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Aerodynamic Stability & Control

MEMS 500: Independent Study

Donahue, Daniel



Daniel Donahue’s Independent Study

The learning objective of this independent study was to further my own knowledge in the field of Flight
Mechanics/Dynamics as well as attaining experience in creating coursework. This was done by creating 14
lectures worth of hand-written notes on the subject of Aircraft Stability and Control. | primarily used the book
by Pamadi, “Performance, Stability, Dynamics, and Control of Airplanes 2" ed” while also pulling from my
experiences as an aerodynamic stability and control engineer.

During the course of the semester | generated 42 pages of hand written notes that correspond to 14 lectures
worth of material. It was agreed upon with my advisor, David Peters, that 3 pages of hand written notes would
equate to a lecture. This number was based off of his experience with lecture materials where 3 pages of hand
written notes, accompanied by in-person elaboration of the material, equates to one lecture worth of
material.

Below is a syllabus of the 14 covered lectures with corresponding pages in the hand-written notes attached.

Lecture Topic Note Pages

1 Syllabus and Aircraft Geometry Syllabus and 0
2-3 Aircraft Stability and Control Definitions; Coordinate Axis 1-7

3-6 Derivation of Aircraft Equations of Motion 8-15

7-9 Longitudinal Characteristics 16-27

10 Maneuvering Performance 28-30

11-12 Lateral-Directional Characteristics 31-36

13-14 Dynamic Derivatives; Hinge Moments 37-41




n/ez/18

©) SYUABUS & ARCRAFT GECmMmETRY
1) AlRCexFT STABIUTY § CommRol DEFIMTIoWS
FL(C,HT VAR IADRNE PVEAATION) OF (INTERSST
- COoORDWATE svYsTears
e Rady ° AVRLRAFT STATIon AXES

® STaBILITY
LIV A WS I\N

* ZNERTiaL
- AL EFT ACRO fFoRkces %. MEBMENMTS  Nernor—Dlan
—  STANDARD ATwr LouaTioN~S

L) SIXx DEGREE OF FREEDoa ERIHTIOWD OF moTion

) LonGITY DIvAL CHARACTERLTICS
- LIFT , LINGS
— PITCHING momEnT ¢ TR
- DRaG

4) PERFORMANLE ParAmereR S
- TUEN RATE
-TdepN RADVOS
" RATE oF cuumE

$) LATERAL -DirceTionrsrL CHORACTERSICS
=~ Dwaé cNlomAL STARILITY f ATRSL
~LATERAL STABILIAY § ComTRol
- DerPaa Tuac ¢.€'btsrt;wcé'

Q’) DYMAMIc DerivATUES
- Rocl , YAV, PiTeH % PLonm GiNG
- CRogg -Axis DPamPING
-~ TRAD|TIONMAL M ETH ODS

VMO UG

7) HIUGE me meNTS



SA)Lc&A‘T TYPES  GGomeTe X |, CowvTroc sUcrAcal

TYPES 6F AIRCRAFT

- CommeRoCin L

- DerFérsge

Av-33

e TR ANSPORT CT,I-—S(?ZIE‘, A*&Eﬁlgsl Fgg,g,,.;rgg} Z_KLIMP.?S
PERsomMAC ((CessvA cONALL ARCRAFT, RED-BuLC FLYERS

A—-ID

= FIGHRTER /Atacw (;‘-:g) F/A”%} F-2z, /-/'Sf/ TOMEAT gr¢_>
Bomrer  (<rRatororTRESS
¢ TRAAmER (T—q{} Ere.)

UAY  (ORWEY (senu £a6LE, ETC )

, &1, FLYwe wiwg )

© suRverewvee Eoveacra] ((s-7) , A saTecure )

GComETRY

=~ Puselags
* ToRVLAR
* Senes-HaAAw
¢t TRDomE
P

= WinvG
s CAMNARD (misc)
- LEX
v HERSHES
o SLEPT
« DELTA

- Tl
e \V/-TAML

e T—1TAIL
e H-—TAIL

- M\ L
s THRUST . yEeToRWG
* WG LETS

- (oNTROLC SUR FRaRESs

* FLAPs

AlLero O

eF/Ler) RAGl.2y

. FLAPEROA

¢ SATS

STRAKE

e TR~ T BsS

° Clevend

STA BILAT R

* S Peed RecAar

« RoDDER

= AtrarT RodvY axig

o xl‘a,lz
é p[ﬁlf\

* LT ,BRAD, SipgFore G

_BorRsukis,

P VI NTEX GHENGLNTORS

e

o]



19[z2//8 DGD

LSS T

LGHT DYemics,
ARCRAFT = STABILUTY ¢ ConTROL

(> dz> GD
(> FLGHT DYVpaes > A LT OF THE TRONS M MeTionN)

OF Aw erffepmne AEROSPACE VeHIELE FOlL(owr®G A
PERTURBATIOW FROM AN EQ UILLIBRIVAM &TATE

STATE '
EQUICIBRIOM STATE -2 UE HICLE Adesrrsy N WHICH

F(eY = m(e) =0 WwHeRE F‘¢’ M REpPRE>SENT
ExXTeR MAC Fazeces L momeurs APpUED
[}

STATES OF |nTeRES T  Eeg sTEADY —C&Uee FLIGHT, €T¢C,

PERTUR BaTiow = CHangE 1V F " M LAVIED RY
ConTRel SUREFACE DEF (,e'c_nous/ ‘n;k&:ae:ucé‘/
INTerNVAC SHIFTS /0 BARE AWRFRAME STABILITY, £1C.

FUGAT DYwbmies DEALS witH STEADY & UnETEADY
MOTION O F A yeHicte CAUSED BY A DUSTORBAAMCS

AesreRlALat—et—ro— IV TEAMTIOAMAC R, LAN MTE AT O AL,

APPLLED 1o A IMITIALN TR IAMANGD MoTion) STATE.

(2> STABILITY -2 THE QUALITX OF AN EQUILIBRIUM STATE

EQUILWBRIUM  &TATE L ©F AIRRAFT ARE (ENESRAWN DESIGALD
TO BE HAMNDS -O0FF COmDITioAS

—> A.tkcan-r-’r wWieTH I FERICR STABILIFY CHARACTERISTICS

eAaA~ POTENTIALLY RE DANGERBUS UVacceE P TARE

4

O NSTARJLE

STATIE  STA RILITY STARLE NEUTRAL / \
o o
L o=
U !
= caJl
/C"EGLU\E
et -
2 3D STARILITY —> Ko DETERMeETE

ST AU CTARIE |F i RETURAND TO A $TWrE
WHEN Pep TueBED [4]



Io/z_z/{s

DYANAMIC STRBR(LITY 2 UVEHICLE 'S ¥l A DYmamie Ay
‘ STwRLE |F, LHEW PERTURBED , 1T EVESTLALLY

ReEeToens 7o AN Q@ Qe et v KTA-TE/

NMNeuTRA L

(35 _CQ‘\{TQG’(/' -> A “(LlTY , OR. LA‘(J( TH€&€°F, TO 8-,.85&
AP AreRes Pate  VGHICLE FROm POwT A 1o PowT R
ALoNG Ao ACCEPTADE FLIGHT PATH

STRTIE CowTRO L > ADBILUTY TO MAINTAN A
PRESCRIRED CQUILURRIVM FeiGHT
Con/D 170N

DY NamMm e ComrROL 2 ARIUTY To mainratal AN
AULEPTA RLE_ TRAAIS (EAJT ANOTIOA) FOMOIIAIG

A PERTUR'BA-TIOA’, THE ABWUTY To CHANGE RO A
OME€ TRIM COUDITION) T ANOTUET.

