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valving was included so that shutoff redundancy is assured to
prevent propeliant loss in the event of TCA propellant valve
malfunction. By using the isolation valve arrangement shown in
Fig. 12, a single bipropellant valve could be used on each TCA.

Location of ISPS components on the vehicle aft rack resulted
in a seven foot separation of the TCAs and the EMPAs. In
addition, the use of the dual EMPA/TCA approach with inter-
connecting plumbing, created a potential difficulty in propellant
bleed in. The resolution to this problem is to keep the system
dry on the pad and during ascent by keeping the upstream
LSVs closed (system cleanliness is ensured by pressurizing the
ISPSs to 20 psia with GN, before closing the LSVs). Both
systems are bled in on orbit by opening the TCA propellant
valves and venting the GN,. Five minutes is allocated for the
systems to be evacuated to space vacuum and then the
propellant valves are closed. The upstream LSVs are opened
and the propellants flow from the sumps and fill both systems.
Six minutes is allocated for filling and is verified by the TCA
venturi inlet pressures reading the same values as propellant
tank pressures.

System operation is accomplished in the following manner:
the pumps are started dead headed and the propellants re-
circulate through the spill back valves. Four seconds after
EMPA start, the TCA propellant valves are commanded open.
At the completion of burn, the TCA valves are closed and

NOVEMBER 1974

J. SPACECRAFT

AGENA PRIMARY AND INTEGRATED SECONDARY PROPULSION 777

EMPA motor power interrupted. Pressure rise from thermal
expansion of the trapped propellants due to TCA heat soak
back is relieved by a relief function in the upstream LSVs which
are closed after system operation.

The use of pumps to increase pressures to values compatible
with feed pressure requirements of state-of-the-art TCA’s
required that pump output be approximately 200 psia and that
pressure variations be held to plus and minus 5 psi. The selection
of a gear pump resulted in 60 psi peak-to-peak variations
in pump outlet pressure. Therefore, a pulse attenuator was
added to the pump outlet line and reduced pressure amplitudes
to acceptable values.

The combination of the EMPA spill back controls and
cavitating venturis on the TCAs maintains both mixture ratio
and total propellant flowrate within required tolerances. The
resulting nominal flowrates of 0.238 1b/sec and 0.089 1b/sec for
the HDA oxidizer and USO fuel result in an ISPS mixture
ratio of 2.67 which is the same as the Agena main engine.
Thus, all available propellant can be used in the ISPS.

While the TCAs have a nominal specific impulse of 273 sec
at this mixture ratio the net effective impulse to the vehicle is a
nominal 266 sec. This 7 sec reduction is due to axial thrust
impingement forces on the main engine nozzle extension and is
the minimum value resulting from the ISPS TCA/main engine
nozzle extension installation relationships.
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Cp = drag coefficient
Cp, = incremental drag at angle of attack
{Cpy = mean drag due to angle of attack
Cp, = 1 — ¢ drag uncertainty due to angle of attack
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g = constant gravitational acceleration
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Ah = altitude interval of wind or density perturbation

K = factor in assumed angle of attack drag model, Eq. (37)
q = dynamic pressure, 3pV?>

r = distance from spherical earth center to vehicle = R.+h
rij = coefficient of correlation between ith and jth levels for

winds and density

R, = Earth radius

R = trajectory range along Earth’s surface

S = reference area

4 = velocity, Earth relative

Ve velocity deviation, initial velocity deviation induced by
density error

cross range velocity, initial cross range velocity induced
by cross wind

velocity deviation contributing to range dispersion
caused by head wind

vehicle weight

parallel and crosswind velocities, respectively

Cross range

= normalized density = p/p;
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o = inverse of exponential atmosphere scale height

B = ballistic coeflicient = W/C, S

8 = total angle of attack = (§2+yH)"/?

