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PREFACE

This report describes the effort accomplished under
Contract NAS 5-11295. The primary objective of this
effort was to concept, evaluate and compare a number
of candidate spacecraft propulsion systems, of the
monopropellant hydrazine type, relative to two Venus
missions of an Explorer class satellite, In addition,
effort was expended in conducting parametric and
design studies to develop information useful to GSFC
in conducting spacecraft level trade-offs beyond the
scope of this propulsion study. This study demon-
strated that the mission requirements can be satisfied
using existing equipment and that no new technology is
required.
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INTRODUCTION

This is the final report for the Plantetary Explorer Liquid Propulsion Study which
was conducted by the Hamilton Standard Division of United Aircraft Corporation for
the Goddard Space Flight Center (GSFC) of the National Aeronautics and Space
Administration with Mr. Donald Miller as Technical Monitor.

The primary objectives of this study were to concept, evaluate and compare a number
of candidate spacecraft propulsion systems, of the monopropellant hydrazine type,
relative to two Venus missions of an Explorer class satellite. The propulsion system
of this Planetary Explorer satellite will be utilized to accomplish mid-course tra-
jectory corrections, attitude control, spin control and orbiit maneuvers of the
spacecraft. ’

Technical Contributions to this study effort were providéd by the following individuals
at Hamilton Standard and at the United Aircraft Research Laboratories.

John McCabe - (Program Manager)
Vincent Sansevero (Study Technical Manager)
Carl Arvidson (Design Engineering)
David Jackson (System Analysis)

Paul Falk (System Analysis)

Joseph Genovese (System Analysis)
Richard Toelken (Reliability)

Dr. Aldo Peracchio - UARL (Plume Analysis - Consultant)

This study effort, which was funded under NASA Contract NAS 5-11295, was initiated
29 June 1970, and completed with the submittal of this final report.

1.0-3/1.0-4
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The study program conducted for the Planetary Explorer Program is discussed in
the following three sections of this report.

[ ] Section 3,0 - STUDY PROGRAM SCOPE AND LOGIC

® Section 4,0 - CANDIDATE SYSTEMS

® Section 5,0 - PARAMETRIC AND DESIGN 3TUDIES

Study Program Scope and Logic (Section 3.0) - This section describes the scope

of the study program -- areas covered, types of studies and analysis performed.

Also included is a discussion of the logic implemented -- the technical approach and
the time phasing, or sequencing, of the various engineering tasks as well as the major
program milestones. '

Candidate Systems (Section 4.0) - This section describes the process used to select
candidate systems, and then describes the systems selected as candidates. This
section also describes the criteria used to evaluate the selected candidate systems,
and then presents a comparative evaluation of each of the selected candidates.

Parametric and Design Studies (Section 5.0) -~ This section describes studies

conducted as part of the study program and presents the results of these studies. ,
In some cases, these studies were conducted to develop the data necessary for the o
evaluation and comparison of the candidate systems, but in general these studies

generated information that was either applicable to all candidates, or was in a

parametric form such that GSFC could use the information in spacecraft level trade-

offs beyond the scope of this propulsion system study.

2.0-3/2.0-4
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STUDY PROGRAM SCOPE AND LOGIC _ <

The scope of this study, as defined in the GSFC Statement of Work, is to select,
evaluate and compare a number of candidate propulsion systems which are capable
of performing the maneuvers defined in GSFC Specification Number S-723-P-10,
Revision A, These maneuvers include trajectory corrections, attitude control,
spin control and orbital changes. The evaluation and comparison of the selected
propulsion systems covers the following major areas:

Reliability

Weight

Performance Margin

Power |

Cost

Operations

Components

Structural/Physical Considerations

The logic diagram of Figure 8. 0-1 provides an overview of the study program. The
program defined in the logic diagram is conducted in three successive phases where
the technical approach can be described as one which is directed at examining a

large sample of potential system approaches in a manner that eliminates those

that are unacceptable, or less desirable, with a minimum amount of effort expended,
so that the major effort can be applied in the evaluation and comparison of the more
promising concepts,- This approach is implemented in the three successive phases
where the program progresses from a relatively wide scope and shallow depth look at
concepts to an in-depth evaluation of a narrow scope of concepts. As part of the
study program logic, technical activities were conducted in parallel to the iterative
process of '"narrowing in'' on the preferred system concepts. These parallel technical
activities, which included basic design studies, parametric studies, and basic
performance analysis, in some cases supported the evaluation and comparison of the
various system concepts; but in general, they developed data common to all concepts
which is in a form that may be used by GSFC for program level and spacecraft level
trade-offs in their final selection of a propulsion system concept.

3.0-2
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CANDIDATE SYSTEMS

The selection of candidate systems, from among those originally considered, was
accomplished during Phase I of the study program. Subsequent to this selection,
the candidate systems were evaluated and compared. The evaluation and comparison
activities were accomplished during Phase II and Phase III of the program, The
following aspects of the candidate systems are discussed below,

® The Process of Selecting Candidate Systems

® Description of Candidate Systems Selected

e Evaluation of Candidate Systems

¢ Comparison of Candidate Systems

The Process of Selecting Candidate Systems

Propulsion systems of the type required for the Planetary Explorer application
can be characterized and evaluated on the basis of the particular approach taken in
implementing each of the basic system functions which are listed below. In almost
all cases which can be postulated, the evaluation and selection of the optimum

method for any one function can be accomplished independently of the methods
selected for the functions.

Propellant orientation

Propellant pressurization

Propellant feed system (to the engines)

Quantity, location and thrust level of rocket engine assemblies (REA's)

The applicable propulsion subsystem specification for the Planetary Explorer
spacecraft stipulates the use of bladderless tanks since orientation will be accom-
plished by the acceleration forces exerted due to the spin stabilized mode the
spacecraft will operate in. Alsc stipulated was the use of a '"gas blowdown'' method
for propellant pressurization and a 5 lb thrust rated engine assembly. This left the
following two system characteristics to be concepted and evaluated.

® Propellant feed system (to the engines) -
®  Quantity and location of 5 lb thrust rocket engine assemblies

The process of selecting candidate propulsion systems on the basis of evaluating the
two basic system characteristics mentioned a’bm}e is illustrated in the logic diagram
of Figure 4.1-1, The various engine placement concepts and engine feed system
concepts, combinations of which constitute a propulsion subsystem, considered as

part of the selection process, are illustrated in Figures 4.1-2 and 4. 1-3, respectively,

and referenced in the logic diagram.

40 1_1
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(Continued)

The evolutionary process of developing feed system concepts is illustrated in Figure
4.1-3, along with a ""Fundamental System' design concept which is used as a
reference. The fundamental system is used to define the simplest system concept
which will provide all required capabilities. This baseline system excludes from
consideration the possibility of any equipment malfunctions, or error in judgement.
The fundamental system then becomes the basic building block which has to be
augmented to arrive at the system which most effectively supports the Planetary
Explorer mission objectives.

As shown in the logic diagram of Figure 4. 1-1, engine placement concepts and feed
system concepts were evaluated and concepts recommended for further evaluation
were selected using the criteria in Tables 4. 1-I and 4. 1-1II. The recommended con-

cepts, which are illustrated in Figure 4. 1-4, were submitted to GSFC. After review

and evaluation by GSFC, the final selection of candidate system concepts was made
(Reference Figure 4. 1-5) and with minor modification were those concept.
recommended by Hamilton Standard.

A relative rating of the selected candidate engine placement concepts, based on the
evaluation criteria established, is presented in Table 4.1-III. The candidate sub-

system concepts identified in Table 4. 1-IV were established by combining the selected -

engine placement concepts with the selected feed system concepts.

4,1-2

g
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‘ TABLE 4,1
EVALUATION CRITERIA FOR ENGINE PLACEMENT CONCEPTS
No. of Engines Required Peak AV Propellant Adaptability of
for Type of Maneuver Power R‘eq.‘d _Efficienf:y Functional Engine Grouping {
No. of No. of Per AV Firing with Any Single to Perform Maneuvers
Concept Engines Modules AV Attitude Spin Maneuver Engine Failure with 50% of Engines
P1 10 3 4@ 1 2(1) High Good Good
P2 8 4 3 1 (1) Moderately High Good Good
P3 10 3 3 2(1) 2() | Moderately High Good Good
P4 11 3 5 1 2(1) High Good Good
P5 8 4 4 2(1) 2(1) High | Good(2) | Excellent :
Pé 6 2 2 1 2(1) Moderate Low Poor
P7 6 4 3 2(1) 2(1) Moderately High Good Medium
P8 4 4 4 2(1) 2(1) High Poor —_—
P9 6 4 3 2() 2() | Moderate Low Poor
P10 8 6 2 1 20 2(1) Moderate Good Excellent
P11 5 - 5 5 1 1 High Low Poor
P12 6 4 191 2 2(1) Low Good Medium

) pure couple
{?) Can perform all mission maneuvers with any two engines failed closed
() Good resolution

TABLE 4.1-III

0 : RELATIVE RATING OF SELECTED ENGINE PLACEMENT CONCEPTS
No. of Engines Required Peak AV Propellant Adaptability of
for Type of Maneuver Power Req'd Efficiency - Functional Engine Grouping |
No, of" No. of Per AV Firing with Any Single | to Perform Maneuvers
Concept | Engines Modules AV Attitude | = Spin Maneuver Engine Failure with 50% of Engines
P5 8 4 4 2( 2(1) High Good(2) Excellent
P7 6 4 3 3(1) 21 Moderately High Good Good
P10 8 6 2 | 20 2(1) | Moderate Good Excellent
P12
Modified 6 4 1 | 2(1) lor2 Low ‘ Good, Excellent
P13 8 6 2 2(1) 1or 2 | Moderate Good Excellent

(1) pure couple
(2) can perform all maneuvers with any two engines failed
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TABLE 4,1-II

R

} | EVALUATION CRITERIA FOR FEED SYSTEM CONCEPTS
Positive Propellant Multiple Operationul
Isolation From Isolation of Capability of t
Engines During Engine Functional Propellant Isolation  Series Redundant Number of Diagnostic Operational
Concepts Launch & Test Groups Device Isolation Valves Isolation Valves Capability Complexity
F FS-1 No No Yes No 2 No Low
? FS-2 No Yes Yes No 2 Yes Low
FS-3 Yes No No No 1 No Low
FS-4 No Yes Yes Yes 4 Yes Moderate
FS-5 No Yes* Yes Yes gt No High
FS~6 Yes . Yes** No No 4 No Moderate
FS-7 Yes Yes+* No No gt No High
L ¥S-8 Yes Yes Yes No ! Yes Moderate
Notes: For a six engine placement concept

t

tt Downstream pressure sensing

*  Isolation valve back-up to each engine control valye

**  Determination of which ordnance valve to close difficult

r | TABLE 4.1-1IV ;
é PROPULSION SUBSYSTEM CONCEPTS SELECTED AS CANDIDATES

Engine Feed
Candidate Placement System
Subsystem Concept Concept
I P-5 ‘ - F$-2
I Pog FS-4
Ii1 P-5 . FS-8
v P-7 FS-2
v P FS-4
VI P-7 . FS-8
Vi P-10 Fs-2
, vir P-10 FS-4 '
{ X P-10 F5-8
X P-12M - £S-2
X1 P-12M F5-4
? X1t P-12M Fs-8
‘ X1 P-13 L PS-2
X1v P-13 ‘ FS-4
xv ' P-13 Fs-8

4,1-13/4.1-14
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4.2

Description of Candidate Systems Selected

The 15 candidate systems selected consist of combinations of 5 different engine
placement concepts and 3 different feed system concepts. Table 4. 1-1V identifies
the combination of engine placement concept and feed system concept Whlch distin-
guishes each candidate system.

The propulsion subsystem layout drawings illustrated in Figures 4.2-1a through
4.2-1e represent the 5 different engine placement concepts and each layout drawing
shows schematically each of the 3 feed system concepts. The only difference in
systems with the same feed system concept being in the line routing to the engines.
The component layout for each of the selected feed systems is shown in the auxiliary
views of the component panel, and the propellant tank arrangement for both the
Orbiter and Probe configurations are illustrated, with the Probe tank arrangement
in the reduced scale alternate view. The actual difference between the Orbiter and
the Probe engine module locations is dependent upon the physical configuration of the
spacecraft, and the location of the vehicle center of gravity.

In all of the propulsion subsystems the bladderless propellant tanks are installed in
the spacecraft tankage bay and manifolded together on both the pressurant and pro-
pellant outlet ports. The tanks represented in the lIayouts' are the Fansteel Inc. three
port tanks used on the IDCSP/A spin stabilized satellite which are suitable for the
Planetary Explorer application with respect to both the volumetric capacity and the
porting requirements, The pressurant manifold provides pressure equalization
between the tanks during operation, and is connected to the pressurant fill and vent .
valve located on the component panel to perform the fill and vent operations. This
portion remains the same for ail candidate systems, The tank dual propellant outlet
port provides the capability to drain propellant during ground testing of the propulsion
subsystem and during flight when the spacecraft is spinning. The port arrangement
also permits draining the system for off loading and provides the capability to flow
flushing fluids through the system by flowing into the pressurant fill and vent port and
out the propellant fill and drain port. The tank outlet ports are connected to a circum-

ferential propellant manifold with a line going to the component panel where the N

propellant fill and drain valve, pressure transducer, filter and isolation valves are
located. The number and fype of isolation valves is represented by the three compo-
nent panel arrangements illustrated in the auxiliary views. Propellant lines are then
routed to the respective engines and are manifolded into two basic subsystems
controlled by latching valves permitting isolation of one or both of the subsystems
from the propellant supply., Each of the candidate subsystems has the engines
necessary to perform the Ve1001ty correction, attlmde control and spin control
maneuvers required,

‘The engine locations conform to the positions represented in Figure 4.1-5 for each

of the layouts. Engines required at the ends of the vehicle, either radial or
tangential, are located such that they are mounted to brackets or supports on the
ends of the spacecraft with no penetration through the solar arrays. Positioning

the engines in this manner permits ease of installation and maintenance. There
should be no interference with the spacecraft antenna since the engines shown have
a low profile. In subsystem concepts where radial and tangential engines are located

4.2-1 o [ | L
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(continued)

within the spacecraft, these engines are presently shown not protruding through or
interfering with the solar arrays. Where engines protrude through the spacecraft,

the engines are shown semi-buried where the valve and mounting structure are
internal and, in the case of the gimballed engine, the gimbal actuator is internal.

Since all the candidate subsystems are similar except for the number of engine
modules, the number of components on the component panel and the propellant line
routing to the engine modules, the basic installation method for each of the sub-
systems into the spacecraft is considered the same. The engine modules being
removable from the subsystem facilitates the installation of a completely fabricated
subsystem, less the engines, into the spacecraft, The subsystem components are
assembled and positioned on a fixture representing the vehicle mechanical interface
mounts. This fixture may be either removable, with the support of the subassembly
transferred to a handling fixture, or the handling fixture utilized both for assembly
and handling. The integrated subassembly, consisting of the tanks, component
panel with components mounted, and the propellant lines which mate with the engines
attached to the handling fixture can be "dropped" into the vehicle frame and mounted
at the subsystem/vehicle interfaces. During installation of the subsystem into the
spacecraft, propellant lines required for any aft mounted engines ‘can be routed
through clearance holes in lateral bulkheads of the vehicle. The engine modules are
installed after the integrated system has been mounted to the spacecraft and
mechanical joints are provided for the tubing connections. Figure 4.2-2 illustrates a
typical installation of a propulsion subsystem into the spacecraft. Candidate system
Number I has been shown as a typical example in this illustration.

- 4.2-2
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Evaluation of Candidate Systems

The following section (4.4) presents a comparative evaluation of the candidate
systems. The criteria which were used to evaluate and compare these candidate
systems, and the manner in which these criteria were applied, are described below.

The criteria used to evaluate the candidate systems were organized into the following
major categories:

® Absolute Criteria
® Quantitative Criteria
® Qualitative Criteria

Initially each candidate had to satisfy an absolute criterion, which is essentially the
requirements of GSFC Subsystem Specification No, S-723-P-10. After this was
achieved, the remaining candidates were studied both quantitatively and qualitatively

to yield visibility into how they compared to each other in satisfying the Planetary
Explorer technical and programmatic requirements,

In the quantitative evaluation five parameters were considered, each of which is
broken down into end items which are either graphical relationships, finite quantities,
or considerations which each system can easily be numerically ranked against.

In the qualitative evaluation three parameters are considered, each of which is
broken down into end items which are discussed for each candidate system,
Comparative items which are common to each candidate concept (such as component
vendor choice, preflight operations, etc.) were not discussed as part of the

qualitative evaluation, but are presented as separate studies in Section 5. 0 of this
report.

Considerations and tasks which were included in each criteria category are listed
below. Where one of these items was specified in the GSFC Statement of Work (SOW),
the applicable paragraph number of the Statement of Work is referenced. ’

® ABSOLUTE CRITERIA

All candidate systems must meet NASA subsystem specification
No. S=723-P-10 Rev, "A" as modified by NASA correspondence,

® QUANTITATIVE CRITERIA

The following parameters which can be compared quantitatively will be
evaluated for each candidate system.

e
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- 4,3 (continued)

A. Reliability

1. Weight vs reliability SOW (2.1.1)
2. FMEA and redundancy analysis SOW (2.4)
3. Design complexity SOW (2.7.3)
4, Numerical reliability SOW (2.7.2) (3.6)
B. Weight
1. Propellant weight vs spin rates SOW (2.1,2)
2. Engine performance curves SOW (2.1,5)
_ 3. System Weight SOW (2.7.1)
} 4, Mission propellant weights SOW (3.1)
C. Performance Margin

1. Accuracy analysis SOW (2.1.6)
2., Fuel Dump SOW (3.8)
3. Maneuver time margin

4, Accuracy margin

5. Life margin

D, Power

, 1. Power profile vs spin rate SOW (2.1.3)
b 2. Power conditioning SOW (2. 3)
f 3. Power vs time SOW (3. 3)
4, Peak and ave power(normal and degraded)

1. Design/analysis cost
2. Development test cost
[' o 3. Qual test cost
T 4, Acceptance test cost
5. TFabrication costs

® QUALITATIVE

‘The following parametérs which cannot be readily compared quantitatively
will be discussed in general, and for specific candidate systems, if differ-
ences exist between systems. o

4,3-2
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4,3 (continued)

A, Operations

Pre-flight operations
Flight operations
Operational complexity
Failure identification
Safety

QL W N =
®

B. Components

Tankage weight vs total impulse
Valve data ~
Component weight data
Component development status
Component requirements

Ulih.bal\?l—d

C. Structural/Physical Considerations

4,3-3/4.3-4 .
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SOW (2. 8) (3.7)
SOW (2. 8) (3.7)
SOW (3. 9)

SOW (2. 14)
SOW (2.5)
SOW (3.1)
SOW (3. 4)

1. Thermal analysis SOW (2.2)
2. - Plume study . SOW (2. 6)
3. Layouts SOW (2.9)
4, Thermal requirements SOW (2.5)
5., Leakage paths ’
6. Magnetic effects
7. Environmental (vibration/shock ACCeleration)
8. Feed system dynamics
9. Contamination control

10. C.G. tolerances

PP B
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Comparison of Candidate Systems

The following sections, 4.4.1 through 4. 4. 8, present a comparison of the 15 candidate
systems against the evaluation criteria outlined in the preceding section (4.3). A
summary of the comparison data developed in these sections is shown in Tables
4.4,.0~1 and 4.4, 0-U for the Orbiter and Probe missions, respectively.

