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1. INTRODUCTION

The present report describes an ejectable nosetip for a sounding rocket
payload. The primary purpose of the nosetip is to vacuum seal the radioactive
ionization gauge (Handy, 1970) in a payload from undesirable contamination
effects until the required ejection time (altitude) during rocket flight.
Nosetip ejection is required at altitudes of 30 to 35 km so that the upleg
rocket payload measurement, from which the neutral properties of the atmo-
sphere are deduced (Cittadini, 1970), will just overlap high altitude balloon
radiosonde measurements. At these altitudes and sounding rocket velocities,
aerodynamic pressure is appreciable.

The ejectable nosetip i1s designed to be aerodynamically unstable so that
upon ejection, the nosetip pitches and tumbles, encountering 1ift and drag
forces which move the nosetip to one side and downward relative to the pay-
load, thus assuring a previously undisturbed atmosphere for upleg measurements
taken by the payload.

To date, fourteen sounding rocket experiments with ejectable nosetips of
this design have been launched. FEach of the nosetips was ejected successfully
at a predetermined time (altitude) during flight. Data from the rocket exper-
iments also indicated that each ejected nosetip pitched and tumbled past the
rocket at distances predicted.

Since this nosetip is not dependent on a payload for any support func-
tions, it could possibly find application on other sounding rocket experiments
as a heat shield, a frontal sealing device, or as a means of obtaining a lower
drag configuration for ejection altitudes up to 55 km. Above approximately
55 km, aerodynamic effects become vanishingly small and the nosetip is not
likely to pitch and tumble any significant distance from the rocket flight
path.

The mechanical ejection scheme, most of the design considerations, and
the actuator time delay firing circuit for the nosetip are presented herein.
Also included are trajectories of a nosetip ejected from a payload, calculated
for various initial conditions.



2. GENERAL DESCRIPTION

The external configuration of the nosetip is a 9 deg half-angle cone
having a base skirt diameter of 4.250 in. Because significant aerodynamic
heating is experienced during rocket flight, the outer shroud or wall of the
nosetip is machined from 303 stainless steel. Most of the internal structure
is fabricated from 2024-T351 aluminum because it is easily machined. Figure
1 is a machine assembly drawing of the nosetip.

In assembly stages, before final integration, the nosetip is divided
into three basic sections or subassemblies. These are a base sealing subas-
sembly, an actuator and electronics subassembly, and a forward shroud. The
three subassemblies are shown in Figure 2.

The basic mechanism for locking the nosetip to a keyed payload and a
seal plate section comprises the base sealing subassembly. This subassembly
can be installed and locked on a payload in a suitable environment and then
vacuum attended to at any time prior to installation of the electronics
package.

The pyrotechnic and electronics package, which is mated to or, if neces-
sary, easily removed from the base sealing section, is comprised of a dual
bridge sealed piston actuator, pressure switches, batteries, and electronic
time delay firing circuitry. The piston actuator provides the sole means of
release activation and ejection of the nosetip from a payload. For redun-
dancy, two time delay firing circuits are employed. Pressure switches in a
series mode are used to isolate the firing circuits from the actuator until
after launch, thus satisfying range safety requirements.

Thermal shielding attached to the inside wall of the forward shroud pro-
vides the necessary thermal insulation for the electronics package. Mounted
last, the forward shroud completes the final assembly of a nosetip.

The internal structure and components are fabricated and arranged such
that approximate weight symmetry about the cone axis is achieved. A complete
nosetip is 13 in. long and weighs approximately 3.4 1b. A completely
assembled nosetip is shown in Figure % and a nosetip mated to a sounding
rocket experiment is shown in Figure 4.
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Figure 2. DNosetip subassemblies.



.

-
.
.

Figure 3. Assembled nosetip.
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Figure 4. Ejectable nosetip mated to a sounding rocket payload.



5. MECHANICAL DESIGN CONSIDERATIONS

Since low angles of attack during paylocad measurement are desired, one
of the first design considerations was to minimize any upsetting moments
imparted to a rocket payload system by the ejection of a nosetip. Conse-
quently, straightforward unlocking and ejection of the nosetip from a payload
is employed. With this scheme, moments created during the ejection sequence
are small and have little effect on rocket stability even at altitudes where
aerodynamic restoring forces would otherwise be ineffective.

