T i B 2 SR

st s &4\% i 2 ; : : : : ; Qéﬁ\m%
“WW - - . ; - . e - o .
e : e : s : 7 G te oy s ia
: s ey

e
&

o iy
= T 2 2 -
e - .

o

e

- - .

i : E ]
S ;
- ; ;

G
.
= 2 ; -
i s 2
s
SR
T 7
i 2 o
e S
o :

o
e
=

o
\Q\W&W,»@W L : -
ey
e kw%www“m@n{ = = % $ i
e ;

s

.

e e R A

- - e - - -
dagaea s Ginos % S

A i

.

S

o

y . : Tai
o - ¢ -
. = i gl
e et ’ > .
oo rel S .
.. | :

.
Goaian
e
.
-

e

Si e
- s e e
o . .
o

S

2,
.

5

o
e

-

s
o
-

L

| & : : .

- - :

.

o
e

2983
T PLAW
craft

7

ES
ir

SA-CR-11
1LED T
(Grumman A

{

Ha
DETAI




Q000
?0S=5033

TRED
AP

CONTRACT REQUIREMENTS CONTRACT ITEM MODEL CONTRACT NO. DATE { |
Exhibit B Papr 3.3 020 1EM ¥459-1200 |1k Jan 6B || 3
WA éﬁ
Type I NASA Approvel PP e Code #851 ‘ é:
é ﬂowngmd i jear wmrervals '3 S=
.y pucgon e y u g
; dml..s_ 2] R ~ 3
3 NEEE
© N |58
SBRNE:
No, __LPL-610-1 paTE: 6 _Septe 1963 5 \§ A
]
© N o
FEASIRILITY STUDY E ©
=N N
%) N S
AND ENREE
budle |3 &
DETATLED TEST PLANS = xls
Slppd
FOR LEM-1 AND LEM-2 [ U] S|E5B 2
] H
t CODE 26512 ’ § g '§o B
BoH8563

Vbl clorn

( PREPARED BY:
J. H. Semcken

%4%5;w~

M CHECKED BY/
] W. D. Looney

APPROVED BY:
T. H. Moorman, W.

REVISIONS

thke/T. Kelly

DATE

BY

REV,

REVISIONS & ADDED PAGES

REMARKS

the meaning of the Espionage Laws, Title™ig
revelation of which in any manner to an’ e

This document contains information affecting th ;ﬁ" f tional defense of the United States, within

o L8.C Secttons 793 and 794, the transmission or

d person is prohibited by law.

AR AM AIRCRABY FNOGINEERING CORPORATION



PAGE

TABLE OF CONTENTS

Section Page
A, GENERAI, SUMMAKY .~
1.0 Summan? Al-1
2,0 Discussion A2-1
2.1 Requirements for Flight Tests A2~
2.2 Additional Gains from the Test A2=3
2.3 Selection A2-3
2.l TFeasibility A2-4
2.5 Mission Objectives AR
2.6 Booster Qualification Test Vehicle A2-8
2,7 White Sands versus Atlantic Missile Range A2-8
3,0 Conclusions A3=1
1,0  Recommendations Al
B. "DETAILED TEST PLAN LEM-1 .-

TABLE OF CONTENTS, SECTION B

C. DETALLED TEST PLAN LEM=2,-
TABLE OF CONTENTS, SECTION C

D. DETAILED TEST PIAN QTV.-
TABLE OF CONTENTS, SECTION D

REPORT
DATE

/BN AL Al AR ANTAC AAEZY ERMAIKMEERIMMA AABDADATIAN




PaGE A1

1.0

Summary,=

A failure analysis for LEM showed the propulsion subsystem to be a
flight safety item for all manned LEM flights. Review of the
propulsicn development program indicated that there was a requirs-
ment for in-flight development tests. Ground development tests
could not adequately simulate the in-flight environment. The
purpose of the study contained in this report was:

1. %o establish the requirements for flight test.

2, to select the boost vehicle,

3. %o determine the mission objectives for each flight.

o to prepare detailed test plans for each flight, and

5. to investigate the feasibility of conducting the tests.

The result of the study is a recommendation to conduct two flight
tests with the LEM vehicle launched by a Little Joe II beoster. In

addition, it is recommended that a booster gqualification flight be
conducted prior to the first LEM test.
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2,0

2.1

Discussion.-

Requireﬁents for Flight Tests.-

A failure in the propulsion (or reaction control) subsystem
which permits the contact of fuel and oxidizer outside of the
thrust chamber will be catastrophic to the astronaut. The
development program must prove the subsystem's integrity prior
to a manned LEM flight. A review of the propulsion & RCS
development programs has indicated several areas where flight
conditions, and/or flight environments, can not be adequately
simulated on the ground. Unmanned flight tests are, therefore,
required to d emonstrate and prove the system's integrity in the
design environments. The specific results which are to be
sought from flight tests and which are unattainable in ground
testing ares

a. Bvaluation ad certification of the safe operation of tie
propulsion subsystem.

1, Evaluation of the performance in the space environ-
ment of zero "g®, hard vacuum, and unrestrained
vibration.

a, 2Zero M"g" = IEM-1 will be the first time the
system can be subjected to this condition.
Valve timing and sequencing aretwe of the
many functions which might be affected, ILEM-1
will also provide information on the behavior
of hypergolic propellents in this envircnment.

b, Hard vacuum- The finite lag between contact
of the propellants and actual ignition varies
with pressure, LEM-1 test altitudes will
exceed those obtained in test chambers, thereby
providing a lower preéssure envrionment.,

c. Vibration - LEM=1 will provide the first test
of unrestrained vibration.

do, Combinations of thedove environments are not
ground t ested and failures due to combined
environments could occur,

2. Evaluation of full duration firings in space.
LEM-1 and -2 provide the only full duration
firings until LEM-8.

b. Evaluation and certification of the s afe operation of the
Reaction Control Subsystem.

co. Demonstration of the fire~in-the~hole condition for the lunar
launch and abort phases.
Ascent engine exhaust impingement on the descent stage
could cause combustion instability and/or structural
damage., Exact ground simulation is not possible as
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2.1 (cont)

d,

f.

go

h,

exhausting into the altitude chamber will cause an

immediate loss of altitude, and the earth's gravitational
force prevents dynamic simulation of the separation. The
ground ‘tests will use a simulated descent stage (i.e. Heavy-
weight rig) to preclude the overall program delays which
would be caused by d amage to a test article.

Evaluation of the system dynamics across a wide range of
propellant loads.
1EM development problems must be defined early in
program., LEM-1 and =2 provide the only opportunity
prior to LEM-8 to test the system at full fuel loads,
in a space envirocnment.

1. The discussions presented for the propulsiocn
subsystem in paragrsph 2,1C (1) are applicable to
the RCS,

2. According to current NASA restrictions, the RCS
will not be tested in an gltitude chamber as a
gystem, although GAEC does not concur with this
approach to the ground test program.

Evaluation of the system performance after subjection to
the combined vibratory, acoustic, and acceleration environ-
ments of the booster.,
Combined environments are not ground tested due to the
complexity involved.

Evaluation of the performance in the LEM engine and RCS
induced environments (vibratory, thermal, acoustic, and
acceleration.)
Ground test of the combined environments are not
conducted due to facility constraints,

Evaluation and certification of the system structural
integrity.
1. Evaluation of integrity subsequent to boost and
combined boost environment.
Combined environments are not ground tested.

2. Evaluation of the LEM engine induced thermal
distribution.
The LEM engines are buried inside structure and
as such have primary input to the thermal distribu-
tion of the system. In e altitude chamber the
need for a diffuser, which restricts plume expansion,
prevents determining the input of the plume to
the structure and landing gear.

Demonstration of LEM staging.
LEM-1 will demonstrate clear spearation of the descent
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2.1 (con't)
stage (i.e. no impact with ascent stage) for the
first time in the dynamic condition.

2.2 Additional Gains from the Test.~

The performance of the LEM-~1 test will provide:

a. Evaluation of the LEM engine~induced environments (thermal,
vibratory, acoustic).

The test results will be used to determine the adsquacy
of ground simulations,

b. Evaluation of the compatibility of the applicable GSE,

¢, BEwvaluation of microwave atteruation, absorption, or

' dnterference caused by engine exhausts,

d. Improved relisbility.
The reliability goals (.999, etc.) cannot be demcnstrated
to the desired degree of confidence within reascnable
cost and schedules by conventional testing. Statistics
show a prohibitive number of tests are required. The
test of LEM-1, by increasing the nunber of tests, will
increase the confidence level due to the tests being
conducted in the wvehicle's operational envirocnment.

2.3 Selection of the Boogt Vehicle, -

The particular boosters avallable for the LEM-1 tests were the
Little Joe II and the Saturn C-1B, The Little Jos II was
determined to be the better choice for the following reasons:

a, Little Joe II will have completed development and the IEM
test will not be subjected to the requirements of a booster
development program. The C-1B boost for the LEM would be
a boogter development flight. :

b. Little Joe 1II is more economical than the C~1B,

c. ILittle Joe II offers a test which is independent of all
‘other Apollo components. and thereby permits the LEM
program to progress freely in the early development days
and the booster scheduling to be dictated by LEM
requirements,

d. Little Joe II availability permits an earlier flight date
and one not subject to development delays, as in the C-1B.
The early flight permits feedback for modification and/or
redesign without severely delaying propulsion subsystem
qualification.

e, The time required for Little Joe II prelaunch checkout is
less than the Saturn, again permitting an earlier launch
date with the same delivery date and a more sconomical launch,

f. Little Joe II availability permits the scheduling of a back-up
booster for the contingency of a mishap. The Saturn booster
schedule does not have this flexibility., In the event of mishap,
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2.3

2.4

2.h.1

2.h.1.1

2.4.1.2

(con't)

fo (con't)
the entire Apcollobooster phasing would be required to slip to
provide a back up capability.

g. Little Joe IT satisfies the development test requirements of LEM
without the complexity of a C-1B test (i.e., it's simpler).

Feasibility.-

The detailed feasibility analysis is presented in the text of the
LEM-1 test plan (section B). This paragraph summarizes the areas
of particular interest.

Booster Aerodynamics.-

Shroud Configuration.-

The design criteria for the shroud which are of principal interest
are the nose cone half angle, the overall shroud length, and the
boattail angle. The nose cone half angle should be kept small to
avoid severe buffet behind the shoulder, the overall length should
be as short as possible to minimize the destabilizing pitching moment
contribution, and the boattail angle should be very small (less than
6°) to preclude separation of flow on the boattail and introduction
of unsteady air loads.

Joint Grumman and MSC studies have resulted in a primary and an
alternate shroud configuration. (Figure 6-1). The final selection
of shroud configuration will be made subsequent to wind tunnel tests.

Stability and Control.-

Grumman and MSC digital studies indicate that the booster is

capable of performing a satisfactory launch, in a 99% wind, with

the present aerodynamic and reaction control systems. . These studies
included consideration of the booster's mechanical limitations (i.e.
maximum elevon deflection, elevon actuator stall torque, etc.),

the reduction fin effectiveness in the shroud wake, and the variations
in aerodynamic parameters (CL» etc.) due to aeroelastic effects.

The data for these studies was estimated based on the wind tunnel
results in the Little Joe II/CM/SM configuration,

The digital analysis indicated that the Little Joe II/LEM flight
requires only a single change in the boost vehicle as configured
for the CM/SM flight. This change can be either reactivation of
the RCS earlier in the flight (RCS is shut off at t+8 until
reactivated) or an increase in autopilot gains. Grumman has
satisfactory results for each of these changes; however, the data
presented in this report reflects earlier reactivation of the RCS.

The RCS was reactivated at the earliest practical time (t+51 seconds)
consistent with the burn time available at maximum thrust (4O seconds))
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(con't)

This is not to be interpreted, however as a marginal flight which
deces not consider contingencies. It is noted that the RCS burn time
is actually longer for lesser thrust levels; that the autopilot
gains can be increased in combination with the RCS change, and
finally that the 99% wind is a stringent design condition and is

not a practical nor a realistic launch condition.

Grumman concludes on the basis of digital analysis that control of
the Little Joe II/LEM is feasible and recommends that wind tunnel
testing be scheduled and that the bocster manufacturer begin the
analog studies which are required for final firming of the configu-
ration.

Aerodynamic Drag at Separation.-

The dynamic pressure at booster engine cutoff (Figure }-7) creates

3 sizeable drag force on the LEM and on the launch vehicle. This
force has two fold input to the test. It affectis the LEM separation
from the adapter, and is also "reverse ullage®, that is it causes
the propellant to collect at the top of the LEM tanks.

Separation.-

Grumman desires the simplicity of separating the LEM from the
adapter using the force from preloaded springs. The drag at
separation increases the size of springs required, and study of this
area is not complete.

Should spring actuated separation prove undesirable, separation will
then be accomplished by retrograding the booster with small rocket
motors. The latter, however, requires some booster development as
the present vehicle does not have this capability.

Ullage,~

The "reverse ullage" created by the drag force can be overcome by
either coasting to a higher altitude and lower dynamic pressure, or
by installation of posi-grade ullage rockets in the LEM. The loss
of test altitude and test time due to coast appears to be undesire-
able at the present time. This report, therefore, includes a
description of a rocket motor installation to demonstrate the
feasibility of that approach.

-~ Structural.-

A structural design analysis of the launch vehicle indicated that
the following are the results of that analysiss

a., The LEM shroud can be designed to minimize panel flutter.

b. The booster is flutter free up to dynamic pressures of 1580 psf
and Mach 5.0,
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2.4.2

2.L4.3

2.4.h

(con't)

c. Preliminary calculations indicate no extensive design problems
due to buffeting.

d. The Little Joe II vibration environment may be higher than the
C-5, however, the difference is not believed large enough to
effect equipment or structural design.

e, No difficulty is expected in desigming for the acoustic noise
levels though they exceed C-5 levels.

f. The basic booster siructure is well within the strength required
for the LEM payload. Doubling the number of attachment bolts
in the booster/adapter interface attachment ring will provide
adequate strength to sustain the LEM load.

g. The ultimate fin loads of the launch vehicle for the LEM test
exceed the booster design ultimate by 2000 1lbs., however, the
GD/C stress report indicates a strength margin of 15,000 1bs.
is still available.

Launch Congiderations.-

Payload, booster motor burn sequencing, maximum dynamic pressure,
etc. are all intimately related in planning a launch. The principal
considerations used to guide preparation of the Little Joe II/LEM
test plan were:

3, Due to the doubtful aerodynamic situation which exists transon-
ically, the trajectory should result in a single transonic pass
and should not cause the vehicle to dwell in the transonic
region,

b. The boost vehicle is flutter free to dynamic pressures of
1580 psf and a Mach Number of 5.0,

c. The design longitudinal load factor for the LEM is 5.6 g.

d. The Little Joe II boost vehicle should not require major
modification and redevelopment.

Range Safetly.-

A nominal no perturbation trajectory indicate the LEM ascent stage
will impact on the range cenerline 80 miles down-range from the
launch site., An analysis of the impact dispersion for possible
perturbations indicated that worst case perturbations would result
in wide variations, some of which exceeded the range boundaries.

A root sum square analysis indicated the test could be restrained
within the lateral range boundaries while cvershooting the longi-
tudinal boundary slightly.
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2.4

2.5
2.5.1

2.5.2

2.5.3

(con't)

Due to the inability to predict the perturbations to be encountered
and the proximity of the range boundaries to the vehicle flight path,
a capability to apply flight path corrections has been included in
the LEM, In addition, Grumman recommends that early discussions of
range safety be held with WSMR personnel to correctly assess the
range safety aspects of the LEM test.

Mission Objectives.-

General .-

Farly LEM test planning indicated a LEM-1 flight test with LEM-2
providing a spare capability. During the preparation of the LEM-1
feasibility study it became evident that a single flight could not
satisfy all of the test requirements, and that the complexity of
the single flight LEM-1 test was undesireable for an initial test.
A study was therfore conducted of alternate flight plans to satisfy
the mission objectives.

Individual LEM Stage Tests - Two Boosters.,-

Consideration was given to testing the LEM descent stage on the

first Little Joe booster and the ascent stage on the second. This
approach would simplify the tests through elimination of a propulsion
subsystem, reduciion in the instrumentation required, and by a
reduction in the requirements for the command system (less commands),
This approach would also provide a full duration firing of each
stage.

The disadvantages of individual tests are that only one fire-in-the-
hole configuration (abort or lunar launch)could be evaluated; there
would be no spare available in the event of mishap; and an undesire-
able delay is created before results are available on both propulsion
subsystems.

Ascent Stage Alone - Combined Ascent/Descent - Two Boosters.-

A test of ascent stage with a dummy descent stage for fire-in-the-
hole evaluation, followed by a flight with combined ascent/descent
testing would satisgy all test requirements. The simplification of
the individual stage testing would be attained for the first test,
and a reduction in the complexity of the second test could be
anticipated based on having previocus results.

The disadvantages of this approach to LEM flight testing is the
undesireable delay before results become available on both propulsion
systems, and also the delay prior to evaluating the exhaust plume
effect ongthe landing leg., A failure or malfunction of the ascent
propulsion susbystem on the first flight could result in a fruitless
flight.
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2.6

2.7

Combined Ascent/Descent - Two Boosters.=-

Two flights which tested both the ascent and descent stage
propulsion subsystems would provide fire-in-the-hole tests for both
the abort and lunar launch conditions, full duration firing of both
the ascent and descent propulsion subsystems (one system per flight),
evaluation of the LEM system dynamics across the widest range of
propellant loading, and satisfy all other test requirements. The
flights would also reduce the complexity required of the single
LEM-1 test by dividing the test emphasis between the flights. The
LEM=1 flight would evaluate ascent and demonstrate descent propulsion
at maximum thrust only. LEM-2 would reverse the emphasis to
evaluate descent and demonstrate ascent. This approach reduces the
instrumentation and the number of commands required on both flights,
and provides results for both propulsion subsystems and the plume
effects on the landing leg at the earliest possible date. Another
advantage of /this test phasing is that for single failures, results
are obtained on one of the stages as a minimum. If a descent
propulsion malfunciton were to. occur; ground command would stage

the LEM and advance the programmer to ascent propulsiocn tests, If

a malfunction were experienced in the ascent stage, .the descent
stage and fire-in-the-hole resulits would have been obtained prior
to the failure,

7
Booster Qualification Test Vehicle.-

A study has indicated that a booster QTV is desirable for the
following reasons:

a. The Little Joe IT/LEM launch vehicle has a bulbous forebody of
the type generally referred to as a "hammer head" configuration.
Previous vehicles in the catesgory have experienced structural
and control problems due to separation of the flow along the
shroud boattail. The separation can lead to correlated unsteady
air loads which induce primary structural modes and contribute
strongly to vehicle dynamic instability. A qualification test
vehicle would demonstrate the freedom of the launch vehicle from
this adverse condition.

b, A booster QIV, with LEM mass and inertia simulation, would
provide the opportunity to demonstrate the shroud and LEM
separations without jeopardizing a LEM vehicle,

c. The QIV would be a demonstrator vehicle for retrograde rockeis
if they become a requirement,

White Sands/Atlantic Missile Range.-

Section 2.L.l of this report indicated that discussions concerning
the range safety would be held with White Sands Missile Range
personnel, The purpose of this section is to provide cursory
comments on the effect of conducting the Little Joe II/LEM test at
AMR should range safety be a problem at WSMR.
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2.7.1 Launch Complex.-

There are no Little Joe launch facilities at AMR. Modification of
an existing Redstone complex would be required.

2742 Checkout Facilities.-

The Merritt Island Apollo checkout facilities are planned for
completion and could be used at AMR. The problem in this area is
the availability of the static firing stands. Present plans call
for funding of the stands in the fiscal 1965 budget. Delays in
construction might result in delaying the LEM-1 launch date.

