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SUMMARY

Exact solutions are derived for angle of sideslip and fin-and-rudder
loads for an airecraf't performaing Hwe yawing manceuvres induced by the
rudder. Angles of sidesllp and fin-and-rudder leads are then caleulated
for three selected ajrcralt and compared with resulis obtained by a
simplified method in which rolling motion is neglected., Further ocalcula-
t1ons are made using a modified method in which the coefficients of the
response formulae of the simplified method have been adjusted to take
same account of rolling.

The analysis shows that errors of 20% may be incurred if rolling
is neglected in the estimation of fin-and-rudder loads for aircraft with
swept and delta wings. The errors increase vith altitude. The modafied
methed greatly reduces these errors, and may therefore be used where the
response of the aircraft is appreciably affected by rolling.
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1 Introduction

In the simplified methed previously recommended for the determination
of the angles of sideslip and fin-and-rudder loads during the asymmetric
manoeuvres specified for 6651gn1, rolling of the aircraft 1s neglected.
This assumption appears to be acceptable for aircraft with unswept wings
but its applicability tc aircraft -vith highly swept or delta wangs 1s lacs
certain.

However, in this method it 15 indicated how the coefficrents of
the response formulae may be modified to take account of rolling, but
up to the present, there 1s no evidence to show that such a modaficatzon
gives a more accurate solution. When the method 1s modafied an thas -/ay
it 1s referred to throughout as the "modified method" in order to distin-
guish it from the original methed, which 1s called the "simplified" method,

In the present note, exact solutions for angles of sideslip and [in-
and-rudder loads for aircraft in the specified yawing manceuvres are
derived, and compared numerically with those given by the simplified and
modified methods, Three aircraft with straight, highly swept, and delia
planforms, respectively are used az examples,

Details of the exact and simplified solutions, together with a
discussion of the significance of the modified method for taking account

of rolling without recourse bto the exact treatment, are given in the
Appendaces.

2 Scope of Investigation

Details of the exact, simplified and modified methods for estimating
angles of sideslip and fin-and-rudder loads for a given aircraft are
presented in Appendix I, paragraphs 2.1, 2.2 and 2,3 respectavely. Three
kinds of aircraft, each typrcal of exasting trends in design are considered
in this report, viz.-

Aircraf+t Wing Planform
A straight - slight taper
B delta
c highly swept - slight taper

The aerodynamic characteristics of these aircraft, which are all assumed
to fly at high altitudes and medium values of GL , are given in Table I.

The two manoevvres considered are:-
(1) Instantaneous rudder movement to angle éo .

(2) Sinusoidal rudder movement at the natural frequency of the
aircraft & = ;e sin J7 .

A number of response curves for B and P are included, Figs.t - 5,
but the main results are tebulated in Tables II ~ IV as "local maxima",
that is, values of £ and P at Jv = & for the first manceuvre, and
Jtu = 2n , 3% for the second manoeuvre, Czaykcwskiz shows that, in the
simplified method, very close approximations to the true maxama are found
if B and P are calculated at these times although strictly speaking,
the value of B at Jdqo = m for the first manoeuvre 13 the only irue
mastinum,
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3 Dhscussion

3.1 Estimation of Angles of Sideslip

The exact response curves for aircraft "A" and "B" performing the
two manoeuvres, and the corresponding curves obtained from the simplified
and modified methods, are shovm in Figs.1 and 3.

(a) Mirst manoeuvre

Results given by the exact and simplified methods compare favourably
at the beginning of the manceuvre, but &ifferences become noticeable as
the manoeuvre develops. Consideration of local maxima (see Table IV)
shows that the use of the simplified method for calculations on aircraft
"B" and "C" may lead to errors of about 20%. These errors may be reduced
to about 5% if the modified method 1s used. As expected, the use of the
simplified method for caleculations on aireraft "A" is permaissible. Iowever,
if' the modified method is employed, the accuracy of the results may be
improved still further,

Tt is shown in Appendix II that two of the parameters in the response
formilae of the exact method, R' and r, , which do not occur in the

gimplified method, have little effect on the numerical values of the
coefficients of these formulas, Thus the exact formulae may be concidered
to be functions of R and J and errors due to the use of the sirmlified
method for certain aircraft instead of the exact method are due primarily
to the limitations of the method as a means of estimataing R and J.

The significance of the derivation of the modified method, in which the
exaot values of R and J are used in the formulae of the simplifaed
method, is therefore clear., It follows that, in this manoeuvre, the

angle of sideslip 1s a function of —5—1——5 for aircraft with either
R+ J

straight or swept wings.