The locking and ejection scheme can perhaps be easily understood by
referring to the series of views shown in Figure 5, which illustrates the
unlocking sequence. For the sake of clarity some of the drawing details
(thread joints, etc.) have been deliberately left out. The first view shows
the nosetip locked in position to a keyed payload. The sequence of unlocking
events is as follows:

(a) Upon firing, the piston of the actuator is forced against the
seal plate moving the pushrod (view 2) and outer shroud for-
ward. The six balls captured to provide locking are then re-
leased as shown in view 3. '

(b) The parts (outer shroud, pushrod, etc.) shown in view 2 con-
tinue to move forward, shouldering at "B" (view 4). The sec-
tion on which the electronics package is mounted then moves
forward with the outer shroud, pushrod, etec.

(c) As the complete nosetip assembly (less seal plate) moves for-
ward, the seal plate is then lifted from the payload by the
shouldering at "C" (view 4).

(d) The complete assembly as a whole then continues to move for-
ward from the payload, completing the ejection sequence.

In a locked position, three springs (6s, Figure 1) force the outer
shroud of the nosetip against the payload at "A" (view 1, Figure 5), which
keeps the six balls captured, maintaining the locked position. For pressure
relief and for proper baro-switch function four small holes are drilled in
the cone wall, which results in the inside pressure being equal to the out-
side cone wall pressure. Consequently, the three springs must withstand the
outer shroud deceleration force during the high drag phase of rocket flight
occurring just after booster and second stage burnouts. In their compressed
state, the three springs provide a force of 27 1lb, which more than offsets
the maximum deceleration force of 10 1b during rocket flight.
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With the type of lock mechanism employed, thermal expansion effects due
to aerodynamic heating are easily accommodated so that the nosetip neither
locks up mechanically nor seizes to the payload. In the axial direction, the
outer shroud is designed to expand freely away from the pushrod a distance of
0.050 in., much less than the 0.220 in. allowed before difficulty in the
ejection sequence occurs. Structural expansion in the radial direction poses
no problem because the anticipated temperatures increase the base skirt diam-
eter approximately 0.008 in. in the direction opposite to that which would
possibly cause the nosetip to seize to a payload during flight. As a check
on these design considerations an ejection test at elevated temperature was
performed at the Goddard Space Flight Center facilities. The test setup and
results are described in Appendix C.2.

In the resulting motion of an ejected nosetip both the center of mass
location and the initial conditions are of primary importance. Upon ejection
the center of mass 1s established in its predetermined position by a residual
force of approximately 75 1lb exerted by the piston actuator which maintains
the nosetip in an extended configuration (view 4, Figure 5). Initial
straightforward ejection of the symmetric nosetip within predictable limits
is accomplished by utilizing the seal plate as a stable platform for pushoff
upon actuator firing.

As mentioned previously, the primary purpose of a nosetip is to vacuum
seal the radiocactive ionization gauge in a payload. This is accomplished by
a seal plate (Figure 6) which is forced against the payload by three setscrews
(-13s, Figure 1) compressing an "O" ring seal. The seal plate is fabricated
such that a pumpdown line from a vacuum system can be easily attached and
removed later by a knurled jam screw. Seal-off after pumpdown is accomplished
by utilizing a small needle valve. A view of the base sealing subassembly
which includes the seal plate section with pumpdown line attached is shown in
Figure 7.

11
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Figure 7. Base sealing subassembly with pumpdown line attached.



4, ACTUATOR FIRING SCHEME

For actuator firing at a predetermined time (altitude) during rocket
flight, only two different techniques, to date, have been used. A schematic
of the electronic circuit which was used successfully in the first two ejec-
table nosetips is shown in Figure 8. 1In this scheme pressure switches provide
the logic function for actuator firing. Since nosetip ejection was to occur
at low pressure where pressure switch accuracy is unobtainable, a simple
circuit was employed to delay actuator firing from the time of accurate pres-
sure switch function to the required ejection time during rocket flight. For
firing redundancy, two identical but completely separate circuits to the dual
bridge actuator were used. Two pressure switches in series with each of the
two electronic circuits were necessary in order to satisfy range safety re-
quirements.