2:,7.3 G.5.E, Requirements.-

A detailed study is required in this area; however, it is considered
that a Little Joe II launch at AMR would reduce the LEM GSE require-
ments. Fluid and transportation equipment provided for LEM-1 which
was applicable to later LEM's would be available for test of the
later vehicles, The move to AMR, however, would not eliminate the
need for a LEM-1 pre-launch checkout’ unit. The Little Joe II launch
atould occur from a Redstone complex and the Apollo PACE would not
e available at the site,

2.7k Test Operations.-

Conduet of the Little Joe II launch at AMR would be advantageous to
general test operations. The lesser scope of the LEM-1, -2
subsystems and test objectives would permit & more gradual introduc-
tion to the AMR operation and bulld efficiency earlier in the program

20745 Personnel .-

Again further study is required; however, initial thoughts indicate
that conducting the Little Joe IT test at AMR would simplify rotation
of personnel from the LEM-1 to later LEM itests, reduce the resident
personnel at WSMR, and thereby decrease the overall personnel
requirement. ’
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3.0

Conclusionge~

The following are concluded as a result of this studys

Qe

b,

Co

d.

e,

£,

Unmanned flight tests are required to certify the safe operation
of the propulsion and reaction control subsystems.

The Little Joe II should be used to boost the LEM test.

The Little Joe II/LEM flight test is feasible. Booster retro-
grade rocket motors may be required.

Two flight tests are required to satisfy all of the development
requirements.

The optimum mission planning requires testing of both the ascent
and the descent stage on each of the flight tests. The test
emphasis, however, should be varied (i.e. first flight - ascentj
second flight - descent).

A booster qualification flight (QTV) is -desirable.,
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Recommendations.-

It is recommended that:

a. NASA approve the detailed test plans presented for LEM-1, and
LEM-2, and the booster QTV (Sections B, C, and D). -

b. A booster qualification flight (QTV) be approved and included
in Grumman's LEM development plan,

c. Wind tunnel testing to select the final shroud configuration
commence as 5001 as possible,

d. Convair perform a detailed analog analysis of the Little Joe/
LEM configuration.

e, Discussions on range safety be held with White Sands Missile
Range personnel as soon as possible,
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Introduction.=

EE:EOSG o=

The purpose of this section of the report is:

2., To present the detailed test plan and feasibility data
for LEM-1.
To designate the objectives of thetest, the data required
for LEM-1 evaluation, configuration, instrumentation,
trajectory, and flight sequences.

b. To familiarize all cognizant and interested activities with

the test.

c. To provoke comment on the test plan and seek NASA MSC
approval.

Revisions,.-

This, the initial presentation of the LEM-1 detailed test plan, =
will be revised to provide additional information which is
unavailable at this time. The revisions will be presented in

the LEM general test plan, Volume III. The information contained
in this report supercedes the May 15 issue of the LEM Test Plan
(LPL600-1)

Definitions .-

Objectivesg-

The objectives for this test are described as being either first-
order or second~order.

First-Order Test Objectives.=-

These test objectives define the main reason for making the flight
and must be achieved for the flight to be a success. Malfunctions
of launch-vehicle systems, ground equipment, or instrumentation
which jeopardize the attainment of first-order objectives will

be cause to hold or scrub the flight until such time as a fix

can be made.

Second-Order Test Objectives.-

Second~order test objectives are those desired to support future
test-vehicle flights or to supply supplementary data for overall
test-vehicle evaluation., Malfunctions of launch-vehicle systems,
ground equipment, or instrumentation which jeopardize the
attainment of second-order objectives will not require a hold
after start of countdown. Corrections thereafter may be made
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1.3.2

l.3.2.1

1.302-2

1¢3.3

1.3.3.1

1.3.3.2

1.3.3.3

1.3.1.2 (cont)

at the discretion of the NASA test director.

Definition of System Priorities.-

The launch-vehicle systems are assigned either primary or
secondary priorities,

Primary Systems (P).-

Primary systems are those functionally required for the launch
vehicle to perform its planned mission., A hold or scrub will

be mandafdatory if any of these systems indicate malfunction
prior to launch. Positive indication of satisfactory performance
must be available.

Secondary Systems.(S) .~

Secondary systems are those not functionally required for the
spacecraft to perform its planned mission. Malfunction of any
of these systems may or may not cause a flight countdown hold
or scrub, as dictated by the order of the objectives which they
support.

Objective Terminology.-

The definition of terms used in connection with objectives for
this directive are as follows:

Demonatrate.-

Denotes the occurrence of an action or an event. The accomplish-
ment of an objective of this type requires a gualitative answer.
The answer will be derived through the relation of this action

or event to some other known information or occurrence. Thig
category of objective implies a minimum of airborne instrumentation
and/or that the information be obtained external to the launch
vehicle.

Petermine .-

Denotes the measurement of performance of any system or subsystem.,
This category implies a quantitiative investigation of overall
operation which includes, generally, instrumentation for
meaguring basic inputs and outputs of the system or subsystem.

The information obtained should indicate to what extent the system
is operating as designed. The instrumentation should allow
performance deficiencies to be isolated to either the system or

to the system inputs.

Evaluate .~

Denotes the measurement of performance of an operation involving
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1.3.3.h

1030305

people, or the measurement of performance of any system or
subsystem as well as the performance and/or interaction of its
components that are now under investigation. The accomplishment
of objectives of this type requires quantitative data on the
performance of both the system or subsystems and its components.
The performance levels will then be analyzed for their contribu-
tion toward performance of the system. This category will
provide the most detailed information of any of these categories.

Qgtain Data.-

Denotes gathering engineering information which is to be
measured to augment the general knowledge required in the
development of the overall launch vehicle. This category may
also be used for supplemental investigations, such as environ-
mental studies, ground equipment studies, et cetra. The degree
of instrumentation is not implied by this definition.

Establish.-
Denotes gathering engineering information for the development

of ground procedures and operating techniques. Objectives in
this category are not necessarily dependent on analytic studies.
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2,0 Tesﬁ- Objectives & System Priorities.-
2,1 General,=

The LEM-1 is the first of the unmanned flight tests required
to man-rate the LEM vehicle, Test emphasis will be concentrated
on the ascent propulsion subsystem and the effects associated

2,2 Test Objectivesg.-
2.2.1 Pirst Order Test Objectives.-

a, Demonstrate that the r ocket motors which have been attached
to the descent stage for LEM-2 tests, function satisfactorily
and provide sufficient ullage for descent stage ignition.

be Demonstrate the s afe operation of the descent propulsion
subsystem at maximam thrust.

8, FBEvaluate the thermal effect of the descent engine exhaust
plume on the landing gear.

d, Evaluate the fire-in-the~hole condition during a simulated
lunar launch.

e, Evaluate and certify the safe operétion of the ascent
propulsion subsystem.

f. Evaluate the t hermal distribution of the LEM in the space
environment with a fully expanded plume.

g+ Re-evaluate the ih-fiight dynamics of the LEM system
throughout a wide range of propellant loadings.

h. Demonstrate clear separation of the descent stage in the
zero “g'"* environment, ‘

i, Evaluate and certify the safe operation of the reaction
control subsystem. -

2:2,2 Second Order Test Objectives.-

a, Demonstrate the system structural integrity.
b. - Evaluate cabin venting during 1l aunch.
¢s Evaluate the LEM engine induced environments,

d. Demonstrate the compatability of the applicable GSE.
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263.1

2.3.2

2.3.3

System Priorities.-

White Sanda Missile Range,~

Item Priority
a, Range Communication Network P
b. Range Wind Measurement System P
c. Range Computer System for determining launcher
elevation 2nd azimuth adjustment P
de Motion-picture camera system for engineering
coverage of lift-off P
8. HRange radar tracking network and plotting board
system P
f. Range optical tracking network P
o Statiop command destruct transmitter P
he Telemetry station P
i, WSMR real-time computer system P
Jo NASA telemetry trailer P
ks Closed-circuit television camera system
coverage of lift-off P
Launcher, - .
Iten Priority
a, Launcher elevation and azimuth correction
system P
b. Launcher 1aunch-§ehie1e umbilical system P
¢. Launcher retract arms p
Launch Vehicle,=-
Ttem Priority
a, Algol propulsion system P
b Aerodynamic‘& RCS Control System P
c. Airframe P
do Electrical power system P

Command destruct system
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203.3 (Con't)

Iten Priority
fs TInstrumentation system P
2.3.h LEM Subsystems, ~
Item Priority
a, Structure P
b. Stab. & Control P
ce Environmental Control P
ds Electrical Power Supply P
e. Propulsion P
fo Reaction Control P
ge Instrumentation P
h. Command P
i, Command Destruct P
2,3.5  Shroud, - P
2.3.6 Adapter. - P
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3.0
3.1

3.2

Mission Description.~

General Flight Plan,-

The launch is planned tou t ake place from the Little Joe facility
of the White Sands Missile Range. The vehicle will be launched
at an elevation of 85° and on an azimuth which will depend on
the prevailing wind. Four Algol motors will be ignited
simultaneously at launch. The launch attitude will be maintained
by the booster aerodynamic and reaction controls, At launch
plus 39 seconds, the r emaining three Algols will be ignited.

At BECO, the LEM shroud will be separated followed by LEM
separation and booster retrograde. The LEM will be rotated

and stabilized with the X-X axis parallel to the weight vector
and Z-Z axis in the plane of the planned trajectory. The

test ullage rockets will be ignited if they are necessary and
the descent engine will be started. The descent engine will

be maintained at maximum thrust until all descent fuel is
consumed. After DECO; the descent stage will be separated in

a sequence which will simulate the lunar launch (fire-in~the-,
hole). Ascent propulsion tests will commence immediately

upon separation and will include steady state performance,
miltiple starts, including zero "g", operation in the redundant
modes, interface tests with the RCS, and possibly malfunction
tests by simulated failure (i.e. loss of electric power, etc,).
At the completion of the ascent propulsion subsystem evaluation,
the LEM reaction control subsystem will be evaluated as the
vehicle free falls toward the earth.

Detailed Test Sequence.-

The time history of test evenis is tabulated in the foilcwing
sections

Time, seconds Event

t- Electric Power on ‘

t=- Activate Environmental Control

b Erect gyros (or Align Platform)

t+0 15% stage booster ignition L motors

t+39 2nd stage booster ignition 3 motors

B+l 15V stage booster cutoff

t+62 Fire T.C.A.'s 1 through 16 in 0,15 second
intervals (air purge)

t+7L Shutdown T.C.A.'s 1 through 16

t+75 Pressurize RCS (fire squibs)

t+77 Select descent engine on Engine Mode Select

t+81 Actuate descent helium tank squibs

482 Actuate descent propellant tank squibs

£+83 ond stage booster cutoff (BECO determined

by acceleration sense)

Initiate shroud separation
$+85 Separate LEM f rom adapter
Initiate booster retrograde
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3.2 Con't.
Time, seconds

++86

t+87

+t+88
t+89
1£490.25
t+456
t+457
t+458
t+L59

t+460
t+461
t+561

\ 14621

+4622
t+623
t+62)
14635
t+636
++838
t+840
#8443
t+845
#8148

£¢865

t+866
++867

t+871
t+872
£+873
1+876
1+879
t+880

t+883
t+886

14887

‘Event

Rotate LEM X-X axis toearth radial and
stabilize

Select maximum descent engine thrust
Initiate RCS ullage firing (if required)
Ignite LEM ullage rockets

Fire descent engine

Ullage rocket burnout

Actuate ascent helium tank squibs
Actuate ascent propellant tank squibs
Descent engine cutoff (DECO) ,
Select ascent engine on engine meds select
Initiate ullage firing of RCS

Start ascent engine

Separate descent stage

Seleet redundant pressurization and propellant

valve
Shut RCS “AW & WBW fyel and oxidizer shut-off
valves :

Select "A" manifold for ascent feed

Actuate RCS~ascent interconnect valves
Actuate maniforld crossfeed

Shut off RCS-ascent interconnect valves

Open RCS fuel & oxidizer S/0 valves

Shut down ascent engine

Start ’

Shutdown

Start

Shutdown

Stabilize at zero (0) gravity

Start

Shut off all RCS regulator S/0 valves

Fire steady-state T.C.A.'s 13 and 14 for
four (L) seconds (to decay propellant tank
pressures)

Actuate redundant regulator S/0 valves

Shut off isolation valves affecting T.C.A.'s
1l and 3

Roll using T.C.A.'s 8 and 16 for two (2)
seconds

Stop roll using T.C.A.'s L4 and 12 for two
(2) seconds

Open isolation valves to T.C.A.'s 1 and 3
Close isolation valves to T.C.A.'s 2 and L
Roll using T.C.A.'s 3 and L for two (2)
seconds

Stop roll using T.C.A.'s 7 and 15

Open isolation valves to T.C.A.'s 2 and 1
Close isolation valves to T.,C.A.'5 and 8
Translate in + Z direction using T.C.A.'s 7
and 11 for two (2) seconds.

REPORY
DATE



PAGE B33

3.2 (cont.)

Time, seconds

4893
t+894
t+896

++900
- 1+903

t+90h
14907
14910
t+911
£+91l
t+917
£+918
£+920
14922
£4923
£4925
4927
£+929

14931
14932

t+93L
t+

3.3 Flight Parameters,-

303.1 Launch (t"')c"‘

Azdmuth -~

Flight path angle = 85°
dependent on the wind

Event

Stop translation using T.C.A.'s 3 and 15
for two seconds

Open isolation valves to T.C.A.'s 5 and 8
Close isolation valves to T.C.A.'s 6 and 17
Translate in - Y directicn using T.C.A.'s

L and 8 for two (2) seconds.

Stop translation using T.C.A.'s 12 and 16
Open isolation valves to T.C.A,'s 6 and 7
Close isolation valves to T.C.A.!'s 9 and 12
Thrust in~+ X direction using T.C A.'s 6
and 1l for two (2) seconds

Thrust in -X direction using T.C,A.'s 5 and
13 for two (2) seconds

Open isolation valves to T.C.A,'s 9 and 12
Close isolation valves to T,C.A.'s 1l and 16
Thrust in - X direction using T.C.A.'s 1
and 9 for two (2) seconds

Thrust in + X direction using T.C.A.!'s 2
and 10 for two (2) seconds

Open isolation valves to T.C.A.'s 1L and 16
Close isolatim valves to T.C.A.'s 13 and 15
Positive pitch using T.C.A.'s 9 and 1k for
one (1) second

Stop piteh using T.C.A.'s 1 and 16 for one
(1) second

Open isolation valves to T.C.A,'s 13 and 15
Close isolation valves to T.C JA.'s 10 and 11 -
Positive yaw using T.C.A.'s 1 and lh for
one (1) second

Stop yaw using T.C.A.'s 2 and 13 for one (1)
second

Shut off “A" system fuel and oxidizer main
feed S/0 valves

Thrust in + X direction using T.C.A.'s 2, 6,
10, and 1L for one (1) second .

Open system "A%; shut off system "B" |
Thrust in + X dlrectlon using T,C.,A.'s 2,
6, 10, and 1L for one (1) second

Open system ngn

Using T.C.Ae"s 1 and 13 introduce oxidizer
before fuel then vice versa

The f ollowing parameters aregiven as descriptive information
and are nob requirements of the test, The test requirement is
simply that the test altitude during the flight be sufficient
to provide a "space environmment."
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3.3.3

Boh!

3.5

3.6

36302

3.3

Booster Engine Cutoff (t+83).-

Mach number A 1,29
Altitude (above MSL) 162,000 ft.
Dynamiec pressure 2L psf

Range ' 3.2 naut. mi

LEM Descent Qggine'Cutoff (t+)i68)

Mach Number A2

Altitude (above MSL) 1014000 ft.
Dynamic Pressure 0

Range b naut. mis

Ascent Engine Cutoff (t+866)

Mach Number 1.90
Altitude (above MSL) lik3,000
Dynamic Pressure 0
Trajectogz

The normal, no perturbation trajectory is shown in Figure 3-1.
Since the Little Joe is stabilized only in anattitude hold mode,
there will be disturbances from this nominal. The range disper-
sion due to disturbances and/or the unknowns in prediction is
dlscussed in Seection 13. 0.

LEM,Oribnhaticn.-

Prior to launch the LEM attitude reference will be aligned to
the local vertical with the Z axis in the plane of the nominal

trajectory., The LEM orientation after initial stabilization

in flight will then hold with the X axis vertical and the Z
axis parallel to the planned trajectory path until the ascent
engine cutoff (AECO),

During the free fall subsequent to AECO, LEM attitude will be
programmed for RCS system tests, At any time theattitude
command for the RCS test is removed the system will revert to
the pre~-AECO attitude hold mode.

Flight Path Corrections.-

If flight path corrections are required prior to AECO, they
will be made by applying a component of the ascent or descent
engine thrust. A step signal from the ground command will tilt
the venicle about the Z axis and thereby result in a lateral
thrusi component from the operating engine., This method of

_ contrul provides a backup to the primary mode, increasing the
reliability of the R & D Command System.
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L.3
- Le3.1

le3.2

ho3.2.1

Description of the Test Vehicle.-

General.~

The test vehicle comprises the LEM, shroud, and an adapter,
supported on the Little Joe II booster. The LEM is supported by
the adapter which is attached to the booster. The shroud is
supported by the adapter through a continuous band of skin. The
configuration is illustrated in Figure L-1.

Vehicle Weight and Balamce Summary.-

The mass characteristics of the test configuration prior to launch
are presented in Table lLi~1. The mass characteristics of the launch
vehicle (LEM, shroud, adapter, and Little Joe II booster) during
boost are presented in Figure L-2.

Shroud.-

Structure,-

The shroud (Figure L~3) is the aerodynamic fairing for the payload.
The maximum diameter (212 inches) is determined by the clearance
required at the reaction control system thrusters. An aluminum alloy
skin supported by ring frames and longerons comprise the primary
shroud structure., Structursl conbinuity between the shroud and the
adapter is provided by a continuous circumferential splice.

The shroud contians provisions for access to the LEM and is vented
to equalize the internal and external pressures during ascent.

Separation,-

The shroud is composed of two halves spliced together to form a
structural seam as shown in Figure l-li. Separation is effected by
severing the spliced joints, both internal and external, by means
of a continuous shaped charge. Probability of failure is minimized
by using two explosive paths, each capable of breaking the joint.
Ignition is started at a minimum of three places insuring deflagra-
tion of the complete charge. .

Upon separation of the shroud, a pair of thrusters will impart
sufficient lateral velocity to each half to allow LEM release
without interference,

Analytical Data.-

Shroud cutting time

8

1.5 milliseconds

Shroud thruster - approx. 400 1bs.
Shroud velocity (avg) - 5 ft/sec
Shroud clear time - 2 sec
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Adagter,=

Structure.-

Aerodynamic and inertia loads from the payload are transmitted to
the booster structure through the adapter which is attached to the
booster by thirty-two (32) bolted comnections. The basic adapter
structure (Figure L-5) consists of a stiffened skin supported on
ring frames. The LEM is supported at eight (8) load bearing points
on the adapter, four (li) of which carry tension loads. The length
of the adapter is determined by the clearance between the descent
engine and the booster structure.,

LEM-Adapter Separation.-

Four structural pick up points on the LEM descent stage (Figure L-6)
provide a means for adapter tension attachment. Explosive bolts
having dual bridge-wire type igniters with dual ignition circuits,
are used to make connections. Preloading is accomplished by the
initial installation and tightening of the explosive bolts.
Compression and shear loads are distributed by eight (8) structural
fittings on the underside of the LEM.

Retrograde rockets will be installed on the booster to provide
sufficient clearance for safe descent stage engine ignition. The
specific rockets to be used shall be determined subsequent to
further studies.

Ullage Rocket Motors,=-

An estimated drag force of 1800 points on the LEM at the proposed
time of descent engine ignition (Figure L~7) creates a "reverse
ullage” condition causing the propellants to collect at the top

of the tanks. This condition may be overcome by allowing the
vehicle to coast to a higher altitude and lower dynamic pressure
where the LOO 1bs. of available RCS thrust can provide the necessary
ullage or by using posigrade rockets on the LEM, Deterioration of
test time and altitude due to coast appears to be undesireable;
therefore, the following ullage rocket motor installation has been
presented to demonstrate the feasibility of such an approach.