Friadr varaawy © EFVNITIoNs OF INTEREST

Boy AXi1s CooR D\ arare 5YsTE M

NoseE  ow, Dowas
‘b M:M * =
CooRVIVATE 4 % 2
vVEeLscitY (O N - AJ
RoTaTiona ¢ P % \

vEtoer

Acro Foace XYt

AERD pmom, lg,l- M,M ",/u
¢ RocC  Pited YAW
Xy 2 Ao Feoec =-A
Z® > N M Foree =N
STaTioM B N\
(BL) 6Rp

(FSD




STAQILITY AXLS

to/zz /18

V

T -2 \’L\Cyﬂ‘r ?QTH

A =2 ANGLE oF ATTAck  C PUGHT PATH Agrocme o BaOY 3)
¥ -7 FUGHT patH anGee ( FUGHT PATH To HoRlzoD

© =7 PiIrCcH ANGLE

p 4 (oow
X = o
2
RovY Sl

1 CoseX
X
Y il
z i =5 LN

T US"A%\LW}

ot
& ,
Cb\@ra (D:=DrRAG=-X
W= wegar
THRUST

-
-
.

o — d1Npt
! o
O Codel 3
Sived’
O #uww
{ O
Cos&”
o B

—t

( Reeizian 1O X-Ax1s Bobvw)

%
Y
<
STARILTY

A

Y

<

Bo Y

§’L, = (FT =-2 = -ZBCOJa‘ + XpSima 24l eose § A sinfod

X
$ = -ngma‘ o XBW’—'*A)\“M ® Acoset



njoa/i

WAND AX1 S

‘ — | A . w
< = TAN (—,;) = Cos (m = S [{uﬁ—vf
) Jurpurt
-1 [V : (=
m(__,wg ) - (2
i3 y ‘4— Sorwt
- P - i ()
L -r-:.'ro‘fk(, =2 USED m) MiasiLEeED>
A - v
Bow T () = eo¥ (r“—“) F Pl )
T (TRt 2V4 m

W= \/.rCob o Cond ]3
N VT-SHJF
W AN c,oa/g

B> Tan '(TA» Js Cos o)

o = Cos~ (Cobol c:n/’)

2
\/.r:fu"i—v ur’



”/OZ—/IS

STaRi T o w\nD

X Cosp SWE o Y

X = 'S)NF cos P o Y

[ - o o ) 2 S
X C°>l3 -SINg O X

4

- awF LAY o Y

Y
(O

s e o !

ISO'D‘(I To WIoD

X' Codw Co>f S!AJF Sinve c,g.;.p X
Y == Cos o S P Ce:ﬁ = Sino S B Y
z - Simvee o Cos of 2
w 5
X Cosu Cos f “Coso Simf =S ot X
Y| = siv B Cos f o Y
Z Siva Cobl? - S .Suu/!! Cos K e w

5

I NeERtiAL Axr's SY¥sTeM

)<B LTrveern il Ax\S
BooN Ay,

[ o 4]

ORDER. MATTER S




I/or/18

ZANERT\AL o BoOY AXKIS  SMsTewn

Ka Corf cono €550 “'"05"‘7"3‘"*c‘°“¢ CosPfsum® cord + 61w s
Yé - s ? Co> & Sire "‘ Smt.‘ml¢ -4 C°>¢Cb>¢ 6\'J+ S0 &5# CO&‘/‘IA}%
2p -5IN @ ws Osim P cose cosf
3(( Co f Las© Sy oso - O
o T | eod Ysim © Sing - SinYCos b SnY snesing ¢ cnlend %ew¢

8 cBb“.S(aoé Cohé + SN‘f'\Snd% S Y .SuJQCg»é -c‘;¢$'p¢ Cos®d Cob¢

CoS¢¥  sinw¢ o

C= -swn ¢ Cos¥ o
©) @) i
e T JIRY=
&= (= 1 >
S\ o Cose
= ) o @)
o Cosd  simwé

O . -Swp o3¢

o)
ARC|[ X

¥e |= (Atcd | ¥ Lot

& K X



Njoz[1g
AL CRAFT FORCES APRD momenT>
A

AcRo DYNVAaMmLE

F"a s L A -2 OPPeSITE OF MxwpC FORCE

F}B = Y =5F S IDT FolCc&

EG = =n —> DPPOSITE OF NORMAL FoRis

=a
¢ = ';SV:' = o-FpM*® f:-_ c‘:::o.b (Mmac)

FXB" %"SCX L= gSbec,
R 8>Cx = BeE
Fag = 6°C2 ~ = g3k G,

STANOARD ATMOSPUSEBE AMODEL EQ UATIOAND

IDeExC Gas AL  ° f: J’R'r
H ap

YDRoSTATIC @ QUILIRRIOA: -;;i = —-6P
TemeerATUEE Granigars 7= Tense—t A (H 'Hfms,\ )

T ? S
RATWS: 80T [ §s B o {:"9

s

SPeen OF Soown: o= | YRT
> . )
DYvmmie Presvee: = 75V O.2pM

TRUE ARYEED ! V), = Mo
EQuivatEnT ARSPEED T \/e'r-' Vi o

- Y- -
TEMPERATVRE R 710+ z JARCIES £ 2Rerar'sc | + 0.2/ X

Y



N/ox/i8
DER) yaTion OF ARCRAFT EQUATIONN OF MeTion
fokegs

STARI (NG (0w THE INERTIAL REFERCNCE FRAME
- PETEN's 2™ LAu ol PPRLICARLE 1A THeS FRAME

Ppacgs., F = (m©
=T A

i

X

X
ASSUMmto»O #1: CosyERVATION OF MADg L ;T;:=G

- .- ANBE: NoT TRUE FOR ARCRAFT, RUT
2F = V\E‘Q(V) REASOWABLY FOR TImE scates W& ARE
Look Ve AT, FUEL Doen,
WANT To SuTSH To A BeDX A XIS REFERENCE FRAME
= BodY AXLS S EASILY  AEAIURED oNBeARD an HIRRAFPT
-2 EASY To REFERE~E ABooT pAle CG

I 3
&= A I -2 wErnac
Rewae: Fe AZ I¢ A+ 2xA 6> geoY

=P VECToQR OIWFFERENTANION REQUIRES ATTEAMVT OV To Bomana e
AXIS SYsrems,

a - da_s = = —a =N s i3
A< V) = ‘a‘é\f + SLXNY = V+ XV > Vcc’-(-ﬂs{\/cg’

'.’__’-———._—-'--....,-.,,-—-2

SL  FEPRESENTS THE RoTATware ©F THE RoD'y-Fixen
Feamt wiTH RespeeT 10 TRFE

<2 ABov @ EAQAN 15 W RIDY REFET RENVNCE FRAME



1 foz /18

MNEWTON'S SECoWD (A Feo@. ROTATIONAL MOTIOAN

-3

-3 A -
M= ;\‘-‘(:(H> M 1S THE suam OF ExternvaLX
APHIUED AOm EAT S

L (D 14 2aTc of CareE oF ABIGUAR
NG pa. ETTU a1

ABIDE: ANGUOLAR. MOM EAST Oan  Brivil
ANV GULAR MomEATOM AN BE THouGHT

v OF A CWEAR Mom, L3 I7H A MoarET
w & m i
LiaJ. mom, = W‘—Y_" 5 P rigw
ANG, mom., = FrmE clzcmv

SAALL
IN THIS CASEC EZrvowwual Mmass €3 AMCED TO BE coneZrvEd

;1’;‘_ = Fx J..mcé: &w[?‘?)

