type aircraft is - -

a
from - 5. 0 to � 5.0.

4. - - - - - - - - - - - - - - - -

a
--- -411411( D-558-II

-2 4

I Mach Nuub�r

I --r -
I /

- /--- -

- 4A--�J'J
I,

'I,

- - - ----
Variation of CL. with Pach Number (or Several0 IIi*h Speed J.t Aircraft

CONFIDENTIAL 7
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SECURTY INFORMATION - CONMIENTIAL

the estimated rangc -of Values, of C' for present and. near-future jet
- L

Ifighter type ai-rcraft is from 0 to 8

-- 6 00I- -iimn F-89D

-w1

I -.----. ~u~~ii XF-92

"00''

- - - - ~ 4' D-558-II

ý2.

I0 .4, .8 1.2 1.6 2.024 2.8

7---------------------Mach Numbe-r -

figure A - 8 Variation of CL withý Macb Nu'ber For Several
.9

High Speed Jet Aircraft

8 CONFWENTIAL

-- L7,
_A:-
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SECURITY INFORMATION - CONFIDENTIAL

S.. . . o, - -,- --.-

•0 -"

The estimated'.range of values of CL 1 for presant and neAr-.future jet

33

figh~ter type aircraft ,is from 0 to -0.6.

--o

0 ..4 ., . . . . .

-igr - 9 - aito Of - -------------- mforSevra

"--- F/ -- -- F8D-5•

Hg Spee Je Aicrf- i-t-{0

0 .4 .8 1.2 1.6 2.0 2;4 2.8

S~~Malch Number (_

PF jute A4 - 9 Variation of CL$E with NaChr Nurhe for Several

• Nigh Speed Jet Aircraft

CONFIDENTIAL 9
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SECURITY INFORMATION'- CONFIDENTIAL

- - - . - - - - * - - -. ... - - - -

The estimated range of values of C. for present and near-future jet - -

fighter type aircraft is from- .2 to .5.

-. 08 -,-89D

' -I - -- I - -- I -- -

-.04-,oI - 1

CL 0.1 -- XF-92.

.02o ---- 1.- . .1.6 . -. ,.

- - 4 .8 1.6 2.0 2.4 2.8

"" Mach Number

-. 02 - - -

II =- ,-... ...- -

- - - - - - .. .. .-.... - -

Figuro A' l10 Variation of Cie with Xach tngahr for Several"

11g& 4..d Jet Aircraft

10 CONF,3DENTIAL
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SECURIT-Y INFORMATION -mCONFIDENTiAL

The estimated range of values of C., for present and near-future jet

fighter type aircraft is from 33.0 to +. .5.

-1.4 - - - - - - - -, - - - -. -

i ii P-86(C.G.=22.5% M A. C.)

XF-9(C.a. - 25% M. A. C.)

4 --

0-

0 .4 .8 1.2 1.6 2.0 2.4 2.8
Mach Number

Figure A-1l Variation, of C, with Mach Nurber for Several

High SIeed jet Aircraft
Is

CONFIDENTIAL 1
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0i
SECURITY INFORMATION - CONMENTIAL

tI

-.. .For the XF-92, positive values are attained in -the transonic ad super-

soni-c region. Although data concernfing, the. performance: of the other
airplanes in the, transonic region are scarce, it is probable that some

- of these configurations would exhibit positive values also. The-estimated
range of values of Cm. for present, and near-future jet fighter -type

- . - for present and. near-future jet fighter type aircraft is from -10 to +3.

/ L•

-". . - - ... . . . . ..- ... i lif .X 1.F 8

,I.

-4-6

- - < -58I

-o -... ,. - - .--- -'

O.1, - ' ... F.86

.4 1.6 2.0 2.4 2.8

4 2r

Fiijue A - 12 Variation of C,. with Bach Num~ber for Several

IiNh Speed Jet A ircra It )

12 CONFIDENTIAL
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SECURJTY INFORMATION - CONFIDENTIAL

Notice the rather small. values exhibited by the tailless configuration,.
The estimated: range of' values of C, for present and near-future jet . -

fighter type .aircraft is from-20 to 0.

.- 16ý

() -F-89D

1-8

-0-

XF-86

0.. . .. • -4. 81 ... 2. 6 2.02.42.