Space allocated to cryogenic and water storage in the descent stage
is not utilized and, therfore, is available for mounting ullage
rockets (Figure i~8). The areas involved are diametrically opposed
offering symmetrical motor locations and satisfy the following
conditions when a motor with a canted nazzle(such as the MK 25, Mod O,
JATO unit).

a. The thrust vector of each ullage rocket motor must pass through
the center of gravity of the vehicle..

b. The ullage rocket exhaust plume must not impinge upon any portion
of the descent structure,
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(conit)

¢c. The ullage rocket motor nozzles must be clear of the descent
engine exhaust plume (-110° from descent thrust vector).

d. The ullage rocket motor nozzles must be clear of the locus of
the 6° gimbal excursion of the descent engine nozzle skirt.

e. There must be adequate local "hard" structure to permit
attachment of the ullage motors.

Although such an installation requires truss type engine supports
and local reinforcement of descent structure, it entrails no major
structural redesign. '

LEH, -
Structure, -

The LEM is essentially the prototype vehicle less landing gear and
landing gear support outriggers. Support of the LEM in the adapter
therefore, is not typical of the prototype. The eight (8) adapter
support points mate with local structure provided at the ends of the
beams comprising the primary structure of the descent stage.

Propulsion Subsystem Description.-

The LEM vehicle incorporates two independent propulsion subsystems,
the descent engine and the ascent engine., Both engines use liquid
propellants with a pressurized feed system. The two thrust chambers
are cooled by ablation of the chamber lining. The descent engine

is throttleable from 10,500 lbs. thrust to 1,050 lbs. thrust and the
chamber can be gimballed. The ascent engine thrust is fixed at
3,500 1bs. and the chamber can not be gimballed.

Descent Engine (Figure [j-9).-

Descent Engine Helium Pressurization Section.=

The descent engine propellant tanks are pressurized by the helium
pressurization section., In this section, gaseous helium is stored
at L500 psia in two spherical vessels. The helium spheres discharge
into a manifold. A normally-closed, squib-actuated valve at the
manifold discharge isolates the helium supply prior to start. The
squib valve is followed by a filter which is included to prevent
contamination of the helium pressure regulation assembly. Downstream
of the filter, the system divides into two flow paths. There are,
in each flow path, a normally-open, solenoid-actuated, latching
valve and two pressure regulators in series, Each of the four
regualtors has a different setting. If the lowest regulator

discharge pressure were designated 1 and the other settings were
designated 2, 3, and i in the order of increasing pressure, the

regulator arragy could be described 45 followsz in the primary leg
the first reg is set at 2 and the downstream regulator is set at 3;
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in the secondary leg the first reg is set at 1 and the downstream
reg is set at L. The output of the pressure regulation assembly is
normally determined by the upstream regulator of the primary leg.
Should the upstream primary regulator fail closed, the output of

the pressurization assembly would revert to the upstream regulator
in the secondary leg. In the event either leg is disabled by
regulator failures, the solenocid valves can be used to shut off that
leg, Check valves are provided downstream of the regulator assembly
in each leg to prevent backflow. Downstream of the check valves the
flow paths combine to manifold the primary and secondary helium
supply. There are two paths out of that manifold, a fuel tank
helium supply, and an oxidizer tank helium supply. These supply lines
incorporate quad check valves to prevent backflow of the propellant
vapors. In addition, a normally-closed, squib-actuated valve
isolates the tank ullages from the helium supply section prior to
start. There are two fuel tanks and two oxidizer tanks. The two
fuel tank ullages are manifolded as are the oxidizer tank ullages.
Overpressure in any tank is vented through a relief valve on the
fuel ullage manifold or a relief valve on the oxidizer ullage
manifold.

Descent Engine Propellant Feed System.-

Descent engine fuel and oxidizer are carried in four cylindrical
tanks with hemispherical caps. The fuel tank outlets are manifolded
and the manifold discharges to a common fuel line, The common fuel
line incorporates a burst disc which isolates the propellant from
the chamber prior to pressurization of the propellant tanks. The
disc is ruptured at start by the use of tank pressure. Downstream
of the burst disc is a 200 micron filter to prevent contamination

of the propellant valves. In the same manner the oxidizer tank
outlets are manifolded, discharging through a burst disc and filter.

Rocketdyne Descent Engine Section.-

The Rocketdyne descent engine is an integrated package which
includes a thrust chamber and injector assembly; upstream main
propellant valves, isolation valves, a helium injection assemblyg
and a gimbal mount,

Immediately downstream of the calibration orifices at the engine/feed
system interface, the common fuel supply line and common oxidizer
supply line divide to provide two flow paths to the chamber. FEach
flow path contains two propellant walves, a main propellant throttle
valve, and, downstream, an isolation valve., In each flow path fuel
and oxidizer valves are pailred; that is, each throttle valve consists
of a fuel valve and an oxidizer valve fastened together. The
throttle valves are used to meter propellant flow to the chamber to
regualte chamber pressure. Mixture ratio is held constant.
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Control is achieved in the following manner., Thrust chamber
pressure 1s sensed by a transducer. The voltage analog produced

by the transducer is summed algebraically with a command voltage

to generate an error voltage. The error voltage is converted to a
proportional current which drives a torque motor on the throttling
valve. The throttling valve is positioned by a hydraulic actuator
using fuel as the control fluid. The actuator is positioned by a
three-way pilot spool which meters fluid flow to the actuator. The
pilot spool is positioned by the torque motor. The actuator position
the oxidizer poppel which, in turn, moves the fuel poppel. The unit
is spring-loaded closed and pressure unbalanced closed.

The isolation valves are also assembled in fuel/oxidizer valve pairs.
The isolation valves are on-off valves, hydraulically actuated by
fuel pressure through a normally-closed, three-way solenoid,

Helium injection is provided downstream of the propellant valves

in each flow path. The helium supply is from the propellant tanks
pressurization system. The supply for the fuel lines is separate
from the oxidizer supply line. In each line control is provided by
a series/parallel array of injection valves. This array consists
of two normally-closed, DC operated, axial flow solenoid valves.
Helium injection is to maintain the injector pressure drop when the
engine ‘is throttled. This contributes to combustion stability.

The dual flow paths are re-joined upstream of the chamber manifold.
The propellant manifolds are segmented to provide uniform propellant
distribution to the injector rings. The injector is a flat face
with ring and groove construction and is fabricated from aluminum.

The thrust chamber utilizes a nozzle extension which attaches at the
6/1 expansion area ratio point. The nozzle extension is radiation
cooled while the remainder of the chamber is ablation cooled. The
ablative liner is a laminated structure utilizing high-silica-glass
c¢loth impregnated with a phenolic binder. An asbestos-phenolic
material is bonded to the exterior surface of the ablative liner to
reduce the outer surface temperature. Structural loads in the
chamber will be carried by a filament-wound fiberglas support shell
employing both longitudinal and circumferential banding. The
injector will be bonded to the thrust chamber and structurally sup-
ported by the filament-wound shell.

The engine start sequence is initiated with the pressurization of

the propellant tanks. During the propellant tank pressure rise,

the burst discs in the fuel and oxidizer lines rupture and the
propellants are primed to the main valves. At the fire command
signal both sets of throttle wvalves and isolation valves go full

open. The valves are mechanically linked to provide an oxidizer lead,
Ignition is hypergolic. In the event of a valve malfunction, the
propellant flow path can be shut off and engine operation will
continue using the remaining flow path. The cutoff command closes
both sets of throttle valves and isolation valves,
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Parallel Descent Engine (STL).-

STL is also developing, in a parallel effort, a throttleable

descent engine for LEM. Either the Rocketdyne or STL engine will

be selected before the LEM-1 flight. The STL Descent Engine
Section consists of a single element variable area injector, a

pair of cavitating venturi propellant flow control valves, an
electromechanical thrust control actuator, mechanically linked

fuel actuated bipropellant shut-off valves, an ablative chamber with
a radiation cooled nozle extension. The engine may be throttled
from a maximum of 10,500 1lbs. thrust to a minimum of 1,050 lbs.
thrust. The thrust chamber may be gimballed.

Oxidizer and fuel are supplied from the propellant feed section which
is described in Section 4.5.2.1.2. Downstream of the propellant
feed section/eengine interface, the propellants flow through the
flow control valve. The flow control valve is a pair (one oxidizer,
one fuel) of mechanically linked variable area venturi. The valve
incorporates a mixture ratio compensator which adjests the mechanical
linkage and varies the relative rate of travel of the valve pintles.
The mixture ration compensator is manually set. The valve pintles
are contoured to vary the fuel and oxidizer flow rates linearly

with pintle displacement. As the engine is throttled, the flow con-
trol area of the valve is decreased so that the pressure drop across
the valve increases by an amount equivalent to the decrease in
chamber presssure and injection occurs in the valve throats. From
this level down to minimum thrust, the valve functions as a
cavitating venturi, and the flow is controlled only by the throat
area of the valve and propellant conditions at the valve inlet.

After flowing through the control valve assembly, the propellants
pass through the parallel series shutoff valves. The shutoff
valves are mechanically linked, pilot operated, fuel actuated ball
valves. Fuel and oxidizer are completely isolated in separate
valve bodies; with actuation of the oxidizer valve by a mechanical
linkage driven from the fuel valve. The shutoff valve pilot valves
are solenoid operated. All of the pilot valve solenocids are
energized simultaneously at engine start. ‘

Downstream of the shutoff valves the propellants pass through the
injector assembly. This assembly includes the injector faceplate,
the fuel manifold assembly, the propellant metering sleeve, and

the oxidizer feed tube assembly, Fuel enters the combustion chamber
through the annular gap formed by the faceplate and the metering
sleeve. The meteting sleeve is the only moving part in the
injector.

The thrust control is an electromechanical linear servo actuator.
It contains redundant drive motors, clutch assemblies, rate
generators, position transducer assemblies, and amplifiers. The
motors are coupled to a common output shaft by "siamese" magnetic
particle clutches and reduction gearing. When one side of the
"siamese" clutch is energized, the output shaft moves in one
direction; energizing the other portion of the clutch reverses the
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he5.2.1.4 (con't)
output. Because the servo has limited damping, it is supplemented
with rate feedback supplied by a rate generator. The position
feedback transducer provides a signal into the servo loop so that
the output position is proportional to the input command. The
rotary motion output of the clutches is converted to linear motion
by a ball screw-and-nut arrangement. In the event of failure of
either motor, the other motor has sufficient power to move the
throttle linkage under a full load,

The thrust chamber consists of a composite ablative cooled chamber,
nozzle throat, and nozzle divergent section to an area ratio of
16:1, and a radiation cooled nozzle extension to an area ratio of
49:1. The ablative sections are encased in a continuous titanium
shell and jacketed by a pair of thin aluminum thermal radiation
shields. The nozzle extension is flanged to the titanium shell,
The assembly is supported by a gimbal ring.

he5.2.2 Ascent Stage Propulsion Subsystem (Figure }i-10) .=

he5e2.2,1 Ascent Helium Pressurization Section.-

The ascent helium pressurization section is fully redundant. The
gaseous helium is stored at 1500 psia in two spherical vessels.
Either bottle can supply the helium required for mission completion,
A check valve is installed at the discharge of each bottle to insure
that the loss of one bottle would not deplete the entire supply.
Downstream of each check valve is a squib-actuated valve which fires
at engine start. Downstream of the squib valves is a crossover line
connecting the parallel helium legs. There is a third squib-actuated
valve in this line, the emergency crossover valve, The creossover
valve 1s opened in the event of a malfunction.

Continuing downstream in the parallel flow paths the helium passes
through a filter (to prevent regulator contamination) and then
through a normally-open, latching, solenoid valve. Downstream are
two pilot actuated, dome-loaded pressure regulators in series. The
regulator discharge pressures are set at variocus leévels. The scheme
parallels that used in the descent engine (see 1:1). Downstream

of the regulators in each leg is a quad check valve. Each quad
check valve discharges in two paths, fuel and oxidizer. The
primary leg fuel helium and secondary leg fuel helium lines meet

at a second quad check valve. The same arrangement permits either
helium supply to feed both fuel and oxidizer tanks and, at the

same time, back flow between the fuel and oxidizer systems and
between the parallel helium supplies is prevented.

Downstream of the quad check valves are squib-actuated valves which
isolate the propellant tanks during helium section checkout. The
flow paths divide again downstream of the squib valves to feed each
of the twe fuel tanks and two oxidizer tanks. The use of a common
ullage pressure supply line minimizes the pressure differential
between the oxidizer tanks. For the same reason the vent valves
are located on the common lines. & burst disc is located upstream
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Ls5.3
4.5.3.1

(con't)

of each relief valve to protect the relief valves from the corrosive
fuel and oxidizer vapors. A vent check valve is provided between
the burst disc and the relief valve to prevent leakage from
negating the purpose of the burst disc. The burst disc ruptures

in the event of overpressure and the vent check valve closes due to
the high pressure and the relief valve controls the high pressure.

Ascent Propellant Feed Section.-

The ascent engine fuel and oxidizer are carried in four spherical
tanks, two each for fuel and oxidizer., The tanks for each
propellant discharge into a common full line and common oxidizer
line., Each of these lines contains a burst disc to prevent
leakage prior to start, and a filter to prevent contamination of
the main propellant valves.

Ascent Engine.-

Immediately below the engine/feed system interface are calibration
orifices (one for each propellant). Downstream the propellant flow
paths divide to provide two flow paths to the thrust chamber. As
in the descent engine each flow path incorporates two main
propellant valves in series. In the ascent engine both valves are
on-off valves. The upstream valve is the isolation valve and the
downstream valve is the bipropellant valve. Each valve assembly
consists of a pair, one fuel valve and one oxidizer valve. The
valves are normally-closed, mechanically linked, dual ball wvalves,
controlled by hydraulic actuators. The actuating control fluid is
fuel. The application of pressure to the actuators is controlled
by normally-closed, solenoid valves. Each pair of fuel and
oxidizer valves is controlled by a single actuator. Valves in the
parallel legs are opened and closed simultaneously at start and cut-
off. In the event of a malfunciton, the valves may be controlled
independentlv.

The ascent engine thrust chamber uses a flat face 1n3ector° The
chamber is ablation cooled.

Stabilization and Control Subsystem.=-

Requirements.-

The Stabilization and Control Subsystem requirements for LEM #1 are
as follows:

1. Stabilize vehicle about all three axes.

2. Hold attitude with X & Z axis in the plane of the trajectory.

3. Accept and respond to automatic programmer sequence outputs.

li. Accept and respond to emergency ground commands. The ground
commands to have priority over onboard commands.

5. Accept and respond to ground initated flight path correction
commands if required,
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Lhe5.3.2 General Description.-

4.5.3.2.1 Hardware.-

The Stabilization and Control Subsystem for LEM-1 will consist of
thes

1. Control coupler assembly (CCA)

2. Attitude and translation control assembly (ATCA)
3. Descent engine control assembly (DECA)

Lh. Rate gyro assembly (RGA)

5. Attitude reference assembly (ARA)

6. In flight monitor assembly (IFMA)

T. Gimbal drive actuators

The equipment in the above assemblies will be unmodified LEM
equipment except for the control coupler assembly and the attitude
reference assembly. This assembly replaces the guidance coupler
assembly of the standard LEM subsystem. The control coupler
assembly not only accepts and routes the onboard and ground command
but also contains stored command signals.

A signal flow diagram for the SCS is given in Figure L-11. The
IFMA, not shown in the figure, is provided for purposes of
instrumentation.

h.5.3.2.2 PFunctional Operation.-

).i.a So 30 2 s 2 ol Attitud@ Stabilizationo =

For the attitude stabilization mode the control system will
funcition as a rate command system with attitude hold (Figure L~13).
After the vheicle is initally stabilized, the reference loop
(switch as shown) holds the vehicle at the desired orientation
satisfying requirements 1 and 2. The vehicle attitude reference
will be initially aligned to the local wvertical with the Z axis

in the plane of the nominal trajectory.

}1.5.3.2.2.2 Programmed Testing.-

For the RCS portion of testing where attitude and translation are
to be programmed, rate commands will be utilized for rotation and
acceleration command for translations. For rotation about a par-
ticular axis, a rate command will be applied at the summing point
1, (refer to Figure Li-13), by closing the switch. While the
vehicle is rotating, the attitude reference will be synchronized
and the system will revert to attitude hold when the command is
removed. Commands will be applied to one axis at a time to
minimize crosscoupling effects. Translation commands will be
routed to the desired jet driven amplifiers through the logic switch-
ing.
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L4.5.3.2.2.3 Flight Path Corrections.-

If flight path corrections are required they will be made by
applying a component of the propulsion thrust vector to laterally
displace the vehicle., To accomplish this, an attitude rate signal
will tilt the vehicle resulting in the desired lateral thrust
component of the propulsion engine thrust. This signal will

be a{ ¢ command (rotation about the Z axis).

Mechanigzation.-

Both progremmed and emergency commands enter the control coupler
assembly (CCA)., These commands are accepted with the emergency
commands having priority over onboard commands. In the automatic
mode the programmer drives relays or soled-state switches to activate
stored command circuits in the C.C.A. These stored commands are

sent to the sppropriate assembly, resulting in a system response.

In order to perform the RCS portion (phase 5) of the test the
thruster isolation signals will activate the thruster failure
logic (located in ATCA) (see Figure L-12) to simulate a thruster
failure. This signal will select the desired alternate pair of
thrusters to be fired.

Throughout the descent and ascent engine testing, vehicle attitude
will be held to a local vertical unless trajectory corrections or
other emergencies dictate otherwise. Stored commands for the
propulsion subsystem will also be located in the C.C.A. and
activated by the programmer.

Component Description.-

Rate Gyro Assembly (RGA).-

The rate gyro assembly is not to be modified for LEM #1. Two
identical rate gyro assemblies are used with automatic failure
detection and switchover circuitry (external to the RGA‘s).

Each Rate Gyro Assembly consists of three sub-miniature single-
degree-of-freedom rate gyros so mounted that they sense vehicle roll,
pitch, and yaw rates respectively. ‘Each gyro is capable of operating
with input rates up to *20 degrees per second. The assembly operates
on 26 volt 800 cps three phase power and supplies 800 cps rate
signals to the appropriate channel of the Attitude and Translation
Control Assembly, Each gyro contains self-test features consisting
of a spin motor, rotation detector, and a self-test torquer.

Attitude and Translation Control Assembly (ATCA).-

The ATCA will not be modified for LEM #13 however, not all of its
capabilities are required for the LEM #1 mission. Inputs not needed
for this unmanned mission, such as direct mode commands, are grounded
external to the ATCA (in the command coupler).
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(con't)

The ATCA supplies the signals which control the firing of the
reaction jets and the signals for automatic trim of the gimballed
descent engine. The DC voltages required in all of the SCS
sub-assemblies and the synchronized AC woltage for the RGA and
command coupler are also generated within this assembly. The

input signals from the CCA and RGA are processed in the ATCA and
are directed to the appropriate jets and the descent engine control
assembly. Figure l;-12 is a block diagram of the ATCA.

1, Input Signals - The input signals to the ATCA are the output
gsignals from the Command Coupler Assembly and the Rate Gyro
Assembly. In addition, power input of +28 VDC at 80 watts
and the AC reference signals (from the ARA) for synchronization
are required. Switching signals for the various selectable
gains, rate limits and deadbands are sent from the Command
Coupler Assembly. dJet failure compensation is accomplished
by the Logic of the ATCA as a result of inputs from the
Command Coupler. This feature will be utilized to implement
the RCS test sequence. '

2, Output Signals -

a, Excitation signals to the solenoids of the Reaction Jets.

b, Automatic Trim Signals to DECA consisting of two bi-polar
proportional DC voltages (one each for yaw and pitch),

¢. In Flight Monitor and Test Signals which are being determined
as part of the instrumentation effort.

d. DC wvoltages to DECA, RGA, CCA,

e. Synchronized 3 @, 800 cycle/second voltage to the RGA and
gingle phase to the command Coupler and RGA.