Summuwg over ALL MArSS

YV S Y -
= o
H= /H‘“.: grxr = ﬁ
=3 S -
—7 DFFEREATATIVG TO GET H= y(cx P)d.m =M
WernT To GeT To RoPN REFERENCE FRAME
-3 -
PI = r‘
= 5i =3
(‘I: 'r'i-t.f?.x?“s
= St SLxTq 4—.{L’<((‘B+—Q_xf‘g§ + L xR
L oA - o ey - - - -2
*(‘Brz_.rlxr&+ﬂ.xf‘3+§l-x(_(lx(‘3>

—4 =2 s - - P )
=2 Ms; ‘EX(CB +ZQX%&+Q_Xf~R+ﬂx('ﬁK(—}8)>



I\/ozlls

ASSomPTion) #HZ: AIRPLANES pre RIGID RoDIES
AL
EssemwTiatl SANWWG THAT  ElemenrTys OF MAJS 180 AN AwPLAvVE
PO NeT cpuamvGE Pojimiond ity o E ANOTHE B T\mE

T ARpanES ArG MOT BLGID RoDYES, STRUGURE FLEXES
J
FUCL S(o3HES, PROPELLERS o CompPR-ESSORS o TURBIVELY
LeTaTE, REpsowABle adSome@Tion FoR FINWG QuiAkLmes,

'\’V\—-v—

j= SF,([_?LK?*:'QK(IL*()SH

o (M':

‘
PRI ISR PO R N

SRR

- - -
= < T -

ASSOMPTIom #3: OUR TRF wite BE A FlaTnlon) - ROTATING
EhrTr REFEREVCE FRaME,

VELD IF OVDER  2kfes —SKEPS , ok LESS THAN T wiw

- p—.
-2 Aom@Tion H#2 swows vs 7o DeFIVNE L As
THE ARCARAFT AN GuaR RoTAT\ON RECATIVE TO
CARTH

hssomp o A : ArmespHEpc s AT REST RELATIUE 10 FCAT 64+
~> 18 O JINDS.,

ASSIG N THE VECLTORS 1N aAOTATIOWN |

e Py r — A~
L e F;‘—*’F'ti*"e”*
Voo = UT+ V'§ rw e
A
Q= P+ @8 + R
- ~
Mq.. LE ¢+ M4 + NK
T - x¢ & o 2k

—.’ A - - A
g ‘/&’= Ok +v3 + Wx EU@;T\/‘N’A&»U\J k_:(

( § =0 v Boov Fixed FRAME



ll/ol/lg

BAck 170 ForcEs

?= M(\./)COr a c:,)

OV,
Lol c Lk .
axVeg=| P g = (@w-2v)t « (Ru-Pu) g r(Pr-aud &
ST N
—> Fx A (\'A-I'G\w——Rv—)
Fz s A (\;’f— R\A "p;,,)
Fo ™ (.;rf-Pr-—G.ur)

Ralk To MomeEvTs

A= 5?Bx(f‘i.x?’5 FRX(AXEY) dw

ax@ = E.'- «g c =($ 62—?&*)3*(1‘;—91)3 r(?«k-sx)i
[< ¢ =
< 3 fe.
| B2Feg | [Tt [Pygn

= (b"} - gix - r O
¥ (r&e -y - €% rPgx) 3
t(pex - pta —5'¢z+r&«2{)f<
Az Brt + Bx(BxE = (Gz-fyrgpy- gix-"x rPrad e
+ (Ex—P2 trge -f‘tg. "d’za +P5x>3

"(f'y—' 4x + Prx -—Pzt’ét"’*"sa)ﬁ



U/o!./lg

o]
X
Db
{1

A Lot

Ped v Lgrixtogretde (P -prg®dg 4 (pgorogetd R

RECoGNIZE Mom EMID f. PRODOCTS oOF (ERTIA

Ix,, = XCLJ,Zf%L)A\M ’ I"‘a’ = gxua,AM

Iva.oa, = S‘Cxl-r%") B [xe = JXE‘AM

Loy = f(x'}?‘)d"" Z’ae =]gk0\.-
GéT To:

. L Pl + Grlew-t0Ly, +Lr -% )Z}e il S)Ix ~(¢ +P8) Zxa
m:=| M= %IK? ¥ 00 Lx —prr..-e +(P ) Ixe - (r-Ps)La -(Pf8f>-r'r'(
Clan € Py Tyy — PeTonr (g~ P Yy —(F-g0) Zne = (4+ £ DT4e

Adssm PTiow HS 1 RKyBy 1y A PLAE OF SYmmeEmR Y
MOSTLN TRUZ, AsmmETRIC FUEL € EToRES

Coiin cavse 1T 70 B€ INVALID,

L P.L,m’rbrf% %r 49~ (c+PeNT .,
Sm=|m = 6I&»r€f‘fxx —peTyp +(P°-07) Ixy
CZup + PoZy4y -FPZor - (F-g0O0 Ixe

B



njecv/ie

Look AT (HS TERmS
550& +F"£~G 4-#*3_

F. = F + £ =
¥ X Aceo * gaE F“c,mrw
| = g 2 g ¥ A
FY Oy A€po ¥ F‘f YHRUsT T E‘G&Avﬂ"( 8 = c‘f 2 F-Yguc, ‘(3

= f + F - e '3 ¥+
FE i’3‘6«&0 ¥ F&-mw.uw 2G5 aav M %Sce = 2 éng e

L o "%Suu e
Faw g wm (A 5C> o T 3&»9&»6
aCose Co-‘4

L‘=LA%+LH(~”- = B— SBC—L ‘!'Lédc’

M = MA‘EQQ f"l e = g SC'CW\ ¥ MéAJC)
= gS\ocm +NE4\)€, + ﬂfNGIEA)G g

1 o Tl

M= Mkep_o + N'ﬂ-m.ow

NoTE : MNOo GRaAWNWTY TERrRmSs Do To focES ACTING

TYRoVGH TH & Ceér,

Leno Touy TERMS Come FROM ENGINIE

GYRoSceprie E€EFFEeT OF sPINMING Com por@T> |

2 Nonvg 0 RICe DUE TO AX\S 0F COTATION

2 A3SoM E THRUST Axis A BonwW Axis (smace
IMSTRUATION AMGLES D

veereR_ Foram E£.0 . m*y

&SCy + Fx&,”(’-m%stue m (“ +8vr-—-(‘\f'>
M(\',yru—f-"w’)