The numerical reliability assessment of each of the candidate systems satisfies the
GSFC specification requirement, However, the values are so close to each other that
it is meaningless to attempt to draw a significant conclusion from these numbers alone,
The trends do indicate a slight advantage for candidates using feed system FS-8

(the system with two latching valves and one squib valve), and a more significant
disadvantage for engine placement concept P-12 -- the gimballed engine system,

In comparing system weights, the total spread is less than 6 pounds between any two
propulsion system candidates, Those candidate systems which utilize feed system
concepts FS-2 and FS-8 are at approximately the same weight, and there is about

a 2 pound penalty for feed system candidates that utilize concepts FS-4 -- the system
with four latching solenoid valves. Systems utilizing engine placement concept P7

(6 engine system) realize a 2 to 3 pound welght advantage over the candidate systems
utilizing 8 engines.

All systems for both missions meet the requirements for maneuver rate and resolution.

However, candidate systems which utilize engine placement concept P-5 (the system
with 8 engines in four two-engine clusters firing alongside the vehicle) have a very
significant flight operational advantage. In the performance of AV maneuvers, this is
the only engine placement concept that provides a one-for-one correspondence between
random engine thrust vector angular tolerances and spacecraft thrust vector tolerance.
In all other systems, these errors cause a change in vehicle spin rate. The change

in vehicle spin rate magnifies the spacecraft thrust vector error. As a result, in
order to maintain the spin rate tolerance and minimize the vehicle thrust vector error,
all candidate systems using engine placement concepts other than P-5 require breaking
the large AV maneuvers into many small maneuvers. Tables 4.4.0~-I and 4,4, 0-II list
the maximum number of maneuvers required to perform AV maneuvers under the

title of "AV complexity." '

The question may arise as to the effect that engine thrust magnitude changes have on
spin rate changes in system P-5, The answer to this question is that the major source
of this error is engine-to~engine repeatability and this error is calibrated out during
the flight calibration firing, :

The relative program costs of the candidate propulsion systems, and their evaluation
against the qualitative criteria, are shown in the summary tables using a ranking
technique. The lowest numbers are applied to the systems whlch rank the highest
qualitatively, or have the lowest program cost,

4.4-1
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(continued)

Without the benefit of weighting factors which can be applied to the various evaluation
criteria, it is difficult to make a propulsion system selection based upon the preceding
summary of the comparison study. However, some trends are indicated by the

data., TFirst, engine placement concept P-5 offers a significant operational advantage.
Second, feed system FS-8 offers a slight reliability advantage with a negligible cost
and weight penalty. As a result, Hamilton Standard recommends that candidate
system III be selected for the Planetary Explorer application based upon our present
understanding of the Planetary Explorer mission requirements. This system consists
of engine placement concept P-5 combined with feed system concept FS-8.
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TABLE L4.L.0-T.

SUMMARY COMPARISON OF CANDIDATE SYSTEMS - ORBITER MISSION

Criteria

Candidate T I TIT IV v VI VI
Subsystem P-5 P-7
Characteristic FS~-2 FS-4 FS-8 FS-2 FS-4 FS-8 FS-2
Rellability 995696 995697  .995697 | .995879  .995880 995880 | .995
System Weight (wet) 134.8y  136.27 135,65 | 131.ke 132.8)  133.23 | 135.
1bs )
Maneuvering
Rate: A V'(T/see2) 0181 .0181 .0181 .0091 .0091 .0091 .0091]
Ao (°/min) 50.1 50.1 50.1 50.1 50,1 50.1 50,2
A N (rpm/min) {121 121 121 122 122 122 122
Resolution: A V (%/sec) .0049 .00kL9 .00Lo .0018 .0018 .0018 .0030
*Ao(°) .133 .133 .133 .13k .13L .13L .133
AN (rpm) 1 1 J11 11 11 11 11
AV Complexity 3 fgk‘ 3 29 | 29 29 29 |
Power (Watts) Max
(Without Conditioning)
Mission Ave. .001814  ,001814  ,001814 | .001820 .001820 .001820 | .001
Peak Ly, 64 Ll ,6h Lk, 64 33.58 33.58 33.58 Ll 6]
(With Conditioning)
Mission Ave, .000925  .000925 .000925 | .000928  .000925  .000928 | .000
Peak 22.32 22.32 22,32 16.79 16,79 16.79 22.3
Program Cost 2 3 2 1 3 1 3 .
Relative Rating
Against Qualitative 1 3 1 1 3 2 2

#Resolution for Aa 1s obtained by firing one engine ,025 secomds for orbital mission onlj
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Fi
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L

VIT VIIL IX X X1 XIT XIIT XIV XV
P-10 P-12 P-13
P F§-2 FS-4 FS-8 FS-2 FS-L Fg-8 FS-2 FS-k Fs-8
880 | 1995696 995696 995697 | .993015  .993016  ,993016 | .995696  .995697  .995697
~ 7 - ~ - "g
23 1135.08 136.46  135.85 | 133.65  135.07 13446 | 133.52  13h.9h  13L.3L
s
- égogl 58021 . 0091 . . 0060 .0060 L0060 . 0076 0076 . 0076
i3 100 ioéz 20.3 50.3 50.3 50.2 50.2 50.2
. 0030 5030 g 122 122 122 102 122 122
| 133 33 ~103O .0020 .0020 .0020 .0025 .0025 .0025
11 1 3 -133 .133 .133 133 .133 .133
y y L1 11 11 1 11 L1 11
L = = 23 29 29 29 29 29 29
f
1820 | ,001815  ,001815 .001815 .001813  ,001813  .001813 | .001815  .001815 . ..001815
8 Ll 6k S Lh,eh 02,32 22.32 22,32 22.32 22,32 22.32
928 [.000927  .000927  .000927 | .00092k .00092L4  ,00092Lk | .000927  .000927  .000927
9 | 22.32 22,32 22.32 11.16 11.16 11.16 11.16 11.16 11.16
3 5 '3 4 6 i 3 5 3
2 L 3 3 5 n 2 y 3

issi bn oniy
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TABLE 4.4.0-TI, SUMMARY COMPARTSON OF CANDIDATE SYSTEMS - PROBE MISSION
Candidate T TT IIT IV v VI VII
Subsystem P-5 P-7
Characteristic FS-2 FS-4 FS-8 FS-2 FS-U FS-8 Fg-2
Rellability .995696  .995697  .995697 | .995879  .995880  .995880 | .99569
System Weight (wet) 101.84%  103.26 102.67 | 98.17 99.59 98.98 102.03
1bs '
Maneuvering
Rate: AV (m/sec ) 1,009k . 009 . 0094 .0050 .0050 .0050 .005
Ax (° (11.5 11.5 11.5 11.5 11.5 11.5 11.5
AN ( pm/mln) L6 L6 46 L6 L6 TS L6
Resolution: A V (m/sec) .G055 .0055 .0055 .0029 .0029 .0029 .0029
A o (°) .128 .128 .128 .128 .128 .128 .128
A N (rpm) .08 .08 .08 .08 .08 .08 .08
A V Complexity 3 3 3 13 13 13 13 !
Power {Watts) Max
Without Conditicning
Mission Ave. .002810  .002810  ,002810 | .002673  .002673  .002673 | .00281C
Peak 4L, 64 4L, 64 Ll 64 33.58 33.58 33.58 LYy 64
With Conditioning « j
Mission Ave. .001433  .001433  ,001433 | .001363  .001363  .001363 | .001k433
Peak 22.32 22.32 22,32 16.79 16.79 16.79 22.32
Program Cost |2 3 2 1 3 1 3
Relative Rating |
Against Qualltative 1 3 1 1 2 2

Criteria
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L%

VT VIT TTIT X X %T YT XTIT XTIV XV
P-10 P-12 P-13

S-8 FS-2 FS-4 FS-8 FS-2 Fs-U ¥S-8 FS-2' FS-U FS-8
995880 | .995696  .995696  .995697 -993015  .993016  .993016 | .995696  .005697  .995697
p8.98 | 102.03  103.L5 102.84 100.60 102,02 101.L1 | 100.48  101.90  101.29
!
0050 -005 -005 .005 .00k .00l .00k ,007 .007 iiog
1.5 11.5 11.5 11.5 11.5 11.5 11.5 11.5 11.5 .
6 46 46 46 46 46 46 46 46 W6
0029 0029 .0029 .0029 L0023 - ,0023 .0023 .0039 .0039 .0039
128 .128 .128 .128 .128 .128 .128 .128 .128 .128
08 .08 .08 .08 .08 .08 .08 .08 .08 .08
g 13 13 13 =3 13 13 13 13 13
002673 | .002810  .002810 .002810 002691 .002691  ,002691 | .002692  .002692  .002692
3.58 Ll 6l Ly 64 Ll 6L 22.32 22.32 22,32 22.32 22.32 22.32
901363 .001433 001433  ,001423 .001372  ,001372  .001372 | .001373  .001373  .001373
5.79 | 22.32 22.32 22.32 11.16 11.16  11.16 11.16 11.16 11.16

3 5 3 L 6 I 3 > 3

2 L 3 3 5 L | 2 L 3
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4.4,1 Reliability:

All of the candidate subsystems were analyzed and each of them meet the reliability
requirement, using the failure rates and analytical methods described in paragraphs
5.2.2, and 5.2.4. The several feed systems have the same reliability, out to the

sixth significant place after the decimal. The engine placement concepts are very close
to each other, to the third significant place. Thus, it is evident that the engine place-
ment is the stronger influence on the subsystem reliability as determined by the
referenced methods.

It should be recognized that the precision of the failure rates does not, of itself,
justify calculating subsystem reliabilities to six significant places. Each of the
calculations applies the same failure rates consistently, so that their value lies in
the comparison of the candidate subsystems, regardless of the unknown inaccuracies
which may exist in the failure rates.

The quantitative analyses of reliability have not considered any electrical control
components or equipment except the electrical portions of those items shown on the
failure rate listing in paragraph 5.2.2. It is recommended that all signal sources
providing commands for the candidate subsystem be redundant.

The principal sources of potential unreliability are, in order of their importance:

a. Closing and reopening of manifold valves between engine firings ‘
b. The engine gimballing actuation on engine placement concept P12
c. Propellant-line connections of the individual engines to the feed system

d. Engine valves (if it were not for the many redundancies, and the manifold
valves, this would be the greatest single influence on subsystem reliability)

Diagnosis and correction of troubles will be facilitated if temperature sensors are
provided on each of the engines, to provide a clear indication of whether the engines ~
are responding to command. It is also recommended that the manifold valves be S i
kept closed except for the periods in which thrust will be required. This will minimize S

~navigational error which would result if an engine operated inadvertently for the time |
of communication to~-and-from a ground station. It may also enable normal operations
with an engine valve having a minor internal leak failure.

The numerical reliability assessments for sach of the candidate systems are shown in
Table 4.4.1-I. As the listed values indicate, there is no significant numerical
difference between the candidates, but feed system concept FS-8 indicates a preferen-
tial trend. '

A summary comparison of candldate system launch \veloht and numerlcal rehablllty
assessments is presented in Table 4.4. 1-1I.

4.4-6
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TABLE 4.4.1-I. NUMERICAL RELIABILITY ASSESSMENT FOR CANDIDATE SUBSYSTEMS

Candidate Engine Feed System Engine Peed System Subgystem Relial

Subsystem | Arrangement | Arrangement | Reliability | Rellability | Reliability Ran
I P5 Fg-2 .995 73k .999 912 1995 695 8,
IT P5 FS-k .995 78k 999 912 .995 697 6
IIT P5 Fs-8 995 784 .999 912 .995 697 L
Iv P7 FS~2 995 967 .999 912 .995 888 3
\s P7 FS-4 .995 967 .999 912 .995 888 2
VI P7 FS-8 995 967 .999 912 .995 880 1
VIT P10 FS-2 995 783 .999 912 .995 690 9
VIiI P10 FS-L 995 783 .999 912 .995 695 7
IX P10 Fs-8 995 783 .999 912 .995 697 5 3
X P12 F8=-2 993 103 .999 912 .993 015 12‘
%I P12 FS-L 993 103 .999 912 .993 016 11 |
XTI P12 FS-8 993 103 .999 912 .993 016 10
XIII P13 FS-2 995 78k .999 912 .995 696 8
XIV P13 FS-L 995 78k .999 912 .995 697 6
XV P13 F$-8 995 78U 1999 912 .995 697 b
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TABLE 4.4,1-II. WEIGHT VS RELIABILITY SUMMARY - PLANETARY ORBITER

Canaidate Total Weight (Ibs) Ectimated Reliability
I 134,04 Y Y
II 136.27 995 697
TII 134,43 995 697
v 131.k2 -995 879
\ 133.64 .995 880
VI 131.81 .995 880
VIT 135.04 995 69(:3
VIIT 137.26 995 696
IX 135.43 995 697
X 133.65 .993 015
XI 135.87 .993 016
XII 134 .04 .993 016
XIIT 133052' .995 696
XIV 135.74 .995 697

Xv 133.92 99" 4f7 B
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S 4.4,2  Weight

A weight summary for the Planetary Explorer Orbiter and Probe candidate propulsion
subsystems is presented in Table 4.4.2-I. This table summarizes the dry weight,
propellant and pressurant weight, and the total charged weight for the candidate
subsystems. A breakdown of the dry weight, and of the propellant weight allocation
by maneuver, is presented in Tables 4.4.2-II and 4, 4.2-III for the Orbiter and Probe
e missions, respectively. The candidate subsystems are very similar with the

= ¥ significant differences being in the number and physical location of eugines for each
subsystem, and in the number and type of isolation valves in the upstream feed

: system, The number of engines obviously affects the subsystem weight, but the
location of the engines on the spacecraft also influences the weight because of the
following factors:

v

= e Engine mounting structure
s ® Propellant feed tube length
® [FElectrical wiring harness and connectors

S The upstream feed system component arrangement selection influences the subsystem
S weight for the following reasons:

&  Number of isolation valves, pressure transducers and test ports
e Type of isolation valves - ordnance vs latching solenoids
o Component panel size - dependent upon component arrangement

’ g The weight variation between all candidate subsystems and between subsystems
'with the same number of engines and similar feed systems is presented in Tables.
‘4,4.2-1V thruough 4. 4.2- VI.

Comparison of subsystems with the same number of engines and similar feed systems
' as listed in Table 4. 4.2-VI shows weight variations of approximately 1.1% and 1.5%
bt for the eight engine concepts and 1.7% and 2. 5% for the six engine concepts, for the
e Orbiter and Probe, respectively. The weight variation influence in these cases is

in the propellant tubing length, mounting brackets and electrical wiring harness.

The two six engine candidate subsystems have more significant differences because
of the gimbal actuators required for the one system.

S The variation in the propellant required for performing the spacecraft maneuvers
between the various candidate subsystems is insignificant, and is less than 0.4% of the
launch weight of the systems. In other words, the mission average specific impulse
for the candidate systems is approximately the same for all candidates.

-
;L
i
i
I
i
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TABLE 4.4.2-I. WEIGHT SUMMARY - ORBITER AND PROBE
ORBITER PROBE,
Candidate Dry *«2%%6&1& Total ng%}flég lbs) Total
Subsystem . Wt (1bs) wt.(lbs)*1Wt(1bs) wt. (1bs ) {Wt (lb§%
I (P-5/FsS-2) 4k .3 90,54  13k4.84)| 37.3 64.54 | :101.8L
ITI (P-5/Fs-U4) L5.72 90,5k 136.27ff 38.72)  6L.54 -103 . 26
ITI (P-5/FS-8) 45.11 90.54  135.65| 38.13] gu.su | :102.67
v (P-7/Fs-2) Lo.b42 91.0 131.befl 33.42)  6h,75 98.17
Vv (P-7/FS-4) 41,84 91.0 132,89 34.84%} 64,75 | :99.59
VI (p-7/FS-8) 41.23 91.0 132.23' 3h.23]  6h4.75 98.98
VII (P-10/F8-2) LL .35 90.69 135.04) 37.35| 64.68 102,03
VIII (P-10/F8-4) 45,77 90.69 136.46| 38.77| 64.68 103.45
X (P-10/Fs-8) | 45.16 90.69 | 135.85| 38.16| 64.68 | 102.8L
X (p-12M/FS-2) | u3.07 90.58 1336.5]| 36.07| 64.53 100.6
XTI (P-12M/Fs-4) | Lh.hko 90,58 135.07| 37.49| 64,53 102.02.
XIT (P-12M/FS-8) | L4k,88 90,58 134,46 36.88| 64,53 101.41
XIIT (P-13/Fs-2) 43.0 90.52 133.521 36.0 64 .48 100.48
XIvV (P-13/Fs-k) Ll Lo 90.52 | 134.94|l 37.42| 6L.48 | 101.90
XV (P-13/Fs-8) 43.81 90.52 | 134.34|l 36.811 64,48 | 101.29
A

4.4
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(continued)

Propulsion subsystem balancing weight has not been included in the weight analysis.
Factors which have the greatest impact on subsystem unbalance are the unsymmetrical
location of the engines on some of the candidate systems, and the modularized compo-
nent panel located near the vehicle skin panels. The '""dead weight' required to
compensate for this unbalance would be prohibitive, approximately 5 and 10 lbs for
engine placement concepts P-12 and P-13, respectively; and the unbalance in these
cases could be better accomplished by judiciously locating the spacecraft packages

to offset the unbalance. Unbalance caused by the tank location and weight tolerances

is discussed in Section 5.12 (C.G. Tolerances).
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TABLE 4 04 02-IV

MAX. WEIGHT VARIATION BETWEEN SUBSYSTEMS

Candidate "
Subsystem Subsystem Charged Weight

' ' Orbiter Probe
VIII (P-10/FS-L4) 136.46 7 103.45
IV (P-7/Fs-2) 131.42 98,17
Weight Variation 5,04 5,28

TABLE 4.4,2-V
MAX. WEIGHT VARIATION BETWEEN SUBSYSTEMS
WITH SAME NUMBER OF ENGINES

Subsystem Charged Wt

Cendidate ' Orbiter Probe
Subsystem 8 REA's 6 REA's 8 REA's 6 REA's
VIII (P-10/FS-L) 136.46 © 77 103.k45

XIII (P-13/FsS-2) 133.52 - 100,48 .
XI (P-12M/FS-4) 135.07 ' - 1o2.2
Iv (P-7/FS-2) 131.42 98,17
Weight Variation | 2.94 3.65 2.97 3.85

TABLE 4.,4,2-VI

MAX, WEIGHT VARTATION BETWEEN SUBSYSTEMS

OF SIMILAR FEED SYSTEMS AND SAME NUMBER OF ENGINES

Subsystem Charged Wt

Candidate Orbiter Probe

Subsystem . 8 REA's 6 REA's 8 REA's 6 REA's

VII (P-10/FS-2) o 135.0% 0 102.03

XIII (P-13/FS-2) 133.52° 100,48 |

X (P-12M/FS-2) © 133.65 .= 100.6

v (P-7/FS-2) 131.ke 98,17
| Weight Variation 1.52 2,23 1.5 2.k3




Hamilton

DIVISION OF UNITED AL!RJCRAFT CORPORATION SP07R 7 0-F

Standard Ae

4,4.3

| 4.4,3@)

4.4.3()1

Performance Margin

The performance margin for the candidate propulsion systems has been considered
from the following two aspects which are discussed in detail in the subsequent
sections,

a, The margin ava1lable for performing all requlred maneuvers within rates ,
accuracy and resolution required.

b. The operating life margin available in the Rocket Engine Assemblies (REA's)
selected for each candidate system. Operating life margin is the difference
between the operating life required for the Planetary Explorer Orbiter and
Probe missions, and the operating life capability which has previously been
demonstrated.