3. Block Diagram Description - The following paragraphs detail
the major subassemblies of the ATCA as shown in Figure Li-12,
The autopilot electronics is concerned with the signal condition-
ing, feedback signals and required shaping. The logic follows
the autopilot electronics and directs the error signals to the
appropriate pulse modulators and solenoid drivers. The
solenoid drivers control the reaction jet solenoids.

a., Auto Pilot Electronics - The basic function of the Auto
Pilot Electronics portion of the Attitude and Translation
Control Assembly is to supply the Reaction Jet Logic and
Descent Control Assembly with corrective attitude thrust
command signals and c.g. offset compensation respectively.
Attitude error or rate command signals and rate feedback
signals are processed in the Auto Pilot Electronics to
obtain optimum control loop performance.,
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“logic - The logic directs rotational and translational signals

a. (con't)
In the block diagram of the Attitude and Translation
Control Assembly it is shown that the Auto Pilot Electronics
consists of three similar channels of electronics for
attitude cconbrol. Each channel receives its corresponding
roll, pitch, or yaw error command signal which is then
processed through a limiter and summed with the appropriate
rate signal, This summed signal is then fed into the
reaction jet logiec. 1In the pitch and yaw loops this summed
signal after demodulation is also sent to the Descent Engine
Control Assembly for auromatic trim of the descent engine.
The translation signals from the Command Coupler are
directed to the logic assembly where they are combined with
attitude signals and directed to the appropriate thrusters.

1. Selectable Rate Gradient - This element changes the
amount of rate feedback in the attitude control loop
to obtain optimum loop performance throughout the mission.
Presently, only one gain change (at staging) is foreseen.
The gain in all 3 axes will be switched upon receipt of
the staging signal from the programmer coupler.

2. Position - Rate Signal Summation - Since the positional
error and rate signals supplied to the Auto-Pilot
Electronics Subassembly are synchronized 800 cps signals,
it is possible to AC sum and amplify these signals prior to
demodulation. One AC amplifier per channel will be needed
to sum and amplify the error signals from the rate limiting
and selectable rate gradient elements.

3, Dead Band -~ This element will be a selectable two level
device, a large dead band (%5°) and a narrow dead band
(#0.1°). The selection will be performed by a discrete sig-
nal from the Command Coupler (all 3 axes sim.ultaneously)°

to the proper thruster channels for optimum system performance,
Redundancy for thruster failures and means to prevent simultan-
eous ignition of opposing thrusters are provided in the logic
configuration. For combinational commands the logic insures
maximum moment control and optimum thruster use whenever possible.

Figures lL-1ha and li-1lb contain the thruster logic configurations
and thruster configurations for the vertical and horizontal
thrusters respectively. Tables Li=2a and L-2b list the thruster
channels to be energized for independent rotational and trans-
lational inputs under various thruster pair failure conditions.
False failure signals will be sent from the CCA to ensure
specific thruster firings during RCS testing.

In order to describe the operation of the logic in the following
paragraphs the term "contact” is used. In the actual system the
switching may be accomplished using solid state devices.
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h.5.303°3

3.

(con't)

The failure logic is so designed that for specific failure
indication and error signals present switching to redundant
channels takes place. By combining the failure indications
and error signals present through legic, full use of normal
thrusters is realized. For example, if thruster (2) channel
fails, redundant switching is required for positive Y rota-
tional input signals, but not for negative Y rotation input
signals.

The method of transfer for rotation signals about the Z and
X axis is similar to that for the Y axis signals.

Translation signals are transferred in much the same manner
as rotational signals. The Y and Z axis translation signals
do not have a redundant transfer path since only one set of
thruster channels are available to perform each required
funciton.,

Combination logic switching has been incorporated to eliminat
selections of the same thruster for ignition by two independ-
ent signal inputs. This feature prevents possible summing
amplifier saturation which would result if two large input
command signals were added. The combination logic switch-
ing will not apply for conditions of three or more simultan-
eous input signals since selective thruster operation is

limited by the basic thruster configuration. As a result,

for for more than two simultaneous input signals, the
possibility will exist of multiple signals commanding the
same thruster ignition. The combinational logic is switch-
off whenever a failure indication is received from the
control panel and switching of dual contact pairs is then
completely controlled by the failure logic., This feature

allows selection of particular thrusters for test purposes.

Descent Engine Control Assembly (DECA).-

The DECA does not require modification for LEM #l. DECA contains
circuitry for two functions of the descent engine, throttle control
and c.g. trim gimbal electronics. In addition, the DECA transfers
signals for engine ignition and shutdown.

1.

Throttling Commands - Descent engine variable thrust is controlle

linearily with an analog signal of zero to five (5) volts d-c.
For LEM #1 this signal is programmed automatically in the Command
Coupler,

Engine Start Signal - Engine ignition will be actuated by a 28VDC

signal originated in the Command Coupler. The signal is routed
from the CCA through the DECA and then to the descent engine.
This same signal is used to am the gimbal position actuators.
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3. Engine Shutdown -~ This is a separate 28 VDC signal initiated
in the CCA, The signal is routed through the DECA and then to
the descent engine,

L. Gimbal Positioning - When the engine is thrusting, gimbal command
are derived in the ATCA from steady state attitude errors and fed
to the gimbal actuation system via the DECA Electronics. The
descent engine gimbal is driven by an electromechanical actuator
s0 that the thrust vector always passes through the moving c.g.
The DECA contains the motor control current signal switching and
malfunction select logic and drive amplifiers. Relay amplifiers
(one for each of 2 axes) close the actuator motor power relays
as a function of steady-state vehicle attitude command error.

The gimbal drive electronics are completely redundant.

he5.3.3.4 Attitude Reference Assy. (ARA).-

The Attitude Reference Assy. consists of a four-gimbal platform and
the assoclated electronics, The accelerometer package which is part
of the ARA is not required for LEM #l. Since the platform will be
aligned remotely on the ground prior to launch, a platform control
and align panel must be provided with umbilical connections to the
LEM.

The ocutput of the ARA is an attitude error signal that will be
routed to the ATCA through the C.C.A. Power supply for the ARA
is internal and is synchronized to the control electronics power
supply.

L.5.h Command System.-

hoSoh.l Gener&lo““
In order to comply with the test sequence and to insure the greatest
probability of success for the LEM #1 mission, the command system
will have both onboard and ground command capabilities.
The three (3) modes of operation ares:
1. Automatic program mode
2. Emergency ground command mode
3. Bange safety mode

Figure L-15 is an overall block diagram of the command loop.

hoSoholol G‘I'O'U.nd R.lleSQ"’

This system was selected based upon the following ground rules.

1., An automatic program should be used to command the normal test
sequence for reasons stated below.
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2. The commands do not depend upon a communication link for trans-
mission but are hard-wired circuitry.

3. The short time between commands might present a transmission
problem for ground command system.

i, Onboard programmers have a large growth capability.

5. This type of programmer is qualified for space environment and
is an "off the shelf item".

Range dispersion patterns indicate that some trajectory corrections
on LEM flight path may be necessary. If this is a requirement, the
capability can be implemented without any major change to the system.
These commands will fall in the range safety catagory along with
command destruct.

hoSoliel.3  Command Priority.-

In the automatic mode, the onboard programmer will control the
normal test sequence, If a ground safety problem or a LEM mal-
function should arise, ground command will be established imme-
diately until the malfunction is overrriden., The ground commard
system will have the following capability:

1l. Command LEM vehicle destruct

2. Command compensation for some LEM system malfunctions
The range mode has top priority.

heB5olie2 Description.-
hoB5.he2.1 General.-

The command system (Figure L-15) will have three modes of operation.
In the automatic mode, the onboard programmer will control the
normal test sequence. A ground command mode will permit restricted
corrective action should malfunctions occur, and a range safety
mode will permit limited control of the flight path and command
destruct capabilities.,

h050h0202 Automatic Modeo‘

In the automatic mode (primary command mode) of operation the
onboard programmer will emit signals 1o the stored-command trigger
relays. When these relays are activated, they will close circuits
to send commands to the appropriate subsystem as required by the
test sequence. (See Table Lj~3) The programmer outputs (relay
closures) will be tape recorded and also displayed in real time for
monitoring purposes. In this way a malfunction in the programmer
can be detected and corrective action taken on a cause and effect
basis,

REPORT
DATE

GRUMMAN AIRCRAFT ENGINEERING CORPORATION

M aa



BL=20

w
(V]
<
&

TTox dogs 03 ZT % 1 S,¥DL oITd e 9¢ 9.8
9T % § ©,¥OoI umopinyg €e a2 qalg
TTOx 0% OT % § ,VOI 8414 43 2 £L8
€ % T 5,¥DI 3uT}o9JFe SeATeA UOT}BTOST 8S0T) T¢ 12 ¢lLg
seATeA O/ JOjeTndsd juepunped 93en3oy o€ €z T.9
(oes t7 gndut de3s) NT % €T S,¥OI ©ITd 62 22 .98
souBADY weJIdoxd LousldJgeoury soATes O/ JojeTudad TTe ©80TH Q2 T2 999
auUTSuUs JUSOSE TIe1g L2 €T 999
oUTZUS 1USDSE UMODPINYE 92 02 (e
9UT3US JULDSE 3JB1G G2 €T (e
8UTEUS (USOSE UMOPINYQG 12 0z £ng
suTdus qUOOSE 1J848 €2 €T ofg
2UTIUS QUSOHSE UMODPINUEG 22 02 Q€8
seATeA O/S JI9ZTPTXO pue Tenf ufu % u¥u $0Y uedo T2 9T | 9¢£9
SOATEA 3DPUUODIBLUT JUSISE=GOY 9S0T) 02 QT | s£9
peeJssodo PIOJTUBW ©38N3OY 46T 6T | 129
SOATBRA 308UUODISZUT JUSOER=-GYY 91BN}y 0T 8T €29
peeg quedse J0J PTOJTUBW u¥y, u¥u 199TOG LT LT ¢e9
SeATes O/s JBZTPTXO Pue TONF yudu % uVu SOH 9SOTH 9t 9t 129
(°"°y) eouepumped 309T8g qt ST 195
e3e1s queossp ajeaedeg 1T T 91
pusuwoo Lousdasuy suTdus juedse 1JI21Q €T €T 09
S0H Jo Buwity eSeTTn 8jeIiTul
109788 opow suldue uO suTdus JUSOSER 109Teg 21 2T 651
suTdus QU80SSD UMOPLNUG T I ol
soueApy JeumreJ3old Lousdaeuy (sqtnbs 2a17) euidue JUBOSE WY 0T 0T el
pueuwod LousdIswy autdue quedsep 8JITJI & é 68
(peatnbaa JT) s3esooa e3eTIn WAT @3TuST 8 Q o]
Laesseosu JT SulaTy o3eTIn gof ©1BTITIUT
TeudTs eT330JU} 3SNJIY} Xeuw 308Teg A L .8
puemwod Lousdasuryg (TeuBTS ®oudIaFel) O % § 93BATION 9 9 98
speJdodnad J918000 9}3BTITUT fJ93sc00q otededeg q g aQ
INOUINC I938004 YATM JNOOTILIUT pnogyg eleredsg f 1 €9
sqinbs queTTedoxd qudoseq 831BATILON 9 ¢ 28
J0ZTPTX0 pue Teny (°g°Q) eutdug jusdssy ozTJInssedd 18
| J9ZTPTXO puUe Tong §oY oz TJIussadd 1 ¢ gl
STeAJDQUT 098 GT° UT 9T = T sJdejsnay] edand T T 29
Jaqumpy
SNIBWeY puewwosy Jo uoTidraoseq puewmo] |Teuteyn| ewr]

TOQINOD RO #F WAL 804 @INCHAHDS ANVIWAOD £ H1avd

[ ot
«
(o]
a
w
«

DATE

GRUMMAN AIRCRAFT ENGINEERING CORPORATION




e
J_
)
m
B
O
4
[

yoytd dogs 03 9T % T ,¥OL OITg 119 Ul 0Z6
T % 6 8,¥DI uMopinyg €9 € 616
yo31d aaT31s0d J07F T % 6 S,¥2I oaTg 29 €N Q16
OH ¥ JH S{¥oL 0% mm>._”m> mOHPmHOmA mmoHU
9T ® T S,¥0L 03 SeATeA uoyTeTosT uedp 19 Al L6
0T % 2 &,¥0l uMopinyg 09 I 916
UOTR08JTP X + UT 4snay} 03 OT % 2 S,¥OI oItd 69 TH 16
6 ® T S,¥Dl umopinyg 89 ah €16
UOT308JTP X- UT 3SUaY} 0% 6 ¥ T S,¥OI 8ITd LS of T16
9T % NT §,¥DJ 03 ssafer UOT}eTOST 880T)
2T % 6 S.¥0L 03 seaTeA uoTetTosT usdp 99 6€ 016
€T % & s,¥y0l wopjnyg | 49§ ge | 606
UOTA08ITP XY= 3SNIUL 0% €T % § S,¥0I oITd ng gg Lo6
T % 9 §,¥0l wwopiayg €9 LE 906
UOT100JTP X+ UT 3Snay} 03 T ® 9 S,¥ol oITd 29 LE 1106
2T ® 6 8;¥OL 03 seaTes UOTIBTOST ©SOT) |
L ® 9 S,¥0L 01 seaTea uolieTosT uedp 18 o¢ €06
9T % 2T S.,¥DI uMopinyg 0$ 19 206
uoTqeTsURa} dois 03 9T % g1 §y¥OI oIT4d 61 19 006
g ® 1 s,¥ol umopinyg o € 868
UOT308ITP X= UT 23BTSued} 0} § % 1 8,¥DI °oaTd Al s 968
ST ® € &,¥YQ] umopinyg off 2€ g68
LT % 9 8,¥3] J0F soaTes UOTIE TOST ©S0TH
9w m 8,¥0] JOJ seATrA UOTIBTOST uedp m: €¢ :mm
uoTaeTsueay doys 03 4T % € S,¥OI oITd UL 2¢€ €68
TT % L S,¥0l uMopjnyg £n I€ 698
UOTR09JTP Z& UT 29BTSUBIY 0% TT % L S,¥OI o414 2 1€ 188
m 7 m 8,¥0I J407F goATeA UOTRBTOST meHU
J ¥ 2 8, ¥OL 407 EeATEA UCT1B TOST GmQO H: Om wmw
ST % L S,¥Dl umopinyg of é2 488
Trox dogs 03 9T % L €,¥0I oaTd 6¢ 62 £98
1 ® € S,¥0l uMopinyg g€ 82 298
TIox 0% 1'% € S, ¥OI oITq LE 82 088
NH R J S VoI 103 89ATEBA Qo.npw.mom.n mmOHU
€ ® T s,¥05 J0F seaTes uoT3eTosT uadp 9¢ L2 6.8
2T % N s,¥01 umopinyg 19 92 8.8
Joqump
sy aeuey puBuUIO) .HO EOHPQ.ﬂHommm UGWEEOU TeuusyD mﬁ.mm_

(3,u00) TOMENOD IHOITA T# WHI ¥O4 FINCIHOS ANVWHOD €-1 HIaVL

-
«
[*]
4
w
[

DATE

GRUMMAN AIRCRAFT ENGINEERING CORPORATION




N
[aY]
[}
ot
28]
L
Q
<
[-N

peeT TonJ wexdoad s,¥yoL @s) 09 i o6

peST JezTPIX0 wedoJdd s,¥0l o8 6l €q g6

SeATeA O/s peeJ uTew J9ZTPTXO pue TonT weqsds uedp 9l 2s neé

T ® ‘0T 9 ‘2 s,¥0L umMopynyg L 08 | €€6

UOT300ITP ¥+ UT 380ay} 03 NI % 0T ‘9 €2 8,¥0I oJTd 9l 05 | 2¢6

seATRA O/S P8 UTEW JOZTIPTXO PUe TONJ udy 9SOTD

SaATBA o\m P98I UTBW JOZTPIXO pue TeuJ ¥y uadp Sl 18 TEE

T % ‘0T 9 2 s,¥05 uMmopinyg| 1/ 0§ 0€6

UOTR08ITP X+ UT 3SNIy3 0% T % ‘0T ‘9 °2 §,¥ol oITd £l 04 626

HOOTI8UT sqInbs peaI S€0J9 PTOJTUBM BJTH zl 61 926
soATBA O/S DPO8J UTBW JOZTPTXO pue ToNJ ¥y JJO NS T. ol 126

€T ® ¢ S,VDIL umopinyg 0l Al 926

mef dogs 03 €T ® 2 S,¥OIL oIT4 59 AL S26

HT % T &,¥0I umopinyg 29 oAl 126

mek satytsod JoF T ¥ T S.¥0OI @1Td| L9 9t | €26

TT ® OT s.1¥0L 03 seATeA UOTReTOST 8SOTH 9n €26

ST % €T S,¥Ol 03 seATes uoTgeTosT uedp 99 51 226

9T % T S,¥DI wopjnyg 59 | 26

T QUMY

syJeweY pusumon o uotTydraoseq pueuwoq |Teuueyy| SwL]

(3,U09) TOHINOD IHDITA .m% WAT 404 TINAFHOS CNVWWOD £-1 HIGV.L

| ot
-
[]
e
w
-«

DATE

GRUMMAN AIRCRAFT ENGINEERING CORPORATION




PAGE B};=23

beBolia2.3

hoS.li.2.h

he5.le3
bhoSalie3.1

Ground Command Mode (Stored Ground Commands).-

In event of subsystem malfunction, ground commands stored in the
ground station will be sent to the vehicle via the communication
uplink, The ground commands, which are not in the range safety
category, will be activated manually by a specialist who will be
monitoring the subsystems display.

If the specialist detects a malfuncition which is correctable, he
will call for a particular ground-stored command. When activated,
the command will pass through a coupler that will establish its
priority, and then transmitted to the vehicle. The command coupler
aboard the vehicle will interlock commands such that those from the
ground will override any onboard commands.

The ground commands fall into three groups:

1. Those that will advance the automatic programmer to the
next phase of testing.

2. Those that will switch to a redundancy within the subsystem.
3, Those that will alter the flight program,

The first group, as the name implies, will be those that advance
the programmer to the next stage of testing. The second group will
be those sent up as a result of subsystem malfunctions that are cor-
rectable by switching to redundant components or sources. The
third group are commands which permit a restricted test should
malfunctions prevent comprehensive testing.

Range Safety Mode.-

The range safety commands under the direction of the range safety
officer, not only provide for a safe destruction of the vehicle,

but can also provide for limited ground control of LEM trajectory.
The destruct command is assigned top command priority and will
utilize three or four of the command uplink tones.  The méthod of
implementing the trajectory commands would consist of a three button
panel marked prot-off-starboard. Pushing a button would laterally
accelerate the vehicle in the desired direction. The priority

of the course correction command is a subject for further study.

Command System Component Description.-

Onboard Programmer.-

The onboard programmer will consist of clock driven switching
circuitry that will close relays in the command coupler. The clock
will be interlocked with an onboard accelerometer circuit or booster
instrumentation so that the programmed testing can be started
immediately command capability. The programmer will contain
approximately 100 ecqmmands driving 65 relay circuits (see Table }-3),
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The exact number will be established when the test plan and systems
preliminary design are firmed up. These commands will also be
transmitted to the ground for real-time display and records to be
used for post-flight analysis, Since this device is pre-programmed,
no deviations from the sequence can be made in the event of an
emergency except to advance the program.

The programmer consists of two basic parts, a time accumulator and
a decoder. The time accumulator uses a crystal as its clock source.
Its primary frequency is counted down to one pulse per second by
magnetic counting circuits. The one pulse per second is then fed
to a2 simpler binary flip-flop counter. The decoder samples the
states of the flip-flop counter and provides an output signal at
the appropriate time. The sampling method is accomplished by means
of logic "AND" gates., The time outputs are then routed to the pro-
per relay or solid state switch.

Communication Link.-

The communication uplink that will be provided at the test site will
be a single frequency FM/FM system. In order to be highly reliable,
the commands should be combinations of three tones each. The
expression for the number of commands available is:

Where n is the number of channels (tones) and K is three in this
case. If ten channels are available for emergency commands,

ni = 10!

n-K)1 K& " T{i0-3)t 31 = 120

assuming only half of these are reliable, sixty (60) will be
available to be used for the ground commands, When received, the
tones will be decoded and the decoded signal sent to the command
coupler, :

Ground Command Unit.-

The ground command unit will contain all the stored emergency
commands. The circuits will be interlocked with top priority
being assigned to the destruct command. Flight path correction
commands will be superimposed on the normal and ground commands,
When conflicts occur the flight path correction will prevail over
onboard commands.
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ho5.ho3.k Real-time Visual Displays.-

The real-time visual displays, located in the control room, must
display at least those parameters required to make decisions for
manual selection of emergency commands. The required display
parameters are indicated on the measurements list, Table 7-1.