Irom a survey of previous work;, it is concluded that the errors in
estimating R and J by the simplified method can be expected to be
greatest when (—Ev) 18 large and n_ o 1s small, Reductions ain air

density will increase these errors. Consequently it may be advisable to
use a more rigorous method of estimating R and J in cases where the
airor?ft has high (—eb) and low n , (for example, aircraft with swept
wings).

(b) Second manneuvre

Here again the dafferences between the simplafied and exact solutions
become apparent only as the manoeuvre develops. The errors in the maxama,
although smaller then for the first menceuvre, may be as high as 10%,
However, these may be reduced to 1% if the modified method 1s used,

Further, rolling has little effect on the times of occurrence of the lecal
maxima (a;mmoximately at Jt =27, 3% ete.). It follows that the basic
structures of the coefficients in the resgponse formulae of the exact and
simplified methods are very similar, (zee paragraph (a) above), and for

this manoeuvre, angles of sideslap are directly dependent on é% . As
already mentioned, the errors, in cstimation of R and J by the simplafied
method depend on the magnitudes of (—€v) and 0, . Thus the conclusions

drawn in paragraph (a) apply equally well to both manceuvres,



(c) General

Comparison of the successive maxima (see Table III) shows that the
error introduced by neglect of rolling 1s not always conservative, Ve
have seen that the magnitude of the error i1s dependsent on the relative
magnatudes of the exact and simplified values of R and J . The
results of previcus investigatlons3 suggest that the sign of the error
is greatly influenced by the signs and magnitudes of np and 1o 3 if

they are both negative the error is, in general, conservative,

In Appendix IIT at is shown that R and J may be obtained
accurately without recourse to the stability quartic, However, whether
this method, or solution of the quartic by "trial and error", 1s used,
the product of inertia term iE should be included, If 1t is not, the

modified method may not give expected improvement over the simplafied
method., Calculations have been made with the present examples to
illustrate this point; see Tables III and IV,

3.2 Pin-and-Rudder Loads

Specimen time histories of the fin-and-rudder loads for aircraft "A"
and "B during the two manceuvres are shown in Figs.2, 4 and 5. The loads
are closely linked with the corresponding angles of sideslip (see Appendix
I, paragraph 3) and many of the remarks made in the preceding paragraphs
ar? gherefore relevant here. The results are tabulated in Table IV(ég and
IV{b).

Consideration of the first manoeuvre, shows that the errors in
estimation of the fin-and-rudder loads, introduced threough neglect of
rolling, are as high as 25%. Thus the error is greater than that arising
in the calcuwlation of the corresponding angles ot sideslip, This is dus
to the form of the equation for F . The errors may be reduced to 5% af
the modified method 1s used to debermine the angles of sideslap.

In the fish-tail manceuvre, where the eguation for P as slightly
different, the errors in estimation of P arasing from the neglect of
rolling are comparable with those occurring in the corresponding angles
of sideslip. The figures ain Table IvV(b) 1ndicate that, provided the
angles of sideslip are calculated by the modified method, the associated

fin-and-rudder loads for this manceuvre will also be accurate,

L Conclusions

(1) Neglect of rolling motion in manoceuvres induced by the rudder
may introduce appreciable errors in the estimataon of the angles of side-
s1ip and the asscociated loads of certain airerafs,

(2) These errors are due primaraly to the errors in estimating
the damping and frequency purameters of the lateral oscillations, R and
J . In this respect, the simplified methed is only acceptable when used
on aircralft with straight wings.

(3) The errors in estimation of R and J ocan be expected to be
greatest when the aircraft has high (—éﬁ) and low n . The errors wall
inerease with aliatude,

(%) It 1s confirmed that a simple method for reducing the crrors

due to neglect of rolling i1s to usc the exact values of B and J in
the formulae of the gumplified methed,
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(5)  The product of inertia term i, should be included in any

estimate of the exact values of R and J . If this term is neglected

the modified method may not prove any more accurate than the simplified
method.,

(6) The procedure suggested by Neumark (sce Appendix ITI) is
perhaps the simplest for finding the exact values of R and J if the

main interest is in angles of sideslip and fin and rudder loads in yawing
manoeuvres.,