MANEUVERING RATES, RESOLUTION AND ACCURACY:

A performance analysis of the five candidate systems has been conducted for the -
purposes of comparing the relative suitability of each in performing maneuvers
required for the Planetary Explorer Probe and Orbiter Missions, The results of this
study indicate that all candidate systems are capable of meeting the maneuvering
rate; accuracy and resolution requirements defined in the subsystem specification
(S-723=0-10 Rev. A). There are, however, significant differences in performance
margin and operational complexity which allow the candidate systems to be ranked.
Performance parameters typical of the Hamilton Standard IDCSP/A 5 1b thrust
engine were used as a basis for the study.

Maneuveringl Rate

Minimum maneuvering rates for the candidate subsystems were calculated and are
presented in Table 4.4.3(a)-I (Orbiter) and Table 4.4, 3(a)-II (Probe) along with the
mission requirements and the mission event at which the minimum rate occurs.

With regard to the rate of Veloci_ty change, the distinguishing factor between candidates

is the number of AV engines firing; hence systems with engine placement configurations

P5 and P10 (four AV engines) exhibit the highest AV maneuvering rates, while systems
with engine placement configuration P12 (one AV engine) exhibit the lowest rate for both
Probe and Orbiter missions. All of the AV rates for both Probe and Orbiter missions
are w1th1n spec1f1ed limits, o LR

The precessxon (A o ) maneuver rates are equal for four of the ﬁve candidates, with
candidate systems utilizing engine placement configuration P7 havmg a lower rate of

' 'change due to the smaller moment arm between engines.

4.4~16
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TABLE L.4.3.1-I.

MANEUVERING RATE MARGIN - ORBITER MISSION

—~rr 1w ol

Candidate Maneu-~- Specification
Systems ver Minimum Rate Mission Event Requirement
I, IT & III AV 1.81 x 1072 m/sec® | 21, 2 m/sec  V | 3.74 x 1073 m/sec? *
(P-5) Aa 50.1°/min 28, 6° Precession{ 3°/min

AN 121 rpm/min 13.14 & 2.5 rpm 20 rpm/min
IV, V & VI AV .91 x 1072 m/sec® | 21 3.74 x 10-3 m/sec?
(P-7) A a 50,1 °/min 28 3°/min
' AN 121 rpm/min 13, 14 20 rpm/min
VII, VIII & IX AV .91 x 10-2 m/sec® 21 3.74 x 10 3 m/sec?
(P-10) Aa 50.2 °/min 28 3°/min

| AN 122 rpm/min 13, 1k 20 rpm/min

X, XI & XIT AV |60 x 1072 m/sec? 21 3.74 x 1073 m/sec?
(P-12) A a 50.3 °/min 28 3° /min

AN | 122 rpm/min 13, 1h 20 rpm/min
XIII, XIV & XV | AV | .76 x 1072 m/sec® | 21 3.7h x 10-3 m/sec’
(P-13) A a 50.2 °/min 28 3°/min

AN 122 rpm/min 13, 14 20 rpm/min

- . -
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VANEUVERTNG RATL MARGIN - PARCBE MISPTICON

bresnifizte f Maneu- Specification
(SrEten {  ver Minimum Rate Mission Event Requirement
i, ID & III AV 9.9 x 1073 m/sec® | 15, 2.0 mfsec V | 3.7k x 1073 m/sec?
Ay (midcourseg
i 5.74 x 10™3 m/sec?
bus retarget
Aa 11.5 °/min 28, Final Prece- 3°/min
ssion (85 rpm)
AN 46 rpm/min 23, spin up mini-| 20 rpm/min
probes
2V, V& VI AV 5 x 1075 m/sec? 15 3.74 x 10-3 m/sec
BT 5.7% x 1073 m/sec
Aa 11.5 °/min 28 3°/min
AN L6 rpm/min 23 20 rpm/min
VII, VIII & IX AV x 1073 m/sec:2 15 3.74 x 1073 m/sec2
{P-10) 5.74 x 10-3 m/sec?
Aa °/min 28 3°/min
AN . rpm/min o3 20 rpm/min
VII, VIII & IX AV 5.0 x 1073 m/sect | 15 3.74% x 1073 m/sec?
(P‘lﬂ) , 5. 7h x 10-3 m/sec
. Aa 11.5 °/min o8 3°/min
AN 46 rpm/min o3 20 rpm/mln
X, XI & XII AV | 4.0 x 1073 m/sec? | 15 3.74 x 1073 m/secs
(P-12) ; o6, Bus retarget | 5. 74 x 1073 m/sec
Aa 11.5 °/min 28 3°/min
AN 46 rpm/min 23 20 rpm/min
XITI, XIV & XV | AV | 7 x 10-3 m/sec® 15 3.74 x 1073 m/sec?
(P~l3) ‘ ' 5.74% x 1073 m/sec
~Aa 11.5 °/min 28 3°/min
AN 46 rpm/min 23 20 rpm/min
4.4-17
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4,3(a)l (continued)

4.4.3(a)2

There is no difference in spin speed rate of change among the candidate systems due

to their geometrical similarity (all have two active spin engines and virtually identical
moment arms).

In general, the maneuvering rates for the Probe mission are characteristically
slower than those for the Orbiter due to the greater mass, moment of inertia, and
lower propellant tank pressure (thrust) which exist over most of the mission.

Resolution

Orbiter:

Worst case resolution values, corresponding mission events, and specification
requirements for the Orbiter mission are presented in Table 4. 4, 3(a)-III for the
nominal and single engine firing cases, Nominal velocity resolution values are

below the specified maximum 0.1 m/sec for all candidates. As would be expected,
systems with engine configurations such as P5 with four AV engines exhibit coarser
resolutions than those with engine configuration P12 (one AV engine), and there is
also no difference between the resolutions obtainable with the various candidates when
only one engine is fired.

In order to satisfy the Ax resolution requirement of .2°, it is necessary to utilize
pulse widths of shorter duration than the nominal . 050 sec, and to fire the Ac
engines singly for all Orbiter missions. The values quoted in Table 4.4.3(a)-III
or for Aa resolution are based on a pulse width of ,025 sec and are all within the
specified maximum. The AV produced by firing a single Ax thrustor for .025 sec
will be negligible (. 0020 m/sec).

There are no differences in spin rate resolution among the candidate systems and the
nominal resolution (. 11 rpm) is well below the specification value of .25 rpm.

Probe:

Maneuver resolution values for the Probe mission are given in Table 4,4, 3(a)-1V,
The resolution characteristics of the Probe candidate systems are inter-related in the
same manner as those for the Orbiter Mission except that the greater mass and
moment of inertia of the Probe vehicle result in more favorable (smaller) resolution

values. Single engine firings are not required to achleve the Spec1f1ed 2° pre=-

~ cession resolution,

4.4-18
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TABLE 4.4.3,1-TTI.  MANEUVERING RESCLUTION - ORBITER MISSION |
Candidate Maneu~ Worst Case Resolutlon Specification Ce
Systems ver Nominal Singrle En;%ine Mission Event Requirement L_S‘
I, IT & III AV .0050 m/sec | .0025 m/sec | 32, Periapsis reduction .1 m/sec Z(T%
(P-5) |
* Aa .266° .133° 9, Orient for cruise .2° !
AN .11 rpm .055 rpm l,’ initial spin control .25 rpm
—_
' i N
IV, V & VI AV | .0018 m/sec | .0000 m/sec |32 .1 m/sec (B
(B~T7)
Aa | o67° .134° 9 .2° ]
AN .11 #pm .055 rpm 1 .25 rpm -
(%
VII, VIII & IX | AV .0030 m/sec | .0015 m/sec | 32 .1 m/gec —]
(p-10) B
* Aa | 266° .133° 9 .27
AN .11 rpm .055 " rpm 1 .25 rpm j
—
X’
(H
; - X7
X, XI & XIT AV |.0080 m/sec | .0030 m/sec |32 .1 m/sec (5
(P=12) ‘ ]
* Aa |, 266° .133° 9 2%
AN .11 rpm .055" rpm 1 .25 rpm
' -
MXIII, XIV& XV AV |.0076 .0038 m/sec | 32 .1 m/sec
(p-13) S
* Aa | 266° .133° 9 2%
AN |.11 rpm .055™ rpm 1 .25 rpm
' , . : N
NOTE: UNLESS OTHERWISE SPECIFIED, VALUES ABOVE ARE BASED ON .050 SEC PULSE WIDTH
* '.07‘25";‘sé,c pulse width | ' }
1
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LI)TE: .050 second pulse width used

to generate this table.

ariidate Mansu- Worst Case Rescouwilicn Specification
SySTEems ver Norxinal Single Tnoine | Mission Event Reguirement
T, I & IIT AV 0029 m/sec | .0liS mosec |29, Retarget bus .1 m/sec
2-3)

Aa .256° i25° 7, Orient for cruise 2°

AN .08 rpa o ropm 1, initial spin control| .25 rpm
IV, V & VI AV ].0029 m/sec ! 0015 mfsec |25 .1 m/sec
(P-7) Aa | 128° Qgh® 7 2

AN .08 rpm .0 rpm 1 .22 rpm
VII, VITI & IX | AV  |.0029 m/sec | .0015 mfsec |26 -1 m/sec
(P-10) Aa |2128° 064 ° 7 .2

AN .08 rpm .04 ropm 1 .25 rpm
X, XI & XIT Av  [.0023 m/sec | .0012 m/sec |25 .1 m/sec
(P-12) Aa |.108° 064 ° 7 .2°

AN ].08 »pm O rpm 1 .25 rpm
XIII, XTIV & XV | AV [.0039 m/sec | .0020 m/sec |26 .1 m/sec
(p-13) Aa |.128° .06k ° 7 -2

AN |08 rpm .04 rpm 1 .25 rpm

s s——————

.4-19
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4.4.3(@)2 (Continued)

S Velocity and spin rate resolution valves for all candidate systems are well within the
specification minumums for nominal operation.

4.4.3(a)3 Maneuvering Accuracy

Candidate system accuracies for Probe and Orbiter missions are shown in Tables.
4.4,3(a)-V and 4.4.3(a)-VI. These accuracy values were derived from the mission
operations analysis (Section 5. 4) and the maneuver error analysis (Section 4, 4. 3(a)4)
and are, therefore, representative of the maneuver accuracy iikely to occur during
a real mission rather than the ultimate values obtainable in a given candidate system
without regard to the attendant complexity of the maneuver. The specification
¥ requirements for accuracy were used as constraints in the Flight Operations Study,
with the result that all of the accuracy values in Tables 4. 4.3(a)-V and 4, 4. 3(a)-VI
are within specification limits. The relative merits of the candidate system, there-
] fore, must be based on the complexity (number of steps necessary to accomplish)
| required in execution of the maneuver within the accuracy constraints. For
'i instance, in executing the first mid-course correction (Event #11, Orbiter Mission),
| the accuracy associated with candidate systems with engine configuration P5 appears
L - to be inferior to that available with other candidate systems. It should be noted,
' however, that for configuration P5, only three increments are required to execute
the maneuver, whereas 29 steps are required for the other systems in order to keep T
“the large spin disturbance error common to all systems except P5 within specifica- N
tion limits (+.3 rpm). The extra maneuver increments required for candidate sys- |
 tems with engine placement configuration P7, P10, P12 and P13 are responsible -
for their superior accuracy in this maneuver, but these systems are obviously f
inferior to those using P5 on the basis of maneuver complexity. A general comparison )
of the accuracies and disturbance errors is presented in the error matrix, Table ‘ ;
R 4.4,3(a)-IX. The systems are ranked on a performance basis in the Flight Operations i £
IR Analysis, Section 4.4.6, Tables 4.4.6-I, 4.4.6-II and 4. 4. 6-III.

e

SiL:




TABLE L.4,3.1-vT

MANEUVERING ACCURACY ~ PROBE MISSION

e

.049 rpm

¥ Mission Number of
 YCandidate Worst Case Maneuver Mission Spec
JSystem Maneuver Accuracy Tncrements Event Value Remarks
I, IT & TII vV oso m/sec RV A 3 = 9 2 1/29 Spin control needed
35 | Av
, v V<2 m/sec 3% 2 15 5%
I Aa L1 5 7 + ,20° Spin control needed
AN .049 rpm 3 23 + .10 rpm
IV, V & VI TV >2% m/sec .236%, 13 9 2 1/2% Spin control needed
(p=7) AV
: " V2 m/sec 2.65% 2 15 5%
Aa .066° 3 7 + ,20°
AN .O49 rpm 3 23 * .10 rpm
VII, VIII & IX V>2 m/sec .202% 13 9 2 1/2% Spin control needed |
(P-10) ' AV ‘
D V=2 m/sec 2.3% 2 15 5%
Al .096° 2 7 + ,20°
AN .049 rpm 3 23 + .10 rpm
X, XI & XII > 2 m/sec . 1749 13 9 2 1/2% Spin control needed
Hp-12) | Av '
Eh V=2 m/sec 3.629 1 15 5%
Ao .11° 5 7 + ,20° Spin control needed
AN .O49 rpm 3 23 * .10 rpm -
|XITT, X1V & XV | v>2 m/sec L2029 13 9 2 1% Spin control needed
(P-13) AV
, . | v=2 m/sec 2,3% 2 15 5%
Ak ,11° 5 7 + ,20° Spin control needed
AN 3 23 * .10 rpm
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MANEUVERING ACCURACY - ORBITER MISSION

TABLE 4.4 .3.1-¥.

Mission

e Number of
Candidate Worst Case Maneuver Mission Spec
Systems Maneuver Accuracy Increments Event Value Remarks
11, IT & III V >2 m/sec 1.3% 3 11 2 1/2% Spin control needed
(P-5) AV
o VsEo m/sec 3% 2 21 5%
-aa 7T 2 3T T 00" Une engine, spin con-
. traol needed -
AN .04l rpm 2 7 + .10 rpm
v, V & VI V>2 m/sec .085%, 29 11 2 1/2% Spin and orientaticn|
| (e=T7) AV control needed
1 V <2 m/sec 2.65% 2 21 5% .,_
Aa J14° 2 31 + .20°
AN 041 rpm 2 7 + .10 rpm o
VII, VIII & IX |V >2 m/sec .063% 29 11 2 1/2% Spin and orientation
(P-10) AV control needed
i V<2 m/sec 2.3% 2 21 5%
. Ao .11° 2 31 +* ,20° One engine
AN 041 rpm 2 7 + .10 rpm
X, XI, & XII vV >2 m/sec .058% 29 11 2 1/2% Spin and orientation
(P-l23 ‘ AV ' control needed
' | v <2 m/sec 3.62% 1 21 5%,
Aw | A7° 2 31 £ 207 One eunglne, spin
o control needed
AN .04l rpm 2 7 + ,10 rpm
XTI, XIV & XV |V > 2 m/sec .065% 29 11 2 1/°% Spin and orientation
(p-13) AV control needed
1 | vV =2 m/sec 2.3% 2 21 5%
| ' AQ JA7° 2 31 + .207 One engine, spin
: : control needed
AN 041 rpm 2 7 + .10 rpm
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4.4,3(a)4

Maneuvering Error Study

The error analysis presented in the following paragraphs is the basis for deter-.
mining the maneuvering accuracy associated with the candidate systems and, in
particular, the five candidate engine placement concepts. The results of the error
study were also used to determine the operational procedures necessary to perform
the mission maneuvers within the allowable accuracy and disturbance limits

(such as velocity perturbation during spin rate change). The origins of the various
maneuver errors are described in this section and the error equations are pre-
sented in summary form by Table 4. 4,3(a)-IX. Specification allowable errors are
presented ir Table 4.4.3(a)-VII.