Each subsystem will have panels to be monitored by specialists,
Some displays need only be condition lights whiel others need to
be continuous displays. The inputs to the displays will be
ddcommutated and conditioned outputs from the ground receiver,

h.5.b.b Study Areas.-

During this study some questions came up which will be the subject
of future investigation. Some of the more important areas are:

1. Effects of exhaust plume on communications
2. Priority and interlock in control sequence
3. Optimization of flight path control

i, Methods of failure detection

If future studies indicate that less ground command will not impare
mission success;, a re-evaluation of these will be made.,

h.5.5 Environmental Control Subsystem.-

h.5.5.1 Design Criteria.-

The standard LEM environmental control system will be modified for
the following LEM-1 criteria:

l. LEM-1 is unmanned.

2. The total flight duration does not exceed 20 minutes.

3. The vehicle will be operated in a space environment.

L. The stabilization and control, instrumentation, and command
subsystem electronics require cooling during prelaunch operations
and flight (the latter with the exception of the first 150,000
feet of the ascent phase).

}.5.5.2 Description.-

The ECS for LEM-1 will consist of modified heat transport and water
management sections to supply thermal control for the stabilization
and control, instrumentation, and command subsystems.

The modified heat transport section will consist of a coolant
recirculation assembly, GSE quick disconnects, a coolant water
evaporator, a coolant accumulator and cold plates or other
provisions as required to maintain thermal control of the
electronics.

The modified water management section will consist of off-loaded or
modified ascent stage water tanks, the coolant water evaporator water
feed valves and provisions for pressurization of the water tanks,
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Prelaunch electronic cooling will be supplied by means of a GSE
water-glycol service unit.

Should electronic cooling be necessary during the first 150,000 feet
of the ascent, provisions for storage of freon snd metering of its
flow to the coolant wabter evaporator wilii be required,

In the event that in-flight cooling of the electromics is not
required, the water management section will be completely eliminated §
and the heat transport section further modified by removal of the
coolant recirculation assembly, coolant water evaporator and
coolant accumulator.

Electrical Power Subsystem.-

Electrical Power Load Requirements.-

The LEM=1 load profile, based on latest available information, on
equipment and trajectory, is presented in Figure L-16.

Electric Distribution Bus Arrangement.-

The LEM-1 electric loads will be divided inte five (5) categories
with each category being supplied electrically from a bus similarly
identified as follows (Figure L-17 and Figure L-18)s

l, Command Destruct Loads - Command Destruct Bus
2, Pyrotechnic Loads = Pyrotechnic Bus

3. Heaction Control Loads = RCS Bus

llo A1l AC Loads ~ AC Bus

5. All other DC loads - Main DC bus

Each bus will have a redundant power supply.

Electric Power Supplies.-

The internal electric power supplies to each bus will be as
follows:

Bus Primary Supply Alternate Supply
1, Main DC Bus Main battery #l Mzin battery #2
2. RCS Bus RCS battery Main battery #1 or #2
3. Pyro Bus Pyro battery "
L. C.D. Bus C.D. battery n

The AC bus will be powered from the main DC bus through one of the
two DC to AC inverters. The external electric power supply will be
DC only, through an external power connector and umbilical, and will
power the main DC bus., All other busses will be supplied from the
main DC bus.
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The DC bus will be maintained at a nominal operating voltage of
28 £ 2 volts, steady state.

The AC bus will be maintained at a nominal operating voltage of
115/200 wye * 2% volts at a frequency of 100 % 1% cycles per second.

Control Scheme,-

Under normal operating conditions, each bus is supplied through
an energized contactor from its primary power supply. On failure
of any primary supply, its contactor will become de-energized and
will lock out. The bus will be automatically supplied from its
alternate supply through the de-energized contactor.

On command, each primary supply contactor may be reset,

Reaction Control Subsystem.-=

General .-

The Reaction Control Subsystem (Figures 1;-18 and li-20) consists of
three sections, (1) the Helium Pressurization System, (2) the
Propellant System, and (3) the Thrust Chamber Assemblies.

Within the RCS there are two indipendent systems each containing its
own Helium, Propellant, and Thrust Chamber assembly sections. Each
system contains equal quantities of proprllant and helium.

Helium Pressurization System.-

Gaseous helium, at pressures between 3000 and 3500 psi and a nominal
temperature of 70°F, is stored in a spherical titanium tank. The
helium tank is filled through a port accessible from the exterior

of the LEM vehicle. A pressure transducer, located on the tank
inlet inlet-outlet port, coupled with tank temperature will suffice
for helium gquantity measurements. Redundant, normally closed

squib valves isolate the helium tank from the rest of the system
until just prior to LEM separation from the Little Joe I1 booster,

A ground test point is located downstream of the squib valves for
helium system checkout. A single filter is located downstream of
this point containing possible squib debris and helium contamination.
Downstream of the filter, the helium section splits into redundant
legs. One leg begins with a normally open, solenoid aperated,
latch-type, shut-off valve while the other leg begins with a
normally-closed shut-off valve. Only one leg of the helium system
will be used at any time, but should this primary leg malfunction,

it can be shut off and the secondary switched on. A two stage, line
pressure sensing regulator follows the shuteff valves. The first
stage reduces the helium pressure to 250 % |} psi and the second
stage reduces the pressure to 190 ¥ 2 psi, A ground test point is
located between the stzges of the regulator for first stage checkout.
Downstream of the regulator, the redundant legs are connected so that
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should one leg fail, the other will pressurize both propellant
tanks. A pressure transducer is located on the connecting line
to read regulator outlet pressure. In addition, a ground test
connection is located on the same line to zllow drawing off
checkout gas. Quad check valves are placed on the propellant
tank pressurization inlets to insure isclation of fuel and
oxidizer.

A relief valve, consisting of a burst disc, filter, and relief
mechanism, is situated close to the helium port on each
propellant tank. The burst disc insures a sealed helium section
during normal operation and the filter prevents relief mechanism
fouling due to burst disc debris., Vent lines are brought from
the helium ports of the propellant tanks to the propellant fill
areas,

ho5o7e3 Propellant System.-

Fach propellant system consists of two cylindrical titanium tanks
with hemispherical ends. The oxidizer tank contains nitrogen
tetroxide, NpO). The fuel tank contains a 50-50 mixture of
hydrzine (UDMH). (O/F ratio = 2,0) The propellants are
contained within a 3-ply teflon bladder supported by a stand pipe
running lengthwise in the tank. The helium pressurant flows
between the bladder and tank wall, acting upon the propellant
filled bladder for positive expulsion. The propellant is
introduced into the tanks through the feed port from a fill point
accessible from the exterior of the LEM vehiclie, Tentatively,

the propeliant will be loaded under a pressure of 20 to 30 psig with
a back pressure on the vent port of 5 psig lower than the fill
pressure. A pressure transducer is located at the feed port.
Nominal tank pressure will be 181 psia and nominal temperature will
be 709 % 200F,

Propellant quantity gaging systems of the radiation type are
presently under study for inclusion in the tanks. A burst disc,
situated downstream of the tank feed port, holds the propellant in
the tank until supply pressure is applied to the tank and reaches
approximately 150 psig, the burst disc setting. At this point,

a ground test point is located to provide for line, valve, and
thruster checkout. A normally-open, test point, permits isolation
of the tank. From this valve, the propellant flows into a manifold
feeding eight thrust-chamber assemblies (TCA's). '

The manifolds from each independent system can be connected by
firing normally-closed, squib valves. Ascent engine propellant
may be introduced into either one or both of the RCS propellant
manifolds by actuating normally closed, solenoid operated, latch-
type, shutoff valves.

Each independent RCS: subsystem feeds eight thrust-chamber assemblies,
two TCA's in each cluster, insuring control in all axes. The lines
feeding these two TCA's may be closed by normally open solenoid®
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valves, allowing isolation of malfunctioning TCA's or catastrophic-
ally broken clusters.

Thrust Chamber Assembliesow

The thrust chamber assembly section consists of 16 TCA's grouped
inclusters of four (quads)° Fach TCA consists of trim provisions
(orifice), filters, two (2) propellant solenoid valves, injector,
combustion chamber, and radiation nozzle.

The TCA's may be operated either steady-state, periods above one
second; or pulse modulated;, periods less than one second. Full
thrust vacuum rating is 100 lbs. at a combustion chamber pressure
of 90 psig.

Command Destruct System.-

General .-

To satisfy the range safety requirements of WSMR, it will be
necessary to have the capability of destroying both stages of LEM-1
at any time from launch to termination. The purpose of the destructo
is to disperse the propellant fuels,

System Description (Figure L-21).-

The safe arm mechanism of the command destruct system utilizes two
detonators and the ends of a loop of linear-shaped charge cable.

In the "safe® position, the detonators are grounded and aut-of-line
with the terminals of the saped charge cable,

At the "arm" command, the detonators become ungrounded and move

into axial alignment with +the ends of the linear charge. The "fire"
comnand initiates both detonators simultaneously into the ends of
the explosive cable which encompasses the fuel and oxidizer tanks.
Firing of on y one detonator in this destruct system provides a
sufficient shock wave to the shaped charge to rupture the tankage.

As shown in Figure li-21, both the ascent and descent stages will
have complete system duplication,

Power Supply.-

Each command destruct system can be powered automatically from
either of/two battery power supplies.

Command Program.-

The ¢commands are received from the ground station via antennae by
the receivers to first arm the safe-srm device and then to close
the fire switch.
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Communiications.=~

Command System,-

Presently, the Motorola command receiver/voltage regulator
combination, Mod. No, MCR 102A/MAD-101, is being considered

for use in LEM-1. A separate command destruct receiver may

be required to satisfy range safety requirements. The Command
Subsystem willrequire an array of antennae mounted 90° gpart on

the exterior of the LEM., One command receiver will utilize the
remaeining pair. This arrangement provides the optimum configuration
for satisfying the command subsystem and range safety requirements.

Tracking Transponder.-

Tracking of LEM-1 will be performed by the FP3-16 radar system. The
transponder recommended for use on the LEM-1 is the DPN-66, Redundanty|
components of the transponder will be required and will be GFE,
The equipment required for prelaunch checkout of both the
communications subsystem will be supplied by the ranges. The
transponder antennae (CFE) will be mounted and connected in the
same manner as the command system.

little Joe I1.-

Airframe,-

The airframe for Little Joe II is built by General Dynamics/Convair,
San Diego, California. The vehicle airframe consists of cylindrical
upper (forebody) and lower (afterbody) shells and four fins. Over-
all length of the Little Joe is 399 inches. The booster body
(combined fore and after bodies) measures 350 inches in length

and 15} inches in diameter. The four fins, each 50 square feet in
area, are attached in a cruciform pattern to the afterbody. Each
fin is equipped with a movable control surface at the trailing edge
and a hydrogen-peroxide reaction control module.

Both body shells are of semi-monocoque construction and are fabrica-
ted from truncated-form corrugated sheets stabilized by ring frames,
The main structural member of the booster is a large built-up bulk-
head contains the rocket motor attachments and distributes the
thrust load uniformly to the booster skin.

Electrical Power Subsystem.-

The Little Joe II electrical power system for the attitude controlled |
vehicle will be described at a later date.

Propulsion System.=

The Little Joe IT propulsion system to be used for the LEM=-1 test
will consist of seven (7) Algol ID, Mod II solid propellant rocket
motors., These motors are bolted to retaining rings in the thrust
bulkhead of the booster afterbody.
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he6.3.1 Algol Rocket Motors.,-

The algol ID Mod II rocket motor with a fixed, adjustable nozzle
is manufactured by Aerojet-General Corporation, Sacramento, Calf,
The motor is a solid propellant rocket rated at 103,200 pounds
average thrust at sea level, firing at 70°F nominal propellant
grain temperature.

L.6.3.2 Motor Arrangement and Firing Sequence.-

The algol motors will be ignited in two stages. Four motors will
be ignited simultaneously at t+0 and the remaining three motors will
be ignited simultaneously at t+39 providing a five second overlap.
The nozzles for each set of motors will be adjusted so that the
resultant thrust vector for each motor will pass through the

vehicle center of gravity at the instant of ignition.

he6.3.3 Command Destruct System.-

Booster thrust may be terminated by two command destruct systems
upon radio command signal from an AN/FRW-2 UHF ground transmitter.
Fach of the two CD systems is powered by its own battery.
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CONTINUATION OF MAIN (+) D.C. BUS (28V)

RESET

LEGEND:

INV

C I I

1A

l L{ | L >tt

A.C. BUS-115/200YV, 400 ~

v ) v

NEG (-) BUS

3¢ INVERTER 28V.D.C. TO 120/208YV, 400~
3¢ VOLTAGE SENSOR

3¢ CURRENT SENSOR

FREQUENCY SENSOR

LOCKOUT CONTACTOR, RESET BY TM PULSE

PRELIMINARY SCHEME FOR LEM 1 AND 2 A. C. DISTRIB SYSTEM
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page BE-1

5.0 Flight Test Constraints.-
5.1 LEM System Prerequisites.-

The prerequisites for this test are:

a. The rocket motors (ascent and descent) shall have completed
qualification tests., P-5 rig testing shall have advanced
to the point where prototypes of the ascent and descent pro-
pulsion subsystems have been defined.

be Satisfactory demonstration of "fire-in-the~hole" on the P-5
rig shall have been completed.

cs OCompletion of one full duration descent engine firing on
LTA-5. During the firing, the ascent and descent stages
mated. The engine will be controlled by a stabilization
and control subsystem configured as in LEM-1 and installed
in the test vehicle,

d. Completion of one full duration ascent engine firing on
LTA-5. The engine shall be controlled by a stabilization
and control subsystem configured as in LEM=1 and installed
in the test wvehicle.

e, The following partial subsystems shall have been qualified
as systems to LEM-1 mission environments:

Environmental Control
Electric power supply
Stabilization and control

fo The LEM-1 command subsystem shall have been qualified to
mission level.

g The R & D Instrumentation shall have been gqualified.

h. Satisfactory EML check of the LEM-1 configuration shall
have been completed. ‘

i. The Command Destruct subsystem shall have been qualified
and checked out in an EMI environment,

je GSE verification with L3TU for WSMR shall have been completed
on LTA-1,

k. Structural gualification (pressure, static, and vibration)
tests on LTA-3 sh&ll have been completed except for landing
gear and landing loads.

1. Demonstration of LEM staging shall have been completed.

m. RCS design verificaticn at Marguardt and altitude cluster
tests at AEDC shall have been completed.

REPORY
DATE
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PAGE B5-2

5.1 (con't)
n, RCS and ascent propulsion subsystem interface tests shall
have been completed.
0. If included, the qualification of the LEM-1 descent stage
ullage rockets shall be completed.
ps Analysis of the booster QIV flight data shall have been
completed.,
gd. Prelaunch checkout shall have been completed.
502 PoEoRoTo"‘

The LEM-1 test is presently being PERTed. An early indication
of the PERT flow is given in Figure 5-1.
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6.0
6.1

6.1.1

6.1.2

6.1.3

6.1.4
6.1.4.1

Aerodynamic and Structural Design Criteria,~

Aerodynamic Design Criteria.-

Description.- (Shroud)

The configuration studies at Grumman sand NASA MSC together with
support from Ames Laboratory persconnel have evolved two LEM/
Little Joe shroud designs. The two configurations which were
designated by Grumman as N5-50 and Ng-50 are shown .in figure 6-1.
The two differ only in the nose shape detail forward of the 212
inch maximum diameter.

The generally squat appearance of the LEM shrouds is a direct

result of minimizing the forebody destabilizing moments. The
entrance angle at the nose-major diameter Jjuncture is held at

1590 to minimize the iInbteznse buffet loads encountered in the shoulder
region at larger angles. The boattail angle (4O) was selected

from Ames experience which indicated that excessive boattall conver-
gence on hammer-head conflgurations can lead to unsteady alir loads

which correlate with structural loads and contribute strongly to

vehicle dynamic instability.

Tail Effectiveness Congiderationg.-

Pending wind tunnel test, the best available evidence indicates
only a minor loss of tail effectiveness is to be expected in the
presence of the forebody wake at subsonic speeds. This opinion
is expressed with knowledge that during earlier wind tunnel tests
of a Little Joe I/Apollo configuration resulted in completely
disruptive wake effects. In this latter instance more than five
times the LEM base area was involved and the forebody and boat-
tall angles were extremely aggravating.

Aerodynamic Performance Parameters.-

Figures 6-2 through 6-5 contain the estimated aerodynamic
characteristics of the Little Joe II/LEM N5-50 configuration.
For all aerodynamic coefficients, other than elevon hinge
moments, the booster cross sectionmal arvea (129 ft2), and the
Little Joe diameter (12.8 ft.), are used for the reference
area and reference length, respectively.

The elevon hinge moment about a center of gravity near ch/D =
1.5 is wvery closely approximated by the Cn ¢ of figure 6=k,
with the assumption that the tail load acts at the booster base,
This curve includes aeroelastic effects and an estimated 7% loss
in subsonic~transonic fin effectiveness.

Longitudinal Stability.-

General. -

Figure 6-6 gives an over-all appreciastion of the longitudinal
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6.1.4,1

6.1.4.2

6.1.4.3
6.1.4,3,1

6.1.4.3.2

6.1.4.3.2.1.

General.~- continued

stability. The figure was generated with the data from the
curves of the previous sections and a reference center~-of-
gravity variation with Mach rnumber that spproximates the LEM-1
mission., The center-of-gravity position is indicated in
booster ‘diameters on the top of the figure. In this figure
the ordinate indicstes the ratio of elevon angle to the angle
of attack required to balance out the uastsble pltch-up moment
contributed by the forebody.

Aerodynsmic Static Longitudinal Stebility.=-

Figure 6-6 shows the N5-50 boost vehicle has a mild transonic
static instability which grows with increasing Mach number.

This ingtabllity requires elevon deflection to statically balance
the vehicle for quasi steady-state angle of attack and thereby
reduces the elevon travel available for dynamicOfCexcursions
(wind shear, etc.).

Longitudinal Dynamic Stability.-

Genersl, -

Although a rigorous study is required to determine dynamic
stability, an apprecistion can be obtained by the addition of
the Little Joe II autopilot "attitude error gain" to figure 6-6.
Assuming that the attitude error is the result of a pitch excur-
sion and thus equivalent to an angle of attack, the 8.4 degrees
of elevon per degree of error is seen to render the wvehicle
gerodynamically stable (i.eo a one-degree error will command.
8.4 degrees deflection and less than 8 are required). The
margin of serodynamic stability, however, decreases with Mach
number ‘as the increasing static instability results in less

and less control surface deflection for dynamic excursions.

The over-all control margin, however, is increased at a Mach
number gbove 2.0 (actual number to be determined) when the
reaction control subsystem is activated. The RCS acting as a
bang-bang -control {with & dead band of 0.8 degree) provides
sizable restoring moments over and beyond the elevon contribution.
The combined BCS and aerodynamic control is maintained through
Mach 4 above which the low dynamic pressure renders the RCS to
be dominant.

Control Effectiveness and Dynamic Response of Little Joe 1T
Boosgter Performance, -

Programmed Booster Degcription.-

Trajectories were computed using a three-degree~of-freedom
digital program (translation in a plane and pitching dynamics)
to examine the dynamic stability of the Little Joe II booster/
LEM ascent through the earth's atmcosphere. Since the launch
configuration is unstable during the entire boost phase, a
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6s1.1103.2.1 Programmed Booster Description.- (con't)

prime objective was to determine the effectiveness of the booster
control system to overcome disturbing moments and maintain

the body attitude at commanded, inertially-fixed directions.