The second scheme, which has been employed in nosetips subsequent to the
first two, uses the first motion of a rocket on the launcher as a logic func-
tion. The circuit schematic is shown in Figure 9. Again, two electronic
time delay firing circuits are employed. The two microswitches which initiate
the electronic timers are operated by a mechanical pullaway. In this scheme
the delay time is set directly to the required flight time for nosetip ejec-
tion. The two pressure switches in series with the ignitors serve only to
satisfy range safety requirements.

A view of the actuator and electronics subassembly is shown in Figure 10.
Also shown are HR.Ol wet cells manufactured by Yardney Electronics Corporation
and used for the battery supplies, model ESL-20 pressure switches manufactured
by Carmac Company, and two piston actuators (one having been fired) manufac-
tured by Atlas Chemical Industries Incorporated. Because an actuator has not
been installed in the subassembly, the pushrod section (1, 3 in Figure 1) is
not shown in its proper location.

Shielding the electronics from the effects of aerodynamic heating was
easily accomplished by spacing a 0.005 in. steel sheet insert approximately
0.040 in. from the cone wall so that direct thermal contact between the two
did not occur. Two complete wraps of aluminum foil and armalon around the
electronics provided additional multiple reflecting surfaces and low heat con-
duction paths, thus providing more insulation than necessary to delay the
heating effects even beyond the time of nosetip ejection. The steel sheet
insert and the wrapping insulation are shown in Figure 11 next to the forward

shroud.

1k
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Figure 10. Actuator and electronics subassembly.
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Figure 11. Forward shroud and thermal insulation.



5. EJECTED NOSETIP TRAJECTORIES

5.1 DETAILED TRAJECTORY RESULTS

The equations of motion developed in Appendix A which predict the motion
and path and an ejected nosetip relative to the payload are summarized below.

e ap B . dB\2 .
—_— — + — - —
IXX dtg Izz(dt cosa + ) dt sind IXX(dt sinacosa
) -t/t
= (1.150 + CM/CN —x)Cqu.SDe
1
@8 dg da g do
— gi + _— - e + -_— =
L ex w2 2T x at at ©0%0 T (gg cosa v @) g = 0
d ,dp
I, at (qg cose @ = 0
a°x q .5 -t/t
o . o0l 1
= (C cosa - C Slna) e sinf
2 N A . m
dt
2
a7y . a.,:5 -/t
= (¢ sina - C_ cosq) e cosp
2 A N
dat
dgz -t/t q .S _t/-t
0 2 . ooi 1
= D,e - (C_sina + C coso) e
dt2 i N A

These equations were solved by computer for a number of initial conditions
and parameter values. Figures 12, 13, 1k, and 15 illustrate the effects some
of the more important of these parameters have on the resulting trajectory
solutions. ¥For reference, the path labeled 1 in each of these figures was
computed using the measurement values from Appendices B and C.1 and for nose-
tip ejection at an altitude of approximately 36 km with an initial angle of
attack of 1 deg.
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One of the important parameters to which the motion and path of an ejected
nosetip is very sensitive is the center of mass location. With all other
parameter values the same, a center of mass change from % = 0.929 to 0.882
(i.e., a 0.2 in. location change for this design) decreases the radial distance
which the nosetip pitches and tumbles past the rocket payload by approximately
one third. The detailed computation results which illustrate this effect are

shown in Figure 12,

The effect of varying the initial separation or ejection velocity of the
nosetip from the payload by 7 ft/sec is shown in Figure 13. This effect is
not large. The 7 ft/sec velocity variation is certainly considered an outside
limit for this design because the Atlas piston actuator employed for release
activation has been observed, from the ground based ejection tests (Appendix
C.1), to be a consistent performer.

The trajectories for nosetip ejection at altitudes of 28, 36, and 42 km
are shown in Figure 14. The variation between each of these is quite large
and is due to the rapid decrease in free-stream aerodynamic pressure with
increasing altitude. The trajectories for ejection at altitudes of 28 and
36 km are shown so as to bracket the original design ejection altitude of 30
to 35 km.

