


FLEXIBLE COLUMN - BIFURCATION DIAGRAM

STABLE +
UNSTABLE -




BUCKLING OF STRUT WITH

IMPERFECTION

LOAD P

IMPERFECTION N

GLIDER




BUCKLING OF STRUT WITH IMPERFECTION

LOAD P

IMPERFECTION N

GLIDER

%
N

2
PE oF SPRINGS = 24 k (ctane)




BUCKLING OF STRUT WITH IMPERFECTION

LOAD P

IMPERFECTION N

GLIDER

%
N

2
PE oF SPRINGS = 24 k (ctane)

PE. oOF LoAD = —P(ﬂ.‘lcose* Ksin&)




BUCKLING OF STRUT WITH IMPERFECTION

LOAD P

IMPERFECTION N

GLIDER

%k
S

2
PE. OF SPRINGS = 24 k (ctane)

PE. oF LOoAD = —F(;Q‘ZCose* Ksin&)

ToTAL PE. V = kettants -P(l-lcbse-f Yls'mo)

~ o' -+ (p0e - pho [z
k




PoTENTIAL ENERGY OF STRUT

ToTaL PE. V = kc®tan®e - F(Q-ﬁwse-f Nsme)

L=1
= S tan"e -p + pcos6 - pAsme [kc'-%:



PoTENTIAL ENERGY OF STRUT

ToTaL PE. V = kctan®e - F(Q-ﬁwse-f Nsme)

L=1
= S tan"e -p + pcos6 - pAsme [kc'-%:

ASSUME: N,0 SMALL, P CLOSE To 1 so THAT
@ TERMS ONLY UP To 6* ARE SIGNIFICANT

3
* Fn.e IS SMALL COMPARED To pYLO

- (p-l)e4 IS SMALL COMPARED To (p-l)ez



POoTENTIAL ENERGY OF STRUT

ToTaL PE. V = kctan®e - P(ﬁ-ﬁc:ose-f Nsme)

L=
= S tan"e -p + pcos6 - pAsme [kc'-%:

ASSUME: N,0 SMALL, P CLOSE To 1 soO THAT

4
@ TERMS ONLY UP To © ARE SIGNIFICANT

3
® Fn.e IS SMALL COMPARED To pne

4
- (p-l)e IS SMALL COMPARED To (p-l)a‘

V= ‘é’*‘—d“ze - (1-cos6) - (P‘l\)(l‘Co56> - FKs'me

= J—(e+ -g:-r---)z - (I-H '%‘ -'2!:+---)

28t - L(p-d6 - pne




EQUILIBRIUM SURFACE OF STRUT

‘3{“0 . 46 - (p-Ne -pn=o




SOLUTION MAN|FOLD

P-l-’>‘> F’lﬁ/u.) 5 > z

F(a'x,/&>=_g_i3_‘)\£_/u_=o F:R'XRz—vlk'

y,

M 1s A 2- DIMENSIONAL PARAMETERS )\,/u

MANIFOLD IN 3-SPACE.

STATE &




SET-UP & PROBLEM

Fitxlh 21
STATE PARAMETER
SPACE SPACE

SoLUTIoN MANIFOLD (EQUILIRRIUM SURFACE) :

F(z,X) =0



SET-UP & PROBLEM

G S i
STATE  PARAMETER
SPACE SPACE

SoLUTIoN MANIFOLD (EQUILIRRIUM SURFACE) :

F(z,»\) =0

PROBLEM: DETERMINE THE STRUCTURE &

INTERESTING FEATURES OF A
SOLUTION MANIFOLD



SET-UF & PROBLEM

FaZnis %1
STATE  PARAMETER
SPACE SPACE

SoLUTIoN MANIFOLD (EQUILIBRIUM SURFACE) :

F(z,») =0

PROBLEM: DETERMINE THE STRUCTURE &
INTERESTING FEATURES OF A
SoLUTION MANIFOLD

COMMONLY USED METHOD : USE NUMERICAL
PROCEDURES TO TRACE
1- DIMENSIONAL PATHS
(SUBMANIFOLDS) ON MANIFOLD
& THEN TRY TO CONSTRUCT
FuLL MANIFOL.D