PLANETARY EXPLORER ERROR ANALYSIS:

There are nine basic errors associated with the three propulsion system maneuvers

(AV, AN, Aot), These errors may be represented as follows:

 RESULT
Error in -» .
Caused b ! R
§ y| VvV ; a L N
AV av. da Av ~ dNav
AV - Error Matrix
Intended 1 ' - E11 Ej9 Ej3
o o '
Maneuver A Vaa ii—&' ' WNaa = | Eg1 Ego Eag
| Eg1 E32 Ess
AN dVAN |da AN dN k
AN

dv._ , da and AN are the direct errors in AV, Aa and AN expressed as
AV Adt AN '

fractions of the magnitudes of the intended maneuvers.

d a Ay (typically) is the subsidiary error or disturbance in & caused by a AV

maneuver,

The following pages present equations for the nine errors expressed in terms of
engine and vehicle parameters for which values can be obtained from test data -
and/or judicious estimates. The symbols used in the equations are defined in
Table 4. 4. 3(a)-VII -
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Av
Aa
AN
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da
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TABLE l.bi.3.1-Vii ERROR EQUATION NOMENCLATURE

Nomenclature Units
Spacecraft velocity Ft/Sec
Angle of spin axls to ecliptic plane Radians
Spacecraft spin rate - RPM RPM
Maneuver megnitude - velocity change Ft/Sec
Maneuver Magnitude - Precession Radians
Maneuver Magnitude - Spin Rate Change RPM
Error Megnitude - velocity Pt/Sec
Error Magnitude - Spin axis angle Radians
Error Magnitude - Spin rate RPM
Angular velocity about spin axis (w .29;’.. =N Rad/See
Vehicle mass LBM
32,16 1bm/slug or ft/sec?
Vehicle moment of inertia about spin axis Slug-Ft2
Impulse Effectiveness -
Engine impulse produced by AN engine(s) firing LBF-SEC
for a time equivalent to 180°% rotation of the
vehicle about the spin axis
Moment arm or Ae thrustors
Deviation from nominal of impulse effectlveness -
for a A V engine.
Raw impulse produced by an engine

= §;§°m= ﬁacﬁion deviation of raw engine

pulse from nominal

Axlal and radial components of the C.G. displace-
ment from its presumeéd location relative to the
planes of the AN and 4 d couples.
Portion of req caused by calibration errors FT
Portion of req resulting during flight FT
Portion of rey ceused by callbration errors FT
Portion of rey resulting during flight FT
IEl = . Ig2 = Engine to engine impulse repeatability .
IE NOM. )
Distance from plane or A ¢ couple to spin axis FT

Axlal distance between C.G, and plane of AN
couple (or single engine)

Thrust vector angular perturbation due to gas flow
direction

Thrust vector angular perturbation due to nozzle
characteristics

Uncertainty in geometrical location of thrust vector
1ine of -action

L. b-23/h . h~2l

. — . . A

SPO7R70-F
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* 4.4.3(a)4 (continued)

dv '

L AV =/ € + ant lgqn
b —E
b g2

-
EUIE
T Source of Error:
| The raw engine impulse and/or the impulse effectiveness deviate from the values
' upon which the firing time for the maneuver was based.
3

E12

My lEg AV B
w Izz g . nlg 1

Tex

@-0—3
e

Source of Error: Gl

Lme of action of effectlve 1mpulse vector from AV engines is dlsplaced by rE“ from
the CG, causmg an unwanted precessmn torque.

. TEa =y drgac + dreaf?

;g SRR ~ The uncertainty in CG location, rEQ , is the statistiéal sum of the calibration
' error drEa c and the flight uncertamty drEa F,

1 , L A descnptmn of the factors compnsmg drEag c, drEa F are glven in Table 4. 4. 3(a) -VIII.

e T e SRR T BT e T s,




L g

Hamilton

U
. DIVISION OF UNITED AIRCRAFT CORPORATION SP 07R70_F
Standard Re

4.4.3(a)4 (continued)

&=
[y

dNAV = My rgN AV
N Izz go

U8
x
m
Z

Source of Error:

Line of action of effective AV engine impulse vector is displaced radially from the
spin axis (CG), thus producing a spin torque.

YEN = J(drENc)2 + (dI'ENF)2

The reasoning here is 1dent1ca1 to that used for rEQ in E12 (page )e

ggew lzz AQ
2 ra MV

: s - IEl- IE2

dVAa

= Unit-to-Unit o
Impulse Repeatab111ty ‘

IEnom

Source ofA Error:

V,ariation in impulse delivered by members of Aa couple produce a net impulse
~imbalance and hence an unwanted AV.

4.4-26
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4.4.3(a)4  (continued)

E22

da _  Mrg Ihit min
AG @ T,, Aa

For this maneuver, it is assumed that one or more refirings will be conducted to
trim residual errors left by previous firings. The final residual error, therefore,

will be no larger than the Aa associated with the minimum impulse bit of the Aa
system,

Ea3

dNaa= Fe&y o §Aa 30
2 M yq

g- EL"IE2 _ Unit-to-Unit
IE nom Impulse Repeatability

Source of Error:
Imbalance in Aa couple producesg spin error torque.
E31

dVAN =
(max)

1, = 2¢go IE7T$ (pure couple)
| ™y

& reﬂects 1mpulse 1mba1ance
of couple :

2, = 2golEm - (single engine)
E |

: Source of Error:

~ The max1mum error shown here is of a residual nature and is caused by either an

‘unbalanced AN couple or (even worse) a single AN unit bemg flred for an odd number
~ of 1/2 revolutions. - :

N & = s e s M”M : M

Al i - -
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R 4.4.3(a)4 (continued)
: dG AN
(max)
1. 2Igg § TNet
T nw Izz
r
o 2. 2Iggr Tna
o
! ‘ Source of Error:
A
precession impulse if the firing pe
revolutions.,
dAN ) e :
N €\/# pf engines
)

Hamilton U

DIVISION OF UNITED AIRCRAFT CORPORATION

Anl imbalance in impulse between the two spin engines or the use of a single engine

two engines
thrusting in
opposite directions

single engine or two

engines thrusting
in same direction

SPO7R70-F

or two engines thrusting in the same direction for spin rate change causes a

E33

Source of Error:

Impulse of A w thrusters differs from nominal,

riod occurs over an uneven number of 1/2

et IE'I

Imy = 1 E tom (1 +€) etc.
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» 4.4.3(a)4 (continued)

. -

s
dree C (appears in E19)
pa s It is assumed that a calibration maneuver will be performed to determine r_,
N FE< C = Xg._© lzz Aoc  observed aititude
. fod TIET change
N
which is the vertical offset of the AV cluster thrust vector - spin axis intersected
from the CG. Future firings will be modulated to displace the thrust vector this
amount . trim out the error.
F { The term drge< C is the second order error introduced by uncertainties encoun-
by tered during the calibration itself.
; i l’: drE a C = (o)Izz dA ac + A a C w IZZ d n C + A 2 w d IZZ
0 MeT - M2 gy NIiET
| .
A aclzz Aac wl
- : + dw + 2Z  dI
g NIET C NIET 2 ET
- ‘ ’ .
I | (all + signs indicate statistical
B o addition)
\ R or : :
dr ‘ 2/ \2 2 N2 2
.—_E.._i—g- = dAaC + dn‘c o+ dIZZ + dwC + dr
YEaC Aa n/ Izz We EaF
B ‘ The terms dAa ¢ ete, repre.sentS the fractional uncertainties in the parameters
; Aag B ,

supposedly known or measured during the calibration.

drgng o | - . _ (appears in Eq3)

During the same calibration used to _fneasure TE a C, the spin rate perturbati'on' :
A w will be measured and rgNC Will be determined,

A AWI
Tk .~ TENC = — 22

4. 4—29
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4.4.3(a)4 (continued)

YENC is the "off axis' displacement of the AV resultanf thrust vector, This

. ; , |
calibration will allow rgng to be trimmed out by AV cluster pulse modulation, |
An error, cdused by indccuracies in the calibration, is given by: .
TENC /\A w ] Izz TEar |/
Flight Uncertainty
 drpe< F (appears in Ej12)
IR0 O By P | |
- ;;}:‘:-f': > % ] c‘ YeaLE
I gk 4.
SN Tcg
; i
e

The flight uncertainty in ri o results from the thrust vector location unéé?ta‘inty
d x and the angular uncertainty 4§ . o S
_Orgq

3 , o ’ dg, Orpe d6, \ [OrEa dx dIpn
L dr = [ ) .|.E“ D + ; — ‘

Similarly, drgng o (appears in E13) s

V\ 06 i: \ o6, \ox"

~ drgng =
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SPO7R70-F
TABLE L4.4,3,A-VITII. ERROR LIMITS FOR MANEUVERS
Error
In—+
AV Ao AN
[Caused
By
¢ ; .
AV 21/ AV > 2 t 6: (Normal) 0.3 rpm (Normal)
5% (.1<4 V< 2) t 7° (Degraded) 0 -6 rpm
m/sec (Degraded)
.5° direction
A N. R .2° Resolution | 10.3 rpm (N)
| + 10% Accuracy 0.6 RPM (Deg)
AN N. R. + 6° (Normal) + ,1 rpm
t 7° (Degraded)

NOTE: The above error limits are those maximum allowable errors
specified in GSFC Specification Number S-723-P-10, Rev. A.
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TABLE 4.4.3(a) - IX., MANEUVERING ERROR EQUATIONS

piepuels
uojjiwieH

v
N

v

NOILVHOHHOD 14V DBy QILINN 20 NOISIA.C

Error in o v - a N
Caused By
| | ‘ My Tga AV _ My rgNAV_ 30
: ‘ av - Je2+an2 da Av = dNav =
AV | av - €2 +An W Izz £o . ML, g 7
- Av av, _ & fwpgsa de  _ 7Mro IBitmin N (AN @AX30
fes” ‘ Aa Wi, A0 2pr 7
2 ra My 2.2
ol
v * ; .
VL] dN_ _ ) .
' (max) (max) | an N No. of engines
: I
AN oy = 2B IE 7) (pure) 1) = 2(Ig mé NG (ure)
My Tw Izz
2) = 28 (IEWM) (one 2) 2(IEm) *Not (one
: 3 ’ 7r(l."lzz engine)
T My engine)

* Corresponds to steady state firing of an odd number of 1/2 revolutions

(@I-0L420 dS



Haml 'ton OIVISION OF UNITED &Jcnnn CORPORATION SPO7TR70-F
Standard Ae |

4.4.3(a)5 Error Matrix

The error matrix Table 4.4.3(a)-X presents the magnitudes of the significant errors,

and also the resulting perturbations produced by maneuvers. Since the purpose of the , 1
matrix is to compare the candidate systems, the matrix is not presented for one ‘
mass configuration, but each error is presented for the worst part of each mission. |
The spin speed is assumed to be constant for each mission, even though it varies ' J
considerably at the beginning of both missions and the end of the probe mission.

VELOCITY ERROR MAGNITUDE (dV/DV):

The velocity error magnitude is a function of the fractional deviation of raw engine
L 1mpulse from the nominal, and the deviation of the impulse effectiveness from the
g nominal, both added statistically. For candidate systems with one to four AV
engines, the fractional deviation of raw engine impulse ( ¢ ) varies from , 0362 to
o . 0597, while the deviation of impulse effectiveness ranges from only . 0011 to . 0022,
el It is apparent from this that the predominant influence on the velocity error magnitude
' is the fractional deviation of the raw engine impulse. For candidate systems with
engine placement configuration P5, which has four AV engines, the magnitude of the
velocity error is 5.98%. This necessitates trim maneuvers for all AV maneuvers
since the maximum allowable error is 2 1/2% on AV maneuvers greater than 2 meters/ .
sec and 5% on AV maneuvers equal to or less than 2 meters/sec. The P10, P12 ~ ‘
and P13 engine placement configurations have errors lower than 5%, while P7 is '
slightly higher (5.31%). - SRR

R

PRECESSION ERROR MAGNITUDE (da /A ):

The magnitude of this error is also a function of the fractional deviation of the raw

engine impulse from the nominal statistically added to the deviation of the impulse o

effectiveness from the nominal. However, the accuracy requirement of A o

maneuvers is such that one or more trim maneuvers will be required which will

o give a final error which is a function of the minimum impulse of the A & engines.

iy The latter error magnitude is the one presented in the error matrix and is shown
o assuming all of the A o engines are fired. This error can be reduced to approxi-

! ' mately one-half the values shown in the error matrix for all conflgurations except
" o P7 by using only one A o engine for the final fine trim maneuver. The minimum

‘ S impulse used was based upon a 39 millisecond electrical pulse width which results

SRR T from the 128 sector device in the spacecraft logic circuit and a spin speed of 12 rpm.

o Since this error is inversely proportional to spin speed, the matrix presents the

worst case errors. These errors for all the A @ engines firing range from .17 EEA
degrees for the P7 configuration during the Orbiter Mission up to .36 degrees for TR
P5, P10, P12 and P13 configurations for the Probe Mission, As previously men-
tioned, these errors can be reduced to approximately one<-half by using only one |

A o engine for the final fine trim maneuver. The only exception to this is the P7

e : configuration, which has three A & engines and, depending upon the center of

o gravity location of the spacecraft, firing one engine could reduce the residual error

| to less than one~third the value in the matrix. :

, 4. 4-34
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4.4.3(a)5 (continued)
SPIN SPEED ERROR (dN/AN):

The only significant contr1butor to spin speed error is the fractional deviation of the - o
raw engine impulse from the nominal value used in determining engine on-time. i 1
Since each candidate system has two AN engines, the resulting statistical sum of the
dev1at10n of raw engine impulse is the same (6.4%).

PRECESSION PERTURBATION DUE TO VELOCITY CHANGES (D D‘—/AV)

A precession perturbatmn results from any maneuver where the thrust vector is
displaced from the 1nstanta.neous location of the spacecraft's center of gravity.

this error analysis, it was assumed that at any instant in time the location of the ‘
spacecraft's center of gravity can be calculated to within %, 10 inch parallel to the
spin axis and , 050 inch radially from the spin axis. Knowing the center of gravity
location, the AV engines would be modulated in order to place the final resulting
impulse line of action through the calculated center of gravity location. Therefore,
the precession perturbation becomes a functmn of the uncertainty in the spacecraft's
center of gravity location (rp, ), Wthh in turn, is the statistical sum of the i
calibration error (dr g ae ) and the flight uncertainty ( drgocr ). Before the
first mid-course correction in both the Probe and Orbiter missions, a calibration

will be performed where the AV engines are fired and the resulting perturbations -
measured. This will make it possible to determine the spacecraft's center of gravity
location and form a reference pomt for future calculatlons.

For all candidate systemeng‘ine placement configurations, except P5, the major
contributor to the uncertainty in center of gravity location ( r'Ee ) is the flight .
uncertainty ( drgecr ). In these candidate systems, the AV engine locations are
such that small angular movements of the line of action of the effective impulse

cause significant displacements where the vector passes the center of gravity. TR
dg I
~ ds

B . — =] R~24" |=—
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4.4.3(a)5 (continued)

For example-, adg of only .20 degrees would give a displacement, dS, of . 084
inch, which is sufficient to give the size errors presented for candidate systems
with engine configurations P7 to P13, Candidate systems with engine configuration
P5 have the engines on the sides of the spacecraft arranged such that R, as defined
above, equals zero, As a result, this configuration only produces a 2.75-4.6
degree perturbation for a 100 meter/second maneuver, while perturbations as high
as 28.7 déegrees would be produced for systems with configurations P7 to P13 if this
maneuver were made in one step. " '

SPIN PERTURBATION DUE TO VELOCITY CHANGES (dN/AV):

A spin perturb,atmn results from any maneuver where the thrust vector is displaced
from the instantaneous location of the spacecraft's center of gravity. This perturba-
tion is similar to the d ¢o/AV. ~ In this case, the resulting moment about the space-
craft's center of gravity is about the spin axis, while for the du /AV perturbation,
the moment was about an axis normal to the spin axis.

The spin p'e'rturbation is a function of the uncertainty in the spacecraft's center of
gravity location ( rEN) which, in turn, is largely dependent upon the flight uncertainty
(drgNF) in all cases except candidate systems with engine configuration P5. The
geometric locations of the AV thrusters have the same effect on the displacement

of the line of action of the effective AV impulse as was described for the precession
perturbation.

For the P5 enginc configuration, this perturbation amounts to .34 to .71 rpm for

a 100 meters/second maneuver. The other candidate systems produce perturbations
in the range of 3.77 to 7.9 rpm for a 100 meter/second maneuver. In view of the
fact that the spacecraft's spin speeds during AV maneuvers are only 12 rpm for

the Probe Mission and 15 rpm for the Orbiter Mission, these perturbatlons w111
necess1tate ‘complex operatmnal procedures.

VELOCITY PERTURBATIONS DUE TO PRECESSION MANEUVERS (dV/ AQ):

Under 1deal.c:ond1t‘10ns, the engines performing a precession mane‘uver produce an
identical total impulse, However, variations in impulse represented by the engine-~
to-engme impulse repeatab111ty factor ( f ) are inherent in engmes and this results in
an 1mpu1se 1mba1ance between the A & engines which 1mparts a velocity change to-

the spacecraft For all the two engine configurations (P5, P10, P12, a.nd P13) this
disturbance amounts to only 053 meters/second per radian precessmn for the Orbiter

~ Mission. For the P7 conflguratlon this error is only as high as . 077 meters/second

per radian precessmn Since the smallest m1d-course corrections in both missions
are 2 meters/second, this error should not be a major determining factor in
selectmg a cand1date system

4,4-36

P I i e )
i : . . ‘< T : . . . :




Hamilton U SPO7TR70-F

DIVISION OF UNITED AIRCRAFT CORPORATION

Standard Re

L i
=« 4,4,3(a)5 (continued)

o SPIN PERTURBATION DUE TO PRECESSION MANEUVERS (dN/A o ):

The impulse unbalance resulting from the engine-to-engine impulse repeatability

also produces spin error torque in addition to the velocity change earlier described.
This torque is produced for engine configurations P5, P12 and P13 only because

their A ¢ engines are displaced a distance r, N from the spin axis. Candidate sys-
tems P7 and P10 have their A o thrusters arranged such that raqN =0. Any
angular motions or displacements of their engines would only produce equivalent
TxN's two to three orders of magnitude lower than those of configurations P5, P12
and P13, which would therefore be negligible, For a typical 90° precession maneuver,
these errors are as high as 1,22 rpm, which for the P5, P12 and P13 configirations,
does represent a significant factor in the comparative evaluation of the systems,

e ol

._,..

VELOCITY PERTURBATIONS DUE TO SPIN MANEUVERS (dV/AN):

| There are two basic engine conflguratlons used in performing spin rate maneuvers;
P5, P7 and P10 have thrusters which fire in opposite directions, while in configura=
| tions P12 and P13, the two AN engines fire in the same direction. In both of these
oy arrangements, if all AN maneuvers resulted in the AN engines being fired an even
' number of one-~half revolutions, the resulting velocity vector caused by the impulse :,
in P12 and P13, and the 1mpulse unbalance in P5, P7 and P13, would sum to zero.
N Therefore, the maximum error for any size maneuver results from the AN engines ‘f
S being fired an odd number of one~half revolutions. For configurations P12 and P13,
i this perturbation amounts to a maximum of only .12 meter/second for the Orbiter |

4 Mission. Configurations P5, P7 and P10 have perturbations nearly two orders of Lo
R magn1tude lower because the thrust unbalance in these systems is producing the
! change in velocity, rather than the full thrust from two engines.

PRECESSION PERTURBATION DUE TO SPIN MANEUVERS a o /AN)

.",-.l-‘;? : Performing a ‘spin maneuver with anything but an even number of one-half revolutmns
=N will also produce a precession change in addition to the velocity change already

» desc;ribed in the previous perturbation description, In configurations P5, P7 and

o P10, the impulse giving the precession perturbation is caused by the engine-to-

2 , engine impulse repeatability ( & ). In configurations P12 and P13, where te AN

L engines point in the same direction, the impulse giving the precession perturbation

| is the raw 1mpulse of both engines. In these two cases, I'Noe< is the distance from

the center of the two engines to the spacecraft's center of gravity, For conf1gurat10ns
P5, P17 and P10, this perturbation is relatively small, .197 degrees maximum for the
| Probe Mission. However, for configurations P12 and P13, this perturbatlon

5 is as high as 2.32 degrees for the Probe Mission. In view of the accuracy requlred for

| precession maneuvers (.20 degrees), which frequently precede spin control maneuvers, -
| - . this size error would present serious operational restraints.