One of the problems with attempting to predict the motion of an ejected
nosetip is that the initial angular conditions (i.e., initial angle of attack,
initial tumble rate, etc.) are not known prior to nosetip ejection. However,
from the results of ejection tests described in Appendix C, the initial rota-
tion rates are believed to be small, and thus for this problem are set equal
to zero, The initial angle of attack remains unknown and is due to the nor-
mally occurring attitude variations encountered by the rocket vehicle during
flight, which in the altitude region of interest is usually less than 3 deg.
Thus nosetip trajectories were determined for initial angles of attack of 0.1
deg, 1 deg, and 10 deg. The results are shown in Figure 15.

20
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Figure 12. Effect of varying the center of mass location.
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5.2 PERFORMANCE CHART

The equations of motion, written above, were cast in nondimensional form
with the parameters organized into significant groups (Handy, 1971). The
results of the computer solution are shown in Figure 17 which is a plot of
the nondimensional variable Zp,yx versus the nondimensional variable Rg=o for
three different initial angles of attack and various values of W and Z; where

max * ai IXx max
R = W (1-§<)(Iﬂ’i) cr s
XX
(1-5:)(1—) Zs
Z, _ XX ,
i Qs o 1/2
( )(l-X)(f—)g
W = ( zzaﬁ/IXX)
(l-i)(-I-—)z

Only the two points Zy,, and R,_, on the nosetip's path, as shown in Figure
16, can be obtained from Figure 17. However, the importance of any parameter
is easily evaluated. 1In general, for values of H>1 where

(Izzaﬁ/lxx)
1/2 "’
Qwis -,, mD
[( - )(l-X)(E’X—X)g]

it was found that the nosetip did not spin and pitch unstably any significant
distance from the rocket flight path.
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APPENDIX A, THEORY FOR NOSETIP MOTION

A.1. ANGULAR MOTION

The principle of moment of momentum for a rigid body expressed in a
rotating coordinate system is

dH | =
Fr +OxH = M (1)

where

o
il

coordinate system rotation rate with respect to an inertial frame
of reference,

= moment of momentum of the rigid body,

= external moment applied to the body, and

= instantaneous time.

& =2¥mv

For a rectangular coordinate system located at the center of mass as
shown in Figure 18 below, the x, y, z axes are simply the principal axes
of inertia of the symmetric nosetip.

>

Figure 18. Coordinate system fixed at center of mass.

In component form, Equation (1) then becomes,

a(I

[dh)
XX x>
dt

n+t (I o) o - (I w)w = M (2)
z2Z z'n yc yy y'n ZC X
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n + w - (I w = M
___%Q?JZ__ ( XX X)n z 27 z)n bls v (3)
A(I )
zz z'n + (I )ﬁbz - (I o )ﬁb = MZ (L)
T at yy v o XX X yc
where
subscripts n and ¢ refer to the nosetip and coordinate systems re-
spectively,
I I I = principal moments of inertia of the nosetip, i.e.,

2 J
XX ZZ
vy known constants,
®w ,w ,o = angular rotation rates about the x,y,z axes respectively,

Mi,My,MZ components of the external moment.
y

The relation of the x,y,z coordinate system to an inertial frame of
reference (xo,yo,zo) used in this analysis is shown in Figure 10.

Zo
z [

Yo

Figure 19. Inertial coordinate system.
The (x,y,z) coordinate system is derived by performing a rotation about
the Z axis through an angle B, followed by a rotation through an angle @

about the newly formed x axis. The x,y,z coordinate system rotation rate is
then

+ ﬁ—-sina)§ +(gé-cosa)§ (5)
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and the nosetip rotation rate is

gn = g% %+ (g% sina)y + (-g% cosOc+a>)/2 (6)
where _
»w = rotation rate of the nosetip with respect to the rotating coordi-

nate system (x,y,z).
Because of the definition of the coordinate system, the aerodynamic
pitching moment will act about the x axis only. Hence,

M =M =0 (7)

With Equations (5), (6), and (7) and noting I,y = Ixx because of sym-
metry, Equations (2), (3), and (L) become, respectively

2 2
d o ag dp dp
= 4 = + ®)=— sing - =) 54 a = 8
IXx 5 IZZ(dt cosQ m)dt sina Ixx(dt) sin® cos MX (8)
dt
d%B ap do aB do
I —=sina+2I — = cosG-1I (= cosa+w)— = O
xx 2 ST el Gt at o°F 22t COSO T @)y (9)
dt
d ,d8
= (= cosa+w) = 0 0
Izz dt (dt cos @) (10)

Equations (8), (9), and (10) are the equations used in determining the
angular orientation of the ejected nosetip. An expression for the aerody-
namic pitching moment, Mx’ is given later.