BUCKLING OF SPRING

l’“ LoADS X\,




BUCKLING oF SPRING

l# LOADS xo f"

-2(1-) + 2Xcos® +pm3MO

= =0
F(,e,O, l'1“") _ke- 2)\2 sné +/4.P.COSG

M 1S A 2-DIMENSIONAL

= sz Ra s ,R?- ' MANIFOLD IN 4-- SPACE .

STATES PARAMETERS
42) 8 x' /'*'




0.0

3

o / 7 s=1/3

/// ; = constant

(/

’ ":.‘:\ ‘&\.\\

i

I A\‘ Vo

eSS A e’
OO~ — =

M e —————————— =

-0.0S

i "v \/ V Y‘V‘V‘V!QVAV’Q;?;‘ — V_ T
S N ————
it |
e

i
)é W ’
1

T L 5 . 75
0.30 0.35 0.40 N 0.45 0.50 0.55




IDEA TOF SBITCON !

HYPERPLANE

TANGENT




IDEA TOF SBITCON !

HYPERPLANE

TANGENT

STEP |: COMPUTE THE TANGENT DIRECTION AT %,



IDEA TOF {PITCON

HYPERPLANE

TANGENT

STEP |: COMPUTE THE TANGENT DIRECTION AT %,

N
STEP 2: CoMPUTE A PREDICTED POINT %, IN THE

TANGENT DIRECTION



IDEA TOF T PITCON '

HYPERPLANE

TANGENT

STEP | : COMPUTE THE TANGENT DIRECTION AT %,

N
STEP 2: CoMPUTE A PREDICTED POINT %, IN THE

TANGENT DIRECTION

STEP 3° STARTING AT 2, APPLY AN (TERATIVE
CORRECTOR PROCESS (SUcH AS NEWTON'S

METHOD) IN A HYPERPLANE NoT CONTAINING
THE TANGENT DIRECTION



AIRCRAFT VARIABLES

m(Z ) e R®

%, = RoLL RATE i)
%, = PITCH RATE
STATE
23 = YAW RATE ‘ > VARIABLES
. :
%, = ANGLE OF ATTACK
%g = SIDE - SLIP ANGLE J
| ™
= ELEVATOR DEFLECTION
e CONTROL
xq = AILERON DEFLECTION } PAR.AMETERS
‘ A
*xg = RUDDER DEFLECTION




J
I

o= Ar i 86 =6, ~=F

AIRCRAFT EQUATION

8

() =

-3.93%

0.002

o.1017
-0981

o
1.0

o

“OleT me %, ¥ 8.39 Kyxy ~ 6844, x4 63.514‘&

0.126
(o}
-0.235

o
-|.0

0
~22.9s
(o)
-1.0
(o]

=993
o

5.e1
0
-0.196

0

-28.31
0

-0.168
0

~0.949 %, %, + 0.113 %, %

. -45.83

(0]
~0.9¢l

(o)
-0.001|

T

-0.71é % x %, 132 %y )L,"

X%y

*y Koy

~1.6%
o

-6.5|
o
o

-




X, = RoLL RATE

x = ELEVATOR
DEFLECTION

= FIXED

x, = NLERSN
DEFLECTION

=VARIABLE

%y = RUODER
DEFLECTION
=0

AIRCRAFT STABILITY

(RoLL RATE)

o

DEFLECTION)



	PowerPoint Presentation
	Slide 2
	Slide 3
	Slide 4
	Slide 5
	Slide 6
	Slide 7
	Slide 8
	Slide 9
	Slide 10
	Slide 11
	Slide 12
	Slide 13
	Slide 14
	Slide 15
	Slide 16
	Slide 17
	Slide 18
	Slide 19
	Slide 20
	Slide 21
	Slide 22
	Slide 23
	Slide 24

