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ABSTRACT

A six degree of freedom model for di-
gital simulation of the trajectory of an
unguided, finestabilized rocket is developed,
A derivation of the equations and an expla-
nation of the coo>rdinate systems are pre-
sented. The development assumes that the
trajectory will be over a rotating planst
with a variable ataosphore, A space-
variable, three-dimensional wind vector is
assumed,

The equations of motion are derived
from Newton's Laws of Motion. The aero-
dynamic forces and maments are based on the
theory of stability deravatives and the
assumption of linear aerodynamics. The
body axes are assumed tc be principal axes
of inertia.
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INTRODUCTION

Various unguided rocket systems have been used at White Sands
Missile Range (WSMR) for several years for high-altitude research.
Present planning indicates that an increased number and variety of such
rockets will be fired at WSMR for novel experimentations and for
re-entry studies. The use of the unguided rocket is desirable since
it is uscally less complex, and, therefore, more reliable; and is also
less expensive than one with guidance, The principal disadvantage is
the inherent dispersion, since there is no guidance. The largest
contribution to the dispersion of unguided rockets is due to the wind
encountered during flighi. This dispersion cap be made less signifi-
cant by applying a procedure for determining the wind effect and then
adjusting the launcher so as to compensate for the wind effect, there-

by achieving the desired trajectory.

A real-time prelaunch impact prediction system has been developed
for use at WSMR to compensate for the etfect of the wind [1,2]. An
int=gral part of this system is the trajectory simulation equations,

The equations presently used by the system were developed by Dr. Everett
L. Walter [3]. This report presents the development of a new set of
equations which will be evaluated for possible replacement of the

Walter equations,

The development of a trajectory simulation model cun follow numer-
ous approaches and cin vary from quite simple to extremely detu..ed,
depending primarily upon the purpose for which the model is to be used,
Since this model is to be used solely for flight simulation in a real-
time system to determine wind effect on rockets having range and alti-
tude of less than 600 miles, the following assumptions are made:

a. The rocket is assumed to be a rigid bod; with six degrees

of freedom.

b. Tha2 body axes are principal axes of inertia,

¢. Linear aerodynamics are adequate for destemmining the aero-
dynamic forces and moments,

d. The earth is a sphere,
e. Gravity follows the inverse-square law,

f. The thrust vector acts parallel to the longitudinal axis
of the rocket.
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LIST OF svncts
Launciier coordirate systom
Inertial coordinate system
Lkody coordinate system

Lincar transfomation
Unit vectors along the axis dJenoted by the subscript

Position vector of missile center of gravity
in inertial system

Rotation of x,y,z system in X,Y,Z system
X,¥,2 components of wy
Earth's rotational velocity

Angle detemined by the projection of R in the
X,Y plane and the X-axis

Latitude after launch

Initial Latitude

Direction cosines of the x,y,z axes respectively
with respect to the X,Y,Z coordinate system

Acrodynamic stability derivatives
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Cy is the nomal force coefficient;
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Cm
@ 3 a(¢ .
(.n L‘p = -3-: (al‘ ) . ctC.
C'“P
Qa
m Mass of rocket
Pa Atmospheric pressure
Ag ' Area of exit nozzle of rocket motor
Ts.t. Thrust as measured by a static test
Ps.t. Atmospheric pressure at static test site \
g Acceleration due to qravity
8 Value of g at sea level
R, Mean sea level radius of earth
2 h lieight above mean sea level
f 8, Elevation angle at launch
: a, Azimuth angle at launch
i F Total force acting on the missile
E Mg Sum of the external moments acting on the missile
g L,M,N X,Y,Z components of M,
A v Missile velocity vector
ﬁ ﬁ Angular momentum vector
| v V referred to the inertial system
f v b V referrcd to the body system
H U, v,w x,y,z components of V¥
| zFx.EFy.ze Xx,Y,2 couponents of F
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X,Y < compunents ot i

Yy =

I -1 -1

XX Xy b ¥3
=S SR YRS 0 Tensor uf incrtia

Xy Yy yz
N ST B

X7 v

x‘,w\',w:, wind corponents in the launcher systen
'.s'x,l\' o Lind compouents in the Lody system
va Speed of missile with respect to the wind vector

ot ! b
u',v',w X,Y,z components of V,
a Angle of attack !
8 Angle of sideslip
§ Absciute angle of attuck

Auxiliary angle of attack

tusiliary anple of sideslip

Vg Speed of sound

R Atnospheric density

q' Dynamic pressure

s Reference area for aerodynamics

d Refcrence length for aerodynamics

COGRDINATE SYSTEMS Al TRANSFORMATIONS

Threv rieht-haend orthogenal ccordinate systess ure uscd to describe
the missile's yesition in space, They are the louncher cuurdinate sy
tem with X',7',0' axes, the missile ceordinate systen with x,v,2 anex
and the *ncrtxnl coordinate system with X,Y,Z axes.