Om = mean of initial angle of attack Rayleigh distribution

y = path angle, down from horizontal

A = total angle of attack attenuation factor

un = drag misalignment due to parallel and cross winds,
respectively

0,Ps = density, reference density for exponential atmosphere

o = impact range (cross range) error due to density or wind
effects, Eq. (1)

o = wind or density statistical error in ith altitude level

0,y = angle of attack components

Subscripts

0 = characteristic of nominal, unperturbed trajectory

1 = represents deviations in trajectory variables due to wind,

density, or drag perturbations

e = value at initial re-entry

i = characteristic of altitude k; or ith altitude interval

L H = lower and upper altitude bounds of wind perturbation
interval

Introduction

HE calculation of impact dispersions is a primary con-

sideration in the design of ballistic re-entry systems. Disper-
sions occurring during entry through the atmosphere are com-
prised on the one hand of those deriving for symmetric vehicles,
such as wind, density, aerodynamic drag, and initial angle-of-
attack statistical effects. Also important is the so called “roll/
trim” dispersion resulting for a vehicle possessing mass and
configurational asymmetries.! In the present investigation only
the symmetric vehicle re-entry dispersions are considered.

The effects of wind and density deviations are usually assessed
by combining known atmospheric statistical information with
sensitivity or “influence” coefficients using the influence coefficient
covariance method of Sissenwine,? where the 1 —¢ impact error
is given according to the relation

O'2=ZZaiajrij0'io'jAh,-Ahj (1)

The ¢; in Eq. (1) are the influence coefficients, defined as the
impact error resulting from a unit perturbation applied over a
unit altitude interval at h;. Since drag and density influence
coefficients are equal, dispersions resulting from drag uncertain-
ties may also be considered in this way.

The influence coefficient profiles are generally obtained
through a large number of point mass trajectory simulations
with density or wind perturbations applied over small and succes-
sively lower altitude intervals. Similarly, a Monte-Carlo six-
degree-of-freedom motion analysis® is required in order to assess
rigorously the dispersion due to statistical variations in initial
re-entry angle of attack.

It would seem desirable for design purposes to eliminate the
need for a large number of complex simulations, especially if
several entry conditions and vehicle drag characteristics are to
beinvestigated. Through an analytical /empirical analysis Glover*
has derived simplified expressions for over-all dispersion due to
wind and density effects. In the present investigation no attempt
is made to provide relations for over-all dispersion. Rather, the
influence coefficients are derived in a form which is easily used
in the influence coeflicient covariance method.

Formulation of Wind and Density Effects

In formulating the trajectory model which is used, several
simplifying assumptions have been made in order 1o realize a
tractable system. The altitude A is assumed negligible in compari-
son to the Earth radius R,. Winds are assumed present either
as horizontal cross or head winds. The vehicle is assumed to
rotate instantaneously into the wind with no transient dynamic
angle of attack response. Lift forces are considered negligible, so
that the only aerodynamic force present is the drag. The assump-
tions of zero gravity and constant path angle during re-entry
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will be made where necessary to achieve simple results. The final
assumption is that the re-entry vehicle ballistic coefficient remains
constant throughout entry. This may limit to some extent the
applicability of the results but was necessary in order to achieve
simple approximations.

The previous assumptions permit the nominal, unperturbed
trajectory to be considered two dimensional and independent of
location over the Farth. The only out of plane motion that
results is that due to a cross wind. In the following, differential
equations for velocity, path angle, and range are presented in an
altitude dependent form. The density or wind deviation from the
nominal is then introduced, and a perturbation analysis about
the nominal trajectory is applied in order to establish the
resulting range (cross range) impact error and the associated
influence coeflicients.

The coordinate system used to define the vehicle motion is
shown in Fig. 1. A paralle] (head) wind will result in a mis-
alignment, defined by the angle p, of the aerodynamic drag
force from the nominal line of flight. A similar misalignment,
defined by the angle #, results in the presence of a cross wind.
With the coordinates r and ¢ defined as showrn, a summation
of forces in the radial and tangential directions yields for a point
mass re-entry vehicle

Frdp? = —g+%?sin(v~u) (22)
rp+2ih = ~%cos G—u (2b)

The equation describing out of plane motion due to cross winds
is given by
X = (q9/siny 3)