,,,,,,,,
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TABLE 4.4.3(a) - Xa. ERROR
I, II, III (P-5) IV, Vand VI (P-7) VII, VIO and IX (Pz
2AN, 4AV, 2A & 2AN, 3AV, 3A X 2AN, ZAVJJ
\% X N % (9.4 N \Y% o<1
AV .0598 AV | .0275 AV | .0034 AV | .0531 AV 17 AV | L0377 AV | 0454 AV | .17 A
F E E F E E F E
A X . 00093 ASX| * 36 .0109 AX| .00134 AKX {* .25 _ .00093 AX | * .36
D E F D g |Negative D E |
AN .0023 . 197 .064 A | .0023 .197 .064 AN | .0023 .036
D A F D A F D A
NOTES: N = 12 RPM
MASS CONFIGURA TIONS: A. Launch
B. Booms Extended
C. Cruise
D. Only Main Probe Separated
- E. All Probes Separated
F. A].].
TABLE 4. 4.3(2) -Xb. ERROR )
I, I, I (P-5) IV, Vand VI (P-7) VII, VIII and IX (P
2AN, 4AV, 2A X 2AN, 3AV, 3A X 2AN, 2AV,
\% X N v X N \Y% X
AV .0598 AV | .046 AV | .0071 AV| .0531 AV | .287 AV | .079 AV | .0454 AV | .287 /
F , C c F | C C F C
A X . 00048 AX | * .25 . 0135 AX| .00072 AKX |* 170 . . 00048 AX |* 25
E E Fo E g (Negative | g E
AN . 0029 . 125 .064 AN | .0029 . 125 .064 AN | .0029 . 032
D A F D A F D A
. NOTES: N = 15 RPM | s BT
| MASS CONFIGURATION: A. Iauwnch D. Ort
- B. Booms Erected - E., Fue
C. Cruise A

F. All

% This error is actually a resolution based u
engines normally used to perform a A a m




FOLDOUT FRAME

SP 07R70-F
Xa. ERROR MATRIX -~ PROBE MISSION e L
f
IT and IX (P-10) X, XIand XII (P-12) XIII, XIV and XV (P-13)
 2AN, 2AV, 2AX 2AN, 1AV, 2A X 2AN, 2AV, 2A X
{ X N \% X N \ o N
AV | .17 AV | L0377 AV | .0362 AV 17T AV | .0377 AV | .0454 AV | .17 AV | .0377 AV
b | E E F E E F E E 1
A [* 36 Negati .00093 AX| * .36 0109 Ack| .00093 AX| .36 L0109 A X
E egatlve D E F D E F
.036 .064 AN | .099 2.32 .064 AN | ,099 2.25 .064 AN
A F D A 1 D A F
s
UNITS: AV - Meters/second
r AX - Degrees
AN - RPM
-
b. ERROR MATRIX - ORBITER MISSION
11 and IX (P-10) X, XIand XII (P-12) XIII, XIV and XV (P-13)
2AN, 2AV, 2A & 2AN, 1AV, 2A o 24N, 24V, 2800
X N \% o] N Vv o N
\V | 28T AV |.079 AV | .0362 AV | .287 AV | .079 AV | .0454 AV | .287 AV | .079 AV
| c C F C c | F C C
A ¥l 25 .00048 ASX| ¥ .25 0135 AGL| .00048 AX| .25 0135 Ao(
E  |Negative - E E F E E _F
032 . 064 AN 12 . 58 064 AN | .12 L5717 .064 AN
A _F D A F D A F
D. Orbit
E. Fuel Expended
F. All |
ion based upon a .039 second firing of all the A
‘m & A ¢ maneuver.

4.4—39 o
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4.4.3(b) ENGINE OPERATING LIFE MARGIN

The performance analysis studies conducted for the Planetary Explorer Study utilized
S the performance data of the IDCSP/A 5 lbs engine manufactured by Hamilton Standard.
L This engine was originally qualified at 20,000 pulses with a total of 36 minutes on time.
For subsequent applications the IDCSP/A engine has demonstrated 70,000 pulses with
B a total of 101, 5 minutes on time. The results of the performance analysis study rela-
tive to the total number of engine pulses and "'on'" times required for each engine, for
ﬁ each placement concept studied, are presented in Tables 4.4.3(b)-1. This table
-+ illustrates the life margin for each candidate subsystem from the standpoint of both
number of pulses and total "on'" time. Each of the engine numbers in the table is
related to the engine identification numbers on Figure 4. 1-5 and 4.2-1a through
4.2-1e. Each of the engines has the life margin identified for two operating modes -
primary and back-up. The primary mode assumes all engines operational for the
entire Planetary Explorer mission where the spacecraft maneuvers are equally
divided between the functional groups of engines, with approximately 50 percent of the
operations performed by each. The back-up mode assumes all spacecraft maneuvers
throughout the mission are performed with one functional group of engines only. As
can be seen from the two tables the life performance margin in the primary operational
mode is high for all of the engines.

This is true also for the engines operating in the back-up mode, with a few exceptions
where the total "on" time exceeds the IDCSP/A engine qualification status (blocks
marked with asterisk). In these cases the performance margin for '"on" time is com-
pared to demonstrated test of 101.5 minutes. |

U There is no significant difference between the life margin for the engines for all the P
| : candidate subsystems except in the cases where either one or two engines are used to
perform the mid-course correction maneuvers. During these events, the greater
number of engines used the greater will be the individual engine life margin. In all
cases the IDCSP/A engine has sufficient life margm to perform the Planetary Explorer
requirements. i

4440 e
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TABLE 4.4.3(b) -T ENGINE OPERATING (IFE

»
)

| CANDID
, - I ot Z?o
MISSION ENGINE m:}/P'S) Ok %ﬂ}(/’-/o) %‘?p
5 PULSES TIME PULSES
o R | wo il ey Jrgy| o iy 2
PRIMARY /1623 |92 | /3,88 | &l /@eo/ | 92. /
| Teack up 2624 a6 | 25,00 | 36 | 3202 | 67 | 2
PR, /207 94, 9,32 | 4, /940 90, /4
2 Ta/0 G |1o0. 6.19 | 100, 339 | 98, )
PR. /207 | 94, | 10.62( 7/ | /1996 | 90, | /4
3 Bz, 2408 | 88 19.75 | 45, | 3547 | 82 4
PR. 207 | 94. 2,50 | 14, /607 |92 /3
7 B/U 6 |100. 0,38 | 99, G |loo. {
ORB/|TER 5 PR. 120/ | 94, 10,43 | T, /946 | 90, /5
B/ 2402 |88 19,55 42. | 3547 | 8z2. | 2!
G PR. /el7 |92 1219 | ¢, /6907 |92 /3
B/Y 4/6 | 98, 3,07 | 92, G |lvo.
2 |PR. 120/ | 94, 10,43 | 71, — ]
B/U 2402 | 88 /9.55 | 4a. — 1
5 |PR 120] |94, 9./13 | 15 — ]
q 8/ o |00, 0 /00, | — A
o | |prRmary | 24¢0 | 88 | /2,09 |61 | /080 | 54
| BACK UP {3282 | 84 19.16 | 47, 2/59 | 0.
$ 5 |PR 824 | 96 9./2 | 15 | 2158 | 90,
B/Y _ 2 |00, | 2.05 | 95 /078 | 24.
3 R | 823 | 9. 9.2 | 75 | 2/68 | 90, | /
B/U. /1646 | 92. | 16.20 | 55, | 3238 | 84
| 4 PR, 823 | 96 | 7.31 | 8o, (082 | 94, |
PROBE | 8/u / 1/eo, | 023 | 99 2 |loo, j
| 5 PR 1 ezr | e 708 |8l | 2/69 | 90 J
| B 1643 | 9z, | 14,45 | o | 3239 | 84, | :
G PR, . 2460 | 88 11.85 | &7 |08/ 94.
| B/Y /1638 | 92, 478 | 87, [ |1e0:
| ,. , | | - PR. ; 82 6. 7.08 | 8I, e
A | B/U | /643 | 92, 14.15 | 6, —
RS 8 PR 8z2 | 96 | 708 | 8. | —
B 0 |0, 0 100, — ‘
R | NOTES: ) LIFE MARGINS BASED ON |DCSP/A QUALIFICATION ©F 2o

% 2)L/IFE MARGINS BASED ON /DCSPMA DEMONSTRATION TEST ¢
3) ENGINE PLACEMENT CONCEPT P-I10O CAN BE OPERATED £/

G ENGINE NUNMBERS FELATE 70 ENGLINE |DENTIFICATION A
S5) PRIMARY OPERAT/ION MODE A3SSUMES OPERATION SPLUT
OF ENGINES. , BACR-UP MODE BSSUMES OPERATION PEF

GRour OF EMGINES | e




SP 07R70-F FOLDOUT FRAME
7/NG LIFE NMARGIN = .
CANDIDATE SUBSYSTEM l

t 27 = ¢ g = L
‘ | Zr P-7) :\;IIII': :{- P-12.¢m) ﬂ}(p_g) OR 7 | /0)
DULSES T/IME PULSES TIME PULSES TIME
Vo V| s VRN wo |UB| s rusy| wo | a1
G0/ |92. | 13.04 |64, | 2906 |86, | 23.09 | 3¢, | 240+ |88 | /9.58 | 4,
zoz | 8+ | 26.09 | 28. | 5873 |71, | 46.18 | 54.%| 4808 | 76. | 39.17 | 6/, *
9240 | 90, | 152/ | 58, | 2906 |86, | 23.09| 3. | zezo | 86. | 27.96 | 22
339 | 96 | 2./6 | 95 o |7s0. O |loo. | 5z54 | 74. | 42.24 | 58. %
DFE | 90, /5,70 S8, 422 | 98, 3.45 | 9o, 2820 | 86 27.95 | 2z,
547 |82 | z8.63 | 2|, 422 | 98. 3,45 | 90 416 | 98, 3.07| 92
6O7 |92 /3,24 c 6 |l00, 0:l9 |00, 2404 | 88, 19,58 | 4,

& oo, 0./19 | loo, & | (oo, 0.9 |(o0, o (100, 0 100,
946 |90, | 1539 | s8. G |100. 0.38 | 99, e | /o0, 0.38 | 99,
547 | 82. | 28,944 | 2/, 6 {100, 0,38 | 99, G | 1o 0,38 | 99,
a7 |92 /13.42 | ¢4, 422 | 98, 3.26 | 91, & | 100, 0.19 |lbo,

G _|loo, 0,38 | 99. 422 | 98, 3,26 | 9. G | to0. 0,19 |10,
— — — _— ) 0,38 | 99,
— —— e — 6 | too0, 0,38 | 99.
— — —_ — 6 | (oo o,/ 9 100,
—— — _— — G | too. 0,19 | 100
pB8O | 94 516 | B 2805 | 86, | 26.20 | 28, /620 92, 13.60 | o4,
/59 | %0, 10,31 | 7114, 5610 72. | 52,39 | 48, *| 3230 | 84 | 27,20 | 24
/158 | 99 14 | 18, 2805 | 86 26,20 | 77, 3818 81 23,58 | 3¢,
078 | 94, 2,97 | 92. o | 100, 0 100, | 5438 | 73 | 37./8 | 63.*
/58 | 90, /16./8 | 5%, 1629 92, 472 | 87, 3769 8l 23,58 | 36.
238 | 84 21,33 | 4, | /629 | 92 4,72 | 81, | 2147 | 9o 9,98 | 72
sz | 94 709 | 81, 2 | 100, 1,93 | 95. | /620 | 92 | /3.60 | &4,

2 |/ov, 192 | 95, 2 |00, /.93 | 95 o | /o0 Q9 | 100,
/52 | %0 /7,88 | 5o. / l1oo, 0,23 | 99, [ | tvo. 0.23 | 99
239 | &4, 23,03 | 3¢, / /06, 0.23 99, /| | roe 0.23 | 99,
o8/ | 94 5,39 | 85, /&30 92, 6,42 | 82, 2 | {90 /93 | 95
-1 | o 0,23 | 99, /630 | 9z 642 | 82, 2 |00, 1,98 | 95.
— | — | — | — /| 100, 6.23 | 99,
— s — S 7| 100, 0.23 | 99,
e — R — e ; 2 | 100, 7,93 | 95,
— —_— T — —_— ~ » 2. | too. /.93 | 95,

ON OF 20, OO0 PULSES AND 3l MINUTES TOTAL oA TINME
7'/'0/\/ TEST OF 70,000 PULSES AND 102 M/Nun-:s "o/v T/Mt:
DERATED EITHER AS P-5 OR P-5B '

VFICATION NUMBERS OM FIGURES 42-kTHRU 4i2- le

T)OM I SPLT APPROK. S0% BETWEEN FUNCTIONAL é/?’OUPcS
'RQT?ON PERFOBMED WITH ONE FUNCWOUAL
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Power

A summary of the power requirements, including total mission power consumption for
each of the candidate systems, is shown in Table 4.4.4-1. A comparison of total
energy expended for each system shows that for a given mission, the levels are
approximately equal, and the same is true for the mission average power. The energy
expended versus the mission event for each of the candidate systems, where power
conditioning is not used, is shown in Figure 4. 4.4~1 for the Orbiter mission, and in
Figure 4. 4.4-2 for the Probe mission. The use of power conditioning for each of the
systems was considered and these results are included in the summary table 4. 4., 4-1.
Power conditioning, as used here, refers to a process whereby the voltage initially
supplied to an engine propellant valve is reduced after the valve has opened in order

to conserve power, Power conditioning makes use of the fact that it takes significantly
less power to maintain a valve in the open position, once it has been opened, than it
takes to actuate it from the closed to the open position.

Data from the IDCSP/A engine propellant valve (Hydraulic Research and Manufacturing
valve Part No. 48000680) has shown as little as 2.0 VDC may maintain the valve open
once the valve has been energized open with the normal operating voltage. A review
of the IDCSP/A valve test results has shown that the maximum dropout voltage is

8.0 VDC, which could provide considerable power savings even when allowing a signi-
ficant margin of safety on the voltage. '

In order to provide opening force margin and fast opening response, the operating
voltage range of these valves substantially exceeds the pull-in voltage (voltage
required to open valve). The HR&M 48000680 valve has an actual pull-in voltage of
only 8.8 VDC maximum as compared with the normal operating voltage of 18 to 30
VDC. Therefore, in addition to power conditioning, power savings can also be
realized by operating at voltages across the valve coil of less than the 28 VI supplied
to the valve itself.

Several basic power savmg technlques ex1$t for pulsed rocket engine valves without
steady state performance degradation. Addition of a series resistance (Figure 4.4. 4-

- 3b) is the simplest method of power reduction. This method offers modest transient

degradation while reducing the power to 50%, and maintaining 14 VDC minimum across
the valve coil which is substanially above the pull-in and dropout voltages. Transient

performance can be restored by wave shaping the drive pulse. A full power transient

"on'' pulse that is dropped to save current and to sustain hold-in can be accomplished

| by the cireuit shown in Figure 4.4. 4-3c. This circuit allows the current versus time

characteristics to be almost identical to the valve without the power conditioning to a
peint well past the opening when it will then drop the voltage across the valve 0011
This is the only true power conditioning circuit where there is no compromise in
opening force margin, To attain the maximum power savings ‘with no transient per-
formance degradation, both the transient and steady state portion of the valve drive
signal can be interrupted using a solid state chopper as shown in Figure 4. 4, 4-3d.
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However, the dynamic force for this circuit is substantially reduced. Figure 4.4.4-3a
shows the standard control circuit for the torque motor. The circuit in Figure 4. 4.4-3c
would be recommended if power conditioning were used. This circuit offers no com-
promise in initial current characteristics which means dynamic opening response and
opening force margins will be essentially unchanged from the qualification test results.
Figure 4. 4.4-4 shows the current versus time charact eristics of the various power
conditioning concepts.

All of the circuits are snbstantiall_y the same with respect to "on' times, and the reli-
ability of the electronic components are relatively equal especially since the steady
state current is reduced in the coil, thereby reducing internal heating effects.

Figure 4. 4. 4-5 shows the results of power conditioning for the orbiter mission with the
P-5 engine placement configuration. As the total values of Table 4. 4. 4-I indicate,
there will be a savings of about 49% in energy expended during the mission. Figure
4.4.4-6 is a typical plot of mission (both orbital and brobe) energy as a function of
cruise spin rate. This figure shows that savings in energy will be realized over the
full range of RPM values by power conditioning the system. The decreasing savings at
higher spin rates occurs since the average ''on' time of the engines during pulse firing
is smaller thus the valve voltage reduction after the first 30 msec firing has less of

an effect on power savings.

Power condltmmng of the Planetary EXplorer candidate systems was also evaluated to
determine if a Spacecraft weight reduction could be realized,Figure 4. 4.4-7 represents
a plot of weight savings corresponding to a given electrical energy savings for a typical
system. This plot enables a direct reading of what the weight savings will be for a given
system (which has a certain energy savings associated with it) when used in conjunction
with an energy source which has a certain weight/energy rating. For example, if the
configuration described per Figure 4.4.4~7 (P-5 or P-10) were to be used with a silver
zinc battery (which has a weight/energy rating in the range of 10-20 Ib/kw-hr) the
maximum weight savings is read from the figure to be 0. 16 Ib. In this manner, a
trade-off relating to energy source may also be included in the analysis. The figure
shows that regardless of whether the energy source is solar cells or silver zinc
batteries, there will be a net weight increase if power conditioning is used. This
occurs because the weights of the added electromc components and associated packaging
exceeds the energy weight savings. o

In summary, the results of the power conditioning analysis show that there is a substan-
tial power and -energy savings, but, that other factors such as weight and added system
complexity (thus decreased system reliability) offset this adva,ntage to a degree that it
is not an approach recommended

4.4-44

- Al

- a




.‘-;~;<;,<,M{_;~'w; ;‘M pr»vﬁv /gf&?:f e

TABLE 4.4, 4-T, POWER SUMMARY
Total Energy Peak Maneuver
Expended Power Avé:a%e'Powé;
~ (watt-sec) (watts) (watts)
Without With Without With Without With
, ; o : Power Power Power Power Power Power
Mission Candidate System Conditioning | Conditioning | Conditioning | Conditioning{ Conditioning | Conditioning
I, IT, III, VII, VIII & IX 57215 29180 Lk .6k 22.32 5.29 2.65
(P-5 & P-10)
IV, V& VI 57383 29265 33.58 16.79 3.98 1.99
ORBIT  (P-T7)
X, XI & XII 57182 29163 22,32 11.16 2.65 1.32
(P-12)
VII, VIII, IX, XIII, XIV 57226 29185 22.32 11.16 2.65 1.32
& XV (P-13 & P-10)
I, IT, IIT, VII, VIIT & IX h7352 24150 L. 6k 22.32 5.29 2.65
(P-5 & P-10) :
IV, V& VI 45041 22970 33.58 16.79 3.98 1.99
(p-7)
PROBE X,VXI & XIT L5343 23125 22,32 11.16 2.65 1.32
‘ (p-12)
VII, VIII, IX, XIII, XIV L4535k 23130 22,32 11.16 2.65 1.32
& XV (P-13 & P-10)

 NOTES:

(1)

state power requirements per engine as follows:

® Without power conditioning - 11.16 watts at 28 VDC
e With power conditioning - 5.60 watts after 30 msec.