The X*,Y',Z* systen has its origin at the launcher and rotates with
the carth, Thc posxtxve X' axis points cast, the positive Y' axis points
north, and the positive Z' axis points outward alonp the radius vector
from the center of the carth,

i
i
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Ve X,p, 2 systen 15 o wovine systers withh 215 origin at the center
of gravity, (,, ot the nissile The X axis colncides with the lougi-
twdinal axis of the rochet and is positive toward the nose. Let 8 Le
the angle between the x axis amd the 0 axis mecasurs! from the Z° axis.
The y axis lies in the X' ,Y" planc and is positive in the direction of
positive 8. The pusitive z axis 15 chosan so that we have an orthcgonal
right-hand system.

The X,Y,Z system has its origin at the center of the earth, The
system is oriented so that the X and Y axes lie in the equatorial plane
with the Y axis initially j.assing through the iongitude of tne launcher.
The Z axis is coincident with the carth's axis and positive toward the
North Pole. This system does not rotate with the earth.

The linear transformations betwcen these systems will be denoted l
by e.g.,Tyy, where the left hand subscript demotes the domain of the. i
mapping. %o derive these transformations, let ky,ky,kz,kyr,kys, kg,
Kyiky kg be unit vectors along the axis denoted éy the subscript. Let
R be posxtzon vector of the C, and let wy; define the rotation of the ¢
X,Y,2 System in the X, :Z'sysgem with x,y,z caaponen¢s denoted by p,q,
and r respectively. Then ‘

R = Xky ¢ Yky + kg, (1)
and
w; . pkx . qky - rkz, 2)

It can be seen from Figure 1 that the direction cosines of R in the
X,Y,Z system are (cos9; siny, cos¢; cosy, sin'L) where

sin y = X(X2 + Y2)"'/2,

cos v = Y(X2 » Y2)"1/2,

sing, = Z(X2 + Y2 ¢ 22)°+/2 ung

cose, = (X2 + Y35H/2 (X2 & Y2 4 22)71/2, (3)

Also, from figure 1, the transformation Tyyxe 18 given by the
following equations:

kx, = -cos(ubt)kx -sin(uAt)kY
kY' - sin¢L sin(uat)kx . sinoL cos(uat)kv + cosoL k

] [+] (o) z

k:, = -cos@L Sln{uét}kx + cos¢Lu cos(uAt)kY + sxnoLn Lz. (4)

[ %]







Ihe inverse Tyroy of the trausfomation 1XJX' is given by

kx = -cus(u;t)kx, + siu;Lo sin(uitlhys = coscLo sin(ubt)kz,
Ay = -siu(th)kx, - simpLo cos(wat)hye + cosgL° cos (wAt) h=y
- ® COSY + s1 ) S

by mocosyy Ay v osing kg, 2

{Ubserve that since cach of tlie coordinate systems is orthogonal the
inverse ol » transformation is just the transpose.)

Let (1,,1,,15), (m ,m,,m,)} and (n;,n,,n ) be the respective direc-
tion cosines of the x, y, and z axes in the i.Y.Z system, Then the
transfommation Tyy, and its inverse T,,y are given Ly the sets of equations:

t o
L]

k, = mbhy + mpky ¢ Bk
k, = nlkx - "ZRY * nakz » (F)

and

>
[ ]
-
-
>
*

mlky *+ n K
ky = 15k, + m?ky + “2‘;
ky, = 13k, + m;ky * gk, , (©))
rcspectively.

piffcrential ejuations for 'j, mj, nj, i = 1, 2, 3 are obtained
as follows: lct the linear transformation Ty yx be expressed by the

natrix
a b '11\
Cs= az b2 Cz N

a3 1)3 Cs

let the matrix of the lincar trunsfomation Tyeax be expresscd by
(see Lyuition (4}):




~COSwLt -s5inubt o

It = singy sinuit -sin¢| coswit cosey,,
o .