NOTATION
A,B,C,D,E : coefficients of equation (8)
o’ To* "¢’ 7o’ To
Ay, B, Cyy D, B, B, : coefficaents of equation (10)
B2, 02, D2, E2 : coefficients of quartic equation (2)
Fyy Gy : coefficients in equation (2)
Hy, H,, Hy, H3’ etc. : coefficients of equation (20)
I1, I2, I, IL : factors in quartic influenced by the inertia
3 coupling term iE
aC.
a, = - Yf
17 9p
ach
a2 = -+ a[:
b ! wing span
S ¢ 1lift coefficient (total)
c : side force coefficient
Yf
f, h :  coefficzents of equation (6) or equation (13)
g :  gravity constant
i = V1
:'LA : 1nertia coefficient about = axis



gpSV

inertia ceoefficrent about & axls

inertra coupling about x - z axie ~
coefficient of product of inertia

non-dimensional frequency of Jateral
oscillations ~ alzo circuwlar frequcncy
of disturbance

fan -and-rudder arm

digtance of C.P. of fin-and-rudder load due
o rudder deflection to C.G, of aircraf+t

damping deravative an roll

rolliing moment derivative due to yaw
dohedral stsbility derivatave

vawing moment derivative due to roll
damping derivative in yaw

static stabality derivative in ynw
angular velocity in roll (non-dimensienal)
fin-and-rudder lrad

damping factor of lateral oscillations
damping factor of rolling subszdencc
damping factor of spiral motion

angular velocity in yow (non-dimensional)
wing area

fin-and-rudder area

time in seconds
unit of aerodynamic time in secends

true veloecity of C.G. of aircraft

B



v : velocity of sideslip

S" _6
VR = 55 'bR :  fin-and-rudder volume coefficient
w ;3 weight of arrcraft
Sr—v = Y, lateral force derivative due to sideslip
B = % : angle of sideslip
T
5n = 2 j.R "2 rudder effectiveness
C
g€ = R' - ) : see equation (20}
4 : rudder angle
A : stability root
By = W . 2};6 : relative density of aircraft (referred to
gpSb semi span)
oy = WS 7 = 'éb?, by : reldative density of aircraft (referred to
gp leng‘th)
%
v = ==
£ iy
61'
V o = -_i-;
Ty
o= T i
C
Vv = - 'n—p'
np 1a
p :  air density
% :  aerodynamic time (non-dimensional)
ol : angle of bank
Ho 6v
e = ~7T%
A
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APPENDIX T

Mathematical Analysiz of the Problem

! General Fguations of Motion

The linearised differential equations of lateral motion of an air-
craft may be written (cf. Refs.5 and A),

~

Sideslap:- %% + S’:v g+ T ~ k¢ = O

Roll:- w, B+ %% - U6:§ - ;ﬁ %% + v€r£ = 0 L (1)
Yaw: = -wnﬁ-%g;-i- npﬁ+§r%+vnf+5é=0
Relaionghipi- " b D# = O J

The last term in the yawing equation 1s the disturbing function
expressed in terms of the applied rudder angle, Similar Yerms in the
other two equations, representing the effects of rudder movement on the
sadeforoe and rolling moments respectively, have been neglected. The
effects of any displacement between the wind axes and principal axes of
inertia are included,

2 Selutions

2.1  Exact Solution for Angle of Sideslip

If equations (1) are written as a function of @ alone, we have,
expressing the result in a form suitable for the application of the
Laplace Transform:-

L 3 2 2
atp a’B a“p ap (ZLE az )
+ B +0, == 4+D, =4+E, B = & ([==2+F, =+G, & (2)
dfa 2 de 2 de 2 dv 2 n 12 2 d= 2
where ~
Cp = Ty (vgrv) v (v v+ v, v+ @+ T

Sj
il
>

3 (Y o Yip * v, + 0, (vnp-q-k) 0 v Iy

o (3)

E, = k(o V) " Ve @)
FZ = VY, + Ih
Gy =- - vﬁrk J

-t



i i
I1 = i@ vn - TE vﬂr
1, ©p i,
I:;I—W‘.J‘E'
2 v € i .
C terms containing
L effects of inertia (4)
1 coupling 1
Ij = - =¥ B
A
L = -oE
8 i,
-

The corresponding stability quartic is

b 3 2 - _
A+ B, Ao+ C, A+ D, A+ B, = 0 (5)
which may, in general, be factorised to
(M + rs)(K + R')(l? +fX +h) = 0 (6)
The four roots. are then B
23 = -r = damping factor of the spiral motion
12 = = R! = damping factor of the rollihg motionl
|
, P >(7)
WB - f+1 th- o= complex roots of lateral oscillation i
2
:—RilJ i
where R = damping factor of the lateral oscillation . |
J = frequency factor of the lateral cscillation

If we solve equation (2) for the two specified manoeuvres we
obtain:~

(i) For the first manceuvre:-
Using equations (2) and (6)

with £ = ZO
and initial conditions P = ¢ = r = B = 0

at T = 0

-12.