The drag force misalignment angles are determined from the
geometry as

=X YA A
;1=tan"’<w*V ~>; 4= sin 1( pV p)smy @

By noting that 7 = —Vsiny and r¢ = Vcosy, and using the
assumption r ~ R,, Egs.(2)and {3)are transformed to the altitude
domain and rewritien in terms of V, 3, R, X, and V, as

8 areosn ®
14 BVsiny
«n 72 i Si
y= g, V] ok ©
V<siny gR, fv=siny
o
R=— f (cosy/sin y) dh @)
ho
V) = —qgsinn/BVsiny ®)
X' = —V,/Vsiny ©)

The range R here is understood to be the impact range. These
equations form the basis of the trajectory model used herein. If
no cross wind is present, Egs. (5-7) completely specify the
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trajectory. Equations such as given above would normally be
. integrated numerically, trajectory ranges with specified wind and
density deviations included being compared to the nominal range
in order to establish the influence coefficient magnitudes. In the
present investigation, the changes in impact range or cross range
resulting from density or wind perturbations will be derived as
simple relations which are given in terms of the nominal
trajectory variable histories. Thus, the calculation of the influence
coefficient profiles could be implemented by the inclusion in
standard point mass trajectory simulations of the approximate
relations derived subsequently.

Density-Induced Range Errors

The effect of a small deviation in the density over a given
altitude interval will be to alter the aerodynamic drag magnitude
during that interval. In assessing such an effect only Eqs. (5-7)
need be used. It will be assumed that histories of the nominal
trajectory variables V5, 7o, Ro, and p, are available. These could
be obtained from a point mass trajectory simulation or by
utilizing the simplified solutions of Allen and Eggers.’ Consider,
then, a perturbation p, in the density (applied in some small
altitude interval) which results in perturbations, V;, y,, and
R, in the trajectory variables. The trajectory with perturbation
included is defined by a straightforward expansion about the
nominal by

pP=potp,
V="VotVit
otV (10)
Yy=%0+t71t+
R=R0+R1+

The assumption that the perturbed trajectory parameters are
small relative to the nominal ones is tacit in the above equations,
since the influence coefficient approach is a linear analysis.
Substitution of Eq. (10) into Egs. (5-7), application of the small
angle assumption for y,, neglect of higher-order terms, and use
of the small X expansion, 1/(1+ X) ~ 1— X, yields the following
system of equations for the perturbed variables, V; y,, and R,

q9 |, N g (W
V=0 Ly oty |4 — 1
lﬁ%mwb)% n @ %GJ an

cot 2V, | 7%

%,:_Q_ZVO _41_.._))1_ 1—-229 (12)

W Vo sinygcosyg gR.

0 v -
R, =J ' _an (13)
h,

i 2
. sin‘ vy

A solution for the perturbed range R, is desired in terms of the
perturbing density relative magnitude p;/p, and the altitude
interval Ah; over which the perturbation appears. The density
influence coefficient a,, can then be calculated for the midpoint
of the ith altitude interval as '

R,

a, = ——> 4
"= (prlpoBh) 9
Equations (11-13) are coupled and would normally be solved
simultaneously. In the present analysis, however, an in-series
solution will be attempted by making assumptions regarding the
magnitude of various terms in Egs. (11) and (12). Equation (11)
for the perturbed velocity is first solved by assuming that during
the interval of the density perturbation, only p,/p, is significant

in that equation. Gravity effects are also neglected, resulting in

409 Pr

| A L 2 15
' BVosiny, <P0> (13
which applies during the perturbation interval. The nominal
trajectory quantities qq, V,, and y, are now assumed constant
over the interval, since in the limiting case which defines the
influence coefficients, the perturbation interval will be vanish-
ingly small. Equation (15) is then integrated to yield the velocity

11, at the end of the interval

—4qod [P
Vi, =——7T"——|—Ah); Ah>0 16
e BV sinyg <Po > {16
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Fig. 2 Comparison of perturbed velocity and path angle terms in
Eq. (11).