-coseLosinuat COSOLOCOSuAt sinoLo

the transformation szx is expressod by the matrix
Lo om om
A= 12 m2 nz .

13 m3 my

llence A = DC, Thus,
A= DCo+ DC= DD A~ OC. (8

Now to determinc the elements of A it suffices to determine the
elements of { and express these in terms of A. Consider a rotation,
dy, of the x,y,z system in the X',Y',2' system. The unit vector k
changes by an i.aount of dk,. The projection of dkyx in the x,y plane
is ky°dkx (see Figure 2).

4

hy* dhyg
a) A

FIQURE 2

For swall rotations, i.e., for small changes in time, the components
of rotation about the z axis are givenm by

Qo = sindy, = kyrdk,.

Thus

T e dy/dt e htdk,/de = bk, (9)




Similarly
P o= hoky (10)

and

I (11)
Now k. lies in the y-z plane, ky in the x-z plane, aad k, in the
x-y plane. Thus
ky = kyA3 - kzﬁz,

ky = szl - kxas, (12)
and

kz - kxnz - kyBI' <

Since the system is right handed

kx = ky x kz,
ky = kg % ky, am
ky = ky % kys
llence,
kx = y x Lz * ky x kz (14}
or

kyAy = kil ® (kphy = B,B3) x ky ¢ ky x (kyby = kyBy)
® (kg x kg)By ¢ (k, x kg)By = kiBy - kB (15)

S0 Ay = B, and A, = B,. Similarly A = B,, From Equations (9), (10),
(12}, and (13), we have

Al = p, Az = q, A’ s T, (lb)

Now
hy = agkgr + 3phye + agky
ky = Byhyr » Bohye » Byhoo (17

v

Az = élkxl + EZLY. * ":akz' .




Gaus tron cquations (o), (12). (Lo}, (16), wnd (17) we have

u‘kx- + azl\\.- - :|3k: = k., = (x‘bl-qct)kx. + (rbz-qcz]ky.

1

+ (rby=qc kv
L

So a = raj - qbj i=1,2,3. (18)
Similarly

f’i = pcy - ra; i=1, 2, 3, (19)
and ci =qa; -pby  i-1,2,3.

‘Now from the matrix equation A = DC we can detemine ':'i- b; and éi
i=1,2,3 in tems of 1, mj, andn; i =1, 2, 3 Performing this
substitution and the matrix algebra and differentiation operations in
Lquation (8) we obtain, after simplification, 1

1, = m - qn; - wl;
1 = my - qn; + wly

13 = Imj3 - qn,

my = pn) - rl) - umy
m, = pn, - rl, + um @0
my = pny - 1l
r'xl = ql, - pmu; - wn, 5
By = 4ly - pmy ¢+ uny
Ry = qly - pag .

INITIAL CONDITIONS FOR THE x,y,z SYSTRM

fnitially the x axis and the Z' axis form an angle 8, (this is the
elevation of the x axis angle and is measured from Z'); and the projection
of the x axis in the X'Y' plane forms an angle ay with the Y' axis (this is
the azimuth angle of the x axis and is measured clockwise from V'), Since
the y axis lies initially in the X',Y' plane, it foms an angle ay ¢ 90 with
the Y' axis (see Figure 3). Thus, initially,

ky = ky: sinbgsina, * ky, sin@,cosa, + kzs cos®,
ky = kyv cosag ¢ ky+ sinag,

k, = ky: sinagcosdy ¢ ky- cousa,cosf, - Kz sing,. (21)

1V




FIGURE 3

From Equation (5) we have, initially,
kx ¥ .kxl ’
kY - -Siﬂ’Lo kyc * co"LO kz’

kz s CDS.LO kyl * SinoLo kz' . (22)

Thus the initial conditions for 1j,mj,nj, i = 1,2,3, are given by

1, 1, 1, -sinoosinao sing cosa, cosé, -1 0 0

m omy my = cosa, -sina, 0 0 -sing cos¢p |(23)
(\ ]

n; np n,j sira,cos0, cosa,cos8, -sind, 0 °°’°L° sin¢L°

DERIVATION OF THE LQUATIONS OF MOTION

This section presents the derivation of the equations of motion of
a rigid body in inertial space. This derivation cam be found in several
rcefercnces [4,5,0,7) and is presented here for completzness only. The
two basic equations which Jefine the motion are, by Newton's iaws,