A.2, TRANSLATIONAL MOTION
Because of the definition of the rotating coordinate system used in this

analysis, the aerodynamic normal and axial force components act only in the
vz plane, i.e.,
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where

fl

aerodynamic force encountered by the nosetip,
components of the aerodynamic force in the rotating coordi-
nate system.

F ,F
"y’

->
F

F
2

In the inertial frame of reference F is then expressed as

=y
]

F (-cosQ sinﬁ);\c + F (cos cosB)S\r +F sina?
¥ o y ) y o)
. . A A A
+ F (sina sinP) x_ + F (-sinocosB)y + F cosoz .

zZ o) z o z o

Thus, the equations for determining the translational motion of the
nosetip are,

dv
5
- . + . .
m e chosasinﬁ Fzs1nas1nB, (11)
dv
Yo
mo = chosacosB - F, sinocosB, and (12)
av
ZO
m= = Fy81na + F_cosa, (13)
where
m = mass of the nosetip, and
vX ,vy ,vZ = velocity components in the inertial frame of reference.
o ‘o o©

An expression for Fy and FZ is determined in the next section.
A.3, AERODYNAMIC FORCE COMPONENTS AND PITCHING MOMENTS

A.3.1. Aerodynamic Coefficients

The coefficients used were taken directly from Neal (1963). His results
were obtained from tests conducted with a 9 deg half angle cone at a Mach
number of 6.77, a Reynolds number per inch of 135,000, and angles of attack
from O deg to 180 deg. The moment reference was located 1.150:D forward of
the base (where D is the base diameter of the cone).
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Values of the aerodynamic coefficients are listed versus angle of attack
in Table 1 where

CyM = pitching moment coefficient (P. Moment/QmSD)

Cy = normal force coefficient (N. Force/qws)
¢, = axial force coefficient (A. Force/gms)
S = cone base area (%/L), and
q = free stream dynamic pressure.
TABLE 1

PITCHING MOMENT, NORMAL FORCE AND AXIAL FORCE COEFFICIENTS

of deg) CM CN CA
0 0 0 .08
10 -.055 .35 .13
20 -.110 .73 .21
30 -.160 1.18 .27
Lo -.227 1.62 .39
50 -.290 2.05 46
60 -.330 2.38 .48
70 -.345 2.58 g
80 -.355 2.63 L6
90 -.370 2.58 T
100 -.390 2.38 .29
110 -.375 ' 2.02 .02
120 -.3k40 1.62 - .39
130 -.255 1.20 - .8
140 -.130 .73 -1.21
150 -.078 .37 -1.k6
160 -.055 .15 -1.63
170 -.025 .08 -1.72
180 0 0 -1.75

A.3.2. Force Components and Pitching Moments

From the definition of the coordinate system and the aerodynamic coef-
ficients, the force components are simply,
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F.oo= -Cia.8 (1k)

=
Il

-C,q,8S. (15)

In Neal's tests the moment reference was located 1.150-D forward from
the base of the cone. Thus, the expression for the aerodynamic pitching mo-
ment about the center of mass of an ejected nosetip is written as

Moo= (1.150 + cM/cN - x) - C%,SD (16)

where

x+D = location of the center of mass from the cone base.

A.4, DYNAMIC PRESSURE CHANGES AND ROCKET VEHICLE DRAG

Because of vertical travel through the atmosphere the free stream dynamic
pressure encountered by an ejected nosetip will change significantly. This
effect becomes more important at higher ejection altitude. As can be seen
in Figure 20 the dynamic pressure can be represented by the approximate ex-
pression

-t/tl
a(t) = q e ’ (17)

where
Q, = dynamic pressure at the time of ejection,
i
ti = appropriate time constant, and
t = instantaneous time.