'• % ,- • XF-92 ,

0 L

0 .4 .8 L.2 L.6 2.0 2.4t 2.8

, I I Mach Number

Figure A -13 Variation of CO with Mach Nuaber for Several
q0 igh Speed Jet Aircraft

CONFIDENTIAL 13
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MECMURTY reFORMATION - CON•FIENTIAL f

For all configurations, the elevator becomes much less effective in the
- ___ .transonic region. The, estimated -range of values of, C for pr'esent and

hat

near-future Jetý fighter type: aircraft is from 0 to 1. 5.1

-- - - - '- + D-558-II

"'• -!• /i •

I S

4E4P-89D

L it ., -
XF-9.

' • II I' ' I

XF-91

-. ..- - . . .. , -- -4
- - - + F-86'

- 0 I ,

0 .4, .8 1.2 1.6 2.0, 2.4 z.8I Mach Number
HPla, A.i4 Variation of C8, with Mach N•ber for Severa

14 OFETA

- - .. ii7 S7I =r.-. , -7
•l co~mxIm
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:SECURITY INFORMATION - CONFIDENTIAL

* 4 V- -U

Drake concludes that decreasing C, improves the overall fligbt behavior,

(Drake. HALM, "The Effect of Lateral Area on the Lateral Stability and
Control Characteristics of. an- Airplane as Determined by Tests c! a Model

- - -- in the Langley Free-Flight Tunnel,' " ACA Advance Restricttd Report, .- - -

ARR 45L05. Langley Memorial Aeronautical Laboratory, Langley Field, 'Va..
February 1946.)

T1here is no apparent correlation, between C values and wing planform- - -

type. The estimated range of values of C- for present and near-future.

jet fighter type aircraft is. from -,1to 1.,5..

1.--------------------I. --- 4, - -

- - ~ D-568-II

2.1
CC=

- - - I --89D

0 .4 .,8 1.2 1.6 2. 0 2.'4 2.,8

Mach Number

Figure A .15 Variation of C,,with Mach Numbier for Several

N~igh Speed Jet Aircraft

CONFIDENTIAL 15
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SECURITY INFORMATION - CONFIDENTIAL

the estimated range of values of Cy for present and, near-future Jet
fighter tYpe6 aircraft is, from 0 to 1.2.

-1. 2- - - - - - - - - - - - - -

1 .0 - - - - - - - - - - -- - - - - -

- -. 8 -5---- -

OfCy
Nir ý4e e Arrf

. 6 - - - - - - - = =
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- - - -SECURITY INFORMATION - CONFIDENTIAL

___- -typo aircaft is, fromA - .3 kJ~.8

CL- .6

*-- ,~ w ~a- -j- a

- - ~D-558-III

CL .2 182.0U 2.4 2. 8

- -- 089

Fp
Ail High Speed jet Airr J

CONFIENTIAL 17
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SECUtrrY1 VNFRMATION - 'CONFIDENTIAL
4.~

The estimated range of, valuesý of Cý fo r present and, neari-futureý jet

fi~ghter tip. aircraft Is from '0 to. +5

-----------.--- f---

----- ---- ----- ---- ----- ---- -- -2

-96i M!"9

- - - - - P-BOA

I 4

;i8ar A. 'f 1Vaation of C7 .with Rock Mmhr fib Severar'

NijhSpeped jet Aifrcraft:

18 ~CONFIDENT41
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-. - - - - SCURITY INFORMATION - CONFEIDENTIAL,

the estimated range. of. valuew of, C for present and near- future J~et
fighter tWe aircraft is f row 0 t o.40.

. 3 5 - - -- -- - - -- - - -

25 a ------------ - -

a.~~~~X 051 - - .

2.86

j -. _,_0 i7 I
Pj~ur A -9 Vaiatin ofC,~ ith ach iD-558 Sver1

15p5:) Ugh Seed Jt Aicraf

COFDETAL1

011.
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SECURITY INFORMATIO14 - C0NFENTIAL .

- Although the falue of C3  is rather large for the D-554-II,. this air-

planel sibibits boor Dutch rollI damping characteristics; this eephasizses:
- -- the fact that Dutch roll. damping, cannot; be predicted, merely by.,exmining;

this derivative: alone. The estimated range of ,values of C.. for present

- - - - adnesr-future jvt fighter type, a~rcraft isa froml 0 to-1..