11




| o= ai‘ ) )

. d & .
!t = It (i) . (25)

These equations state that the sum of the applied forces, F, is
equal to the time rate of change of the linear momentum, m?; and the sum
of the external moment .. is equal tu the time rate of change of the
angular momentum, {1

THE TRANSLATIONAL ACQELERATIGNS

The dJdifferential cquations describing the motion of a missile sys-
tem (Equations (24) and (25)) must always be referred to the inertial
system (the X,Y,l system) for solution. This is not meant to imply that
every computation is done in the inertial system--to the contrary most
computations are performed clsewhere, It does mean that the basic
equations of motion must Le referred to the inertial system and compu-
tations in other frames related by appropriate transformations. o

Let v be the missile velocity in the inertial system and W he
velocity in the body system (throughout this sectign th%bsuperscripts
I and b will be used as above). It is clear that VI = Vb, Since Newton's
laws of motion are valid only in an inertial system, the derivatives of
(22) and (23) must be in the inertial system. Now

1 1
%{ (¥ - ':l[g (™ . (e

The right-hand side of (26) is mixed and cannot be worked 'ith as
it stands. lowcver, the derivative with respect to time in the inertial
system can be written as the operator

at b
:rt- a :I? * u“ll . ) (27)
ilence,
I b b
d” d o _d
i (™) '(Tx‘i . “:x',)‘ =3 () eap P (28)
Lxpanding the above differential equation gives
, l Ry ky A,
)
Gb a %? (ukx . vky * wk,) ¢ dp q T . 2m
u \ w




W o= (G + gqw - )k, o+ (v + ru - pwlky ¢ (& + pv - qu)k,. (30)
Now from the force equation,

i =l (31)

we have translational equaticas of motion:
IF, = m(u + qw - 1v),

ZF), =m(v+ ru- pw,

IF, = m(w + pv - qu), (32)

where TF,, sz. and LF, are the applied forces in the body coordinate
system,

THE ROTATIONAL ACCELERATIG S

The relationships expressing the rotational motion are obtained in
a straightforward manner., The components considered come from two sources,
the time rate of change of the moment of momentum and the externaiiy
applied moments. The moment of a rigid body zbout its center of muss i3
given by:

“x Xx -Ixy -Ixz P
lly = 'Ixy Iyy 'Iyz q (33)
It -1 -1 I T .

z xz yz 2z

Cince the body coordinate axes are assumed to be principal axes of
inertia, the off diagonal terms o¢ the 3 by 3 m-trix arc equal to zero.
Thus we can rewrite Equation (33) as

o= Iyypk, ¢ * Igprk, o (34)

Tyyaky
Thus we obtain
M=k (Iop v 1P+ (Iz - Iyylar] ¢ kI, q ¢ TG+

(xx;( = 1yy)Pr] + kz[lzlr + xzzr ¢ (lyy - xxx)pqll (35)

where the difrerentiation of moment of inertia refers to that change at
constant mass only. The change in angular momentum due *to the escaping




gases fi.e ; Jdue to chunge in nass) 1s censidered in the external nonents

as th jet damping noncent,
i

how, if we denote the sums of the x,y. z compenents of the external
moments by L. M, and I (to adopt standuard notation) we have

Lo Iyl ¢ I o flzg - lyydqr,

M= Lpyq 4 Loyq o (I, 1)pr,

N=l o rel T+ (Iyy - I dpd- (30)
These arc the cquations which describe the rotations.

THE _FORCES ASD HOMUNTS ACTING ON TME ROCKET

THE AERODYNAMIC FORCES AND MOMENTS

Since the acrodynamic forces and moments depend upon the missile's
velocity with respect to the surrounding air, preliminary expressions
must be obtained before these forces and moments can be computed,

Let Wy,, Wyr, and Wz. be the components of the wind in the X',Y*,Z'
system. e wind components in the x,y,z system, Wy, W,, and W,,.are
obtained by applying the transformation Ty.5,. This cax be conveniently
written in matrix fom as

. » . - - "
wa 1 1,11, :‘ coswt sanLo sinut cosoLo sinut .va_
wy = | mm,nm, | -sinwt -sinq_o coswt cos¢;  cosut Wyrj (37)
wz n,n,n, L 0 cos¢Lo "‘i"‘Lo Nz. .