The booster control system used for this analysis was the latest
control system of the Little Joe IT and is comprised of two

parts: namely, elevons and reaction jets. The elevons were assumed
mounted at L5° angles to the body pitching plane and were capable
of deflecting to a maximum angle of 29°., However, for this analysis
the maximum deflection was limited to the stall 1limit of the
actuators (assumed equal to 7800 ft/lbs of torque) or 22 degrees,
whichever was less. A maximum deflection of 22 degrees was

based upon the assumption that the aerodynamic data was non-linear
above the deflection., Elevon deflections were commanded by
position and rate feedback of error in pitch angle and pitch
veltéihies using control system gains of 8.l degree/degree error
and 7.0 degree/degree/second error, respectively. Elevon

response was assumed to react according to a first order system

and was computed by the equations

8 = 6 command - 6 actual
—— ;

/
—
where / = over-all time lag of the system = .05 sec,

The reaction control subsystem was assumed comprised of jets
mounted on the fixed portion of the fin and producing a thrust
force of L50# per jet normal to the fin in the direction in
which the deflected elevons were producing a force. The reaction
jets were energized during the first 8 seconds of flight and
the last 32 seconds of the boosted flight, and produced forces
only upon commanding an elevon deflection greater than 0,8
degrees, During the mid L3 seconds of boost flight, the
reaction jet circuits were de-energized, thereby not producing
any effective forces during this time. (The mid 43 seconds

of boost flight consists of the high dynamic pressure region
where the elevons are sufficiently effective to control the
disturbing moments generated by angle of attack).

Resul‘bs - Rt

Presented in Figures 6-7 through 6-10 are a complete time history
of the boost portion of the ascent trajectory. . For this trajec-
tory, it was assumed that launch occurred during a 99% head wind
environment. From these curves, one can readily note the small
displacement of the boost inertial flight path angle from the
commanded angle. (Maximum position error of 2.50,) During this
time, the elevon d(flectlcn was saturated for approximately 2
seconds. This is directly attributed to the 99% wind conditions
that were assumed during launch. In practice launch should occur
under more desirable wind conditions and this error in vehicle
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6.1.4.3,2,2 Results.- continued

attitude would be significantly decreased. During the remaining
porbion of flight, booster attitude error is confined to a max=
imum of 0,6° and commanded elevon deflections will remain within
the . limit deflection. From these curves, one can readily conclude
that the Little Joe II hooster/LEM configuration is dynamically
stable during booster burn and contains sufficient control system
effectiveness to overcome disturbances during adverse wind
conditions at launch.

6.1.5 Alternate Shroud Configuration.-

Up bo this point all reference has been to the N5 shroud. Both

it and the Ng shroud (figure 6-1) conform to the basic stability
considerations which dictate a short .or blunt nose and the buffet
requirement cslling for moderate entrance angles into the shoulder
at the major diameter. Although Ng is physically shorter than Ng
(two feet), it approaches the more idealistic parabolic nose shape.
This advantage of decreased nose length together with the smoother
axial variation of cross sectional area should lend the Ng nose
more regular characteristics through the transonic Mach range.

6.1.6 Little Joe IT/IEM Launch Vehicle.-

Wind Tunnel Test Program.- *

The wind tunnel test program for the Little Joe II/EEM‘launch
vehicle has two objectives: (1) provide an early and firm
basis Tor wvehicle detail design and as a contingency item;
(2) yield sufficient related data for assessing the effects
of configuration modifications.

In the design of "Hammerhead" payloads particular attention must
e given to the details of forebody shape. For the Little Joe II/
LEM vehicle stability considerations dictate a blunt payload
envelope. Thus restricted; the only remaining design freedom
revolves around the choice of head shapes which may be typified
as possessing either "massive bluntness", such as N5, or
progressive bluntness", as does Ng. The wind tunnel program
recommended would test both N5 and Ng in the Langley 8-foot
transonic pressure tunnel throughout the M = 0.3 to M = 1.2 Mach
range with § ¢ = O. A comparison of data obtained in this
critical area would then be the basisnfor selecting the one
payload wonfiguration to be carried through the remaining test
program outlined below. All tests are to be conducted with the
standard Little Joe II SO—foot2 fins. The data rate gnd early
.data availability from the 8-foot TPT should permit the required
configuration selection to be made within one and a half days
from commencing test. -

* Gruman wishes to acknowledge the generous assistance of NASA
personnel of the "Experimental Aerodynamics Section", Manned
Spacecraft Center, in the Test Plan formulation. '
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6.1.6.1

6.1.6.2

6.1.6.3

6.1.6.4

6.1.6.5

6.2

Tegts in the Langley 7' x 10' Wind Tunnel.-

Mach Number: M = 0,1 and 0.2
ol =100, 10, 20, 30 50 80 110 150
Jr
For ¢

Tests in the lLangley 8' Transonic Pressure Tunnel.~

I

00, 59, 10°, 209, 30°, Fins Off

09, +590 Alpha range taken out to +900 at 10° increments

= "llo: "50) "30, "2017 _]_O’ OO: ]—oy 20: 30) 50: 80: 110: 150
dr = 09, 50, 100, 20°, 30°, Fins OFf

NOTE: Flow visualization data (Schlieren) are particularly
important in this range. Also, all traverses in angle
of attack should commence at -11° increasing to +15°
(taking ‘data) and then conclude by running (taking data)
at 0= +59, 3% 20 10 09, -1°, The object here is to
detect hysteresis near = 00, Hysteresis or major non-
linearities near©<= 0° are generally indicative of poor
dynamic stability characteristics (the correlated, un-
steady aerodynamic loads cited in the "Aerodynamics"
section of the present report).

Test In the Unitary Plan Wind Tunnel (Section #1).-
Mach number: M = 1.57, 1.80, 2.16, 2.80

&= %00, 10, 20, 30 50 g0 110, 15°

d¢ = 0°, 5°, 10°, 209, 30°

Tests In the Unitary Plan Wind Tunnel (Section #2).-

Mach number: M = 3,86, 4.65
oG, 6}, same as Section #1

Tests In the Ames 1k-Foot Transonic Wind Tunnel. -

After the final shroud configuration has been selected, a
model should be built to obtain the fluctuating pressures over
critical areas of the shroud from Mach 0.60 to 1.20. This is

‘recommended because of the uncertainty in applying aveilable

model data or analysis. These pressures will be used to
conduct a buffeting load analysis on the shroud panels.

The Ames 14-Foot Transonic Wind Tunnel is recommended because
of the experience that Ames personnel have in this field.,

Structural Design Criteria,-
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effects.

Degign Loads.-

The most significant parameters affecting the design loads for
this test shot are the wind shear profile, which produces a
resultant angle of attack, and the dynamic pressure, which
determines the load produced by a given angle of attack. The
maximum wind velocity and the Mach number have second-order

A number of performance trajectories were run for the LEM/
Little Joe II configuration on a digital computer in order to
establish the most satisfactory firing order for the test shot.
For the firing sequence selected, it was noted that the maximum
dynamic pressure was attained at an altitude of gbout 27,000
feet and that 90% of maximum dynamic pressure was still encounter-
ed at 34,500 feet. The minimum altitude at which maximum wind
shear values are obtained, according to NASA/Huntsville memo
M-AER0-6-33-62, is 32,800 feet.

The maximum design loads should be attained at some altitude
intermediate between that where maximum dynamic pressure occurs
and that where maximum wind shear occurs. Since, for this
feasibility study, -there was not sufficient time to check each
altitude, runs were made through a synthetic wind profile based
on an altitude of 32,800 feet. The resultant load calculations
are within 5% of the theoretical maximum. Wind tunnel pressure
distribution measurements are required to Jjustify any further
refinement of the design loads.

Three~-degree-of-freedom trajectories for a 99% probabllity wind
velocity at 32,800 feet and for an 84% probability wind shear
build-up to an 84% probability wind veloclty at the same altitude
are calculated. In both cases, a 29.5 ft,/sec. imbedded trapezoidal,
Jjet having a 300 meter wave length was superimposed on the synthetic
wind profile just above 32,800 feet, as recommended in M-AERO-6-33-62,
NASA/Huntsville memo, see figure 6-11. Maximum angles of attack
were obtained during the traverse of this imbedded jet in each

case. The fins are oriented at 45° to the wind velocity, since

this ig the most favorable attitude in regard to vehicle control-
lability. ‘

Axial and circumferential pressure distributions are presented

in figures 6-12 through 6-1k4.

The resultant axial shear and bending moments are presented in
figures 6~15, 6-16, and 6-17.

Although these calculations were performed by treating the wvehicle
as .a rigid body, a rough check shows that if the control system
has the required gbility to overcome the small degradation in
stability due to seroelastic effects, the increase in loads due

to aeroelastic effects will be less than 5%.
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6.2.1

6.2,2

6.2.,2,1

6.2.2.2

6.2.2,3

Design Loads.~ continued

A summary of the significant parameters at the criticgl design
point is as follows:

Airloads
Wind 4 | | 4 B.M, @ 0 [One Fin
Profile | psf éEE%ngEE_=:§;= Inch Kips| Kips
84% 957.016.02}11.8 |1.28 11,900 30.1
99% 967.5|7.15|13.7 [1.30 14,300 | 36.0

Structural Dynamics Reguirements.-

Buffeting. -

Shroud Panel Flutter.=-

The Little Joe II shroud panels were investigated for panel
flutter, using the method of NASA TN D-451. The analysis was
performed from Mach 1,17 to Mach 1.53. Mach 1.53 corresponds
to the maximum dynemic pressure (1020 psf). The panels are

10 by 17.5 inches (10 inches along the stream-wise direction)
and 0,050 inches thick, All our results fall in the "no
flutter" region of figure 2 of the above reference; therefore,
preliminary results indicate that panel flutter is not
anticipated on the IEM shroud of the Little Joe II/DEM—l
configuration. More refined methods of panel flutter will be

employed in the future, and it 1s anticipabted that model tests

of panels will be performed to substantiate the theoretical
results.

Booster Flutter Analysis.-

Flutter analysis on the booster for the present fin configuration

was conducted by General Dynamics, San Diego. The analysis

consisted of 10 modes, These modes included cantilevered fin,

-symmetrical fin on body, fin bending, fin torsion, elevon

rotation, and the first four body bending modes. According-to
General Dynamics, the configuration was flutter-free up to q =
1580 psf and Mach 5.0,

The buffeting analysis was based on model test results of NASA
TM-T79. The Cp (ims) used in the analysis were obtained

from figure 9c, which is for -a model with closest correspondance
to the IEM shroud. The fluctuating pressure of figure Oc

‘corresponds to an angle of attack of 8 degrees. Therefore, the

results should be conservative, since the Little Joe II/LEM-1
trajectory is not expected to exceed 5 degrees during the
transonic part of its flight.

Figure 9c shows that fluctuating pressures built up from Mach 0.70
to 0.92. This corresponds to approximately 5 seconds of flight.
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6.2.2.3

6.2.2.4

Buffetingo-~continued

Figure 9c also shows that the pressure build-up is not stationary
but moves in the aft direction as the Mach number increases.

The model Cp (rms) was multiplied by the full scale wvehicle
dynemic pressure to obtain an over-all rms pressure level.

Figure 6-18 shows this over-all rms pressure level as a function
of flight time and shroud position. Figure 6-18 shows that
pressure higher than 0.2 psi occurs for about one second at

the highest loaded section of the shroud. These over-all rms
pressure levels were then converted to power spectral density

by assuming a flat spectrum from O to 500 cps, which is considered
conservative.

The maximum rms stress, which occurs at the center of each panel,
was then calculated by obtaining the forced response of a flat
plate of 10 by 17.5 inches and 0.050 inches thick, assuming the
panel to be simply supported and vibrating in a fundamental half
sine mode., The maximum rms stress as a function of flight time
and shroud position is shown in figure 6-19.

Stress levels were &lso calculated at the highest loaded shroud -
position for a skin thickness of 0.060 inches. From figure 6-19,
it can be seen that if 0.060 inch skin thickness is used in
critical areas and 0.050 inch skin thickness is used elsewhere

on the shroud, an rms stress level of less than 20,000 psi due to
buffeting can be maintained.

A more refined analysis will be performed in the future by
obtaining fluctuating pressures -on models that will be an exact
geometrical representation of the Little Joe II/IEM-1 configura-
tion., This analysis will also consider other possible mode

shapes and restrain conditions. However, preliminary calculations
indicate that no extensive design problems due to buffeting are
anticipated.

Vibration Requirements,-

Vibration envelopes representative of Little Joe II anticipated

environment were calculated as described in Grummen Report No.
IED-520-3, Appendix C "Proposed Qualification Test Levels for
IEM Components and Equipment". A comparison of the Little Joe II
estimates and the C-5 estimates is shown on Teble 6-1. Although
Little Joe II requirements are higher, the difference is not
believed large enough to significantly effect equipment or

;structure design or weight,

The estimates for equipment vibration levels were based on a
maximum rms pressure of 0.1 psi outside the Little Joe II shroud.
Local vibration levels on the LEM near the region of the separated
flow might be higher because of the buffeting, but this would be
limited to about 2 seconds at about 20 seconds after launch,
These local buffeting pressures (estimated at 0.2 psi) are not-
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6.2.2.4 Vibration Regquirements.- continued

expected to materially increase the vibration environment over
the entire LEM vehicle because of the limited time duration and
small area exposed to the peak pressure. This problem is not
unique with the Little Joe II, since a similar local buffeting

on vibration levels will be investigated during the Little Joe II
wind tunnel tests and design phase.
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6.2.2.5

6.2.3

Acoustical Levels.-

The aerodynamically induced acoustical levels for the shroud
outside the LEM on Little Joe Il were calculated, using the
procedures in WADD TR 61-62 and WADC TR 58-343 Volume II. The
external overall sound pressure level during maximum 'g' condi-
tion was estimated to be .05 psi. These levels were compared with
calculated engine exhaust noise during launch, again, using

WADC TR 58-343 information. Calculated engine exhaust noise
over-all pressure level was 0.1 psi. The octave band distribution
is shown on Table 6-2, The noise levels inside the shroud are
expectéd to be 5 to 10 decibels below these values. These levels
are expected to be 3 to 5 decibels higher than corresponding C-5
launch levels,

Higher oscillating pressures .than those estimated above are
expected to occur for about 2 seconds at about 20 seconds
after launch due to bhuffeting. These pressures will be limited
to the area aft of the separated flow region, as shown in
figure 6-18. They are expected to affect the acoustical
environment over only a small portion of the LEM, causing an
estimated local 12 decibel increase. Over-all nolse levels
outgide the ILEM in this region would be 152 decibels, No
difficulty is anticipatbted with these pressures at present
because of the short time and the relatively limited area,
and because this pressure value is not particularly high,

TABLE 6-2
ESTIMATED LJ-II - LEM-1 ACOUSTICAL LEVELS

OCTAVE™ BAND SOUND PRESSURE LEVELS

FREQUENCY Decibels, Referred to 0.0002 dynes/cm?
RANGE - CPS LAUNCH MAXIMUM Q
37.5-T5 143 131
75150 145 134
150~300 145 134
300-600 143 138
600-1200 139 139
1200-2400 136 137

Structural Temperatures.~

Transient temperature responses are presented for 3 points on

the Little Joe II shroud, the stagnation point on the spherical

nose (point l), the  conical transition behind the spherical

nose (point 2), and the cylindrical center portion (point 3),

gorgvarious thicknesses of aluminum sheet in figures 6-20 and
=21, :
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6.2.3.1 Aerodynamic Heat Inputs.-

The convective heat transfer coefficients for the stagnation
point were computed, using the methods of Reshotko and Cohen
(reference NACA Report 1294, 1956). The temperature response
was calculated using these coefficients in conjunction with the
total temperatures as the driving potential.

The heat transfer coefficients for the conical transition and
cylindrical sections were based on the Van Driest equations for
turbulent convective heat transfer on a cone. Boundary layer
build-up was accounted for by using the developed distance
along the spherical nose and cone. For the cylindrical portion
half, the distance from stagnation point to the cone-cylinder
transition was used. Free stream flow conditions and the
recovery temperature as the driving temperature were used in
these sections.

This procedure ylelds approximate coefficients. A more detailed
analysis will be performed as required.

6.2.3.2 Structural Temperature Response.-

The structural temperature response is computed by using finite
difference methods programmed for the digital computer. The
input data is based on the Mach number and altitude time histories
shown in Section 3.4, figure 3-1. Because of the relatively thin
aluminum skins being considered, one-dimensional "thin skin"
assumptions are made. Convective heat input, re-radiation from
the outer surface and heat storage in the aluminum skin.are
considered in the heat balance. The outer surface is assumed to
be painted resulting -in an infra-red emissivity of 0.8. In a
more detailed analysis, the effects of two-dimensional, conduc-
tion and joint resistances for riveted built-up sections will

be included to obtain an accurate picture of the temperature
distribution through the structural cross sections.

The temperature responses shown in figures 6-20 and 6-21 indicate
the approximate operating regime for the vehicle. Temperatures
on the spherical nose will decrease as distance from the stagna-
tion point increases untll the sonic point is reached; at this
point, a temperature rise will occur which might result in
temperatures slightly above those at the stagnation point. From
this point, back temperatture will decrease toward the values
shown for the transition cone. At the transition cone cylinder
Jjoint an over expansion will occur which could cause a local

drop in temperatures on the forward part of the cylinder section.
Temperatures are not shown for the tapered after~portions; these
temperatures will be somewhat lower than those on the cylindrical
section,

Structural Analysis.-
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6.2.4.1 General.~

The IEM shroud is an aluminum alloy semi-monocoque shell structure
housing the LEM on the Little Joe IT flight which will be separated
into two halves by a shaped charge and be jettisoned at a pre-
determined time after launcy. The shroud is designed to resist
aerodynamic and inertia loads and associated environmental condi-
tions. The adapter provides the structural support of the LEM

and also serves as transition structure between the shroud and the
Little Joe II interface. A prime requirement of the adapter is

to provide a sufficlently uniform distribution of the ILEM inertia
loads and shroud aerodynamic loads to the booster interface attach-~
-ment structure so as to remain within its strength capabilities.

6.2.4.2 Design Loads., -

The aerodynamic and inertia loads from the 99% wind profile
trajectory are critical for design. The maximum aerodynamic
loads occur at T = 37.7 seconds at meximum ultimate dynamic
pressure of 1450 psf, and the maximum inertia loading occurs

- at T = 72,0 seconds. The shear, axial load and bending moment
distribution from the aerodynamic loads are shown in Figure 6-1T.
The ultimate inertia load factors are shown in Table 6-3. The
rotational accelerations are extremely small and have been neglect-
ed for this preliminary study. The air loads combined with the
concurrent inertia loads result in the net design loads which are
tabulated in Table 6-4 at station O.

TABLE 6-3
ULTIMATE TLOAD FACTORS

Time n 0
Seconds X 4

37.7 1.95 1.68
72.0 8.25 .165

TABLE 6-k
NET ULTIMATE LOADS AT STATION O

Shear (1bs)  Axial Load (1bs)  Moment (in-1bs)

Air Load

Inertia Load
Net Load

93,000 -
-46,200
46,800

176,800
25,000
231,800

21.0 x 109
-5,6 x 106
15,4 x 106

6.2.4.3

Environmental Requirements.-

Structural temperature analysis is presented in Section 6.2.3.

The plots of skin temperature as a function of time in Figures
6-20 and 6-21 indicate that they are minimum at time of critical
gerodynamic loading, and increase to significant values only

when the air loads are considerably diminished. The dynsmic
requirements presented in Section 6.2.2 are also considered in the
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6.2.4.3

6.2.4. 4

6.2.4.5

Environmental Requirements.~ continued

selection of the skin thicknesses and structural configuration.

Structural Design of Shroud.=~

The shroud structure consists of major ring bulkheads at stations
=137, -177, and ~275.9, with intermediate ring frames spaced at
approximately 10-inch increments and a series of 36 axial
longerons terminating at the adapter splice. The intermediate
ring frames are required to provide stability of the shell
structure, support the longerons against columm buckling, and

to adequately support the skin under dynamic loading enviromments.
The frame axial load and bending -continuity will be maintained
across the axial separation joint by virtue of doubler plates,

as shown in View B.B of the shroud drawing, figure 4-3. This
Joint will aliso provide skin shear continuity of the external
skin. '

The longerons are axial load members and will be designed to
resist the applied axial loads and bending moments. They are
stabilized by the frames and bulkheads; and will be continuous
through the frames, spliced through the bulkheads, and spliced

to the adapter skin at station -40. The longerons at the axial
separation joint are channels of the same depth as the frames,
Joined on each side by a doubler plate containing the separation
shaped charge. The longerons between station -275.9 and =361.901
are arches terminating at bulkhead station -275.9 and are critical’
for the dynamic pressure loading. It 1s expected that the shroud
skin be .07l inch thick from the nose to station -275.9, .063
inch thick to station -137 and .050 inch thick aft to the adapter
splice. The continuous skin shell structure procides capability
of resisting the shear and torsion loads; however, skin thickness
is predicated by the flutter and buffeting requirements. Skins
are to be riveted to the frames and longerons.