evaluated at the altitude h;, where the influence coefficient is to
be determined. For altitudes below the perturbation interval,
p1/po = 0, and again neglecting gravity, Eq. (11) becomes

r s qod I/1
|08~ ﬁVoSinvO[Vo ylcotyoi| (17)
It will now be assumed that the perturbed velocity ratio (V;/V;)
is large relative to the term y; coty, throughout most of the
trajectory. This seems reasonable, since the velocity V] is given a
more or less impulsive change due to the density perturbation,
while the path angle deviation y,; builds up very gradually. The
assumption has been verified for several cases of interest, and a
typical result is shown in Fig. 2. In view of this assumption
and Eq. (5) with the gravity term neglected, Eq. (17) can be
expressed as
Wiz W/v (18)
which yields the result that the perturbed velocity ratio (V;/V,)
remains nearly constant during re-entry, as is substantially
verified for the specific case shown in Fig. 2. The value of
(V1/Vy) is required in Eq. (12) for the perturbed path angle y,
and can be obtained from Eq. (16) as

_Vi ~ Pog(p1/poAh)
Vo 2Bsiny,
evaluated at the altitude h; of interest.

In solving Eq. (12) for y;, required to determine the impact
range error R; according to Eq. (13), the assumption that
(V1/V,) 1s the primary forcing term will again be made, and this
results in the approximate relation

2gcotye (Vi
'x — 20
1 Vl‘) 2 Vo ( )
It will be further assumed that the constant path angle, zero-

gravity solution of Allan and Eggers® for the unperturbed velocity
Vo can be used in Eq. (20) to provide an adequate history of

y1. Thus, using
—gp
Vo=V, s S 21
0= VeCXp <2ﬁoc sin y0> 1)

and again employing the constant path angle assumption for

vo, Eq. (20) is integrated to yield the perturbed path angle 7y,
history as

(19)

h;

2g cos yo(V1/Vo) < A
h=—-"—-—— i—h AR A 22
’yl( ) aVeZSinyo d(hl )+nzln.n!( ‘ l) ( )
where 4 and Z are defined as
= Iz = pip, @3)
afisinyo

where the i subscript defines the altitude h; at which the
influence coefficient a,, is to be determined. If Eq. (22) is used
in Eq. (13) with the assumption of constant path angle y,, the
range deviation R, is obtained as
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- i) A=8.0 - ’M 29)
17 ‘b0 ¢ 2fsinyo |a,
EERRSSSEtieass o Following the perturbation interval, w, = 0 and Eq. (29) reduces
i sy S to
. N Vi = pgVif2fsinTo (30)
510 & As.30 By using Eq. (5) with gravity effects neglected, Eq. (30) is
S 2 EA rewritten as
g A VVe=Vo'/Vo
- Al aTd s which shows that the cross-range velocity ratio V,/V, remains
) 10 £ . . .
a EEESrESanEEE : H nearly constant during re-entry. With this result and the assump-
ina NREREN 5 tion of constant path angle y,, Eq. (9) is integrated to yield
5 T PO AN (31)
10* B Vo) sinyg
i L H Combining this with Eq. (29) and the definition of the cross-range
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ALTITUDE, hi ~ KFT
Fig. 3 Density influence coefficient parameter, D(h;, §siny,).

2gcotyo(VifVo) (—ah? & A"
g vol 1/0)J & I

R, = ;
! aV2sin?y, | 2

X
=y non!

[_—](1 —e ki) 4 hie*"""’i}} (24)
not

Employing the relation for (V,/V;) given by Eq. (19) and the
definition of the density influence coefficient given by Eq. (14),
there results for the influence coefficient «,, at altitude

Pog’ c0syo
Uy, = —

Log "2V b, Bsi 25
pi (IﬁV;Z Sin4 Yo D(hl ﬂ s Vo) ( )

where

D(h;, Bsinyg) =

ah? & A1 — s - g,

5 +n;n.n![m(1 e "M —he (26)
The term denoted as D(h;, fsiny,) is a function of altitude and
trajectory parameter S sin y, only. This term has been evaluated
numerically (Fig. 3) for altitudes below Kft and for a range
of trajectory conditions fsin y,.