-r % -RT B —DOR
=A +3Be +Ce ¥ 4o {? cos Jt + =2 sin Jmi} (8)
o] o] 0 J

The coefficients Ab s B0 s ., D and EO may be deduced from

the following equations:-

Gy
B + C +D += = 0
o] o o] E
2
G
1 t — -
(rs+f) B, + (R'+f) c, + (R +rs) D, +E 4 T, B, 0
G2 !
' 1 ! - = ' Y
(rsf+h) B + (R'f+h) C, + R'r D+ (R +rs) B+ 5, G, = 1 (9)
Gy
' 1 = -
rsh BO + R'h Go + R Ty Eo + E2 . D2 = Eé
Ao- 2
o B,
2
S
(11) For the second manceuvre, similarly:-
with £ = Z sin J=
and initial conditions P = ¢ = r = B = 0

at T = 0

- T D, -C, R
1 g _ -R'«x 5 ~-R7 1 i
.‘T(.S__g_) = A1e +B1e + @ [01 cos J't.'+—-—---—-—---J. sin JT}

r

+ By cos Jt + T%-Sin J (10)

and the corresponding equations for the coefficients are:-—

~13-



(L1)

¢
FQ L I,y + rm NE.m +
e %+ Yo (i) e+ o o Sz e ME (aEpH)e ¢

(7

‘s %g + *a Amﬁma.mv + Yo (Carap) e+ Y f(eea) a3} ¢

%o+t Cara) v b ﬁm?mn_mv + lg (Faeue_r) +

s
by %a + bq s b Cava) + g (hurn) +
bap + by s b o+ _

by NEmn
v (Cagea) o

(o) T g

(3 e r)

v ()

Al



In the present investigation equations (9) and (11) are solved
numerically for the three aircraft,

Mote:~ The coefficients of the stabalaty gquartic B

, 02 , D
and E2 may also be written

2 2

B2 = R' + T ¥ £

G, = R'r_+ha+f (R' + ré)
D2=h(R‘+rS)+fR‘rs
E2 = R! r, h

2.2 Szmplified Methed (cf. Refs.q and 2)

If rolling motion 1s neglected completely, equation (2) becomes

2

i&g + (§§ ¥ Un) %% * (Gh * vn-E;) B = §n s (12)
T

The correspondaing stablility quadratic s

12 + A +h = 0
f = Yy * vn (15)
h = U.)n+ Vn yV <

and. the roots are

where R and J are again the damping and frequency factors of the
lateral oscillations. In view of the assumpiion of zero rolling motion
thege roots will not be exact.

The corresponding complete solutions for the two manoeuvres
considered are:-

(3) B - A 1 - eQRm(%os It + 2 gin JT>:J (15)
anz-'o R2+J2 J

~15-



(ii) jj(& B; >= 12 5 [—? sin Jt ~2 cos JT+e‘RT<2 cos Fu+ % sin J’:)_f L16)
n"e R(LJI+R)

2.3 Modified Method (Refs.1 and 2)

When the simplified method for the estimation of sideslip angles
and fin-and-rudder loads was proposed, it was thought that acceptable
solutions would be obtained 1n most cases. For the outstanding cases,
where rolling motion might have a marked effect on the response, 1t wos
suggested that a closer approximation would be reached if' the exact valses
of R and J , obtained from a rigorous solution of the quartic, were
used in the coefficients of the response formulae equations (15) and (163,

3 Fin-and-Rudder Loads

The general expreszion for the aerodynamic load on the fin-and-
rudder during a manceuvre may be wratten

f 2" 8
P = %pvis (- a; Brgroa + a2~g)_ (17)
= A ( -Bpg-C a8 +a, & ) (18)
darT 2
where
1 2"
A = mpVs

-16L.
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AFPPENDIX II

Comparaizsen of Results of Exact,
Simplrfied and Modified Methods

First Manoeuvre

Consaider the formulae of the exact and simplified methods

v T E_-D R o
B o (a +0e % Vs e FTID cos Jre 2= sin Jrl+ Be R T (8)
5n§b o o o J o}
S < T 1 5+ e#RT{:— ~§—i——§-cos Jt - ——~§¥E——§— sin Jx } (15)
no R® +J R® + J J(R® + 37

The term e
damping in roll R’

the ceefficient Bo is also very =zmall.

s, in the exact solution, 1s very small since the

18 usually large, Numerical results indicate that
1

Thus the term Boe"R K
- T
The spiral term Coe

may be

neglected in the exact sclution, must be

-r_T
retained since e is approximately unity whilst calculations show
that AO and Go are comparable but of opposite sign. Thus the general

strictures of the twe formulae are essentially similar,

If we now examine the numeraical values of the respective coefficients,
uging the exect values of R and J {modifsied approach) in the simplafaed
formula, (equation (15)) we have the following results,