(2)

with a 50% reduction in power after 30 msec.

(3)

is fired in the continous rather than the pulse mode.

g e P s S i L e

L e

Peak power based on maximum number of simulteneous engine firings with max steady

Power conditioning values based on active transistor circuit (Ref. Flgure L.k L-3C

Maneuver average power is equal to peak power for spin maneuvers since the engine

W I-0L¥L0 dS
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4.4,5 Cost

The candidate propulsion systems are ranked in order of their relative overall
program cost in Tables 4.4.0-I and 4.4.0-II. The lowest cost systems are candidates
IV and VI. Both of these candidates use engine placement concept P-7 (6 engine
configuration), with candidate IV using feed system concept FS-2, and candidate VI
using feed system concept FS-8,

The ranking presented in the referenced tables defines only the relative position of
the candidate systems, without quantifying the differences between them in terms

of dollars. To do this would have required a detaiied definition of the type of program
GSFC would want, as well as a much more detailed cost analysis. On the basis of
cost histories of previous programs of a similar type, an estimate can be made that
the cost spread hetween the lowest cost candidate system and the highest cost system
will be approximately 8%. The rationale that went into the program cost ranking of
the candidate systems included the following items, or judgments.

* The "types' of equipment required for the various candidate systems are
- almost identical, with the ordnance valve and the gimbal actuator the only
items of equipment not common to all. As a result, the differences in
equipment development/qualification costs can be considered insignificant,

° A judgment was made that lower program costs would be realized in design-
ing the system to use the same single engine configuration as was originally
qualified than it would be to cluster engines in modules. The rationale
here was that even a low level design and development effort and a small
development risk, associated with the thermal and dynamic aspects of a
new structural package (engine module), will more than offset the cost
advantages gained by packaging engines in modules.

4.4-61/4.4-62

s




'4.4.6

4.4.6.1

Hamilton U
DIVISION OF UNITED AIRCRAFT CORPORATION SPO R O" F
Standard Ae R
Operations

Propulsion subsystem operational evaluations were divided into two major phases
during the study to facilitate the engineering effort, and are presented herein in the
same manner. Pre-Flight Operations are presented in Section 4. 4. 6.1, below,
followed by a presentation of Flight Operations in Section 4. 4. 6.2.

PREFLIGHT OPERA TIONS:

The scope and complexity of the preflight operations associated with each of the candi-
date subsysiems are dependent upon the number of engines used in each of the systems,
as well as the number of propellant feed lines, and the feed system components. These
factors affect the complexity of each subsystem relative to installation and checkout
procedures. All candidate subsystems utilize the same tankage arrangement and feed
system to the component panel. The comparative differences exist at the component
panel, and in the downstream portions of the subsystems. Candidate subsystems with
the least number of components, particularly in the number of engines, propellant
lines, and connections, are obviously the easiest to install into the spacecraft.
Likewise, thrust alignment becomes an easier task where less engines are used.

Additional installation complexity exists where gimbal actuators are used to position
the engines. Actuators give rise to complexity in the control circuits, flexible lines,
and special electrical and mechanical interfaces which result in relatively complex
installation, alignment and checkout procedures.

Subsystem checkout procedures, such as leakage testing, electrical checks, and proof
pressure tests vary slightly between subsystems. Subsystems utilizing an ordnance
valve require pressurization of two ports to perform leakage and proof pressure tests
whereas a system with latching valves can be pressurized through one port with
actuation of the latching valve to the open position. The servicing procedures
(propellant conditioning, loading and unloading, vacuum drying, etc.) are also very
similar for the candidate subsystem . However, those subsystems which require
additional plumbing to accommodate the extra feed system components and engines,
require extra time for draining the propellant and vacuum drying., Those systems

utilizing an ordnance type propellant isolation have an advantage here in that they limit
~ the portions of the system exposed to propellant. '

In general, it may be concluded that the predominant factors which affect subsystem
installation and checkout procedures are the number of engines used (and associated
plumbing), and the présence of gimbal actuated engines. Although there are some
varying checkout procedures with each of the feed system concepts, there are no
significant advantages or disadvantages associated with any of the:a.
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4,4,6.,2 Flight Operations

Flight operations, presented in Tables 4.4.6,2-II, -III and -IV, describe the

L procedures for performing velocity change (AV), attitude control (A a ) and

spin control (AN) maneuvers, and the constraints imposed in performing these
maneuvers, Information in these tables was prepared to provide a mean}s for

rating the various candidate systems in regard to flight operations, and for this
reason, they are presented for only one mass configuration (cruise). However,
where another condition would bring to light significant advantages or disadvantages,
these conditions are also considersd, and are noted. Table 4.4, 6.2-I presents

the Flight Operations rating of the various candidate systems.

~ In performing AV maneuvers, the major constraint is the spin perturbation, which is
limited to .30 rpm. Because of the flight uncertainty (drENF), there is an error

' in locating the spacecraft CG, Part of the radial component of the spacecraft's

CG from where it is calculated to be (rEN) results in a perturbation which necessi-
tates dividing up AV maneuvers the size of the midcourse correctlon into many parts
for candidate systems P-7, P-10, P-12 and P-13., The worst case is the Orbiter
Mission, where the 108 meters/ second midcourse correction would have to. be done
in 29 sieps because of this perturbation. The P-5 candidate system is superior in

£ this regard because of the location of its engines, and for this reason, is rated
hest with a Rank =I, In all systems, a calibration maneuver is required, and AV
trim maneuvers are required when the maneuver AV is greater than 2, meters per
second, In candidate systems using engine placement concepis, P-10, P-12 and
P-13, no AV trim maneuver is needed for AV maneuvers less than 2 meters/second. o

In performing A @ maneuvers with candidate systems using engine placement
configurations P-5, P-~12 and P-13, the major constraint is the spin perturbation
which is limited to .30 rpm. In candidate systems using engine placement concepts
P-7 and P-10, the spin perturbation is negligible because of the location of the A a : .
engines, This results in an ability to perform most Aa maneuvers in one step Foo
S plus a A @ trim maneuver in order to attain the required accuracy of .20 degrees. .
i A A a trim maneuver is also required for candidaté systems using engine place~
L ‘ment concepts P-5, P-12 and P-13, The velocity perturbation is small compared

to the size of the third midcourse correction of 2 meters/second. For all candidate

i systems, except those using concept P-7, it will be required to perform part of the
t final A a frim inaneuver with only one engine in order to meet the accuracy require-
: - ment of .20 degrees,

o T R
A VT R

AT DI 0%

[ N ISy :
VL MRS SLTeR e

e - Performing AN maneuvers greater than 1.6 rpm will require a AN trim maneuver

. ~ for all candidate systems in order to meet the accuracy requirements of +.10 rpm, -
o .  All miineuvers greater than 25 rpm will be required to be performed in three '

B steps, including the trim maneuver, in order to meet the accuracy requirements, Ty

The velocity and precession perturbations for all the candidate systems are small; g

however, systems using concepts P-12 and P~13 do have precession perturbations

4.4-64
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4.4.6,2 (continued)

a 2 E -
. S

considerably higher than the other systems and for this reason are rated last, with
a Rank = III,

Flight Operations Rating Summary

Individual ratings for the three maneuvers are assigned the candidate systems
in Table 4.4.6.2-I. An overall rating is also given on the table which shows system
- concept P-5 rated highest. No particular set of weighting factors was applied to
:i; draw this conclusion, but it was felt that the undesirable aspects of the other candi-

dates with respect to spin perturbation errors during AV maneuvers was sufficient
reason to rate the candidates in this manner,

TABLE 4.4,.6.2-I. FLIGHT OPERATIONS RATINGS OF CANDIDATE SYSTEMS
L AV A AN Overall
! Candidate System __| Maneuvers Maneuvers Maneuvers | Rating
r I, II & III (P-5) I III It I
IV, V& VI (P-7) IT II II I
. VII, Vi & IX (P-10) IT I » I II
| X, XI&XI  (P-12M) II I m | IV
S | ‘
XIII, XIV & XV (P-13) IT . IIT III IV

oy 4.4-65/4,4-66
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TABLE L.L.6.2-11.

‘ System Procedure Maneuver Increment Error
B H I, IT & IIT Calibrate prior to Probe: Probe:
(P-5) first maneuver in order| Max. AV = 95 m/sec dv = 5,7 m/sec
to determine rpor and | a1l AV = 1 m/sec ax = 2,4°
I‘ENo dN = .30 RPM
‘ Fire: 1, 3, 5, 7 Orbiter: Orbiter:
: or 2, L, 6, 8 Max., AV = }j2 m/sec dv = 2.5 m/sec
Modulate: 1,3 or 2,4 |agq AV = 1 m/sec dol = 1,9°
- B dN = .3 RPM
p : : :
o v, V& VI Calibrate prior to Probe: Probe:
o (P-7) first maneuver in order] Max. AV = 8,6 m/sec, dv = 46 m/sec
i to determine r;o and i _ do = 1,350
“,;._1‘4; o E Cal AV =1 m,/se\, dN = .30 RFM
v Fire: 1, 3, 5§ or 2, | Orbiter: Orbiters:
A L, 6 : Max, AV = 3,8 m/sec, dv = ,21 m/sec
Modulate: 3,5 or 4,6 3 : ax = 1,1°
N
1 VII, VIIT & Calibrate prior to Probe: Probe:
o IV (P=10) first maneuver in Max, AV = 8,6 m/sec dvV = 39 m/sec
: I - order to determine Cal AV = 1 m/sec do = 1,35°
= rg o and T, = dN = ,30 RPM
L EN
r
I Fire: 1& 2 Orbi ter: Orbiter:
o or Max, AV = 3,8 m/sec dav = ,17 rg/sec
3&Lk | ax = 1,35
b i Cal =
Modulate: 2 or L &1 AV s 1 n/sec dN = .30 RPM
X, XT & XVI Calibrate prior to Probe: Probe:
(P=12M) first maneuver in Max, AV = 8,6 m/sec dvV = .31 m/sec
‘ order to determine ~ . dX = 1,359
roo( and roy. Cal AV = 1 m/sec dN = .30 RPM
; oL E E EN
. Fire: 1 or 2 Orbiter: Orbiter:
[ N Track C, G with swivel Max. AV = 3.8 m/sec dav =.1L;,°m/sec
U 0 dof = 1.1
3 Cal AV = 1 m/sec dN = .30 RPM
XTI, XIV & Calibrate prior to | Probe: Probe:
g XV (P-13) first maneuver in Max. AV = 8.6 m/sec dV =.39 m/sec
S ‘order to determine Cal AV = 1 m/sec d« = 1,35°
‘ rp o and Tgye ' ' , “dN = ,30 RPM
| ~ Lo ) Orbiter: ~ Orbiter: =
| Fire: 1&2or 3&1L Max,AV = 3.8 m/sec AV = .17 m/sec
Modulate: 2 or L Cal AV = 1m/sec do(= 1.10
. NOTE: Spacecraft is »in\c;ruils“ebmoder‘unle'}ss otherwise noted. | o
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AV MANEUVERS EQLDOUT, fﬁéME
ror Remarks Rank
| AV trim needed to reduce error = 2 1/2% for AV >
/sec 2 m/sec and error < 5% for AV< 2 m/sec.

PM For probe AN trim needsd if maneuver total I
| AV > 95 m/sec.
r
/sec For orbiter AN trim needed if maneuver total
: AV D> L2 m/sec.
AV trim needed to reduce error < 2% for AV >
/sec 2 m/sec and error X 5% for AV < 2 m/sec.
PM For probe AN trim needed if maneuver total II
AV > 8,6 m/sec.
}sec For -orbiter AN trim needed if maneuver total
| AV trim needed to reduce error < 2 1/2% for
L’sec AV > 2 m/sec.
Pl For probe A N trim needed if maneuver total II
AV > 8.6 m/sec.
sec For orbiter AN trim needed if maneuver total
AV > 3.8 m/sec.
PM
AV trim needed to reduce error<21/2% for
/sec AV > 2 m/sec,
M For probe A N trim needed if maneuver total II
AV > 8.6 m/sec.,
E’sec For orbiter AN trim needed if maneuver total
| AV > 3.8 m/sec.
M
A V trim needed to reduce error <2 1/2% for
'sec AV >2 m/sec.
M F’or"provb'e AN trim needed if maneuver total IT
AV > 8,6 m/sec. :
sec '
For orbiterAN trim needed if maneuver total
q AV > 3 8 m/sec.

4.4-67/4.4-68
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FLIGHT OPERATIONS

Table L.k
System Procedure Maneuver Increment Error
I, IT & III Fire: 1&6 or 3 & 8 Probe: Probe: l
(P-5) or 2&5 or L&7 Max.Ax(=27,50 dv=,015 m/sec
_ A Trim maneuver re- Max,AX=3,90 for N=85 de (Max,)=.096° f
quired after all RPM for events 27 & 28 maneuvers€2,l ‘
maneuvers in order to Orbiter: dN=,30 RPM (
meet ,20° accuracy Max . Acx=22° Orbiter: dv=,006
#dex (Max,)=,22° ¢
maneuvers < ,8°
dN=,30 RPM
v, V& VI Fire: 1, L, 6 or 2, Probe: Probe:
(P=7) 3, 5 Max . AX=71° (Far events dv=,055 m/sec

AXTrim maneuver re-

27 arnd 28 also)

dot (Max. )=.066° foi

quired after all Orbiter: maneuvers £ 1,25°

maneuvers in order to Max ,AX=71° dN=Negligible

meet 207 accuracy Orbiter: y

. dv=,031 m/sec :

Modulate: 4,6 or 3,5 do¢ (Max. )=14° for|
maneuvers < 2,60
dN=Negligible

VII, VIIT & IX Fire: 1&l or 2&3 Probe: Probe:

{(P=10)

AXTrim maneuver ree-
quired after all
maneuvers in order to
meet .20° accuracy

Max ,AX=96° (For events
27 amd 28 also)
Orbiter:

Max . AX=96°

dv=.05 m/sec
dot (Max,)=,096° f
maneuvers £ 2,1°
dN=Negligible
Orbiter:

dv=,028 m/sec 4
*do (Max, )=,22° £,
maneuvers<l; ,80
dN=Negligible

Fire: 3&56 or L&5
AXTrim maneuver re-
guired after all

Probe:
Max QN’2705° o
Max ,/¥=3,90 for N=85

Probe:
dv=,013 m/sec :
dox (Max, )=.096° f¢

maneuvers in order to RPM for events 27&28 maneuvers£2,1°
meet ,20° accwracy Orbiter: | dN-.30 R™M
Max, Ax=220 - Orbiter:
~ | dv=.006L m/sec
*d X (Max)=,220 fo
maneuvers<l; ,8°
dN=,30 RPM
£IIT, XIV & IV Fire: 6&7 or 5&8 Probe: Probe:

(P=13)

AXTrim maneuver re-

- quired after 21l ,
maneuvers in order to |

meet .20° accuracy

Max JAK=27.60 ,
Max,A¥=3,9° for N=35
RPM for events 27&28

- Orbiters
Max, A& =220

Note: Spacecraft is in cruise mode unless otherwise noted.

dv=,015 m/sec

de (Ma.x.'.096° » fa

maneuvers £ 2,1°

Orbiter: o
dV'.OOéh M/S'ec

#dox (Max,)=,220 £,
- maneuvers £),,80

dN= ,30 RIM

——



L RATIONS - A X MANEUVERS

ple L.b.6.2-IIT

‘r

rror Remarks {Ra.nk
: :

AN Trim maneuver needed if maneuver total>27.5° ITI
}/sec for probe, and Ax>22° for orbiter (cruise

096° for trim
Fe 1
M

dv=,006l m/sec
)=,220 for trim

<1.8°

condition),

During events 27&28 in probe missionAN trim is
needed for csach A¥=3,99 increment because of high
spin speed, #*do (Max.) is I this value for single
engine operation.

/sec o

=.,066" for trim
£1,25°

Tble

/sec

14° for trim
£ 2.60

ible

Max. Ao increment based upon performing only one IT
trim maneuver

/sec

= ,096° for trim
£2,1°

ible

/sec
)%2“2 for tr:.m

Max, Axincrement based upon performing only one T
trim maneuver,

#do (Max.) is L this value for single engine
operation.

SEC

|

n/sec

Fe229 for %rim
<l 8O

1

AN Trim maneuver needed if maneuver total >27.5° 11T
for probe, andAX>22° for orbiter (cruise condition). |
During events 27&28 in probe mission N trim is needed
for each AX=3,90 increment because of high spin speed.
# dox (Max.) is + this value for single engine
operation.

‘sec
096° far trim
£2,1°

T
1/se<‘ .