F:' gSCA( "F\’E&Cv Q"Ma co:é&uu¢
wr (Wt PV g )

gSCe yF&&m-{—Mb Code Cos



n/ez/ig

e 1 | 2zm+ & ey - 61‘13?— (F+P§ T2

S BCn +Ngwe, +2 ge, Teng &

éz'a-a, +reely, -¢C Ia% 4_(?:,;:) I”t

L g 9N *8”“} ~ %8 Zx x —(é—grj Txz

J

S\X DEGREES OF FREEDOM ECauoANONS OF AMOTIOA RadY AX IS

. %5 £
LU= Vo~ g + Le 4 ii'—-’-"—aswe

- 3
VP era + E;' Cqi E\‘mﬁ? rac‘o_sés“.!qf

i &S
w = gu -Pv- T ﬁ;ca_.}- Fe:‘:& +8 mecobé

Ten Ixx o Sb Lewe
prlui, o, X Cf*m e el T
- .fw—l’ur _an- . B & Sc Merve S2g Ig
Loy o ¢ [} 2]
"jf + _:(F’_ (> > QC + ifuﬁ .Qe-l‘g
b " T b ez Ty Z,. O
OTRER. EQuaTions
Ve = Jutertrer?t = V Cosal Codf ~ of Vp-S1ad Coss — B VUpCose wp
W= VeCode Cos B \f.— V-r's"“‘F BV, cosf

5

U= Vr .SlaJF Ur 8inxCof +oly CMSosf! —P\/ Sive SR

W s Ve Sivet CO.>P
|

( v coset - & Gimard

w s
otz TAN o XE y_cosp
. ={ - i - - -~
P- Sin -\g/;:‘ R= —;(V— cobp —U\c.»ﬂ.s;-up —ur.SnN‘o(&uF)

\'/T': G Corecosp + \—f'.SMIF-jru:(&fvo( Cos

Tl



l‘/b'&{l&

RoOY AKIS E€.0. M  For ARCBaFT

s \

‘ £S F |
V= Cospcos o [r\/-r s -é.stNO + ‘Gn_\'cx + '_,:_" *'V-,—(°“'3)W

+/§VrTA~f
: \ . CoseCasd &S Fo
ol|= Codp Soset I"Ps'”ﬁ +ﬁ.swﬁ Swved + 3——\7;'——- 4_;‘571: C% .(.h.__\;;

VTt

)
F v_rCo-s)s

. S £
[‘Vrawp +aco>es|~¢ i+ _&:CY +_.'_E€ +Pliv X — (Cecos oL

T NTEREST ING TERMS A EOMm
P TErm = 5- ( Psive ...r'Cd;cl)
=> TR &rs F o :
s FokmarTion) ofF o 5/5 INTO EACH OTHER

T2 NEED To CooRDIMVATE P f' r N orbdEe
To MoT PRIWVE J3 To DeraRTURE

BRIES 15

> KWEMATIC ¢ ZueRTiAC CovpUuns



1z/oy /208
LOonGIToYNNAL CHARA CTERINTICS

LomNGITOOINAC Ay Rons Alord x=-AxrS ,t"
(87 CHAR A CTERNTICY ACT ABausT AS RoTATION

ABoJT THE X-A xis

Coe FFRietcwuT> ¢' RATES OF \NTER € ST

!

Co =2 UFT CoeE rFFricleEn T
Con =7 PITCHIIS MomeAT (CoOELFICIENT
€Cp =2 DrRAG Coc FE(CKnT

4‘6 -> pPiTed RATE

Sy —> TANIL DeFeeetion) (CONTROL SURFALE)
4 =2 Te Down

- T e o em ®

SYMMETRAE AVRLFOILS HAYE (weAaRk stofPE

UP Te loe REYowD THaT THE L@ucoeuTY
END> VP To A MAxInum C. AWD THEW

PV s HES.

]
£ MBXIMUM  CLIFT ARE FUAMCTIOWS OF
Wi GEcomeiTeX [ gpeeD

V]



12/ed [2018

> Cotc€eTiony OF AI\WRFOIL SECTIONS
PHINFOWS ARG 2D

o W GS PrE 3D -
G, T PeroeD (amBER VPPCR dSuRPACE
ARFolL
TV I
TRAILWG
(371272
A emsf
Ce
QooT CHOCDH C- CHORD lowE @ SURFACE
WG ARGA - Se= bZ =P  MEAN CHeRkD x SN

TAree gaTio ‘A= G [Cauay > TP CwomD / RooT CHoRd
(-4

* 2
ASPECT RATio: AR = °fs = @™ /iiue prea
= °)z we

MEAN AERoDINAMIC CHORD , C OR MAC
“7 CHORD WHERE AERSDLUMPAmie FORCEDS ARE Asduam D

To her THROJSGH
=7 Pase€> THRoUGH ComTROD OF ARea of

THE SEmi - SPAD

P LA N
€= 30 IT+X -
Psl:z.sj
A= S \
Bl AQQ= (O —)

FIGUTERY ~ Al 2.5-3.5
AR ~ apc~3
GLUDER ~ AR 1€-29

[



\2 [od [2018

HIGH BAvpger RATIO WIAMGS HAVE STECPER
LUET CURVE SLePE, Ru7r SEPARATION Occurd
AT lowE® Aoa‘s

SWEEP MNEDuees LIET CJURVE sSlofPi, RoT PROmeorey
A Mo €& GRADOAL STACC.

HIGH $5&9 slorege | ~60" ¢ mond, CREATES STRens
(EADING EDWE VorT I ClESN THAT ENVNHars (E  SueTion
¢ RO DJIed AOMMLIEAR Lo QUTIDAr 20 CIFT
V-
HIGH AR Lo BCEP
MODCRATE SWEEP] R

w6 H u.)é'é’?/ low AL

CarmBer CFfFrers oM LIFT Coeve sLoPG

——  CAMIERED
=Tttt O CAMBERED

,/ AOTE  THAT onNSYmangTRIe
—}L - R Fo\C PROVIDES wWow-peERS
U¥ET AT 2TEROC ANGLE OF
ATTAC



ll-/oc( /2018
PLTEH G MovmE AT f' TRwWA

- e a * o W e T s = —~ =

DEF|amnTION S

CENTER. OF PRESWRG (cp ced
T LocCATion om HINRCREFT WHERE TVNRTRIRVTEND
SoAds - SCROOK NWWamie LOADS PRODE Mo
PITTHIANG M OmENT
o~ DIsTRI uIEDd LIFT ¢ PRAG.CAN BE REPULED
2 WArH Q2.iwT COADS
Con v -~ Mmoves ,,‘,/ FULGHT ComOITION o ConFIGURAr, o~
* FoRrees CHAANGE </ A1LPEED ;Aoﬁ
® AQCRAFT 13 CowTpow €D BY REEOWFIGUERING
TO moovs C.P. (ComTROL s RFACES)

M,

AGCRIODYNAm Cerwrer (AL, AC)
mlocaTionn OAN B IRARAFT ARpuT WHH A CHANGE
1) CIFT DOEs MNOT CHANGE PITCHING AMOAMENT
= MOUES Ay AIRSPEECD CHANGES, DOT \WSEwsITIVE
To Aok, CAMRER, or ConTRow DEFeeTioms ((owAsA)d
- MOWGS L) 1TH Aok AS STALC 1S ARPPROAcHED