The effect of aerodynamic drag on the rocket vehicle is also important,
since the objective is a description of the trajectory of the ejected nosetip
relative to the rocket. This effect can also be expressed in a simple form:

-t/t,

D(t) = D,e (18)
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where

Di = rocket drag deceleration at time of ejection, and
t2 = gappropriate time constant.
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Figure 20, Tree stream dynamic pressure versus rocket flight time.
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APPENDIX B. NOSETIP MASS MEASUREMENTS

Both the weight and the center of mass location are carefully determined
for each completely assembled nosetip. One particular nosetip weighed 3.4k 1b
with its center of mass located 3.950 in. forward from the cone base. 1In
general, these measurements are typical of this nosetip design. However, both
the weight and the center of mass location may be reestablished depending on
the desired motion and possible trajectories of an ejected nosetip.

Since the spin is not a major influence of nosetip motion, the moment of
inertia Izz was roughly calculated based on estimated weight or mass distribu-
tion. For this, a radius of gyration of 1.1 in. was calculated and used.

However, the moment of inertia I, is an important parameter and was de-
termined from experimental measurements rather than from calculations based
on an estimated weight distribution. By allowing the nosetip to scillate
like a pendulum, as shown schematically in Figure 21, the radius of gyration
about the center of mass is related to the oscillation frequency by

1/2
KoM, = rEHthfEr -ﬂ

distance between the pivot point and center of mass,
g = 32,16 ft/sec2, and
oscillation frequency.

2
1]

H
I

From the observed oscillation frequency and a measure of r, the radius of
gyration for one typical nosetip about its center of mass was computed to be

3,06 in.

mg

Figure 21. Determining the radius of gyration.
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APPENDIX C. EJECTION TESTS

C.1l. GROUND BASED TESTS

Nosetip ejection tests from ground based, payload simulated platforms
were performed not only to gain confidence in the ejection scheme and in the
structural design, but also to determine the behavior of the resulting motion.
From both stationary and spinning platforms the piston actuators ejected com-
plete nosetips to heights of approximately 27.5 ft. From the expression

v, = (2gm) /2

where H = maximum height attained by the nosetip, and
g = 32.16 ft/sec?,

an initial velocity, vi, of Lo ft/sec was then computed. The initial ejection
velocity is, of course, used in the determination of the trajectory of an
ejected nosetip relative to a rocket.

From the nonspinning tests, tumble rates of less than 1 rad/sec and
virtually straightforward and aligned ejection were also achieved. With the
addition of spin (up to 12 cps) the ejected nosetip became completely sta-
bilized and no tumble or coning was observed. During rocket flight, however,
the expected minimal values of angle of attack and tumble rate initially
encountered by the nosetip upon ejection are unknown due to the normally
occurring variations in the rocket vehicle and, consequently, are considered
as parameters in the nosetip motion analysis.

C.2. ENVIRONMENTAL EJECTION TEST

A thermal-vacuum spin ejection test was also performed in an environ-
mental test chamber at Goddard Space Flight Center at the request of the newly
formed Flight Readiness Review Board so that conditions encountered during
rocket flight would be more closely simulated. In particular, the test was to
determine if an external heat source, simulating aerodynamic heating, would
cause the ejection mechanism to fail because of thermal seizure of lockup.

For the test setup, a nosetip was attached to a payload-shaped configu-
ration which was mounted to a spin table centrally located inside the environ-
mental test chamber. The spin table was tilted 3 deg so that the nosetip
would land to one side in a pre-positioned net. An array of quartz filament
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heaters was suspended about the nosetip to provide a uniform external heat
source. To reduce air convection cooling the test chamber was evacuated to
a pressure of 50 torr.

The test sequence of events 1s listed in Figure 22, which is also a pro-
file plot of the temperature of a sensor located inside the nosetip. By
agreement, the nosetip was to be ejected when this sensor indicated a temper-
ature of 200°C. From the start, the test proceeded smoothly and was climaxed
by a completely successful nosetip ejection at a spin rate of 6 rps.

200

Tl

o
5
[*]
=
w
@
0
14
w
-
<«
w
b

NOSET\P_E

100

SPIN TABLE ON
HEATERS ON

P = 50torr
SPIN = 6 rps

INTERNAL TEMP (°C)

TIME (MIN)

Figure 22, Temperature profile and sequence of events
for thermal vacuum spin ejection test.
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