The parameter A is defined to coincide with Glover’s trajectory
parameter Kg;. The atmospheric model used in generating the
results shown in Fig. 3 was ps=000224 slug/ft*> and « =
(1/27000) ft ~!. This selection is somewhat arbitrary and was made
in an attempt to minimize in some sense the integrated error
of (1/V,?) in Eq. (20). The results given by Eq. (25) and Fig. 3
indicate that for very large values of § (small A), the density
influence coefficients will vary nearly inversely with f§ for given
re-entry conditions. For lower values of f§ (A4 larger than about
2-3) the differences in the parameter D(h;, Bsiny,) will become
more significant. A comparison of numerical point mass and
approximate results is given following the derivation of the wind
influence coefficients.

Wind-Induced Impact Dispersions

The primary effect of a horizontal in-plane (head) or out-of-
plane (cross) wind will be to cause a misalignment of the drag
force orientation. The missile will then drift with the wind. This
effect is first considered for a crosswind. Referring to Fig. 1 and
Eq. (8), the cross range velocity relation is, for small wind
induced misalignments #, ‘ -

- -V
Vv, = q.og wy 27)
BVysiny, 14
Equation (27) is integrated to yield the cross range velocity V,
at the end of the interval

_ —9(pL—pn)
Ve, =w, I:l—exp<m>} (28)

If the interval is small, the previous equation can be approxi-
mated by

wind influence coefficient,

a, = X/w, Ah (32)
yields
a. = __Pogh (33)
S 2BVysin®y, h;

where the nominal trajectory parameters p,, V,, and y, are
evaluated at the altitude of interest h;. In calculating values of
a,, using Eq. (33), the densities p, should be taken from the
actual profile being considered, and not from the exponential
approximation. This also applies to usage of Eq. (25), since the
perturbations in both cases are considered essentially as impulses
which depend on the local values of density. Although an
exponential approximation may provide adequate results for
quantities for which density errors may be integrated out (e.g.,
velocity), local errors in density may be of the order of 209, in
some instances.

In assessing the influence of a parallel wind on impact range
error, it is assumed that the path angle deviation occurring
during the wind perturbation interval remains nearly constant
thereafter. Accordingly, the second term of Eq. (6) may be used to
obtain the path angle deviation 7, present at the end of the
perturbation. Taking constant properties during the interval, and
assuming that w, is large relative to V,, there results

—gpol 142w,/ Vy) cosyo [(w, Ah)
Y1.= :
2fsinyo
Using Eq. (34) in Eq. (13) with y, taken as constant from k; to
impact, the parallel wind influence coefficient is obtained as
. _ 9poh[1+(2wy/Vo)cos yo]
" 2V, sin®y, By
This form differs slightly from Eq. (33). In the present case the
effect of wind on dynamic pressure may be of first order, Whereas
for a crosswind it is of second order. For most cases of interest,
the nonlinear term in Eq. (35) may be ignored, as may deviations
in y, following the perturbation. The cross and parallel wind

influence coefficients are then approximately equal, and Eq. (33)
may be applied for either type of wind effect.

(34)

(35)

Results—Wind and Density

Comparisons of wind and density influence coefficients as
calculated from Egs. (33)and (25) and as obtained from numerical
integration of Egs. (5-9) are presented in Figs. 4 and 5. All
trajectories were begun at 100,000 ft with a velocity of 23,000 fps
and path angle of 25°. Ballistic coefficients of 500, 1000, 2000,
and 5000 psf were used and taken as constant throughout the
trajectory. The atmospheric model used in the numerical integra-
tions was a 1966 15° N latitude standard atmosphere.® The point
mass program employed was set up to calculate the approximate
influence coefficients as part of the unperturbed trajectory simula-
tion. Instantaneous values of ¥, and y, were used in the calcula-
tions. The values of density were taken from the standard
atmospheric model and not from the exponential approximation.
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The comparison in Fig. 4 shows excellent agreement between
approximate and numerically determined wind influence coefli-
cients for ballistic coefficients of 1000, 2000, and 5000. Fair
agreement is exhibited for the § = 500 case. Note that the altitude
of peak influence coefficient varies from ~25 kft {8 = 5000) to
near 15 kft ( = 500). The case shown represent a range in the
trajectory parameter 4 (Glover’s Kg;) of 0.92-9.2.