-1 91

I c.,..............86

- ---- ~.. - - - - XF-92

Figur* A. - 20, Varia tion of Cr with Mac7h Nzaber for Several

High Speed jet Aircraft

20 CONFIDENTIAL
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SECURITY INFORMATION - CONFIDENTIAL

- -..... ... ahn I--

The equilibrium lift coefftcient has a great effect on this derivative.
.The estimated range of values. of C, for present and near-future Jet

fighter type aircraft is from -. 5 to, . L

" 1',. 6- ,I

-. 1. C-- .... A - . - - - - .. -

-. 08.-

XF-92

--.040C3 2 ,
CL- .6 d 1 3D-558-II

___ Mah urbr
0., . -.4 - 12 -,.. ,6 2. .A.

- - .•..aI•uU -89D

---. 04'----.

: 0

ii'

L Figure A - 21 Variation of CMa with ch Number for Several

Hfigh Speed Jet Aircraft

CONFIDENTIAL 21
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SECURITY INFORMATION - CONFIDENTIAL

For all configurationsi rudder effectiveness decreases abruptly in the
the transonic 'region. The estimated, range of values of C for present

and near-future jet fighter type aircraft is from 0 to -. j5.

PI

- --- 124

!,

-.10 I
-. 08.. - - r 4

-06ý
a,,

S\ X--92

-. 02 - . - - -8

. t '

7I .'Mach Number

idure A 22 Variation of CniR with lach Number for Several '1.
.High. Speed, Jet Aircraft

2-2 CONFIDENTIAL
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http://www.abbottaerospace.com/technical-library


&..*,,r,.1 ~....

The equilibrium lift coefficient has a great effect on this derivative,.

The, estimated, range of, values of C'j for Present and near-future Jet __

fighter type aircraft is from - .08 to + .08.

- 0 -6 - - - - - --
s-

.04-

02

.111

C .5- so 1. 1.6 2.'0 2.4 2.8

Mach Number0-0

Fiijure A -23 Variati on of C.~ with Mach Manber for Several3$A
H~igh Speed jet Aircraft

- 23
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;IRMIAL

The equilibrium lift coefficient 'has a great effect on performnance,i
- - - - especially for the. dplta wing, configsuration, but there is an abrupt

dec'rease 'in Its effect in the transonic. range. The est ,imated range of
values of C1, for present and near-future jet fighter type aircraft is
f ran: -36 to +.08..

D-558-!I 1

CL .O

-. 04 XF-92

.4 .81.2 16 2. 0 242.8

Nacb Number

figu~re A -24 Variation of Czwith Mach Number for Several

High Speed jet Aircraft

24, CC ;;)4 NTIAL
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00

The equilibrium lift coefficient has. a great effect on this derivative,
an effect caused,:I* the vertical tail con~tribution,. The. estimated rangez

- - of values-of C,, for present and near-future jet. fighter tyie aircraft

is from 0 to .4.

3 -00-

-C- t

- -04 - -

0 4 .81.2 1.6 2.0 1.4 2.8

Figure A -25 Variation of Cj r with Mach Nunber for Several

High Speed jet Aircraft

~v'~'~25,
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The trends with Mach Number are seen to be similar to those for CI..

- - - The estimated rangeý of values of C, for present aid' near-future jet - - -

fighter, type aircra~ft i's f romw . 1 to -. .

____ -4II~~+ D- 558-II

- -- - X- I

4 F92

2 -

LI I I

Figure A - 26 Variation of CIP wvith Mach Nzaer for Several

'High Speed' jet Aircraft

26
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SSCURITY WFORMATION - CONFIDENTIAL

- - ' T - - .- -,.,Ir

V t

The ,equil-brium .lift Vcoefficient has a .great effect on this der, latiie"
: .: L~- . 1, The estimated range of values of c' for present and. near-fu.tire Jet

fighter type aircraft is from -. 04 to *.04.

S;- 03 "" "

•, ~CL=.

IH.

-4• ý-dt -9

- ---- 7.,X -,

- .

r-.o---- -o - -- -

.03 - - - - - - - - - - - - - -

C-- 5
-... - -. z_/ /

- "4 .8 1 2 / 1.6..8

S/ ¥•mh Nuaber

C1 -. 1 ,

0 1

-71

S... Z wJt lh f oub r o . .
Figure A 27 Varigl1on of C1

Iliih Speed jet Aircraft
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