The velocity components of the missile relative to the wind arc
u' s u-Wy, v' = v~wy, w' = w-W,, and the relative speed is

\/;l - [(u-)z . (v-)z + (,v)z]./z.

There are scveral angles which are used to calculate the aerodynamic
forces and moments. These angles are shown in Figure 4. They can be
expressed in tems of velocity components as fullows: the angle of
attack, a, the angle of sideslip, 8, and the absolute angle of attack, §,
given bv

a = tan’r Ao (38)
u

%
[




—y

vl
B = ta -1 - k0
! [./ (u)? + (k'JZJ e

/ (v.)z . (w.)z]
- J . (4u)

§ = tan™!

u

The auxiiiary angle of attack a* and the auxiliary angle of sideslip
8* are given by

w' 7

a* = tan”! (41)
(u)2 + (w')?

g* = tan”! [“q’ﬂ'.] (42)

FIQURE 4

It is assumed that speed of sound, V., and atmospheric density, o,
are known as functions of altitude, .ow the Mach aumber and dynamic
pressure can be computed from

v

MoN, = 2, (43)
Vs
and
1
[ 2 2
g =202, (44)




Since 1t has been assuned that the acredynaric forces and rmoments
can be cotained by the use of linear acrodynamics, the forces and nmorents
are {5,0]

1

= [(Zx)q‘s

F,o= L -G sing -, (B%- sina*]y's
N ) ivadd

y o o -V;

. [ -Gy si . (I’d) inglq’S

L8 - sina* + . { sin 'S

z Nu A\pu .Wa Iq

. . pd . .
L= C. + C sin Sd
L c - v ‘ 8]q

. Y I [
U= Gy sinet + Gy (%v;‘ v G, (Gy) singl a'sd,
u

N [ (.masms . C,nq (ZV;) . meu (2\,3) sing*]q'Sd, (4.5)

where S is the reference area and d is the reference diameter.
THE TURUST FORCE AND THE JLET DAMPING MOMENT
Let m be the mass of the rocket including the unspent fu.i on: let
4m be the change in mass (due to burning of fuel) during a small tume
interval At. By the law of conservation of total momentum we can equate
the momentum at a time t to that at a time t ¢ At., This gives us
mv = (m + am) (V + V) + am(Vq - V) (46)

where V, is the velocity, relative to the rocket, of the exit gases.

By dividing both sides of the above equation by At and then taking
the limit as At approaches zero we get

mV = - mVg. (47
This is the force on the rocket due to the changing momentim,

Besides ~ﬁ\Ve there 1z an additional force due to the differential
in the pressure at the exit notzle and the atnospheric pressure. I[f the
pressurc at the exit nozile is Py, the atmospheric pressure P,, and the
arca of the exit nozzle Ay, then this additional force is Ag(Py - Py),
giving a total thrust of

T =nVe s (P, P A 148)

1y




iothe thmst i3 aeasured at o test stand {(where ¥ = ) 1n an
atiesphere Py ookt wendd b

= nv, o+ A

! R (42)

Uraw (48} and (49) we get

s.t.

T=Ts g, *d (g ¢ - Pul (50}

we have assumed that the thrust acts parallel to the loagitudinal
axis of the rocket, hence the only component due to the thrust is aleng
the x-axis and it produces no mosents.

Since a rocket rotates about a transverse axis during buevning, the
gases must be accelerated laterally as they flow down the motor tube,
This lateral acceleration produces the so-called jet dJamping moment,
The following expression for the moment is derived in reference [7]:

Mp = m(1} - 1§)Wp,
where m is the mass flow rate, W, the instantancous pitching velocity,
1; is the distance between the vghicle’s Cg and the exit nozzle and 1p is
tde distance between the Cg of the vehicle and the propellant Cg.