A.iI‘CI‘aft ! HAH il ft Br! IL 1! C" B
8 | -0.38855 | -0.23888 | -0.0919% |
o, 0.MAT8 | 0.32525 | 0138819 |
B 0. 00015 0.00065 | 0.0001 |
I
5 ! : 0. 0565 0. 0876 0. CL69)
R+ J
(& + 00™")
A+ Ce - 0, 05625 0. 08637 0, 04688
- = i 5 ~0., 0565 ~0. 0876 -0, 0L69
R+ J :
D, -0, 0564 -0, 08701 -0.04698
- — R 5 ~0,0053 -0.00348 | -0.00264
J(R® + J) ,
E -D R ;
2 = 2 | -0.00501 -0.00192 ' -0.00135

17~



The respective coefficients are almost i1dentical in all cases.'’
Thus it may be inferred that the corresponding coefficients of the fwo
formulae are similar functions of R and J and that the slight varia-
tions between the numerical values of the coefficients are due to the
parameters R' and L The errors arising from the use of the

simplified method for certain aircraft anstead of the exact method are
therefore due primaraily to the lamitations of the method as a means of
estimating R and J ,

Second Manceuvre

The two response formulas for B may be written

B ~R'7 B ~R7T
= JlA,e + B e + e (3¢, cos Jt + [D,-C,R] sin Jx)
an;;e 1 1 1 11
+ JE, cos JT + F, sin Jv (190)
B_ _ -Rt ) R . R .
f’n&e = B (2 He cos Jr + 3 He sin J"I:) - 2K, cos JT + T He sin Jt (16)
where

_ J
T

Y -r T
Numerical results show that J <A1e BT + B,le o ) may be dis-

regarded (see table below) and then the general forms of the two equations
are identical. If the numerical values of the coefficients are calculated,
again using the exact values of R and J , modafied method, we have:=

/Table

18-
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||CII

Aircraft o ma " g
- T
I <A1 BT, Bye ° ) -0,00013 | -0.00085 | -0.0011
2 H_ | 030109 | 110462 0.41895
3¢, 0.30023 1,09841 0.41889
(D1 - C, R) 0, 01251 0, 00145 0, 0003 5
! |
|
Sy } 0,01423 0.02192 001176
| ———
-2 H_ | -0,30109 | -1.10462 | -0.41895 |
| 'f |
J E, f =0, 30001 -1,0969 | -0, 41766
! }
| S
. | ‘ |
% | 0.01423 0.0219 | 0.01176 .
| | |
F, | 0,0158 0,018 v 0,02319

The numerical values of the respective coefficients are almost

identical,

as a method of estimating R and J.

~19-

It follows that for this manoeuvre also the errors arising
from the use of the simplified method are due praimarily to its limibations






APPENDIX ITT

Factorization of the Guartic Equation (5)

"In the main text it i1s shown that acceptable solutions to the
response of an aircraft ain yaw can be obtained 1f the exact values of
R and J are known, In the simplified theory, the expressions for
R and J are explicit, but the inclusion of rolling motion destroys
this mathematical simplicity., Hence an accurate estimation of angle
of sideslip and fin-and-rudder loads is reduced to the problem of
deriving the exact values of R and J , i.e. the factorization of the
quartic, and the use of the simplified formulae,

(1) If the numerical values of the laters] stability coefficients B
02 . Ib and E2 are known, the quartic may be solved by "traal and

error' using the characteristics of the lateral quartic for selectang,

the first approximations to 11 and RQ , 1.e.

Lo T}

>
i
1
rotj{ I\)t‘d
>
I
1
ve)

2 (19)

(2)  If the main interest 1s 1n the response, rather than the stability
of the aircraft, however, it may be more convenient toc use the method
suggested by Neumarkd, This method can be readily tabulated for computa-
tional purposes. The relevant formulae are presented here, with certain
additions covering the effects of inertia coupling terms (neglected in
the original report).

where
E2 !
Ho - we (vnp + k) —_ (\J‘a - yv) V'E/I‘ Vnp - "\;z + [I3 - ve, (12 - vf; I‘I)]:
»(20)
w,(v__+k)+y v, v 2E I
— & 'np virnop 72 2
1{1 = “’n+(v6'vn)(v6"yv)+ v > * l: v e I‘i
£ v <
1/
D 3E D 4E
2 2 2 2
- - — . ——t H = e e m— tec.
H, Yot TE T3 37,37, °F
2 & & £

~20-



Then

R' = Vv, + & (21)

- ———7-— 22)
rS D2 - E2 R' ( ‘

in]
1]

(v +F) + I, - (r_ + ©) (25)

=
1l

— ty =Y L _
(%f&ﬁﬁ +”a-%m*'m vnyﬁ R % +12 rsf (md

These equations include the product of inertia term g » Thorpe&
has recently shown that seriocus errors may arise in the estimation cf
R if this term is omitted. I% has been convenient to check this point
in the present investigation and the results are included in Tables IT -
IV, The calculations show that both R and J are affected by such an
omission (Table IT), and, in view of the remarks in Appendix II, the
cmisaion of iE mist introduce appreciable errors into any lateral

response calculations made on aircraft flying at moderate and high values

of CL .