- Ac“‘a.e o AERS ODYNVNAMIc. CEATER

dC‘_ \S THE (LIFT CewnTe R
MNOTE:. Dogs wor mgarn (C,.»©

PITCHING MomeENT RESOLTS W CP. 1S NoT tocAaTED
At CG.
~ElGHT ‘.’cu—"rlnuc, NoT AL GaALD
'C::umaum-cod OF fﬂoaucé‘b MOnA CAUT VO CACCED
TRIMMIVG ©  BY B ACAmcwe TRE Forw@s Do

WET monedT = LIFT ((€.P. x-pos = (6. xP>) + DAAG ﬂéC-P- 2 ps=C.62p0s)

GJEIQHT



Cel,
Cis T
A
AL
B - -
.0,
———f
&F
e— | &%y ..
{
-
Axc_'
Axc P C..,A CEAMTER of PREsURE REPREDIENT
- C THE (6. cocaTicr) wyene rie
(& ta
MomENMT 1S TERO
A’(A_c_‘ JC“\ ERO DNXNAMIC (SWTER REPRESENTS CG.
> T dCL WHERGE THE AomgarT SCOPE i1y

A 2ERO

IT 1S MoT ComVIGW ENT TO EXPRED S MomEary ABOOT
CP. A5 \T CHANGES WITH Act araTe>
TAMSTEAD, MovE THOE Foktms T A.C. AND EXPRES
C'M ARour C.G.

Cox
C?e C“"A.c/‘&h d O
4 Ac. Q.= C,,‘A.c + ae, S,
T

ComrRot PEFUCTIONS L AMRER THE ARCRAFT, Bor DO
MOT CHANGE THE AEROONMNAmIC CENTER > TRIAS A\RCRAFT
rs o o+,
¢, H S

dln  vnwmavseEDd
ry

-
=

A. L. DVLaAVED

& TAIL MOVEM ELT
> CAmDPENR. ne lzq



12/os [ters
NECOUOTRAL PoilAT

=2 CENTER OF G RLAUVINTY LOCATION v H(CH

PRobUCeECS NEUVTRAL AIRCRAFT sTABILITY

—? NEUTRAL PoINT 1S AT THE AECRS ONNAmie CEWNTER

o & ""“’ [ ¥ow
P &
(XY Np¢Ac
— 1l
Ax iy
LXyp __g_'.: = Ac,

+ -C.eN.p,

PITCH STA Ry

STARLE -2 A PERTULRATION 1A LIFT RESUCrd
I A DITCHING Mo EAT THAT REdMORES
THE MH/WwR CRAFT ToO ZT's Oﬁ\c-,l,uA(_)
EQUIL\BRIUM STATE
NEGATIVE DER\WATIVE

O(Mc‘(’ WMPLigs A STANLE
A\ \ AL <‘ & SYSLTGAN
ot
LIQL dc"“c(o < O
= il
\/ + : o c“*"'

,
¢
A.C \

C—M‘.%g C'L ACL + C“‘A.‘"."‘—o \
w w

REsuLrs WHEN ACAODYNAM(c CpwTSlL 1\ AFT OF THE LG

(24



lL/o: /r.a:g

CAN CrPRESS D TCH STADLLTY &S 4o FINCTiown
OF ANGLE 9F ATTACK

dc-cﬁcc. d CL. - AC”CE

at = =
de . Ao A o C""d
4 R
Srtzerionge
Piren LIET corvE
STARWLITY scopeE

CALWAYS Pos BTt

Cata

A
U ’c'_~>o UMET ARCE

8
-
-

N

-
°
-

- C"‘d<o = c"“.,‘o STARIE
STARLE

Cuee 'S A MoeE ACENLO PR\ATE A EABURE oF PITeH
BTA BN (MTX AT HIGH AecA WHEAN wiaGs &TAce

CAUTVOWU OSHOULD BE MADE TO (ook our FOR
"oDeer sraccs”

DEEP CTALL _EGQlo’
Cs

DEEP &rA REGIom — Qﬂ’ DRweEs To EQuiLigrwsm PorwwT AT
A g
P NEW CRUILIBRWAM o AT HIGH A A
<> (outD AUGMENT W/ ColTRBLEURFAWLD,
et Rock' 00T IF samau £CGIOM.

[22]



\"—/os/?.ols
STATIC ArARGIA

> ODISTANCE BETWEED MNGUTRAL Soiari Aan  C.G,

—a, o
: M.
AXy,p, = Xﬂ.p. = ’(c.a. DXy .
L XN.Q. - é Csﬁ
STATC MaGwW = e  aC

- NCEGATIWE BsTANCE means GG 15 Anéad oF A.9.
N LONGITUDING ¢ STARLE
2 NCGATIVE DBISTANCE 1O PInITIVE STATIC MARGIA)

OFTEN TIMES DISTANCES A RE CEXPRESSED Ay Fomace

STATIC MARGIV ® ['z' A |l Ac

= AN = EcTion)
X,o xLém&c MCEASVREC Pos. X 1 X DIk
'z
—> C C.G. ~.P.
@ &
AN A Q. —————p
é——
+X f—
BXya

MEu ComVEysStlon

* PosITIVE DIFFERCEICE meEans C.G. 'S BHCAD OF AP
=2 AIRCRAET (oAGITONWALLY 30 TLE
2 POVITIWWE DIFFERENVET 1S A PosiTIVE STATIC MARGIN

RULES 0F THOMB Fo@ PITCH LASTATILITY ClAATS

T STATC TAMAUTY RATIO REPRESENTN RATIO BETUEEN 3T47cC

PiTCH $THBILTY é‘ PRumARY PIMCH SURFACE ComTROL Poucl

rd My Moy /M‘ €=U : Too VWSTAR(E wnTH IVADEQVATE Coni@c
-1 Mg <z POER —p Camw STABILITY MaAR s>
Mo /Ms 22 - Teo HTABLE WITH INADEQUUIE CP

=7 SCUGGISH RESPonSE
- RATIO CAM BE CowSIDGRED A5 CHANGE (W) TRwm €S RETATVUE TuTRUmACA

-1 & [ Sﬂ/d] (4
TUIAe ‘A (7.) L2 Pleo 7, rFes
>o0.2, CAN CoonmTER

“TwmME To povas T T, Ao \fc—’._':_s_o_'isc
T E [2s]




12 [os /zo:g

DERNITIONS  symmarX

- " e T am w

NeEvTR AL PownT
- CG (ocamion a1 PRoGuce> A/EUTRAC AI1RCRAFT PITCH SraBicmy
= AcRoDYNAMIC CENTER OF AIRCRAFT
© CHANGE \w UUFT DoEs A/0T CHANGE AERD PrcHr, momEwT
= DEFINED WITH (omIRdLs F(xED ; No FC> FEEDRACK )
- TYPicAlLY DeFIwéo AT Low aoa ~> F(M) oaly
T TYPicALLt A SINGW NEUTRAL PoiwT 1S DEFMED AL
AUECIGHTED SuMm  AcRoSS 13 TRwm Aol Fo A RANGE
0F Gnross UE?GHrsf AcTITUDE S