.220 for trim
_h 80

* do (Fax.)_ is % this v,alue for single engine operation

AN Trim maneuver needed if maneuver total>27.5° for [III
probe, andAx>220 for orbiter {cruise condition).
During events 27 &28 in probe mission AN trim is

needed for eachA%=3,90 lncroment because of high
spin speed.
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FLIGHT OPERATION =AN M

Systen Procedure Maneuver Increment Error
I, IT & III Fire: 2&3 or 647 Probe. Probe:
(P=5) or 5&8 or 1&L Max, AN=25 RPM dv (Max.)=.0011 m/sec
AN trim<1,6 BPM Orbiter: dx (Max,)=.040° @ Nav,=5
needed after all Max.AN=25 RPM dN=1,60 RPM
maneuvers in order to ' Orbitar:
meet + .10 RPM accyracy dv (Max.)=.0015 m/sec |
- do (Max,)=,1250 @ N=15 R
dN=1,6 RPM
Iv, V & VI Fire: 3&65 or L&5 Probe: Probe:
(P=7) AN trim<1.6 RPM needed | Max.AN=25 RPM dv (Max.)=.0011 m/sec
after all maneuvers in ‘| Orbiter: do (Max, )=:0L0C @ Navg=5

order to meet * «10 RIM
accuracy

Max.AN=25 RPM

dN=1,60 RPM

Orbiter:

dv (Max.)=.0015 m/sec
dot (Max,.)=.1250 @ N=15 R
dN‘loé RPM 1

VII, VIII & IX

Fire: 5&8 or 6&7 Probe: Probe:

(P=10) AN trim<1.6 RPM Max. A N=25 RPM dv (Max)=.0011 m/sec
needed after all Orbiter: dot (Max)=,017 @ Nayg= 50,
maneuvers in order to Max. A N=25 RPM dN=1,5 RPM ]
meet + .10 RPM Orbiter:
acecuracy dv (Max.)=,0015 m/sec

do (Max.)-.032° 8 Wiz
15 R™M
dN=1.6 RPM
X, XI & XII Fire: L&6 a 5&3 Probe: Probe:
(p=12) AN trim £1,6 RPM Max,AN=25 RPM dv (Max.)=.0L5 m/sec
| needed after all Orbiter: dot (Max,)=.320° @ Navg=

maneuvers in order to
meet ¢ .10 RM accuracy

Max.AN=25 RPM

50 RPM

Orbiter:

dv (Max.)=.060 m/sec

ax (MaXo)SQSBO @ N‘ls RP
dN=1,5 RPM |

YITI, XIV & XV

Fire: 5%7 or 6&8 Probe:
(F=13) AN trim < 1.6 RPM Max ., AN=25 RPM
» needed after all Orbiter: '
maneuvers in order Max.AN=25 RPM
to meect *+ .10 RPM '
accuracy
Note: Probe is in launch condltlon and orblter in crulse mode ,

for above errars.

—

Probe: :
dv (Max. )'00)45 m/sec i
dX (143.){. -31 @\]avg= |
50 RPM |
dN=1, 6 RPM

Orbiter:

dv (Max,)=.06 m/sec

d (Max.)=5. 8% du (max. 3
58° @ N= 15 RPM ,

m—

A1 A BRPM
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Remarks

Rank

Fn
s§ O

UEU
W’“ -
Wt

A A 3
1

Y

Iy

Probe mission errors are for despin maneuver
conditions

1T

=, 0015

™
S

Probe Missiocn errors are for despin maneuver
conditions,

II

=, 3011 n/sec

=217 & By 50 o

2

:
,3*«053‘15 m/sec
j=.032° @ N.=

2

Probe mission errors are for despin maneuver
conditions.

|
|

"}2’;0&15 n/sec
):: - 32‘00 @ Navg=

)“.OéiO m/sec
5‘74’5810 @ N=15 RM

Probe mission errors are for despin maneuver
corditions,

|
!

)”.0}35 m/sec
=, 31 WNavg=

™

S

dm/sec “
QCY (max. 5 =

H Pﬂ}.

hrt” “—wt

==

,'l«.’
Y g
Frjm

Probe mission errors are for despin maneuver
conditions.
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Components

The degree of complexity of the candidate subsystems is a function of the types and
quantities of components used in the subsystems and thus provides a basis for per-
forming a technical evaluation and comparison. Table 4.4.7-1is a list of the types

of components, and the quantities of each type, used for each subsystem; and a
summary of the relative complexity of each of the subsystems. Because of the
complexity (logic circuitry, position accuracy control, moving and sliding fits) associ-
ated with gimbal actuators for engine positioning, the systems utilizing this component
are more complex than systems utilizing a fixed position engine. Likewise, the
number of engines used in a system, and the use of latching valves represent more
complexity, in terms of operation and checkout, than any of the other types of compo-
nents (squib valves, testparts, etc.) that may be used on a candidate subsystem. Thus,
using relative component complexity as a criteria, the subsystems are evaluated and
categorized. The candidate subsystems utilizing gimbal actuators (X, XI, XII)
represent the most complex configurations with candidate XI having the highest degree
of complexity because, in addition to the actuators, the system also utilizes 4 latching
solenoid valves. The systems having only 6 engines, and no gimbal actuator (IV, V,
VI), represent the least complex of all the candidates with subsystem VI being the
simplest since it utilizes a squib valve for isolation as opposed to the latching valves.
The remaining candidates, representing the medium complexity range, use 8 engines
and are rated in this category according to the type of isolation valve used. The
subsystem s utilizing squib valves (candidates III, IX, XV) are the simplest in this
category with the remaining subsystems in this range considered more compiex
because of the use of latching valves.

R
e
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TABLE 4.4.7-I

SUBSYSTEM COMPONENT COMPLEXITY

QUANTITY OF COMPONENTS

" [Gandidate T |11 | IIT

P | | W [ v Jvi TVvir Jvir [IX X T XT TXIT TXIiz [XIv [ xv
¥ | Subsystem “P-5 P-7 P-10 P-12 2=13
Component FS-2 | ¥S4 | FSO | FS-2 | FS-4 | F§-0] ¥S-2| FS-It |FS-8] FS-2] FS-k | FS-B | FS-2 | FS-I | FS<8
| | (1) (2)
; Tank 9 9 9 9 9 9 9 9 (9 9 9. 9 9 |9 9
Engine 8 8 8 6 6 6 8 8 8 6 6 6 8 8 8
Fi1l & Dratn | 2 |2 2 2 2 2 2 2 2 2 2 2 2 2 2
~  |Filter 1 )1 1 1 1 1 1 1 1 1 1 1 1 1 1
; _t Transducer 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
~ |
Squib Valve - - 1 |- - 1 - - 1 - - 1 - - |1
| Latching Valve| 2 L - 2 L 2 L - 2 4 - 2 4 -
| Actuator . - - |- - |- - - |- 2 |>2 2 - - -
Test Port 2 1 1 2 1 1 2 1 1 2 1 1 2 1 1
| | | 2y
Relative MEDTUM LOWEST MEDIUM HIGHEST MEDIUM
| Complexity

|Range

(1) Least complex of a
(2) Most complex of al

11 candidate subsystems
1 candidate subsystems

°Y
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Structural/Physical Considerations

Since each of the candidate subsystems are similar except for the number of engine
modules, and the number of components on the component pahel, there are no signi-
ficant structural or physical aspects that can be used to rank the candidate subsystems.
The structural (vibration and shock) characteristics for each of systems vary slightly
only because there are differences in engine locations and quantity as well as plumbing,
and feed system components. Subsystem interfaces, with the exception of plumbing
and engine quantity and locations are also similar for all of the candidates. The
component panel, although containing different components according to the feed
system utilized, is designed to minimize spacecraft interfaces.

Thel subsystem using gimbal actuators to position engines, presents the most outstand-
ing difference in installation and interface because of the added complexity associated
with alignment and checkout. However, other considerations related to the candidate
subsystems, such as thermal effects, plumbing effects, contamination control and
center of mass tolerances, do not provide any significant physical advantages or dis-
advantages that can be used as a basis for ranking the subsystems. The inability to
rank the candidate with respect to these considerations is due to the basic similarities
present in the subsystems.

4.4-74
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PARAMETRIC AND DESIGN STUDIES
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PARAMETRIC AND DESIGN STUDIES

During the course of the Study Program, a series of analytical and design studies was
conducted. In some cases, these studies developed data that supported the effort "
concerned with establishing a comparative evaluation of the individual propulsion
system candidates, but, in most cases, the information developed was general in
nature, and applied to all candidates. In addition, some of the information was
developed in parametric form so as to be useful to GSFC at some later date in their
conduct of trade-offs at the spacecraft level, These studies are outlined below and are
discussed in detail in the subsequent sections. Each of the studies is common to all
candidate systems, with the exception of the section on "Flight Operations' (Section
5.4), which used candidate system I (P-5/FS-2) for both the Orbiter and Probe
missions,

Mission Analysis
Reliability

Pre-Flight Operations
Flight Operations
Components

Test Plans

Thermal Analysis
Plume Study

Environmental Effects
Contamination Control
CG Tolerances

e e e e st - - - -

Leakage/Feed System Dynamics | DL
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Mission Analysis

To facilitate the determination of propellant weight allocations for the candidate
propulsion systems under consideration and the two different missions, a computer
program was written. This program uses an engine model to determine values of
specific impulse and rotational efficiency for each maneuver. It also calculates
weight of propellant consumed, the resultant tank pressure, the optimum electrical
on time, the pulse train length, and updates the vehicle weight, spin inertia and
spin rate, The computer program logic is illustrated in Figure 5.1, 0-1.

The program requires the following inputs:
a) The number of tanks used, their diameter and initial pressure, the distance

between the vehicle and tank cenber of mass, and the initial weight of propellant
loaded.

b) The numb'er of spin, velocity and attitude control engines, and their respective
distances from the nozzle centerline to the vehicle center of mass.

- c) The initial vehicle weight, initial vehicle spin ineitia (including propellant)

and the initial vehicle spin rate.

d) Thef ehgijne mmimum allowable on~time and the initial rotational efficiency for
calculations.

e) The maneuver type and magnitude and any update on vehicle weight or spin
inertia

For each maneuver, the program prints out the values of the parameters listed in
Table 5.1, 0- I :

In a‘nalyzi_ng each system for the required propellant weight allocations, the program
assumes that the engines used for each type of maneuver are equally distant from
the vehicle center of mass, although different "types' of engines may be located at
different distances. This permits the use of the same electrical on-time and pulse
train length for all engines performing a particular maneuver,

Final tank pressures fer each maneuver are ceﬁiputed assuming an isothermal blow-
down. The thrust level used for the maneuver is that value of thrust correspondmg
to the pressure at the start of the maneuver.

There are certam maneuvers in each mission for which the number of engines, and

the number of steps used to perform the maneuver was changed. This was done for
two reasons: '
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TABLE 5.1.0-I. COMPUTER PRINTOUT NOMENCLATURE

Units Symbol Nomenclature
1b-sec IVEC the value of the impulse required to perform the
maneuver .
lb-sec IENG the impulse each engine must deliver
1bf F the thrust level during the maneuver
RATE the:rate at which the maneuveriis performed using
a slngle engine
RES the magnitude of the maneuver corresponding to the
shortest on~time
EF the rotational efficiency of the maneuver
sec ISP the specific impulse for the maneuver
sec TON pulse electrical on time (optimum)
PTL pulse train length required.for the maneuver
sec ™ time required to perform the maneuver with one
engine :
1bs 'DEIM ~the weight of propellant consumed during the
maneuver
2 - » | o
1b-in 127 the vehicle spin moment of lnertia after the
maneuver ~ '
1b-in? - DIZ the change in vehicle spin moment
1bs - WIVEC the vehicle weight after the maneuver
psia PT tank pressure after the maneuver
lbs  PROP wéight bepropellant remaining,in tanks after ,
ke : the maneuver '
:rpm SPIN RATE vehiclé‘spin rate after maneuver

~a - —
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FIGURE 5.1.0—1. MISSION ANALYSIS ~
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(continued)

1) To include the effect of tank pressure blow-down during a maneuver, and

2) To allow the coalescing of repeated maneuvers of smaller magnitude.

The logic used in making changes is that the fraction of the total impulse that each
engine must deliver should be kept constant so that a large one-step maneuver utiliz-
ing four engines may be divided into four small maneuvers utilizing one engine so
that one engine is still required to deliver only one~guarter of the total required
impulse, or ten small maneuvers utilizing two engines each may be calculated
effectively as one large maneuver using twenty engines.

The candidate systems can be represented by four different configurations based only
on the number of each type of engine (Table 5.1, 0-II). These four configurations were
run for the two different missions, Orbiter and Probe. The results have been
compiled and are presented in Tables 5. 1. 0-III through Table 5.1, 0-X.

EFFECT OF CRUISE SPIN RATE ON PROPELLANT LOAD:

The variation in the fotal mission propellant requirements due to changes in the cruise
spin rate may be determined by ratio-ing the total mass consumed by precession
changes during cruise to the new cruise spin rates, and adding any additional spin-up
mass consumption. This was done for the case of 48 rpm cruise spin rate and the
value obtained was compared to a computer run for the same case. The difference
between the computer run and the calculated value was less than .3% indicating that
the propellant loading required for different spin rates could be confidently calculated
and is shown here in Figure 5,1.1-1. The slope differences between the curve for
the Probe mission and the one for the Orbiter missionis due to the difference in the
number of precession maneuvers performed during cruise. The final cruise spin rate
will have to be determined from an analysis of the maneuver errors.

.2 EFFECT OF CONSTANT PULSE ELECTRICAL "ON -TIME" ON PROPELLANT

LOADING:

The propellant loading for each mission and placement configuration was determined
using the "optimum' electrical on-time for each maneuver; that is, the on~time for
which the product of the rotational efficiency and specific impulse is maximum. In

order to determine the impact of a fixed electrical on-time, the Probe mission was run

using an initial propellant load of 74 lbs and fixed on-times which varied from 0.100
to 0.500 sec. The resultant propellant consumption was then plotted agamst on-time

and the results are presented in Flgure 5.1. 2 -1,

- . A
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5.1.2 (continued)

This analysis shows that for the considered mission, with a fixed electrical on-time

of approximately 0,310 sec, a propellant load of 64.2 lbs is required. This represents

an increase of 1.8 lbs of propellant over a variable optimum on~time case, This
margin may be reduced if the Probe mission sequence were altered to de-spin the
vehicle after the release of the mini~probes, The high spin rate (85 rpm) results in
an optimum on-time of approximately 0,100 sec, whereas the majority of the mission
uses an on~time of between 0,500 and 0,600 sec, so that a spin-down after release
should shift the minimum fixed on~time to a higher value, and the decreased on-time

variance would result in a lower mission propellant load penalty for the fixed on-time
case,

PRECEDING PAGE BLANK Nor FILMED
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' TABLE 5.1.0-III

{ ORBITER MISSION PROFILE |
& SYSTEMS I, i, TII, VII, VI, IX (Configurations P5 & P10)

L A.
F SATELLITE
. i Spin Tank
F:{ | Rate Spin |Pressure
‘ : No. of |[Equivalent | Mass | After | Inertia | After
Event |Steps No. of After | Event | Iz After| Event |R
Event Magnitude {Used Engines Event | (RPM) | (1b~in?) | (psia) |{
L. Lift Off
F 2, 3rd Stage Burncut 70
3. De=Spin by Hydrazine System =49 rpm 1 2 915.,5 | 20,98 | 234833 | 2L8.S
4 Erect Booms
5. Spin-Up to Cruise Value +1 rpm 1 2 915.Lk| 1L.98 | 3L5L15S | 2L8.k
.5, S/C Separation from 3rd Stage
7. Spin Control +1Q rpwm 1 2 Tuhe26| 24,95 313102 247,88
8. Spin Control ~9.7 rpm 1 2 7L4.08| 15,33 | 3130L6 2L7.140
| '9. Orzent for Cruise 90 deg 1 2 7L3.71 | 15,32 | 312918 206429
0. Orient for lst M/C 10 deg 1 2 743,65 15,32 { 312899 2L6.13
1. Yst Midcourse Correction 27 m/sec 1 73Le27 | 15421 | 309799 222.27
| | 27 m/sec 1 724,96 | 15,09 | 306721 | 202.73
3 L 27 m/sec 1 715,69 | 1L.98 | 303664 | 186443
3 27 m/sec 1 706,50 | 14,87 | 300616 172.67
} 2. Re-Orient to Cruise 10 deg 1 2 706.4L1 14.87 | 300598 172,59
3. Spin Control +2,5 rpm 1 2 706.38 ] 17.37 | 300578 172451
“lis Spin Control -2.5 rpm 1 2 706,33 | 14.87 | 300559 | 172.L3
S. Orient for 2nd M/C 10 deg 1 2 706,27 | 14,87 | 300540 | 172,35
- 6, 2nd Midcourse Correction 10 m/sec 1l L 702,88 | 14,83 | 299424 167.79
7. Re=Orient to Cruise 10 deg 1 2 702.83 | 14.83 | 299406 | 167.72
8. Spin Control 5 rpm 1 2 702.73 | 19.83 | 299373 | 167.59
9. Spin Contrel =f.7 rpm 1 2 702,63 | 15.12 | 2993L2 167.L46
" 0. Orient for 3rd M/C 10 deg 1 2 702,58 | 15,12 | 299324 167.39
“1. 3rd Midcourse Correction 2 m/sec 1 L 701.88 | 15,11 | 299086 166.49
2.;} Re~Orient to Cruise 10 deg 1 2 701.83 1 15.11 299067 166,42
3. Orient for Retrofire 90 deg 1 2 701.45 |'15.11 | 298940 165,93
- l1s Retrofire for Orbit Transfer 90 deg 1 2 L2408 | 15,10 | 284996 165.47
. S. Spin Control ‘ + 5 rpm 1 2 423,99 | 20,09 | 284965 165,34
‘6. Spin Control -5 rpm 1 2 123,89 | 15,09 | 284933 | 165.22
7. Attitude Control Maintenance 120 deg 1 2 h23.41 | 15.09 | 284773 | 16kL.62
8. Orientation Trim 6 deg 1 2 423,38 | 15,09 | 284762 | 16L4.57
| ‘9. Spin Control +2.5 rpm | 1 2 {b23.32117.59 | 284742 | 16L.50
~#0.| Spin Control 2.5 rpm | 1 2 423,26 | 15,08 | 28472L | 16kL.43
'31.| Orient for Periapsis Reduction 1050 deg | 1 100 418424 | 14.99 | 283058 | 158.3L
"12.| Periapsis Reduction 2lie3 m/sed 8 9 113.36 | 14.93 | 281433 | 152.8)4
| 2he3 m/seq 8 9 408,52 | 14,86 | 279827 | 1L7.76
2Le3 m/seq 8 9 403,74 | 14.81 | 278221 | 1L43.0S
2L.3 m/seq 8 9 399,00 | 14,75 | 276635 | 138.68
2.3 m/seq 8 9 1394431 | 1k.69 | 275061 | 13L.60
| 2L.3 m/sed 8 9 389.66 | 1L4.63 | 273L97 130.80 |
| 2L.3 m/sed 8 9 385,07 | 1k.57 | 271948 | 127.2) |
249 m/sed B 9 380,40 | 1451 | 270362 | 123.82 |;




Initlal Press.