The components of the moment are, for a symmetric rocket,

My = ﬁ;u} - 194 ey

My ix(lg - lf,)r . (52)

THE FORCE DUE TO GRAVITY

Let gg be the average value of g at sea level along the trajectory.
Then the value of g at an altitude L is, by tie inverse-square law,

Ry 2
£ = 8s (p o ) . (53)
o*h

where By is the radius of the carth. Since gravity is a central force

it ucts along the radius vector f from the ceater of gravity of the
missile to the origin of the X,Y,Z system oud heace has direction cousines,
in the X,Y,Z system

—-mw.-\.-;ss.s-.z ‘ -~-==-:-i.—=-—' : ).
JxX2 v ¥2 o 22) [/ X2+ v2 422 X2 e Y2 4 22




sy applying the transiormation Ty, W have

g. = -—-----,'-l*z?;:'::r (1,X « 1oy » 1,0

VTAESTTE

£, ® ramstTiosma(, X e nyY e mi:)

= £ : . -
£, = v B (X + Y + n,2) .
- /xz . Y2 - 22 ! £ 3

THE EQUATIONS OF MOTIUN

(54)

The six equations of motion were developed in the precedin; section,
and the forces and noments which were assumed to affect the motion were
Jiscussed. At this point we collect the previcus developments so that
the system of equations may be prescnted together in final form, The
translationzl equations of motion are, by (31), (45), (49), and (54),

i * mrv - agqw ¢+ Gy 4 ST -ngy, (55}
. C e .o
mV = mpw - maru ¢ [ Cy 51"8'(‘_-;p (5¢7)sina® ) q'S - ngy, (54)
a a " A

mW o= mgu - npy ¢ { Gy sina®eC ({;:—:!.—-)sins } q'S - mg_. (57)
o a .\pu a b4

The rotational cyuations of uotion are, by (35), (15), (51), and (52),
Lixd = (Lyy - Lgg) ar - Ip * (¢ - C'i‘ (%#,;)sina } q'ds, (58)

. P [ .
[yyq = (Izz * xxx) l‘!‘ " ly).‘{ + ( (‘ll;as”‘a + (m‘l(:v:l) * (‘Mp (2\':"

sing ¥ q'dS + g, £59)

, qd
I..r = {I A U IR TTRE N S S SR MY S TR S U Goval B ARV (&)
T2 XX Yy t pa-3 ]"c v m‘ .T\a ml'n N

sina* } q'ds ¢ v, (u1)




Piese cquations are bu.crioally sategiated te obtagn the notior of tiwe
rechet in the X, ¥,z systen At the sane twre Equatieas (1), (19, mu
{20} arc numerically ptegrated o oofaep tice transfomation matrix re-

quired to cexpress the results in the other systems.
SUEIARY

N six-degree-of- frecdom Jigital swmulation model has been developed
for detemining the trajectury and wind cffect on a multistage unguided
rocket. Although it was not specifically uentioneu in the Jdevelopment
of the equations of rution, it should be intuitively obvious that therc
is a discontinuity in these cquations ut the separation and expulsion
of any booster.

Several aessumptions were made :n the beginning of tne development.
Several of the assumptions could be easily discarded if such is desirable.
The poscsibility of dropping these assumptions will be discussed Lelow

Assumption No, 1. The rocket is assumed to be a rigid body with six
Jdegrees of frcedom. 1t appears that the problem would be unnecessarily
complicated if the rocket were not assumecd to be a rigid body.

Assumption No. 2. The body axes are principal axes of inertia, Inspec~
tion of Equations (23) and (34) shows that this assumptiom is cleurly not
necessary. It was made for two reasons i) lost rockets are nearly
symmetric for stability rcasons, and (2) tie products of inertia required
in lieu of this assumption are not usually available.

Assumption No. 3. Lincar acrodynamics are adequate for detemmining the
aerodynamic forces and moments. Inspection of Equation (45) shows that
the development is casily adaptable to a change in the type of aerodynamics
required.

Assumption No, 4. The ecarth i1s i1ssumed to be a sphere, This assumption
is not really used in the development of the cquations. It is used only
in the analysis of the results of _he conputations. [t would be simple
cnough to consider the carth as an oblate spheroid.

Assuaption No. 5. Gravity follows an inverse square law. This assunp-
tion 15 standard for the types of miss:lcs comsidercd.

Assumption No. 6. The thrust vector acts parallel to the longitudinal
axis of the rochet. lost rochets ase d -signed for such a thrust orien-
tation. If it werc dJesirable to consider thrust misalignments for
Jdispersion analysis 1t would ve a simple matter to compute the x,y,z
component of the thnust and the resuitang moments. However, for appli.
cations indicated in this repert such considerations are not appropriate.

-
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