A Cm
NP ( fomacy = 1o (L - olc,_)

z (oo (CC,-%—'Z‘;‘-’)

STATLC MARGIN
- DisTANcG RETweew M.P. ¢ C.G. Posmue wHen CG 13 Fun

- Pos SM comes FROMm A NEGATIVE ‘“"'/ae‘ OR NEC&GATIVE C....‘,

AKMP :d_f_... Q.....,
Sm (“/o MA-C) = loox 5 = =loo x ac, = —loo.z—:

CenTER eF PREssLRE
- PoiarT AT wWHICH ACROORN gmic oady PRoPuce Ao

PITCHI ey monmenT
. urr.: NRAG CAA) BE REPLALED WHTH POIA~T ¢0aDS

- MOJYES AFT LUITH \WeEREANU G MmycH NusmBea
¢ sGeEN I~ S v, o

Cn
MmoRE (TADE WiTH e Casiae, ArACH

~LNN

—

)



I2(o5/218
TE\MN\!NC, _sSumm ARy

—_—— s o s S

Cef &w*” $u*® Su=t
FOR AN AIRCAAFT To FeLv

. oLC STRAGHT AND LEVYL , THE Forces
e

O_\S‘ﬂ ASy

MJIST BAcCAVCE ADovwT THE (. G.

Pos 13 TED
4 WEIGHT Foaces om TasL
M‘"— MakgE C )
. Mae AC L ¥ dg é Lv
W\J (M) FOR TR | mn
C Cl
“Lies CortRol

TRMMED CiFT RUwWmoP

—2  $FATHoE A oM TAGUR AT
ColLE erion’ OF TRMBVED LIFT CURUES Fo ALL FLGHT Cond,

MACH
: For G ¢
ASE SWeén MACH'Q 8TAT\& MARGIL
CL— ~ o . S“ s
: SH' o - e o w on.u-m
LIFT ¢onrvé>
Sus
— TRLAMED
= LIFT ¢oavE
P=ol



47-/0‘/?.018
bRAG
& FINIVTE WG RES VLTS 1A LUIIET Cosy
2 Flow Sfices FROAM HIGH PREISIRE 810E To tow Peedsul € 306
2 REDUCES CompPrEssion) LIFT o0 tower sugFace |/
SUcTiow CIFFT ©OoR UVPPER suRFACE :

THIS UMITAT 0 oF SPAA 13 A mASOR Suu®ee OF DRAG

AT N e ssronas

— K APPROXNIm~ATE

tow s D Geupricn
( I VOB TSX
won P

FRoWT Vi@w OF wiai

LFT
TNDOCED PRAG = D. = 7~ ¢ bt (ALse cAe6S DAAG Dvevo
& B CIFT

L QERaTNG THE SAME LIFT On A OiNG HALFE THE
513€ QR IADGOMRLES TUE DRAG

L
¢ Ce | D
o, TAR £ S
¢ A= az=\e
L P Az S
,o,ﬂ:z.s
Co;
Campen SHIPTS (MG UCeD DRAL CORVE
[ X

CL ~> C - (c‘——c‘hlﬂ’> ¥ A C

o.- = Tan Ocpmnrz

Ao
RéEDUeess PRAG AT Riguer Eé \WEXCHANGE
for PEAMBLTY AT coweér acA.

}s. \ ‘_LD.:
ISENE Jze)




1I2/os /2018

DRAG 7TYeicqey mMovEaed Aas SVm oF
ZUDJcedD DAG 3§ PARA ©TIC DRAS

CD = CDO .8 CBL

c. t
CD_ s IADYe&ED MA(} = T AR
o
Coo = PAeAsme DAAG (soam OF CTHER DRAG)

PaRkeiITIE DRAG A uPES
- Daaéb dDue o CAmRER
— Skin FRcTion QULAG
* PeoDuced DY TO Bouvanae LA e
TEMPWRICAL CQuaTON N
SHOCLK WAUPE DRAG
* PRoOUcED BY SXockes FoRkmiAG
— TERo - L\FTr ©RAG

(-]

-.! e

NoTE€ THRAT TRMMIVGE THE 4 \RCRAFT PROGUeES Trim DRAG
THAT 1+ Dug TOo ConTROL SVURFaAcC OCFLELTIONS ¢
]
Syarie mARGIN. CAN BE Simmed wre (p

- « C +
- Co b!—e’ﬂo-cu’? CQ"""' = Cu“e\m

|2



12 fos [2018

PERFORMANICE

( SPECI\FIC (" xCc&ESs PowweER, ‘P§)

RATE OF cuumS

Rarte oF cLLMmB

Yany

WinY = Tceose? -~ D

Tcosed =D
sw¥= wW

v €
P_s = V§ivyY = w (ch;q—-n) ';e/s oa {/Hw
SPeciFie Exceds POWER 'S A MEASVR G OF IMSTANTANEOY S
RATE 0F cuamg

s\ &
TN OF 77 A> USAILE EnNFRGY

LoAD FACTOR

—_— - -~

-? A~X CoAD NON-DIMENSIOVNALIZEDN BY WEIGHT

CesS « S
L b - Cflls

/\/L:_ w F \a/ W
= L jorer -C 8>
My = s - - M 3sT Conmtmon)

Leg>

Y
Mysl +rl= w

", - STRICTIRAL DESIGA Clm 1T LOAD
Slimer FUGHT DESIGR G Ro% LIEI GHT

LAAD FARTOR 11X ALSO NON- DIMEMNS \ONACLMESEURE OF |
N ’
TRE  ACRAFT Atcec@RATon AY A muctipls oF Q'S (Gravey)

EL e a4
- A)L'=w- M% %

T



’Z/o?/‘LOlS

-_— " > e &

Tvew e LADWS -

V'L
: R g (AOF)

. S33 V i
Tuan RaTE = = = §%3 v ALY

TOaANRADIVS

R RADWS 1w T

Y = RaTE oF TUAN dey/y

V = 41RCQAFT vE Loc (T £¢/s

3 T AtcerarATiIau DUC To GRANTY - 3T.IBY FE/S?
/V‘_t LOAD FacTOR AVAMAL T FLIGHT PATA

=2 HIGHER sPeeDS MEAN (ARGER TLAN RADILS ¢
4
LOwECR TN RATES

=2 MAX\MUIMm TORN RABTE AT A GIVEA SPEED 1Y
LwnwaTeED RBY LoAD FACTOoR

AN

DO GHovsE PLTS -2 P ELATIONSHIP BErweenr K, ¢, ﬁ‘s:A/,_

CaRNER SPEED > MAKIMmuM TORN RATE
DEFIWED Ag \oTERSECTION OF MAX MO
AERODYVAM (C TORANG b MEXY MU AN ER AME
S " STRENGTH
[ <5
“To.N Clay,
~ P T (&“D&D;
LATE Acr R)
dos INCLEA SIS
Loa> FACTUR
Derersiwe,
Tvar RADILs