Structural Design of Adapter.-

The adapter structure consists of two ring bulkheads at station O
and at station -40 which will be designed to resist in plane
moments, axial loads and shears resulting from skin axial load
lateral components due to contour change. In addition, normal
are gpplied by the LEM attachment to bulkhead compression pads
and the LEM separation system. The ultimate LEM axial inertia.
load is 195,000#, for a 23,626# IEM weight, at T2 seconds after
launch and is considered distributed over the eight compression
pads. The bulkhead at station O provides interface attachment
to the Little Joe II booster ring frame at station O with (32)
5/16 inch diameter bolts in the axial direction. This bulkhead
will be designed to balance all lateral components of the skin
loads and inextia loads so that only axial loads and shears are
applied to the booster structure.

The adapter skins will be designed as stiffened monocoque
structures to carry the applied bending moment, axial load and
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6.2.4.5

6.2.4.6.

Structural Desipgn of:Adapter.- continued

shears. The shroud lonhgerons terminate at the upper edge of the
adapter skins, which will serve to distribute the longeron axial
loads to the booster structure. Separation of the shroud will
be effected by a circumferential shaped change on the adapter
skin immediately forward of the bulkhead at station ~-4O.

Payload Booster Interface Joint,-

The axial loads applied to the periphery of the Little Jpe II
structure at Little Joe station 0 are shown in Table 6-5 for
the most critical 99% wind profile flight condltlon,

TABLE 6-5
ULTIMATE APPLIED LOADS TO BOOSTER AT STATTON O

Time SRS T
Seconds Periphersl Axial Load

37.7 1,306 1bs/in Compression

37.7 350 1bs/in Tension

T2.0 1,342 1bs/in Compression §23,626»Ib EEMg
72.0 1,492 1bs/in Compression (26,522~1b LEM

The load capability of the Little Joe II booster structure is
obtained from General Dynamlcs/Convalr Report GD/C 62-278A
"Tnterim Structural Pesign and Loads Criteria for Test Launch
Vehicle and Launcher - Little Joe II Booster" 25 Sept. 1962,
and from Report GD/C 63-039 "Little Joe II Vehicle Stress
Analysis". Significant General Dynamics booster design loads
are tabulated in Trble 6.4.L4.

TABLE 6-6
BOOSTER ULIIMATE DESIGN LOADS AT STATTON O
o Conditions
Load , " Cond. C2 159 _Cond, Cl
Moment (in., 1bs.) 13,5 x 106 2.0 x 100
Axial Load (1bs.) 160,000 610,000
Shear (1bs.) . 57,000 -

The booster shell structure is of constant section an % strength
gbove station 227 and has the capability of a 27 x 10° inch.lb,
bending moment. The corrugated skin shell has the compression
strength of 2000 lbs/in. ultimste. It is evident that the basic
booster structure is well within the strength required fap the
LEM payload, The Little Joe II booster interface attachment

ring was designed for a 300 1b/in. tensile load (cond. €28G (15°))
with a 10% margin of safety on the (32) MS 20005 attachment bolts
for an allowable strength of 330 lbs/in. tension. The GD/C
Report 63-039 indicates that provisions have been made to allow
doubling the number of attachment bolts to obtain an allowable

A
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Payload Booster Interface Joint.~- continued

strength of 660 1bs./in., which would be adequate to sustain

the 350 lb./in. IEM ‘load shown in Table 6-5. The same joint

has been designed for the -1350 1b. / in. compression load with

.+ a+,32 margin on the attachment rivets. This indicates an
allowable strength of ~1T780 lbs./in., which is also well sbove
the applied compression load of 1492 1bs./in. shown in Table 6-5.

Fin Loads.~-

The IEM Little Joe II booster flight in the 99% wind profile
results in an ultimate fin load of 54,000 1bs. The General
Dynamics Report GD/C 62-278A indicates that the fin and support
structure has been designed for a 51,020 1b. ultimate applied
load. The stress report GD/C 63-039 indicates a minimum margin
of safety of +.10 or a strength for a 56,200 1b. fin lead.
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PAGE BT7-1

7.0
Tol

T-1l.1

T.1.2

Instrumentation Reguirements, -

Onboard Instrumentation.~

Philosophy. -

The instrumentation requirements will be determined by using
the following philosophiess:

a) Relatively simple tests shall be scheduled for LEM-1
b) Test emphasis for LEM-1 will be on ascent stage testing
c) The instrumentation requested shall:

1., insofar as possible, not require modification of
LEM components;

2. be concentrated in the areas concerned with the
prime objective of the test;

3. be of minimum complexity;

L, permit determination of component or assembly failure,
but not analysis of the cause of the fallure.

Listing.~

Instrumentation shall be provided, consistent with the definition
of temminology prescribed by NASA, to accomplish the first and
second order objectives presented in this report. It is presently
felt that, in order to attain these objectives, the following
major areas will be instrumented. The instrumentation will, in
general, be of the type indicated for each area:

a) Propulsion Subsystems (Ascent & Descent)

1. pressure

. temperature

. quantity

. valve action

;P'WI\)

b) Reaction Control Subsystem

. Dbressure
. temperature

. Quantity

. valve action

£ N

c) Stabilization & Control Subsystem

1. subsystem voltage inputs and output
2. gimbal position

REPORT
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PAGE B2

T.1.2

T.2
T.2.1

T.2.2

T.2.3

Listing.~- continued
d) Envirommental Control Subsystem

1. pressure
2, temperature
3, fluid level

e) Electrical Power Subsystem

1. voltage
2. current
3. switch positions-

£) Structure

. pressure

. temperature

.- vibration

. acceleration

., motion picture camera

=W o

g) Mechanical Systems

1. electrical signhals
The detailed listing of instrumentation requirements will be
formulated after the LEM-1 mission has been resolved and will

be presented in the Measurements List for LEM-1,

Data Acquisition Systems.-

Telemetry and Antenna System.-

N

NASA-supplied FM/FM/PAM telemetry systems will be utilized for

data acquisition and transmission, The details of the system

(i.e. commutation, etc.) are to be determined when the instrumenta-
tion list is completed.

Camera.=~
A motion plcture camera will record the LEM ascent-descént stage
separation., This camera will be installed in a recoverable

package.

Tape Recorder,-

Telemetry acquisition of the fire-in-the-hole data could be
hampered by the venting of the ascent engine exhaust from
-between the LEM stages. In order to assure acquisition of
this data, a tape recorder will be included in the recoverable
package provided for the camera.
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T.3 Real-Time Readouts.-

A study of the real time visual displays required for selection
of ground commands is in progress. The results of this study
will be indicated in a revision to this report.
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8,0
8.1

8.2

8.3

8.4

8.l.1

8el.].a2

8.5

Tracking And Support Data Requirements.-

General .~

Specific requirements for tracking will be covered in the forth-
coming issue of "Requirements of Work and Resources" (RFWAR).
Preliminary requirements will be outlined in this section.

Phototheodolite Data.-~

Phototheodolite data will be required for position, velocity,
acceleration and attitude data. It is anticipated that the
Contraves, Askania 53, and Gorid Cinetheodolite Systems will
be utilized to obtain this data. Coverage from launch to
LEM ascent engine cutoff is desired.

Radar Tracking Data.-

Radar tracking data will be required for determination of range,
azimuth, and elevation. It is anticipated that the FPS-16 radar
system will acquire this data with support from the Chaln Radar
System. Data will be required for real time data reduction
facility for vehicle programming flight safety, and inflight
analysis.

Photographic Data.-

Engineering sequential and documentary films will be included
in this section.

Engineering Sequential Films.-

For recording launch conditions, two fixed high speed 16 or 35
mm cameras will be required. Location of the cameras should
be 90 degrees apart on a circle with the launch pad as center.

High speed telescopic photography will be required to provide
data for technical review of the test. The standard tracking
telescope system of the range operating at 120 frame/sec will
satisfy this requirement.

Documentary Films.-

A record shall be maintained by the use of documentary motion
picture and still photography of all major events associated
with the test; e.g. vehicle transporation, launch preparation
and checkout, flight operations, and post flight activities.

Meteorological Data.-

Data consisting of wind direction and velocity, air density and
temperature, and relative humidity at various altitudes will be
required from the range. Data to be available from the launch
site to 100,000 feet above ground level.
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Prelaunch Operations.-

Test Preparation - Bethpage.-

Each system will be excercised and checked out in all respects
practical at the Grumman plant in Bethpage. Such checkout
efforts, aside from proving the configuration and integrity of
the vehicle proper, appropriately prove or refine the field
procedures, demonstrate the utility of the support equipment,

and develop proficiency in the operating personnel. The detailed
requirements for this check out are presently being formulated.

Test Preparation - WSMR.-

A checkout flow diagram for the prelaunch tests is given in
Figure 9-1. This flow will be further detailed asthe LEM
development progresses.
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10,0 Test Management & Organization.-

10.1 GAEC - LEM Organization.-
An organization chart of the Grumman - LEM project is given in
Figure 10=-1,

10,2 LEM-1 Test Organization.-

This information will be provided at a later date.
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11.0 Recovery Requirements.-

11l.1 Test Vehicle.-

At present the Grumman Aircraft Engineering Corporation has no
requirement for recovery of the test vehicle. The requirements
in this area shall be supplied by the White Sands Missile

Range and MSC.

11.2 Data Capsule.-

A motion picture camera and a tape recorder will be enclosed in
a recoverable package. The details of the recovery requirements
will be supplied when the method has been finalized (i.e. a
package within vehicle which is able to teke reentry heat and
impact shock or a parachuted capsule.)
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12.0
12.1

12.1.1

12.1.2

Launch Day Requirements.-

Weather requirements for Launch.-

Visibility.-

The visibility regquirements for optical and camera tracking
will be supplied at a later date.

Meteorological Support.-

Meteorological data will be required for GO-NO-GO decisions, for
lsuncher azimuth corrections, and for data reduction requirements.
The specific data and the accurancies required will be included
in a revision to this report.
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13.0
13.1

13.1.1

13.1.2

13.1.3

13.1.4

13.1.5

Pad and Renge Safety Requirements.-

Pad.~
Personnel .~

The launch pad, blockhouse, and rocket-motor assembly areas will
be designated as limited access areas, and only those personnel

required to perform the assigned tasks will be near the danger-

ous areas.

Personnel admitted to the limited access area will be required
to wear s afety helmets, safety shoes or let straps and safety
glasses as necessary. Hospital and medical care is to be
provided by the WSMR Medicel Staff. An ambulance and crew and
a fire truck will be available when needed.

Explosive and Pyrotechnic Control .-

A1l ordinsnce items will be delivered to the solid propellant
storage area. This includes:

a. solid motors

b. squibs

c. 1igniters

ds primacord and destruct charges

Test Vehicle Build-up.-

This information will be supplied at a later date.

Standard Operating Procedures.-

Standard operating procedures will be prepared. These SOP's will
define safety measures which will be taken during the handling

of the rocket motors, installation of igniters, testing of
ignition circuits, installation of destruct charges and associated
circuitry, utilization of shorting plugs and final arming of the
rocket motors and other pyrotechnic devices,

Launch Vehicle Tie-Down Requirements.-

It is anticipated that the requirements in this area will be
similar to those of earlier Little Joe launches. These launches
require an immediate alert on a 7 day-per-week basis, 2l hours
prior to a time when winds in excess of 30 miles per hour are
predicted. After such an alert, reports should be furnished for
each incremental rise of 5 miles per hour.
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13.2

Range Dispersion.-

An analysis has been conducted to determine the impact dispersion
of the LEM Flight test vehicles. For purposes of clarity, impact
dispersion is defined as the probable boundary of the area in
which the LEM will impact as.a result of uncertainties in Little
Joe II booster performance and variations in launch conditions.
For this analysis, the factors that were considered in defining
the impact dispersion weres:

a., Misalignment of the effective thrust vector during Little
doe II boost.

b. Magnitude variations of the effective thrust vector during
Little Joe IT boost.

c. Gyro drift of booster guidance system.

d. Variation in local wind magnitude and directlon at White
Sands Missile Range during the entire flight.

Presented in Figure 13-1 is a plot showing the probable boundary
of LEM impact as a result of any one or combined uncertainties
described above. The plot was constructed by a root sum square
of the probable impact boundaries defined by each of the uncer-
tainties, computed independently of e ach other. All data
presented herein were computed using a three dimensional point
mass digital program and a thrusting law consisting of aligning
the booster thrust axis with commandeéd "inertial pitech and
azimuth angles. The nominal impact point was determined by the
ballistic trajectory resulting from commanding the booster thrust
exis to remain aligned with an 85 pitch angle and 10° west of
North heading angle at launch. LEM descent and ascent engine
thrusts were always assumed to remain aligned outward along the
instantanecus local vertical.

From Figure 13-1, it can readily be seen that the probable
boundary of LEM impact is not within the geographical confines
of White Sands Missile Range. Four small area of range
overshoot occurs over the northern boundary of the test range.
This is primarily attributed to trajectories resulting from a
+7000 pound thrust error simultaneously occurring in each Algol
rocket motor,

Presented in Figure 13-2 is a plot showing the impact dispersion
resulting from thrust misalignment of the Little Joe Booster.

In accordance with the QIV Mission Directive, the maximum thrust
misalignment was assumed fo be a be a ﬁ% degree error in pitch
and azimuth angles at launch. One can readily note the small
crossrange dispersion resulting from this uncertainty.

Figure 13-3 is a plot showing impact dispersion resulting from
thrust magnitude variation in each of the algol rockets., For
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maximum dispersion, it was assumed that each Algol rocket
produced an error of 17000 1bs. of thrust simultaneously. This
condition resulted in off range impact,

Presented in Figure 13-l is a plot showing the impact dispersion
resulting from gyro in the booster guldance system. Various
combinations of linear drift rates were assumed in the body
mounted pitch and yaw gyros to produce a total of two degree
error in pitch and yaw at the time of booster burnout.

Presented in Figure 13-5 is a plot showing a series impact
dispersiocns caused by a variation in magnitude and direction of
wind during flight. The nominal impact point was defined by
assuming 84% winds from the West. Dispersions are defined about
this point as a result of *5%, ¥10%, and %15% variation in

wind magnitude from all directions. Since wind data is obtained
at frequent intervals prior to launch, it was assumed that the
maximum level of uncertainty would not be greater than 15%.

From this analysis it can be concluded that, if the above
mentioned uncertainties are realistic, LEM impact dispersion
could result outside the boundry of the White Sands Missile
Range. In order to confine LEM impact dispersion within the
boundaries of White Sands Missile range, it is suggested that
the commanded inertial flight path angle during boost be
increased to 85.5 degrees or greater. (A commanded flight
path angle of 85,0 was used in this amalysis). This modification
would decrease the total downrange distance traversed by LEM
without altering the overall trajectory characteristics
significantly.

REPORY
DATE

GRUMMAN AIRCRAFT ENGINEERING CORPORATION




I

oaLsl |

X AIE

RE

SN

h

i

930 e

--MBQ X
T IONVS WY

3

< .,\\\:Ja.

isgmy
5 SIINW:
J<IC

=35

I e oe anER P o

© LATITUDE~D

i
o

i

5

o

.o A
TIRSON RN, NAPNS O Y. R SO W N




S e R 7 % g SR O s, g B S
Y ; ! ; y i ” i -
% i ; ) ; : ) ] .
| { ; ; i i : i
L i i ; { i ; . \ !
ot § t k ¢ i i H :
i : 5 : i )
: B ; ; i ! | ¢
B T T & - . - i g P <
! ! |
|
....... 4 .
5 4
1 }
' )
ey TERls SNNUIIS e SN M SOV SR S SO0 S St
T i : 4 2 i
{ 2 ;
T ¥
;3
{

W | B

f

IS

Sp— :m:.q!w:,y#.;..‘mxi.vv.,f

ve-

1T

=
gy
Dl

)
NOAYSHA
LX)

&R
1N
SEIEs
ne

TG
1Al

kL

0{’3.

iyt
-

El
-

4.

b AR
w B
: P : A b
” w il ey B
i %N. N m.i i
n §RE 0 AT - A
: i | : ‘ N - .‘\.L. ! H , w el
SR PR e B SN B w2
! 5 f m N m ESN . o o B 17; ] [
N o o | it : Py TR
1 svg " s
e : ; - VT : : . RE
SEN— i e PP -

P :

-

et i v

wr

ON Nodh GISVYE

1dvd

i
b

NTOJ!

Ay HONMT A

N $
¥ ;

3 '

+

|
}
!
i

Lad kg =

i ! B
iy

< ]

e d e &’WSN@SC’MM“M

N OIS WA I V.

| { i (0 I .. S
o m TR
LV LATITUDRE ~ DEG. IVORTH - _ R “ :



ox

Mk;;x‘ir; -

1
‘

SN

Ww

o NOdT ISR

TTHAS:

WO

d

P
B

v

+

TRw uv\ %
TTBsseR

LN

i
i

e

X

9 ¥

3

SHC

«OUCL 3

Ad

a’i

£ A0 INOLLVIIN

[ ot

o

SHEIOW O

i

=y
i

tak RRTES

e

S T, IR R IO DNCE o |

i
t
i
4
4
1

T
g B
v N
: =019
L. LA
¥ m _
ey
,N v
B '
d . .

Ao




3[

Lo
n

,}fml
TAON 1

i

["ITONERT YN

g
43 15008 ‘0N NG
g

1

NI

A RS

s it i

AVNINON

NG VW

Lainy skl

40

i

™

.

i

and

3LSAG IO

, :
i

!

;-

H

asiq IINE

olgE3

ng
TN

3

JRTOHIRES

L,
i

FTL

0P

i
]

i




1.-.{5

3

bkt b ety § 4

i

[S PR anaey IS

) Rpwwg swaiy ppda:

i
H
i

1

CHOSET

i

HOIN AESVE

i

i

i

Y
e

i
‘1%(

I

4
{

WS M

.

DU
4313008 PN

{

coms (st be

CISNFATYT 7S

vy

]
¢

MR Z

INDM

fTVNH%IGN"

HISa

REBAL

“INCABNOY

5w NoLE b

SRR
R

o

F0C, WOIS

78 [018

TN S

¥
2

OV

LN1Od

o

|

M® S

5

P cemr

‘
I
|
i

LATITUDE ~ DEG. NORTY .

(i

MﬂO

“'t.

%X

1

'

0PI

JIT

£y

i

TN




PAGE B1l=1

14.0
1.1

1h.1.1

1he1.2

14.1.3

1.k

he1oh.1

Data Handling, Processing, and Reporting.-

Data Handling and Processing.-

Coordination of data handling and processing requirements with
range personnel will be accomplished through NASA-MSC.

Prelaunch and Checkout Data.-

A checkout traller shall be provided at the launch site for
recording prelaunch and checkout data. Oscillographs, pen
recorders, and visual displays will be provided for monitoring
during checkout. Hecorded magnetic tapes will be stored at the
base facility for detailed playback if required. Copies of
selected checkout tapes will be made for transmittal to
GAEC/BPA after preliminary analysis at the test site is
complete., '

On-Board Tape Recorder.-

Following recovery of the on-board magnetic tape recorder, a
quick look playback shall be provided for instrumentation and
recording verification. Copies of the tape shall be made with
disposition as followss original and copy to MSC/Houston,
copy to GAEC personnel, and one copy to remain at WSMR for
further on-site analysis, if required,

Flight Telemetry Data.-

Flight telemetry data will be recorded at selected telemeter
acquisition sites along the trajectory path. In addition, the
mobile telemeter trailer will be utilized to record flight
telemetry information. Real time data display of selected
parameters at the control center is required for flight
assessment to support the ground command system.

Quick-lock playback of recorded tapes shall be made immediately

‘after flight and primary data tapes are designated. Three

copies shall be made of these master tapes and distributed as
follows: original to MSC/Houston, copy to GAEC personnel, one
copy to remain abt WSMR for further analysis.

