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PRECISE SOLUTION FOR RATIONAL TRANSFER PARAMETERS
OF FLIGHT VEHICLE

Zeng

Abstract

The deviations of some design para-
meters always exist in adjusting aero-
dynamic configuration, arrangement and
control loop. In this paper, a mathe-
matic model, which is used for calcu-
lating precisely transfer parameters
of vehicles, is established in the ma-
trix form involving dynamic factors,
transform factors, structure para-
It not
only simplifies computer aided design

meters and their deviations.

programming, but also offer an intui-
tive sense.

Taking the dynamic factors for the
function of aerodynamic and flight pa-
rameters and their deviations, the
calculation method presented here is
simplified. Since the transform fac-
tors being used, this method is sui-
table to normal, canard, control
wing and ballistic vehicles.

I, Introduction

In order to increase the qualities
of whole flight system, it is repeated-
1y necessary to demonstrate aerodynamic
parameters, structure parameters and
flight parameters, so that the devia-
tions of these parameters occur. In
this paper, making use of dynamic fac-
tors and transform factors, a mathe-
matic model of transfer parameters of
vehicle is derived involving these
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parameters and their deviations. The
results obtained give an easy method
for calculating each transfer para-
meter precisely and analyzing dynamic
characteristic. For the normal, ca-
nard, control-wing and ballistic
vehicle, the dynamic factors and
transform factors are presented. There-
fore, this method is proved to be
available for all kinds of flight
vehicles.

The transfer parameters involving
flight, aerodynamic and structure pa-~
rameters and their deviations are ex-
pressed in the matrix form. It not
only simplifies computer aided design
programming, but also has intuitional
effect. An example of calculation for
a flight vehicle is given in the end.
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&y = relative damping coefficient

D = dynamic factor

G = transform factor

a = dynamic coefficient

S = acting area of aerodynamic
force

= center position of gravity

"
N
il

center of pressure
m = mass

J‘ -
\2 = flying velocity

moment of inertia



A = gign of the deviations
3 = subscript (s=t,w,b, i.e.
tail, wing, body)

II. Precise Solution

State equation of simplified lon-
gitudinal perturbation motion of flight
vehicles is (See Ref.,1,2 )
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According to the state equation,
the transfer function can be expressed

as
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Transfer parameters Wy STy Ky
K ey T (T, and T are func-
tions of structure parameters (8, x,,J,
W, «..), aerodynamic parameters

and flying pa-
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The matrix on structure parameters

can be expressed as
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(6)
Using dynamic factors p,

and their deviations AD, s, We can

get following matrix of dynamic fac-
tors (the expressions of dynamic fac-
tors see Appendix {).
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Above symmetrical matrixes are all
interchangeable.

At a time, using transform fac-
tors (see Appendix 2 ), we have fol-
lowing matrixes

C,t‘[C't ,th ’Cib A ]T
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C::Ecst 5C3w ;Csb g ]T

For a real vehicle, the row of
above vectors should equal to row of
the symmetrical matrixs.

Because changing size of wings



and control surfaces or installing po-
sitions of each part of the vehicle, it
is the mass, center of gravity and mo-
ment of inertia that will change. Their
deivtaions can be expressed respective-
1y ( see Ref.6)
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As mentioned above, we can obtain
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and use unit vectors
e, =C71,1,1,1)" 3 e,=C1,13"

By aid of the equations (13) to
(15), the natural angular frequency
can be written

2 —2 (16)
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The transfer coefficient K of
the vehicle and the tranfer coefficient
Ky on angle of attack can be expressed
as
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The relative damping coefficient €y
is
Ey=0.50, (M, e, +(ASX ]  +SAX’ )
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These transform parameters are most
important ones for study dynamic cha-
racteristics of the flight vehicle. The
formulas are also available to axis sym-
metrical vehicles,

The precise calculating formulas of
T1, T2 and T, are
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IITI. Rational Parameters

In overall design stage of the
vehicle, provided areas of wing and
control surface no change, i.e. AS
equals zero, the relative positions of
vwing and control surface only are ad-
Justed to get national transfer para-
meters. Therefore, when  AX , ,%0
the equations (16) to (22) can be sim-
plified, and formula for calculating
natural anqular frequency is
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Thus by adjustment of installing
position of wing and control surface,
the extreme condition of

must satisfy
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When the AS=0 , the expression

of transfer coefficient, equation (17),

become

D+AD

J+AT

K,=wy  S(X+AX),_, (
.(C}(Aéeg'!'l\g)—Cz(Asez)) (25)

As seen from the formula, if in-
creasing transfer coefficient Kv‘ we
must decrease natural angular fre-
quency w, o So selected installing
positions of wing and control surface,
for normal confiquration we hope the
following inequality exist

D+AD
J+AT

YL, (A e +hg)

sax,_, (

—L,(A,e,)) >0 (26)
For canard confiquration
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1f the wing and control surface is
fixed and only their size can be changed
sin order to make the dynamic qualities
of the flight vehicle better,the follow-
ing derived formulas can give the pre-
cise calculation of transfer parameters.

When we assume AX , =AX , =4X ,=0
the natural angular frequency canbe cal-
culated precisely by following equation
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In the case of AX ,,=0 , the

transfer coefficient can be obtained by
equation (17)
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If we want to increase Kv’ for nor-
mal vehicles we hope

AS (X, =% ;) )=(mn) ;(X =% . ))

.(Cﬁi(/\éez-l_/\'s)
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Canard vehicles requires above ine-
quality greater than zero.

At last, it must be pointed out that
the equation of relative damping coeffi-
cient ¢, and Tq, T2, T, also be simpli-
fied respectively.

IV. Conclusion

As an example, after altering the
relative position of wing and control
surface in a canard vehicle, the value
of w, and K, K, is shown in Fig.1 and
Fig.2. If the control surface moves

forewards 10%, w

v only decrease 1.7%
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(dashed line). It can be seen that the
position of rudder is rational.

wV 9KV

0.8

~
\\ K
K,‘ -~ \o(\
~ — o Ky
\‘\
AX ¢,y
~0.0¢ 0.06 X

tyw

Fig.1 Calculating example 1

It is obvious that when the wing
moves with equal to = 1.5%, the transfer
coefficient Kv will decrease drastical-
ly, showed by solid lines in Fig.1. As
shown in Fig.2, increasing rudder area
by 4% will improve the dynamic charac~
teristics (dashed line) if the rudder
system is of surplus power.

In a word, applying the mathematic
model mentioned above, several aero-
dynamic, structure and flight para-
meters or any one of them can be modi-
fied at the same time, and the precise
transfer parameters can be obtained cor-
respondently.

Wy Ky

4S5, y @
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Fig.2 ' Calculating example 2
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Appendix

N -- Normal;

vehicle. See Ref. 6)
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Control

B -~ ballistics
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