The results in Tables IIT and IV suggest that if R and J are
calculated on the assumption that iE is negligible and are then substi-

tuted into the simplified expressions for B ete., the errors incurred
may be comparable with those associated with the results obtained when
rolling is ignored.

Since the coupling term has such a powerful influence on the
astimated response of an aircraft, the relative ainclinations of the
prineipal and body axes should be determined before response calculations
are attempted,
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Relevant Aerodynemic Data

TABLE I

Aireraft Axrcrals ! Areralt
1IA$! NBH % Hch 4
' i
Oy, 0.147 0.2 ' 0.3 '
bo 36.8 50, G2 ' .1,
2 1,34 1. 601 ! 2. 604
k 0.0735 0.1 ;‘ 015
£, -0.0k | =0.062 p-0.081 |
¢, -0. 34 | -0.21 | -o.250
o, 0.0L 0,055 | 0.130
n, 0.07 0.055 ! 0.086 {
np 0.05 -0.011 I
a, -0.08 -0, 07 -0.157 i
¥ 0.23% ; 0.177 ! 0.168
2, 2.5 2.35 | 2.78
2y 1.8 0.85 0.36 |
i 0.07 L 0.06% 0.055 |
1q 0.1, 0.278 0,290 |
- _ - 4 |
- 0.005 0. 0056 0.005¢& J
@ 8.4 o.805 ' 17.965 |
wg, 20.96 49,157 | 134,85 ;‘
Ve 4. 85 3. 355 ! b6y !
v 0.57 0.8579 I 2.532
ir ! |
v ~0.29 0.0k ! 0 ;
np |
v 0.57 0.252 F 0. 541 l
5, 22,53 5.995 ' 8.794 !
' ]
52 5.6098 3.7974 ! 5.4587 |
C, 21. 5024, 12.3986 | 24054k |
D, 85.2019 40.3188 | 105.3632 |
E, 0.107% 0. 3679 L1286
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TARTE TT

Roots of the Lateral Dymamic Stability Equation

. Method of r &t £ h R T R
Aircraft Solubion £ S emarks
{
Exact -0.0331 10.00127 14L.8169 |0.79158 [17.6823 10.3%9579 | L,.186. {Quartic factorized by "trial and error"
+ methed
Exact -0.03308|0.00127 |4.81692 {0,79156 {17.6824 {0.35578 | L.186L , Quartic factorized by Neumark's method
"yt (two approximations)
Saumplified - - - - - ! 0.400 4.2928 Simplified values of R amd J
Modified - - - - - | 0.39579 | 4.186L 1+ Exact values of R and J
Exact 0.1018 10.00127 | 4.9518 | 0.6969% |[18.7873 ! 0.34849 | 4.320L | Omission of coupling terms fram quartic
Exact 0.1654 (0.00915 | 3,520 0.,26825 11,4197 50.131;.12 3. 3766 IQuartlc factorized by "trial and error E
{ me thod !
Exact 0.16557 10.00915 | 3.5206 | 0.26768 [11.4216 ; 0.13384 | 3.3769 | Quartic factorized by Neumark's method |
g ! l (two approximations) I
Simplified - - i - - - |0.2144 | 3.1455 { Simplified values of R and J ;
Modified - - l - - - V013412 | 3.3766 | BExact values of R and J !
Exact 0.3070810.00917 3.6617 10.11255 {10.9667 | 0.0563 | 3.3111 | Omission of coupling terms from quarbic
I '
Exact 0.2022 :0,0395., ;4.90‘? 6 | 0.51756 21,3033 i 0.25878 | 4.6083 | Quartic factorized by "trial and error" l
, ! !  method
Bxact 0.2024 10.03950 } 45,9018 :. 0.51738 | 21.3042 ‘ 0.25869 | L.6084 . Quartic factorized by Neumark's method
"G | i i (two approximations) .
Simplified | - - - ) - - 10,3547 | L.2344 i Simplified values of R and J '
Modified - - ! - ) - i - '0.25878 | L.60B3  Exact values of R and J ‘
Exact 0.47471 10.03959 * 5,1741 ' 0.19510 )20.167&. 0.0976 ' 4, 4858 Omission of coupling terms fram quartic
i