&



12 [ 06 (2018

- e e e o

THERINT Lavrmur

A LTiupe

M A CH
CeiLnG DeFmimonrs

ARSO WITE CEVING  —  BLTITUDE AT A GIVEN BiRseedn AT WiicH
T™E RATE oF CLUME s O fpn VsivgG MIC
o MY Powéel

SeRviee Ceruwg = ALITMITUDE AT A GIUGA) A | RSPEED AT wHiCH
THE RATE OF CLwmB 15 loc £Pwm Usiwt
MIC o MmAX PoOER

(RUIEL Ceruve - v 300 Lo, UsING AMNAxImMUM
CowT iNvowd Po wer (Vor- AFTer Buewme3
R € DULED Powge)

ComparT tLeruws - ik ¢y Soo FPur VMG anie o
M EX PoweErR

[s0)



12 (06 [zotg

CHARACTER\ATICS
LATERAL —DIRGCT|o NAL SEATTEPER

D\RCCI\GM AL STA

— ——-—-—-—-—‘-—

Vv VANT A ReTo@MN NG YALDWNG  pMosmES
TO BE GENEAATED wrend A
DRE CToVAC D1 TULRANCE OctIuls:

—2 DIRE (oA TOI\WTURBAACE
® IMRCASE AN SIOE SLUP ("F)

A}
-2 WANT A PosITWE éke—x:g,,

&
MomenT TO FoRM  To ReTuRA
o 2ERO g \pevelp
PRV Al SCa

S\DG Foece — _é_\f___ Do orR

N

PREvAILING 3.DEEVRCE (S ContiC UG FRoA
THE VERTICAC STARBLIRGER)D

- Ruopers (Comrrrol SURFACE)

— VERTIcACTA LS CFlK@b)

9RE\1A‘\LI.AJC, 8WDE FoRkecGc MAGILTULQE ‘L Locarion
NPT ©oF CG CREATE YAuwws MOA;GN"
— CAN FLY AT ComnsTAUT 510esCip ((STEAOY- Hetduwk
S1065ue), REopres BUnock NpuUT

CEPTER ¢ MAGNITDE OF &F UVARIES werk
FCLGHT ComD 1Tiovs AND ALTITUOE
— MACH COMmEPRESS (@ILITY EFFECTS
- AcA VARRIGCY FLOUY TO UERT.cal
STABLERS > L CHANGE C,, =5 ()



(2fog (2048

-—~——-————_—_——-——.—-—

- PoAITIVE RQUDDP R DUEFcecTION é&
ME AaurRE€EQ ASs TE LEFT

-2 PosTivE RUDDER DEFEcTIOW
l/ PROVIDEDS NeGaTiVE Yawidg

) /l AMopraZs VT
& SF
R

&5

R

!\}L

- ng LSQ._,; S'Qa)

R =2 SYMME R ¢ RUDDER

LOookinJG AT \MDLVUIDVAL RURDE R:
yv

5FvL—> RUQDZR Move meT 1y AlPL Wo

e CAM BER TO MREOCIC

1: ° S1De FoR s Gé_a..EMTED (AT D
gf OF OGFT DJE TO (CalDNVATE
AX1S LOCATIOM,

VIRecTioMme ComtRol 15 USEn T YAW THE
ARPLANE AND (ComTRAL SIDESCIP
IT ALye Has 1wpur T O RoLLIWG MomeaT
AND 810 Forcel

—> NOTE THAT CANTeD VEQTICAC TAILS Wil
PROVIQE A (ARGETR. RoOLL (NG AABAGAIT
e RUDDERS ARE DeEFLELTED

¢ RUDDERS GENERATE Rowlws smoasm EAT
BECAUSE PRESSUKR E (ocATion § ARove CCo.

]

3



120 /208

LA4 ca.M._ STABILITY
Posirive  STariuTyY
-7 A DISTUR UANEE GHENERATES p DIFFEREWTIAL
C\FT AAND RocL WD G AMOMmeEenNT RETURAMN NG
AQCRAFT TO TERD FJroESLP

Tal V¥

N\ U—=

FRovVT

Tof AS>o -» NECGATWE RolLWAey AtoOMEUT

VEVELORPES WITH A POoS\TIVE

si1oeLape
o O == POSITIVE Rowiwwl, MOmegaT
\/d DEVELOPE wWiITH A PosiTive
{,.F $,0e sCL1P

—> STAR(LE ROLL RESPonse REDUCED Sioesup

S 4 $Cy -
e < Lo o g—g(o e C, o0 For A0
2
Hoo e e wre meuco
. —_—
{
\//: é_'% o) V/\ 3
C,. L0

—D SIDESUP RETUOWNS B 2€RO




12 /06 [2018

LA'TG\Z—A-(: CLonwTR DL

— e mme S -

Sch\H‘Z&
LATER A C C(owTRoC
> DIFFENREVTIAC AlLEﬂ°U$/FOQP.S c_1 ;Q
> DIFFERECAITIAC TAICs 1
- wotrRs (smaccaEFreers D) Aluslo
> SPowg® \
ALEBTR OO ExAMPLE
z@_@“—:
+ SA&
ACw yicw/
’5AL 8 yte AillERo~r DEFLECTION
-£ Pos. TED

' PR
—7> ANEGATIVE DIFFEREATIAC éAt CSAL Al—) = SA
ALEERIAN SHOWN oW z

* PROV®EY wEGATIVE SAA% . (Sactbaed ¢ Al
Roctwweg momenr ¢

\

. NETE THAT CAT-DIQ ComTRIL $URFACES PRoOVIDE
TErRms To BOTH , HEwWEE (AT-OR S T HoOGHT
bF FOGETHSE , vEAN TOUGH 7o 66T One
RELPONSS L ITHRouT THE OTHER.,

> DIFFERFTATIAL FAIL pPROVIVEI BOTH Rowwe
MOMENMNT AND YAwWG momsAJT. ETe.



12/ 06 2018

ceaRTuaf ¢ DEPRRTURE REITANCE

- e e o

VEFINITION

-2 A DEPLRTURYE 1S A (O3S OF (COcHTROLLED FlLIGET

AND HARRENDS (WHEN AN AIRCERAFT 1\ MOVIANG
NV AN UN conTROLLED NABANNY GR.

* (A HAPPEN (WHEN OPCAATIMVNG EWJUELOPG
1> ExCE€0 D

e 30mE OCPARTURES CAN RE RECoVERED FROW

DCPARTURCEG ReEsisTAW e PARMAMETER

~> HELPS DETERMINE L IKELY Hoon OF EPARTL ReS>

- lLooks AT DIRECTIOMSAL STABILTY { (ATERAC
VA RIATY TogeTHeR ‘

zZ
Conpogp ™ Capcorel = e2/7 Cop simer

VER\VATI I FlROAM p. EQRUAT O ;

= Pswe - € cose
B= PSimwarPCouv d —(Coser +rsive &
> =0 ASSUmecD

=2 }3: 13.5!400( -l;co>o(

LY

p= BSe “/z,,
= gsb C,.\/_Z‘z_z

- s s c
= %6\3[ z’f"(.s»ud - Z% Coso)]

=2 AdSumgE No TNERTIAL (OUPUAIG

35S




12/06/2018
—l— G e =
- F 'ng" T Chloset - L2/ Cp Sive
DiFFepnenT\ATC WRT /&

—> C = C,‘F Coset - 'LR/I" CL’SINOI

APDYNM\C—

Have RESISTANCE 15 DY PARTUR ) UWHew C,me o

REME MBER :
foR Posrive &
STARLE 1> C.,,,}z >0
c‘)‘ < O

HowéEver , 1w PrRACTICE...