Range Datg.-

Range data shall be processed to required form by the range
contractor. Data shall be made available to GAEC through the
NASA/MSC office at WSMR.

Meteorlogical Data.-

Meteorlogical data of prelaunch and post-launch conditions shall
be provided by the range in tabulated form,
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elok.2

1h.1.h.3

1h.l. bl

1.2

1h.3
1h.3.1

1h.3.2

1L.L

Optical Data,-

Range optical data shall be made available to GAEC through
NASA/MSC office at WSMR. Finalized optical data shall be
made available to GAEC within ten days following the test.

Radar Data.-

Radar plots containing real time, azimuth, elevation, and range
to the cehicle, shall be provided from the range stations.
Finalized data in a common coordinate system shall be provided
to GAEC within five days following the test.

Engineering Sequential Film and Documentary Film Data.=

Engineering sequential films and documentary film will be
processed in range facilities. Copies of these films will be
made available to GAEC through the NASA/MSC office at WSMR.

Calibration Data.-

Procedures for calibration data handling will be issued in
forthcoming "GAEC Data Plan for White Sands Missile Range
Tests?.

Data}Analysiso-

On-Site Analysis.-

Quick-look test analysis shall be performed at the range
facilities for assessment of the test.

Final Detalled Analysis.-

Procedures for final data analysis will be defined in the
forthcoming "GAEC Data Plan for White Sands Missile Range Tests".

Test Reporting.-

The requirements for reporting the test results will be
established at a future date.
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15.0 Ground Support Equipment.=-

15.1 Test Vehicle Ground Support Equipment.-

The test vehicle ground support equipment is listed below in the
three categories of (1) Handling and Transportation Equipment;
(2) Fluid System Support Equipment and; (3) Electrical Support
Equipment.

15.1.1 Handling and Transportation Equipment.-

Platform Set, Altitude Chamber
Adapter Set, D/S Hard Mount
Adapter Hard Mount A/S
Vertical Drive Support Frame
Sling, LEM Hoisting

Work Stand LEM

Transporter A/S

Clean Room Dolly A/S

Sling A/S Hoist

A/S Work Stand

A/S Bupport Stand
Transporter D/S

Clean Room Dolly D/S

Sling D/S Hoist

D/S Work Stand

D/S Support Stand

Engine Installation Fixture

Dolly A/S
Sling A/S
Sling D/S
Sling RCS
Dolly RCS
Sling 4/8
Dolly A/S
Sling D/S
Dolly A/S
Sling A/S
Dolly D/S
Sling D/S

Engine Handling
Engine Hoist
Engine Hoist

Engine

Fuel Tank

Fuel Tank

Fuel Tank
Oxidizer Tank¥*
Oxidizer Tanki
Oxidizer Tanki%
Oxidizer Tank3st

Ground Cooling Cart (GFE)

Optical Alignment Equipment (GFE)
Little Joe II Adapter Dolly
Little Joe II Adapter Sling
Little Joe II Shroud Transporter
Iittle Joe IT Shroud Sling
Little Joe II Access Kit
Sling-Transporter Cover

Covers Little Joe II Shroud
Cover: Little Joe II Adapter
Little Joe II Shroud Weight and Balance Equipment (Undefined)

# May be same as A/S Fuel Tank
#% May be same as D/S Fuel Tank
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15.1,2

15010201

15.1.2.1.1

15.1.2.1.2

15.1.2.2

15.1.3

15,1.3.1

Fluid System Support Equipment.-

Propulsion and RCS Subsystems,-

Helium Transfer Cart
Helium Booster Cart
Helium Transfer Module
Helium Leak Detector

Propulsion Subsystem.-

Fluid Temperature Conditioning Unit
Oxidizer Temperature Conditioning Unit
Fuel Plush and Purge Unit

Oxidizer Flush and Purge Unit

Fuel Vapor Disposal Unit

Oxidizer Vapor Disposal Unit

Fuel Storage and Transfer Stand
Oxidizer Storage and Transfer Stand
Propulsion Subsystem Checkout Cart

RCS Subsystem.-=

RCS Subsystem Checkout Cart
Fuel Flush and Purge Cart
Oxidizer Flush and Purge Cart
Fuel Transfer Module
Oxidizer Transfer Module

Environmental Control Subsystem.=-

Water Transfer Unit
Water Glycol Service Unit
Oxygen Transfer Unit
Cabin Leak Test Unit

Electrical Support Equipment.-

Bench Maintenance Equipment.-

The BME is used to support the subsystem black boxes after removal

or prior to installation in the LEM.

The areas involved are a

parital stabiligzation and control subsystem, a modified electrical

power subsyste, and displays and conirols.

The BME is used to

fault isolate a black box to the smallest replaceable module.

The BME is estimated as including the following:

Test Station, Maintenance, Platform Electronics and L Gimbal Platformsf

Test Station, Maintenance, Rate Gyro .

Test Station, Maintenance, Acclerometers

Test Station, Maintenance, Power Supply

Test Station, Maintenance, Descent Engine Control and Gimbal Drive
Actuator Assemblies
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15.1.3.1 (con't)

Test Station, Attitude and Translation Control Assembly
Test Station, Maintenance, Control Panel

Test Station, Maintenance, Guidance Coupler Assembly
Test Station, Maintenance, Distribution

Test Station, Maintenance, Inverter

Test Station, Maintenance, Battery

15.1.3.2 Prelaunch Checkouto=

As a result of meetings between NASA and GAEC Representives, it was
‘decided that PACE or LSTU were not required for LEM-1. It was

felt that a GFE LEM test set, as yet undefinged, could adequately
perform necessary prelaunch checks.
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1.0 Introduction.=

The information presented in the Introduction for LEM-1 (Page Bl-1)
is directly applicable to LEM-2.
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2.0

2.1

2.2

2.2.1

2.202

2.3

Test Objectives and System Priorities.-

General.-

The LEM=2 test is the second of the unmanned flight tests which are
required to man-rate the LEM vehicle., The test emphasis will be
concentrated to the descent propulsion subsystem and the effects
associated with it.

Test Objectives,-

First Order Test Objectives.-

8o

d.

€,

Evaluate and certify the safe operation of the descent engine
propulsion subsystem.

Evaluate the fire-in-the-hole condition during an abort.
Demonstrate the safe operation of the ascent propulsion subsyste

Evaluate the thermal distribution of the LEM in the space
environment with a fully expanded plume.

Evaluate the in-flight dynamics of the LEM system throughout a
wide range of propellant loadings. '

Second Order Test Objectives.~

8o

b

Evaluate the LEM engine induced environments.

Demonstrate the compatability of the applicable GSE.

System Priorities.-

The system priorities are unchanged from the priorities presented
for LEM-1 (page B2-1).
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3.0
3.1

3.2

Mission Degcription.-

General .-

The launch is planned to take place from the Little Joe facility
of the White Sands Missile Range. The wvehicle will be launched
at an elevation of 859 and on an azimuth which will depend on
the prevailing wind., Four Algol motors will be igunited simulta-
neously at launch, The launch attitude will be maintained by the
booster serodynamic and reaction controls. At launch plus 39
seconds, the remaining three Algols will be ignited. At BECO

the IEM shroud will be separated followed by LEM separation and
booster retrograde., The LEM will be rotated and stabilized with
the X-X axis parallel to the weight vector and Z-Z axis in the
plane of the plamned trajectory. The test ullage rockets will
be ignited, the LEM descent engine started, and the descent engine
tests will commence. These tests will include steady-state
performance at various thrust levels, throttling transients and
response, multiple starts including zero ‘g', operation in the
redundant modes, gimbal monitoring, and possibly malfuncticn tests
by simulated failure, Upon completion of the descent propulsion
subsystem evaluation, the descent stage will be separated in a
simulated abort sequence., Ascent sngine and RCS tests will then
be conducted until impact. The nature of these teste will be
determined with inputs from the ground test program and possibly
the I&EM-1 results.

Detalled Test Sequence,-

Time Lvent

T Electrical power on

L= Activate environmental control

Lo Erect gyros (or align platform)

t+0 First stage booster ignition 4 motors

£+39 Second stage booster ignition 3 motors

t+4h First stage booster cut-off

t+62 Fire T.C.,A's 1 thru 16 in 0.15 second intervals
(air purge)

L+Th Shut down T.C.A,.'s 1 thru 16

t+T5 Pressurize RCS (fire squibs)

t+TT Select descent engine on engine mode select

t+81 Actuate descent helium tank squibs

t+82 Actuate descent propellant tank squibs

£+83 Second. stage booster cut-off (BECO determined Ty

acceleration sense)
Initiate shroud separation

+t+85 Separate LEM from adapter
Initiate booster retrograde
£+86 Rotate LEM X-X axis to earth radial and stabilize
t+87 Select maximum descent engine thrust
Initiate LEM ullage firing
t+88 Ignite LEM ullage rockets
++89 Fire descent engine
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3.2 Detailed Test Seguence.- continued
Time Event

t+90.25 Ullage rocket burnout
t+21h Select redundancies

t+486 Reduce thrust to 5250 1bs.
£+501 Select redundancies

£+516 Reduce thrust to 3675 lbs.
t+531 Select redundsnciles

t+546 Reduce thrust to 2100 1bs.
t+561 Select redundancies

£+576 Reduce thrust to 1050 lbs.
£+591 Select redundancies

+£+603 Open helium injection override
+£+605 Belect auto on helium injection override
+£+606 Incregse to maximum thrust in 0.5 seconds

0.5
+£+609 Decresse to minimum thrust in 0.5 seconds
t+612 Increase to maximum thrust in 0.5 seconds
0.5
0.5

++612.5 Decresse to miznimum thrust in 0.5 seconds
t+613 Increase to maximum thrust in 0.5 seconds
t+617 Select redundsncies

+£+620 Decrease to minimum thrust in 0.5 seconds
t+620,5 Increagse to maximum thrust in 0.5 seconds
t+621 Decregse to minimum thrust in 0.5 seconds

t+624 Shutdown
t+626 Start
+£+629 Shutdown
t+€31 Start
t+634 Shutdown
Stabilization at zero (0) gravity
t+651 Start
t+652 Actuate ascent helium tank squibs
t+653 Actuate ascent propellant tank squibs
£+654 Initiate sbort
£+786 Ascent engine cut-off
RCS test procedure to be supplied at a later date

3.3 Flight Parameters.-

The following parameters are given as descriptive information ard
are not requirements of the test. The test requirement is simply
that the test altitude during the flight be sufficient to provide
a space environment.

3.3.1 Launch (£+0) .-

Flight path angle - 85°
Azimuth - dependent on the wind

3.3.2 Booster Engine Cut-Off (t+83).-

Mach number - 4.3

Altitude (above MSL) - 163,500 feet
Dynemic Pressure - 24 psf

Range - 3.2 WM
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3.3.3

3.3.4

3.4

3.5

3.6

LEM Descent Engine Cut-Off (t+654).-

Mach number - .63
Altitude -~ 999,500 feet
Dynamic Pressure ~ O
Range - 50.6 NM

LEM Ascent Engine Cut-Off (£+786).-

Mach number - .93
Altitude - 720,800 feet

Dynamic Pressure - O

Range - T70.8 MM

Trajectory.-

The nominal, no-perturbation trajectory is shown in figure 3-1.
Since the Little Joe is stabilized only in an attitude hold
mode, there will be disturbances from this nominal. The range
dispersion due to disturbances and/or unknowns in prediction
is discussed in Section 13.0.

Orientation, -~

Vehicle orientation will be as prescribed for LEM-1 (page B3-4.).

Flight Path Corrections.-

Flight path corrections will be applied as planned for LEM-1
(page B3-L).
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4.0 Description of Test Vehicle.-
L.l General.-

The test vehicle comprises the LEM, shroud, and an adapter,
supported on the Little Joe II booster. The LEM is supported by
the adapter which is attached to the booster. The shroud is
supported by the adapter which is attached to the booster. The
configuration is illustrated in Figure Bl-1.

L.2 Vehicle Weight.-

The mass characteristics of the test configuration prior to launch
are shown in the following table.
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o2

bo3

Loby

L.5

(con't)

The mass characteristics of the vehicle are presented in Figure CL-1
as a function of time,

Shroud.-~

The LEM-1 shroud configuration will be used.

Adapter,-

The LEM-1 adapter configuration will be used.,
LAY, -

LEM-2 will have subsystems which are identical to LEM-1 with the
exception of the programmed command sequence. The description
presented for LEM-1 on pages Bh-3 thru BL-21 is therefore directly
applicable to LEM-2.
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PAGE 05’1

5.0 F1ight Test Constraints.-

5.l The prerequisites for this test are:
a. Analysis of LEM-1 data shall have been completed.
b. Prelaunch checkout shall have been completed.

5.2 P.E.R.Toom

The LEM-2 test is presently being PERTed. The basic flow from
checkout to launch is the same as LEM-1 (page B5-1).
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6.0 Aerodynamic & Structural Design Criteria,-

The information presented in this area for LEM-1 is directly
applicable to LEM~2,

5 REPORY
“, 'y v ) DATYE
GRUMMAN AIRCRAFT ENGINEERING CORPORATION




PAGE (71

7.0 Instrumentation Requirements.-

The information presented in this area for LEM-1 is directly
applicable to LEM-2,
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8.0 Tracking and Support Data Requirements.=-

The information presented in this area for LEM-1 is directly
applicable to LEM-2,
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9.0 Prelaunch Operations.-

The information presented in this area for LEM-1 is directly
applicable to LEM-2.
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10.0 Test Management & Organization.-

The information presented in this area for LEM-1 is directly
applicable to LEM-2,
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11.0 Recovery Requirements,-

The information presented in this area for LEM-1 is directly
applicable to LEM-2,
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12.0 Launch Day Requirements.-

The information presented in this area for LEM-1 is directly
applicable to LEM-2,
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13.0 Pad and Range Safety Requirements.-

The information presented in this area for LEM-1 is directly
applicable to LEM=2,
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1L4.0 Data Handling, Processing Analysis and Reporting.-

The information presented in this area for LEM-1 is directly
applicable to LEM-2,
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15.0 Ground Support BEquipment.-

The information presented in this area for LEM-1 is directly
applicable to LEM-2,

REPORT
DATE

GRUMMAN AIRCRAFT ENGINEERING CORPORATION




PAGE

Section

D

TABLE OF CONTENTS, SECTION D

DETATIED TEST PLAN QTV,-

1.0

2,0

3.0

4.0

5.0

6.0

7.0

8.0

9.0

10.0

Introduction

Test Objectives and System Priorities
2.1 General

2.2 Test Objectives

2.3 BSystem Priorities

Mission Description

3.1 General Flight Plan

3.2 Detailed Test Sequence

3.3 Flight Parameters

Description of Test Vehicle

L.l General

Flight Test Constraints

5.1 Prerequisites

5.2 Other Requirements

Aerodynamic and Design Criteria
Instrumentation Requirements

7.1 General

Tracking and Support Data Requirements
Prelaunch Operations

Test Management and Organization

10.1 LEM Project

10.2 QTV Test Organization

REPORT
DATE

GRUMMAN AIRCRAFT ENGINEERING CORPORATION

Dl-1
D2=-1
D2-1
D2-1.

D2-1

D6-1
D6-1
D6-1
D8-1
D9-1
D1c-1
D10-1

Dio-1



PAGE

TABLE OF CONTENTS, SECTION D (con't)

11.0

12.0
13.0
1k.0

15.0

Recovery Requirements

11.1 Test Vehicle

11.2 Data Capsule

Launch Day Requirements

Pad and Hange Safety Requirements

Data Handling, Processing, and Reporting

Ground Support Equipment

REPORT
DATE

GRUMMAN AIRCRAFT ENGINEERING CORPORATION

I I N

D1l-1
D12-1
D13-1
Dli~1

D15=-1




PAGE

Dl-1
1,0 Introduction.-

The information presented in the introduction for LEM-1 (page
Bl-1) is directly applicable to the booster Qualification Test
Vehicle.
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2.0

2.2

2.201

2,202

2.3

D2-1

Test Objectives & System Priorities.-

General .~

The purpose of the QTV test is to demonstrate the capability of
the launch vehicle, with seven algols and a stabalization and
control system to perform adequately the launch phase of the LEM-1
and LEM-2 missions. '

Test Objectives.-

First-Order Test Objectives.-

a., Aerodynamic and control demonstration of the booster plus
payload and shroud.

b. Demonstrate the structural integrity of the booster, payload,
and shroud.

c. Demonstrate the separation of the shroud from the adapter.

de Demonstrate the separation of LEM from the adapter and
booster retrograde.

e. Demonstrate the operation of the LEM-1 & 2 posigrade motors
(if required).

Second-Order Test Objectives.=-

a. Evaluate the boost environments.

System Priorities.-

The booster system priorities are unchanged from the priorities
presented for the booster in the LEM-1 test (page B2-1).
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3.0

3.1

3.2

303

Mission Description.-

General Flight Plan.-

The flight plan for the QTV will duplicate the LEM-1 flight
to the time of booster retrograde,

Detailed Test Sequence.-

Ttem Event
t+0 Ignite L algols
t+39 Ignite 3 remaining algols
t+83 BECO
Initiate shroud separation
t+85 Separate LEM simulator

Initiate booster retrograde

Plight Parameters,-

The pertinent flight parameters for the test are given below:
a. Launch

Flight path angle 85°
Azimuth (dependent on the wind)

b, Second Stage Ignition

Mach Number
Altitude (above MSL)
Dynamic Pressure
Range

¢, BECO

Mach Number
Altitude (above MSL)
Dynamic Pressure
Range

d. Booster Retrograde

Mach Number
Altitude (above MSL)
Dynamic Pressure
Range
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L0 Description of Test Vehicle.-

Lol General,-

The test vehicle will be configured as for the LEM-1 test (page
Bh- ) with the LEM test article replaced by mass and inertia
simulation.
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5.0
Soll

5.2

Flight Test Constraints.-

Prerequisites.-

k=

b.

Ce

d.

Booster stability & control with the LEM-1/boost configuration
shall have been confirmed by wind tunnel tests.

Structural qualification of the booster adapter and shroud
shall have been completed,

Booster adapter and shroud separation tests shall have been
completed.

Prelaunch checkout of the QTV shall have been completed,

Qther Requirements.-

3o

The "Requirements for Work and Resources (FRFWAR) at White
Sands Missile Range® shall have been published. This
document shall include the requirements not only for the
QIV flight but also for subsequent LEM flights,
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6.0 Aerodynamic and Design Criteria,-

This information is given in Section B6.0,
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7.0

7.1

Instrumentation Requirements.-

Generadl .~

The instrumentation requirements for the QTV flight will be
determined subsequent to NASA approval of the flight. Grumman
philosophy is that this flight should be instrumented to
demonstrate clear separation of the shroud and the LEM from the
booster (a camera) and to evaluate the booster environments
preparatory to the LEM-=1 test.
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8.0 Tracking and Support Data Requirements.-

The requirements in this area will be established subseguent
to NASA approvel of the flight.
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9.0 Prelaunch Operations.-

The requirements in this area will be established subsequent
to NASA approval of the flight.
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10.0 Test Management & Organization.-

10,1 ILEM Project.-

An organization chart of the Grumman - LEM project is given on
page Bl0-2.

10,2 QTV Test Organization.-

This information will be supplied ata later date.
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11.0

11.1

11.2

Recovery Requirements,-

Test Vehicle.-

At present Grumman Aircraft Engineering Corporation has no
requirements for recovery of the test vehicle., The requirements
in this area shall be supplied by WSMR and MSC,

Data Capsule.-

A motion picture camera will be enclosed in a recoverable
package, The details are to be determined at a later date.
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12.0 Launch Day Requirements .-

The launch day requirements supplied for LEM-1 are applicable
to the QIV launch.
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13.0 Pad and Range Safety Requirements.-

The LEM-1 pad and range safety requirements are applicable to
Qrv.
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14.0 Data Handling, Processing, and Reporting.-

Data handling, processing, and reporting for the QIV will
follow the same procedure presented for LEM-1 (except for
the onboard tape recorder).
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15.0 Ground Support Equipment.-

The test vehicle ground support equipment requirements have not
been established at this time. This information will be
determined subsequent to NASA approval of the flight.

REPORY
DATE

GRUMMAN AIRCRAFT ENGIMEERING CORPORATION