TABLE ITI

Maximum Sideslap Angles (Local)

Manoeuvre (1)

Manoceuvre (2)

(Fish-Tail)

l
l
T
{
|

|
i
Air- |Methed of R
R J bl B Remarks
{ craft|Solution J (%) % Lrror (Zg") % Error (Z‘) % BError
[ C/ Jr=n [N'e /ye=2n C/Te=3R
! 1
! Exact 0.3957914.1864.]0.0945!  2,2021 - -3.0290 - 3.9820 - Equations (8) and (10) respectively
? Simplified|0, 40 ;4.2928 0.0932; 2.1169 ~3,90 | -2,9023 017 3,826k -3.91 lEquations (15) and (16) respectively
i uan | Modified [0.39579i4.1864)0.0945| 2.2213 | +0.90 | -3.0398 | -0.37 | 4.0016 0.50 |Exact values of k and J 1n
: ‘ Bouations (15) and (16)
Modified {0.34849 4. 3200 10.0807 2.1303 -3,27 -2.9703% -1, 3.9778 -0.10 IR and J medified by cmission of

' | ! I iE : Table II

f ‘ ;
Exact 0.13412,3,376610.0397| 0.96156 - 14525 - 2.0430 ~  |Bquations (8) and (10) respectively

'Simplafied|0.2144 |3,145510.06821 1,050 13,35 | =1.5466 6.63 | 2.,1042 2,99 lEquations (15) and (16) respectively
. wgn Modified [0.13412)3.537660.0397] 0.588% 2,79 ! ~1.0n627 o} [ 2.0662 1.13 (Equations (15) and (16) Exact values
; ! j of L and J
: ; Modafied |0.0563 13,3111 i0.0’I?O 1.0648 10.7 ; -1.6291 12, i 2.3808 16.53 |R and J modified by amission of
t ! : i , !
! 1 1 ! —T { I‘
| ' Exact 0.2588 |[L4.6083'0.05621 00,7261 - 1 -1.0%342 ~ | 14831 - !Equations (8) and (10) respectively |
| [Simplifaed 0.3547 |4.234410.0838| 0.8614 18.63 i -1.1959 9.3 | 1.5955 6.86 Bouations (15) and (16) respectively i
! nge | Modified |0.2588 [4.6083:0.0562| 0.7589 b5 -1.0953 0.10 ! 1,510 1.4 ,Equaticns (15) and (16} Exact values
i ! ‘ of R and J
‘ Modafied |0.0976 4.4898‘0.0217 0. 8438 16.15 | -1.2808 17.05 . 1.859C 2. 51 ‘P and J modified by omission of
!

| |

f e 3 Table IT

|
|
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Local Maximum Fain

and Rudder Loads -

TABLE IV(a)

"Tnstantaneous Rudder Deflection"

. Method of |[ .2 4 _ﬁ_) _pl |lp 4 (ﬁ_ P
Aircraf® Solution (z;o >J'[::7t ac (40 . B C Z’o ar go 2o Iy Z’o % Error Remarks
Exact 2.2024 -0.0357  |2.5167]0.0727|-5.5418]  0.0026 1.8 |-3.73%2| -
Simplified; 2,.1170 0 2.516710.0727 |-5.327¢9 0 1.8 ~3,5279 | ~5.65
mAY Modafied 2.2213 0 2.5167|0.0727 |~5. 5860 0 1.8 |~3.7860| 1.25 |Exact values of R and J
Modifared 2.1303 Q 2.5167 |0.0727|~5, 3613 0 1.8 |=3.5613| -4.76 |R and J modified by
amission of iE)
Exact 0.9616 -0. 0456 2.3550L10,0304 -2, 2650 0.0014, 0.85 (=1,4136 -
Simplafied| 1.090 0 2.355{0.030L |~2. 56741 O 0.85 |-1.7174| 21.49
" Modified 0.9884 0 2,355, 10,0304 1=2, 3251 0 0.85 1-1.4781 h.B6 [Exact values of R and J
Modified 1.0648 0 2.355470,030L.|-2. 5080 0 0.85 [-1.6580| 17.3 IR and J modafied by
cmiassion of 1g
Exact 0.7261 -0, 09 2.785110.03 =2.022 $.,0027 0.3161-1.7036 -
Simplafied 0.8614 0 2.785110.03 |-2. 3991 0 0.316i-2.0831 1 22 258 | -
ne! Modified 0.7589 0 2.7851 10,03 |-2,1136 O 0.316|-1.7976| 5.52 !Exact values of R and J
Modified 0. 8434 0 2.7851 10,03 -2, 3488 0 0,.316(-2.0328] 19.33 R and J modified by

omiszion of iE
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TARLE IV(Db)