= Gy ? C_QP REDVCE AT HIGHER Avhs DUVE TO

Flow SEPARATION O LANG 1amflasSGlae
oA THE Rocl ¢ AW A OoTHoRITY
DEwees ‘

=2 Noic€ C"F GoEs UVNSTARLE!!

[3¢]



12feGlzoig
DAmMPInG TERMS

_— e T o w w ™ W o o

EASIGST 10 (o AT ROCL( DAMPGMASGS FIiRST

T RETARNNG L |FT

: 2
geraedialo

' VORI
LIWFT

4P, Pos. @Ot RATE

VIEW oF WIWNGTIP (R1GHTD

= : Vv
33
Z

Dol

ISTHE TIP HeEULIX ANGLE

ROTATION Z ANQREASESY THE ANG(E oF ATTACK , A
THERLE FoRY LFT, oM THE Downr WARD mouvin g,

Wi 6, THIS ROTATIOoN DECREASSSIANGLY OF
ATTACK.  AND CLIFT, O~ THE ppw 40D Mo viwg

Wiad6. THLY Com RiaATion] GENVNERATES A
RETARD WL ROLLIWE MO AT ~» ROLL DAMPILWG

ol DAMmPING e FFRIitwGAT

— 2Ce

= ——P_G'
-1

TXPICALLY A NEGATI\VE VALUE FOR Pe>INUE STARILITY

OPPoSITE OF DAMPE AMmING 18 PROPELLIAVG, THIS IS A
MOMENT Dal\VIGg ForceE,



n,/oG/ 20(8

COMm PARARLE TERMS EXiIAT

AW Dampeine Coél—’rsmém

n( 3_(

+ ¢, Pos. XAWWG M omenT
=> PONITWE YAL\WbH momEuT ROTATION

INDUEES VC(OoCITY O VERTICAL
STab\LizFe s '5 PRoDUES SIDE Foece
AFT OF CG. THIS GENMNETRATES RESTAIVG
K AW\NG Mo meuT.

Pite Dame\no COC FFRIC\e T
Cu, =
s <

1-06 PoS . PITCHWG Moncv\h'

—2 POSNITIVE PATCAWG Mpmenadl IV Dyces VEo Ty
0N HewonTal STARILWERDS, k& as WG
LIFT AT AFT END |, GENCRATING & Qesidews
PiTeHwwg Mom easr.

PLuw 6ImNe Der\vATIVS

2 C.
Comg = S22
> 2V
PURE PITCHWO Mo Tloa) PORE PLUNGIWG MOTIOA)
gzo ot e N

39



12/06/2018

(Ross —AXIS Damene Co€FRM CEMTY

YAw DAmPiNG Dur To Boll RATE COEFFIOENT
2C.
C, = fid 3
p a(zV>

> WHEAN RolLnG , VELOCITY 18 1M00¢60
ONTD THE veeTicaL gTaditizees,

THIS toDuces A SIDe Fokece oA THE
VERT §TaRicnases BEHRIVD THE CG , THLS

PRODOLcwG A& YALING MOmEAIT.

ROCLL Dom PInG DPUE To XAW RATE Co€FFleicaT
2Ce
CL

- 26

-2 WHEN YAWING | veEtoa™ 18

\woucsSn
ONTO THE VERTICAL STABICLIFERS, T
1MOuces A S1De Foece ARBoveE THe C6,
THUY GENEa aoTIAe A I?.ou.,MJC, D AnrEAJT,

3 (‘ ?OS‘T\V‘ MD,./\-{JJT *ﬂ(‘ Qﬁ\.‘\'\"g %W\ﬂﬁ,
U %k‘,’\,#ﬁp Nmemﬁ\)ﬁ Yo

i KO\‘L\IJQ M"
" ITPD0cID Sy

~_>2 T ABeve C-G. € > INDUCED S P

AC¥ oF C.G.

ST B -

. .
—{)‘_ >
+ P, Pos Row G +9Q positive
MOMENT DIE )

Lo LS a1ANG ROLLIWG MomerT
MOMENT

e,

3]



12/06 (2018

TRAD(TIONSL MO -DImENS o) AL BOTATI OO RATE COMPOMEUTY

Also KANoeuvd AS THE “Dhe€cT AMSTHOLO i
— OTHER METHODS EX\ST
CEALSTE
! Ec LESS RoCLL UATE
© Poeen osucLaTioN
= SIMmPLEST mcETHEN
T NN =DIS o TINLOUS

TRADITIONAL Wow-DiM RoTaATIowAL RATED ARE D ERWED
B RBREANG THE TOTAL AWRCRAFT QoTaTwaML RATES

INTO COMm-QOAIEAITS
= ONE TSTGAOY - STATE® COMPUAEAT ACLIGAICD

WITH THE VEcwoerry N&ECToR
— THREE RESIDLUAL ol OSciccatorY” €OampPoaI AT

AUGUED wW.TH RoOX x,Y¥ ,& Axes,

ATE
....... - - X
L= Peodeedsp
4+ 35«” B
Frsiwe Co>,3
J PJ. Vo Wy = SL-LL,
: P-S2, et cos
N : 7 Resc Pobc’ _P v
wTre (l L %obc,—' 6 . Qvé\uF
\ -
: Smkov—br&w QDTA’TtM(\OSC = - Q, S\wWo QobF
ac
£,k \
ORoeV =
2 Vy
?O,SB
PR = SoT USED )  AECROONNAMIC
Her & VYNAMmIce DOeRvwWATVE
RO 7 z Vo TERMS
“R= Come >



12 JoG Jrot8

HinGe mo mevTs

LN ofDewr To RoTArTC ComTRO L SURFACEYS ADouT
ITs WwWGE, AME Cess AR FoRes 1) QERU IR ED
TS ©OveErR Coart e ACRs DV aanice PrRE>30RS
THAT RE157TS THAE AMoTioas

~IF THE Acre FoewsS BN THE SURFACG
OVER Comeé€ THE Arpli€D MAeTUATO®R WHwWaéE
MOMJNT, Ted & COMT RN VR FACE &1t AUl

T2 & AEW |, AN Ontar auDEDR POITION,

HIwGE

~? EVE N DisTeo Buton/
OfF Force Floan

LG TO  SURFACE

UMEVEXR DitTeo somov
O F o (e

HWGE mom evT H, Acrs 10 THE oOpposire
OiRgceTionr TF AECRO FolcES TO (owTer
THE P s SURE

COCFEICIENT FORM
H H
C

ll =-—'-rvt$ ~ gs‘f; E:G-EF

z RS c‘lg F

0

=
wraht S, & Copp ARE  SupFAts DEPERELT.






	Donahue Independent Study; Collection of Aerodynamic Stability and Control Lecture Notes
	Recommended Citation

	cover_page
	MEMS500_Independent_study_20181208
	MEMS500_Donahue_Notes_20181208
	blank_page