Theagreement between approximate and numerically obtained
density influence coefficients (Fig. 5) is excellent for the f = 2000
and 5000 cases, good for = 1000, and very poor for f§ = 500.
The discrepancy in the latter case is a result of neglecting
gravity and changes in path angle in the analysis leading to
Eq. (25). '

The previously mentioned results indicate that for vehicles with

ballistic coefficients constant (or nearly so) throughout re-entry,
the wind influence coefficients can be calculated adequately using
Eq. (33) for values of trajectory parameter A4 up to at least 9.
The associated density influence coefficients can be obtained for
values of A4 less than approximately 5. It appears likely that in
studying vehicles with drag dependence on Mach number, the
basic Egs. (25) and (33) could be used to scale known
influence coefficient profiles (assumed numerically determined)
to cases for different entry conditions (¥,,y,) and ballistic
coefficients f.

Formulation of Angle of Attack Statistical Effects

In addition to dispersions resulting from atmospheric effects,
impact errors will also. derive because all vehicles of a given
re-entry system will not enter at identical angles of attack. The
respective drag histories throughout descent will therefore vary
due to the differing angle of attack histories. The resulting
dispersion magnitudes will be of importance in determining
allowable tolerances on the system used to orient the vehicle
prior to re-entry. A simple approach to this problem is presented
in order that impact dispersions can be estimated for a specified
re-entry system without recourse to the usual Monte-Carlo-type
analysis.

The angle of attack at very high altitudes, where atmospheric
effects are negligible, will generally be composed of a component
due to the drift in re-entry vehicle attitude following separation
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(the body fixed high-frequency component, in the sense of

Nelson”) and a precessional component about the drift, resulting
from the spin stabilization maneuver. Both components are
damped during descent through the atmosphere, as described,
for instance, by Platus® and Leon.®

It will be assumed in this analysis that either one component
or the other is dominant, i.e., that the total angle of attack & is
composed ‘of a mean which is slowly varying as the missile
descends, and about which any oscillations are of small amplitude.
In this case it is plausible to postulate that the orthogonal
angle of attack components § and  will be statistically
independent, normally distributed, and with zero mean values.
The distribution for the initial total angle of attack 8, =
(6.2+,*)'/? is then given by a Rayleigh distribution!®

70, — 16,2
fé)= Z(S;ZCXP<—4‘3“7> (36)

where 6, assumed known, is the mean value at initial re-entry.
This distribution is completely characterized by specification of
the mean J,,. It is now desired to utilize Eq. (36) in order to
obtain the vehicle drag characteristics in terms of the parameter
9, This is done by noting that in many cases the total drag of a
vehicle at angle of attack 6 may be represented adequately as

Cp(d) = Cp(d = 0)+ K2 (37)
Defining the increment in drag due to angle of attack as Cp, =
K 82, and utilizing the relation!®
acp,

F(Cod =160 —

which applies generally provided that &, is a single valued
function of Cj,, the probability density of the drag increment
Cp, at initial re-entry is obtained as an exponential distribution

(38)

id —nCp,
J(C)= 45,2 <41< 5m2> 39
The mean value is given simply as!®
(Cp,> = 4K 3y’ n (40)
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Fig. 6 Effect of ballistic coefficient on angle of attack induced
dispersion.