Local Maximum Fin and Rudder Loads

- "Figh-Tail Manoeuvre"

Jv = 2% Jt = 3%
. Method of
Aircralt : B a ( B8 ) P 8 a ( B ) P Remarks
Solution ~B 5~ | =C == % Error| -B5— | ~C==(v % Error
Ze dzT Z’e A ;e Z‘;e dt ;e A (‘_f.e
Exact 7.6218 -0, 0481 7.5737 - ~10.02 0.0636 ~3.9579 -
Simplified | 7.3042 -0,0422 7.2620 | =1 -9, 630 0.0556 -9.5743 | ~3.85
HAM Modified | 7.6503 =-0,0L37 7. 6066 0.43 | -10.07 0.0576 -10.013 0.55 |Exact values of R and J
Modified | 7.4753 -0.0376 74377 1 1.8 =10, 011 00,0503 -9.9607 0.03 |R and J modified by
amission of lE
Exact 3.0165 ~0, 0055 3,110 - -L.8123% 0.0079 ~4. 804 -
Simplafied | 3.6429 -0,00h 3, 6380 6.7 ~1.. 9562 0.0069 =L 9491 3.02
"B Modified | 3.4452 ~0.003 3.4422 0.9 ~l. B666 0.0042 -l 8621 1.01 | Exact values of R and J
Modified 3,8372 -0.0014 3.8358 12.5 -5.6078 0, 0020 -5. 6058 16.7 R and J modified by
omission of iE
BExact 3,047 -0.008 3.0392 - -4, 1584 0.0115 =l 11,69 -
Simplified | 3.3308 ~0. 0064 3, 32L4 9.38 =L 4136 0. 0086 =1 1,350 6.95
uon Mcdified | 3.0505 -0, 0030 3.0475 0,30 -1, 2168 0, 0059 ~4..2109 1.54 | Exact values of R and J
Modified |3.5670 ~0,0019 3.5651 | 17.3 -5. 1774 0.0027 51746 | 24.80 | R and J modified by
! »  cmission of ip
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24 THE RESPONSE FOR AIRCRAFT
‘o C IS SIMILAR IN CHARACTER.
2-2F AIRCRAFT A
’/
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|8} 4
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| Q) KEY -
EXACT SOLUTION,
'8 \ L — - —SIMPLIFIED METHOD.,
.6_ 3. ~
T~ 1 =——— MODIFIED METHOD
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2L N ™~
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FIG . RESPONSE TO AN INSTANTANEOUS
RUDDER DEFLECTION ¥,

1914



(—5_ THE RESPONSE FOR AIRCRAFT'C
IS SIMILAR IN CHARACTER .
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FIG2.TIME HISTORY OF FIN & RUDDER LOADS AFTER AN
INSTANTANEOUS RUDDER DEFLECTION Jo
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// . ~ — ——— MODIFIED METHOD
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_._) ao THE RESPONSIE FOR

.s ARCRAET A 7T AIRCRAFT 'C IS SIMILAR

T / ’/ IN CHARACTER .

3. i

2k / ,A\RCRAF’-T} ® /7

2 0} / // ! V___JL

N 7 / / ,

! o: //E& / / /'/

.| / //:R\K y / ,/

.—é/ k \\\ ; A/r -
2§ -50 78 -0 '\\ 25 \\-s 1-7}// 20 /5 /250 275 , 30 -

~ 50 . T=3

o \ N

. . / FIREY -
-1-5¢ \\ W\‘x./_.r- ' EXACT SOLUTION
ol ‘\ —-—SIMPLIFIED METHOD
\\:L / (MODIFIED METHOD NOT SHOWN)
-2 5+ . Tt =T, 2T, 37T
-30 A / /-f\ | |
FIG3. RESPONSE TO A SINUSOIDAL

RUDDER DEFLECTION f=F%e SIN Tt
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FIG4.TIME HISTORY OF FIN & RUDDER LOADS PRODUCED BY '
A SINUSOIDAL RUDDER DEFLECTION Y=Y SIN Jc.
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-/ ' EXACT SOLM
. // \ \ — — SIMPLIFIED METHOD
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FIGS5. TIME HISTORY OF FIN & RUDDER LOADS PRODUCED BY
A SINUSOIDAL RUDDER DEFLECTION J =Jfe SIN Jt
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