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m(U +QW —RV ) = Fe.+ Fa+ Fr.
m(V +RU - PW ) = Fo, + Fa, + Fr, < one force equation

m(W + PV —QU ) = Fo.+ Fa + Fr.

Pla+QR(lz—ly)—(R+PQ)le = L <« Moment equation
Qly—PR(lz— ko) +(P*~R?) e =M
RIzz+PQ(ly—lu)+(QP—P)le = N « Moment equation



In the above equation Q is asumed to be zero. Since it does not have any effect onlateral axis

As the aircraft initially is in unaccelerated flight P, and R,=OthenP=pamd R=r

> AF, =m(V+Uyr+ur) (V =v)at equllibrium noslideslipV, =W =0
> AL=pl, -1, (P=p.R=rl,=landl, =J,)
Y AN=¢l,-pJ,  (R=tl,=1,andl, =J,)

L ¥4



Y AF, =m(V+U,r)

> AL=pl, -],

D> AN =¢l,-pJ,,
However,sin ce the perturbations are assumed small, the products of the
perturbations can be neglected. The above equation then reduces to

vV
D AF, = mUO(U_JF r)

0

p=V
AF, =mU (B+r)=mU B+mUr Ve
y
U, =U
> AF, =mU B+ mUy
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FORCE EQUATION ALONG Y &XIS



The forcesin the y direction are functionof 3,w, ¢, ¢ and v
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Initial value of y, 3, ¢ are zero
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MOMENT EQUATION ALONG ROLL AXIS
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> AL=pl, -1,
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Derivatives of L and N with respect to ¢ and yare zero
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MOMENT EQUATION ALONG YAW
AXIS



ZAN :le _é‘]xz

ON ON ., ON .
W+—@o+—0+—y

. ON _ oN
B .
op” oy’ op  ad’ oy

le _¢‘]xz —

. .. ON _ AN ON, ON . ON .
i, =4~ By =g =N,
op” oy’ o8¢ o oy

Derivatives of L and N with respect to ¢ and yare zero
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Typical

Symbol Definition Origin Equation Values
c. Dihedral and  Ref. 1, Chapter 9 018
' Sgb ap vertical tail Ref. 2, Section 3.10 ‘

1 22U\ a#F
o _ —_—— -
s Sqb ( 5 ]ap Wing damping  Ref. 1, Chapter 9 0.4
1 2U\ a#F cr
=== Differantial wing ~L
c, Sqb ( b ) ar normal force 4 0.06
c 1 a# Directional Ref. 1, Chapter 8 0.11
" Sgb ap stability Ref. 2, Section 3.9 '
c .L (E E Differential wing _E_r 1 _fi -0.015
e Sgb b | ap chord force 8 da \ )
1 2U\ au# o4 S, (A rdC\"
C _ — | —_— i _— iy —— -
" Sgb ( b ) ar Damping inyaw  —== 27,3 [b) ( da )] 7012
1 aF,
c Ty Fuselage and : _
v g 9B vertical tail No simple equation 0.6
1 aF, mg
C —_ L G —
v Sq 9 ravity 5q cos 8
c 1_ 2U\ aF, Vertical tai
» S [ 5 ) 2 ertical tail Neglect
1 aF mg
c — _r —=
Ye 5q ( % ) Gravity sq sin®
1 2U\ aF,
— — | x
. & ( 5 ] - Vertical tail Neglect
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SOLUTION FOR LATERAL
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®=0
Mach = 0.394
m = 5900 slugs
U =440ft/sec
S =2400sq ft
|, =1.955x10°slug ft
|, =4.2x10°slug ft
J,, =0(by assumption)
Cl, =-0.38
CL 0.344
Ir — 4 =
b =130 ft
C,, =—0.0228
C,, =0.096
C.. =-0.107
C,, =~—06

=0.086




_M9 _cL—0.344
Sq

CY¢
C,, =0
C,, = -0.057
b 130
2U  2(440)

%c,p = 0.0553sec

=0.148sec

D ¢ _0.0128sec
20

D ¢ _0.00338sec
20

D ¢ _0.0158sec
20

_p, . (0.002378)(440)°
q="U° = > _230Aq o
| 1.955x10°

X

Sqb  (2400)(230)(130)
| 4.2x10°

Z

Sqb  (2400)(230)(130)

my _ (5900)(440)
Sq  (2400)(230)

=0.02725sec?

= 0.0585sec?




0.02725s* +0.0553s —0.0128s 0.057
0.00338s 0.058s* +0.0158s  -0.096 |=0
—0.344 4.71s 4.71s + 006

0.00748s° +0.01827s* +0.01876s° +0.0275s* —0.0001135s =0

Dividing by the s° coefficient

s° +2.44s* +2.51s° +3.68s° —0.0152s = 0
s(s® +0.380s +1.813) (s +2.09)(s—0.004) =0

s(s® +0.380s +1.813) (5 +2.09)(s—0.004) =0
) Dutchroll ’ roli:)ut Sp\i?al
(s° +26w,5+w,” ) =(s* +0.380s +1.813)
p p ! ' (S+209) s—0.004
@y, =1.345rad / sec 1 1
Op = 0.14 Trollout = 2—09 =0.478 Tspiral = _m = 250sec
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