Thus the drag increment Cj,, at re-entry may be described com-
pletely by the mean initial re-entry angle of attack §,,

In calculating the 1 — g error in C,,, the second moment about
the mean would normally be taken. However, it is desirable that
the “error” conform to that obtained from other sources, such as
atmospheric effects, which are assumed normally distributed.
Therefore, the “error” will be defined here as that value which
encompasses 68.349/ of the area about the mean of the probability
density function f(Cp,), thus defining an equivalent normal
distribution 1— ¢ error. This is defined by the relation

<CD,>+UCD!
j f(Cp,)dCp, = 0.6834 (41)
<Cn,>“7Cn,

This relation is integrated and solved for ¢Cp, to yield
6Cp, = 105K 6,2 42)

Equation (42) represents an equivalent 1— ¢ error in drag incre-
ment Cy,, at initial re-entry (e.g. at 300 kft). The result must be
defined at other altitudes, as the vehicle descends and the angle
of attack is attenuated.®-® This is done by employing the initial
assumption that throughout entry the mean total angle of attack
is large relative to oscillations about the mean. This implies
that the total angles of attack for any two vehicles under con-
sideration will maintain a constant ratio throughout re-entry.
Thus, if an attenuation factor A(h) is defined, ie., 5(h) = A(h)4,,
the same for all vehicles, the history of equivalent 1 — ¢ error in
incremental drag Cj, is obtained as

oCp,(h) = 1.05K22(h) 6,,° (43)
To obtain the resulting 1 — o impact range error it is noted that,
within the assumptions made, the variables Cj, at various

altitudes will be perfectly correlated, i.e., for two altitude levels
iand j [in the sense of Eq. (1)]

Cov(Cp,, CDli)zoCDIiaCDIj (44)

This will be true provided that the damping characteristics of
the system are not considered as statistical variables, i.e., all
vehicles are assumed to possess identical damping. Violation of
this assumption should not result in a significant compromise
of the analysis, since the primary damping mechanism at high
altitudes is the increasing density,® whose effect will, in fact, be
substantially identical for all vehicles. ;

Equation (44) above permits the range error to be obtained
simply by performing two point mass computer simulations using
alternately the mean and the mean + 1— ¢ incremental drag in
addition to the basic vehicle drag. The angle of attack attenuation
4(h) to be used can be obtained from a single six-degree-of-
freedom simulation for a vehicle with representative properties,
or by use of the simple relations as given, for example, in Refs.
8-9. This procedure is certainly much simpler than the usual
Monte-Carlo statistical approach. An alternate procedure would
be to compute a history of the relative drag error [6Cp,/Cp
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(6=0)] and use the density influence coefficients given by
Eq. (25), according to the relation

n
05 = Z <f~cﬂ> a, Ah; (45)
Cp, !
However, it might prove necessary to utilize an alternate atmos-
pheric density model than used previously, since the primary
angle-of-attack contributions to dispersion will occur at very
high altitudes. The mode! used earlier was specifically for
altitudes below 100 kft, where nearly all of the wind and
density induced dispersions are produced.

Some results obtained with the former technique (point mass
simulations) are shown in Fig. 6 for various assumed mean
re-entry angles of attack and ballistic coefficients. The dispersion
is quite sensitive to ballistic coefficient and varies with mean
angle of attack approximately as §,,%. Information such as shown
in Fig. 6 should prove useful in the performance of studies
designed to establish the tradeoffs between mean-initial entry
angle of attack, ballistic coefficient, and dispersion magnitude.

Conclusions

The derivation of wind and density impact dispersion influence
coefficients has been presented. The primary objective has been
to simplify the procedures used in obtaining atmospheric disper-
sions, particularly by obviating the need for a large number of
point mass trajectory simulations which are normally performed
to determine numerically the influence coefficients. The results
have been shown to be valid for a wide enough range in vehicle
characteristics that they should prove useful, especially for design
studies where a large number of cases must be considered.

The influence of the statistical nature of re-entry angle of attack
upon dispersion has also been derived in an approximate
manper. As with the atmospheric effects, the establishment of
simple, usable relations was emphasized, rather than the main-
tenance of mathematical rigor. The angle of attack induced
impact error can be calculated by employing two point mass
trajectory simulations, with the basic damping characteristics
the only additional information required.

Other symmetric vehicle effects which have not been dealt with
specifically, such as changes in weight or statistical variation
of the drag coefficient during entry, can be assessed by using
the relations derived for the density influence coefficients. Thus,
the relations presented herein provide a useful means of estab-
lishing the impact dispersions resulting for most symmetric
re-entry vehicle effects of interest.
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