250 psi

FOLDOUT FRAMET OTR™0 ~ ¥

No. of Tanks 10 i
Tank Dia. .832
Initial Prop. 9% 1bs
| ENGINE
Tank
. | Pressure| Total Correcticn Engine Propellant
| After | Impulse Engine gotal Elapsed | Engine Impulse | Engine| Used For |Remaining
| Event | Required On-Time No. of Time Rotational|Required ISP Event Propellant
) (psia) | (lbp=sec ) Model (sec) Pulses| (sec) Efficiency|(1bs-sec)| (sec) (1br) (ibr)
( i
F 2L8.5 120.,3 | SS 12,01 - 59.8 226.4 53 Lol
2L8.L LSk | S5 L9 - 1,80 | 153.7 .03 9ol
247,88 35.59 | ss 3457 - 16,38 | 205.5 17 9L e26
} 2L7.L0 3hk9 | ©S 3.16 - 15,80 | 20L.6 17 9k« 09
246429 82,77 | P 70.50' 951 L3.73 | 223.3 .39 93471
246413 9.18 | P .78 .953 Lo12 | 1704 . .06 | 93465
222.27 | 2033 P 3751 954 | 2133 22743 9.38 BLe27
| 202,73 | 2007 P 3981 952 | 2112 22643 9032 7h.96
| 186.43 | 1982 P 3677 948 | 2094 225.6 9.27 | 65.69
172.67 | 1956 P 3861 L6 | 2071 22L,9 9.19 56.50
172459 8.62 | P 11,84 .9l 3.86 | 166.0 o065 56,4l
L 172051 909)4 SS 103 - 3091 166.8 ; .% 56038
172,43 9494 | SS 1.3 - 3091 | 16648 .06 56433
| 172,35 8.62| P 11.84 .9L6 3,86 | 166.0]  +06 5627
167.79 | T17.96 | P 375.8 U5 190.3 224.,3]  3.38 52.88
167.72 8,57 P 12 .9L5 3,87 | 165.9 406 52.83
167459 18.25 | ss 2.l - 7.75 | 183.31 .10 5273
167.46 | 17.4 | sS 243 - 7.35 | 181.9]  .096 | 52.63
167439 8.7 | P 12,25 945 L.06 | 16649 055 | 52.58
166,49 | 1h3.32 | P 76,6 e9lly 37.74 | 218.2 .695 | 51.88
166412 8.73 | P 12.3 .95 L.06 | 16649 055 | 51.83
165,93 |  78.59 | P 83.L 9Lk 40.5 | 219.0 .380 | Sl.L5
165.47 74.90 | P 79.3 .9LL 39,03 | 218.5 0363 | 51,08
165,34 17.45| P 1.1 -- 7.37 | 181.9 .096 | 50.99
165,22 ‘17.L5 1 P 1.1 -- 7.37 | 181.9 096 50,89
161462 99,74 | P 105.9 RN 52.59 | 221.6 L77 | 50.M1
164k.57 | 5,08 | P 12,12 926 2,20 | 153.4 .036 | 50.38
16k,50 9.47 | S8 1.28 - 3,70 | 165.3 057 | 50432
V| 16643 | 9.7 | sS 1,28 -- 3,70 | 165.3|  .057 | 50026
| 158,34 | 870.35] P 21,2 ea ,9L5 7.9, | 183.8|  5.025 | LS.2L
152,84 | 1029,58 | P 25542 9h3 | 1204k | 223.7) ¢ L.B62 | LO.36:
147,76 | 1017.55 | P 259.0 .9L2 120,08 |  223.L L.835 | 35.52
143.05 | 1005.6 P| 262,6 .9kl 118 | 223 Le79 30,74
138.68 | 993.8 P 266.1 9u0 | 117 223 Le7h | 26.0
134,60 | 982.2 P 269:2 o0 | 115 2228 469 21.31
130.80 | 970.6 | P 272.2 939 115 222 .6 Lebls | 16466
127,24 | 959.2 | P 274.8 938 |- 1k | 222.k he59 | 12407
123,82 | 971.1 | P 28L4,2 937 115 22243 1o 66 740
, e E | | |

I




FOLDOUI FRAME

TABLE 5.1.0-IV

?
* ORBITER MISSION PROFILE
o SYSTEMS IV, V, & VI (Configuration P7)
L
- SATELLITE
S Spin Tank
- Rate Spin Pressur
SR No. of [Equivalent} Mass |After | Inertia | After
[ o Event |Steps No. of After |Event (I,, After| Event
r S Event Magnitude |Used Engines | Event | (RPM) | (1b-in?) | (psia)
1. Lift Off WIVEG |Spin | I Prp
A Rate
2. 3rd Stage Burnout 70 ’
13, De=-Spin by Hydrazine System =40 rpm. 1 2 915.47}20.98 | 2314833 | 2LB.U6
.:4e Erect Booms |
b 5. Spin-Up to Cruise Value + 1 rpm 1 2 915.L4h{1L.98 | 3L5L15 2LB.37
6, S/C Separation from 3rd Stage
f .'7. Spin Control +10 rpm 1 2 7hl.26]20.98 | 313102 | 247.88
'8, Spin Control =947 rpm | 1 2 7Ll 09|15.33 | 313046 | 2L7.4O
9% Orient for Cruise 90 deg 1 3 743.69115.32 | 312915 2L6.26
{ 0y Orient for lst M/C 10 deg 1 3 8L3.63|15.32 | 31289 246,08
.1, 1st Midcourse Correction 27 m/sec | 1 73L.26]15.,21 § 309794 222423
. 27 m/sec | L 1 72L.95]15.09 | 306716 | 202.70
b 27 m/sec 1 715.67|14L.98 | 303658 186.41
{ ‘ 27 m/sec 1 706 .48[1L.87 | 300610 172.64
|2, Re-Orient to Cruise 10 deg 1 3 706.u2{1L.87 | 300590 | 172.56
113+ Spin Control +2.5 rpm 1 2 706.36{17.37 | 300571 172.48
ik Spin Control 2.5 rpm | 1 2 706.30|1L.87 | 300552 | 172.L0
b 115, Orient for 2nd M/C 10 deg 1 3 706.2L|1L.87 | 300532 | 172,31
:jé; 2nd Midcourse Correction 10 m/sec 1 3 702.8611L.83 | 299416 167.76
7, Re-Orient to Cruise 10 deg 1 3 702.80]1L.83 | 299396 167.68
383  Spin Control +5 rpm 1 2 702,70|19.82 | 299363 | 167.55
.94+ Spin Control =L .7 rpm 1 2 702.,60{15,12 | 299332 167,12
-“oi Orient for 3rd M/C 10 deg 1 3 702.54l15.,12 | 299312 16743l
- 21, 3rd Midcourse Correction 2 m/sec 1 3 - 701,86]15.13 | 299077 166146
»2, Re-Orient to Cruise 10 deg 1 3 701.80|15.11 | 299057 | 166,38
' “23, Orient for Retrofire 90 deg 1 3 701.10{15.11 | 298925 | 165,87
gLy Retro Fire for Orbit Transfer 90 deg 1 3 L2k.03]15.10 | 284978 165,39
P5i Spin Control 45 rpm 1 2 423.93}20.10 | 2849L6 | 165.27
}7?6.» Spin Control -5 rpm 1 2 L423.83115,10 | 28491k 165,15
274 Attitude Control Maintenance 120 deg 1 3 123435115.09 | 284752 | 16L.54
284 Orientation Trim 6 deg 1 3 423.31{15.09 | 284739 | 16L.L9
29, Spin Control +2.,5 rpm | 1 2 L23.25]17.58 | 28L720 | 16L.L2
30) Spin Control 2.5 rpm | 1 2 1123,20]15.08 | 284702 | 16L.3L
31, Orient for Periapsis Reductlon . 1050 deg 1 150  L17.85114.99 | 282931 | 157.89
32, Periapsis Reduction 2.3 m/seq 8 6 - 112.9811h.92 | 281305 152.43
| 2he3 m/seq 8 6 1,08.,15]1L.86 | 279703 | 1L7.38
53 Periapsis Reduction 24.3 m/sed 6 ,03.36]14.80 | 278099 | 142,70
h - T 2L.3 m/s_eq 6 398.63}70 276513 138,35
354 2lt.3 m/seq 6 393.94114.68 § 27L939 134.30
36. 2.3 m/sea 6 398.30f1L.62 | 273377 | 130.52
37 2Lie3 m/sec 6 38h.7111L.56 | 271832 126,98
38, 249 m/seq 6 380.06f14.50 | 270247 | 123.58




FOLDOUT FRAME "

SP 07R70 - F
Initial Pressure 250 psia
Initial Propellant 95#
No. of Tanks 10
Tank Dia. .823 ft.
S ENGINE .
| Tank
Pressure| Total Correction Engine Propellant ‘
}:ia After Impulse Engine Fo‘oal Elapsed Engine Impulse | Engine| Used For Remaining
"ter| Event |Required On-Time No. of Time Rotationalf Required ISP Event Propellant
2 ) | (psia) [(1bp-sec)|Mode| (sec) Puvlses| (sec) Efficiency] (lbr-sec) | (sec) (1b¢e) (1bge)
Pp IVEC TON | PTL T Eff IENG ISP | DELM PROP
3 | 2LB.u6 | 120,33 | SS | 12.0L |1 12.01 - 59.82 226414} +531 9l oli7
5 | 248.37 Lo | sS 495l 1 W19 - 1.80 153.7| .032 rnh
2 | 2L7.88 35.59 | sS 3.5691 1 3457 - 16.38 205.5| 173 9lie 26
6 2L7.140 3hos5 | SS 3.459) 1 3.6 - 15,80 204.6] .168 94 .09
5 | 2ub.26 82.6L | P 59|12 46,91 .953 27451 216404 +LOL 93.69
L} 2L6.08 9.23 1 P .2ls] 3 9.79 .9L7 2432 157.9] 062 93,63
L | 222,23 | 2033 P 28] 1007 | 3752 954 E133‘ 227.3(94375 BL.26
& | 202.70 | 2007 P L32] 1063 | 3982 ,952 110 22643{9.316 7L.9k
186.11 | 1982 P L97 979 | 3677 .9L8 209k 225.6]9.267 65.67
O | 172.6k | 1956 P 501} 1023 | 3861 .9L6 PO72 224.9]9.192 56,48
pO | 172456 8.791 P 221 L | 13.66 .928 2,71 157.9] +060 56 .42
'L | 172.48 9.94 | SS 1.299] 1 1 - 3.91 166.8] 060 56436
(2 | 172.40 9.94 | ss 14299 1] 1.3 - 3.91 166.8} .060 56.30
2 | 172.31 8.78 P .221 N .928 2.71 157.9] «060 56.24
6 | 167.76 | 717.9 P «501] 132 .9Li5 253.7 224.3]3.388 52.86
6 | 1167.68 8s7L | P 221 L 13.5 927 2.71 157.7) +060 52.80
)3 | 167.55 18425 | SS 2.u371 1 2.l — 7475 183.3] .100 52,70
2 | 167.42 17.40 | S5 2.324 . 1 2,30 — 7435 181.9] .096 52.60
2 | 167.34 8.91 P 217 51 1.0 927 2,83 158.,6) 061 52.54
7 | 166,46 | 13,11 ] P L9627 | 102 TN 50.26 221.3| .685 51.86
7 | 1166.38 849 P 2170 51 1lh.d .926 2,38 158.6| 061 51.80
5 | 165.87 78.71 | P 5270 1h | 52.1 . 26,6l 212.4] .393 51.40
8 | 165.39 7h.89 | P 96l 1h | 52.8 .9LL 25,36 211.L4| 375 51.03
[6 165,27 | 17,45 | sS 2.35L 1 2.3t - 7437 181.9] .096 50.93
Lo 16515 | 17.45 | S 2.355] 1| 2.3¢ 7.37 181,91 .096 50483
2 | 16L.5h 99.73 | P Lol 20t 70.9 | 9Lk - 35.1 217.0| L87 50.35
9 | 16h.u9 5,08 P 217l 3 8.01 ,926 1.61 147.6] 2037 50431
0 | RéL.u2 9.47 | S8 1.283] 1 1.28 - 347 165.3] 057 50425
2 | Léh.3l 9.7 | SS | 1.283 1 1.28 | -= 3.7 16543 .057 50.20
L | 157.89 | 870.82 | P 373 5| 16.5es. | Uk | 5e2 172.615.342 L85
5 | 152.43 | 1026.63 | P .500 | 101 | 383 U3 180.58 223.7}L.878 39.98
3 | LL7.38 | 1016.61 | P 502 | 103 | 389 942 180.09 22345]4.830 35.15
9 142,70 | 100471 P J505 | 104 | 3% oLl 17770 223.2)L4.782 130.36
3 | 138435 992.93| P 507 | 105} 399.5 940 175.23 223.0fle73L | 25.63
9 1 134.30) 981.26] P .509 1 106 | L4okL.2 oh0 | 17h.3l 222.8]L.687 | 20.9L
7 130 52 : 969072 : P 511 ‘ 106 ' hOB 06 .939 ‘ B 171 065 222"7 LL0639 . 16'30
2 | 126,98 | 958.29 | P 513 | 108 | L12.7 | .938 1 170.51 222.5fL.591 11.71
7 | 123,58 970422 { P o515 | 110 | L26.6 2937 | 171.61 22243]L.656 7.06

5.

1-9/5.1-10
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TABLE 5,1.0-V

ORBITER MISSION PROFILE

SYSTEMS X, XI, & XII (Configuration P-12M)

Event

12.
13.

15.
16.
17.
18.
19.
20,
21.
22.

| 27,

128,

Lift off

3rd Stage Burnout

De-Spin by Hydrazine System
Erect Booms

Spin=Up to Cruise Value

S/C Separation from 3rd Stage
Spin Contrci

Spin Control

Orient for Crulse

Orient for lst M/C

1st Midcourse Correstion

Re-orient to Cruilse

Spin Control

Spin Control

Orient for 2nd M/C

2nd Midcourse Correction
Re-orient to Cruise

Spin Control

Spin Control

Orient for 3rd M/C

3rd Midcourse Correction
Re=orient to Cruise

Orient for Retrofire
Retrofire for Orbit Transfer
Spin Control

Spin Control

Attitude Control Maintenance
Orientation Trim

. Spin Control

Spin Control

Orient for Periapsis Reduction
Periapsis Reduction

Event

Magnd tude

No. of
Steps
Used

=49 rpm
+ 1 rpm

+10 rpm
=97 rpm
90 deg
10 deg
27 m/sec
27 m/sec
27 m/sec
27 m/sec
10 deg
+2.5 rpm
-205 ran
10 deg
10 m/sec
10 deg
+ 5 rpm
*4.7 rpm
10 deg
2 m/sec
10 deg
Q0 deg
90 deg
+ 5 rpm
- 5 rpm
120 deg
6 deg
+2.5 rpm.
2.5 rpm
1050 ceg
2L.3 m/sec
2h.3 m/sec
2L.3 m/sec
2he2
2h.3
2h.3

m/sec
m/sec

| 2e3 m/sec
2L .9 m/sec

m/sec |

S =

0O ot 1 et bt ol e = e d et e e et B B

— SATELLITE
pin a Tanlk
Rate Igzigia Press
Equivalent| Mass !After T After Afte
No. of After Event ["zz '2 Even

| Engines Event| (RPM) {(1b=in®) (psia
2 915.47|20.98 | 234833 248.4

2 915.4k | 1h.98 | 345415 2L 8.3

2 ul.26}2L.98 | 313102 247.4

2 7hh.09{15.32 | 313046 2474

2 743.71{15.32 | 312918 2L6.2

2 743.65115.32 | 312900 26. 1

1 73L.27115.21 | 309799 222.9

1 724.96]115.09 | 306721 202,17

1 715.6911L.,98 | 303664 186.1;

1 706.50{14.87 | 300616 172.4

2 706.LL 1L .87 | 300598 172.5

2 706,38117.37 | 300578 172.5

2 706.33114.87 | 300559 172,k

2 706.2711L.87 | 300540 172.3

1 702.88|1L.83 | 299Lh2L | 167.7

2 702.83|14.83 | 299406 167.7

2 702.73119.82 | 299374 167.5

2 702.63115.12 | 299342 167.L

2 702.58115.12 | 299324 167.3

1 701.90]15.11 | 299092 166.5

2 701.85]15.11 | 299074 | 166.L

2 |701.46115.11 | 2989L6 165.9

2 L42L.10{15.10 | 285002 165.L

2 h2h.01]20.10 | 28L971 165, 3

2 423.91{15.10 | 28L939 165,2

2 423.L3]15.09 | 284780 16l .€

2 423.,10{15.09 | 281768 16L .6

2 423.34117.59 | 28L7L9 16L.¢

2 423.28{15.,08 | 284730 | 16L.L

100 L18.2611L.99 | 28306k 158, 3

2 413,38{14.93 | 281439 1528

2 408.5k {14 .87 | 27983k 7.7

2 403.76|1L.81 | 278228 | 1h3.C

2 399.02170 276641 138,7

2 39L.33114.75 | 275067 | 13kL.6

2 389.6811L.69 | 273504 | 130.6

2 385.09|14.63 | 271955 | 127.C

2 380.L3|14.57 | 270369 | 123.¢
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FOLDOUT FRAME ]
. Initial Pressure 250 psia . 4
; Initial Propellant 95 # SP 07R70 - F -
No. of Tanks 10 o
| Tank Dia. .823 :
It " ENGINE ’ ! | % |
Tank ' i i , ) ‘ .
, Total . : - ! Engine i Propellant
Pressure ; Event | : . ! nd
After Rigigiig | Mgine | Total |Flapsed:  ngine | ["PU1% lpngine CRec fOT ?ﬁ?;i?iﬁﬁt
Event (1b i ) On-Time No, of | Time !Jrof,;uional (lg ec)% IsP . (1b,) (1b,)
(psia) £79%C%/IMode | {sec) !Pulses| (sec) [Efficiency £75°¢7 (sec) ! f f |
[ | =
t ! -
248.46 | 120,33 | ss | 12.00{ 1 12,01 ! - 59.82 {2264l .531 9LoL7
248,37 L. | Ss L9511 L9 - 1.80 [1%347 032 2
247.88 | 35.59 | SS | 3.569| 1 3457 - 16.38 |205.5 173 9k 426
24740 | 3L.uS | ss | 3.59) 1 3.46 - 15,80 |20k.6 .168 9Li..09
2L6.29 82.77 P L8917 18 65.9 951 L3.73 1223.3 -390 93.71
2L6.13 9.18 P 3061 3 11,7 .953 L.12 |170.4 .057 93.65
222,27 |2033.08 P L2811 1006 [3751,2 .95h 2132.81 1227.3 9.375 8L.27
202,73 |2007.36 P L32[ 108l [3981.5 .952 2112.0k ;226.3 9.316 7L .96
;| 186.L3 |1981.80 P M9 979 367,92 .9L8 2093.73 .225.6 9.267 65.69 o
| 172.67 {1956.41 P .501 | 1023 |38561,2 J9L6 2071.47 122L4.9 9.192 56,50 -
172.59 8.62 P .378 317118 .9L6 3,86 [166.0 .055 56455 |
172,51 9.9 | 85 | 1.298 1 1.3 - 3,91 1166.8 .060 56438 } ;
172,13 9.9 |85 | 1.299 1 1.3 - 3,91 [166.8 - 060 56433 o
172,35 8.62 | P .378 3] 11.8 .9L6 3.86 1166.0 | .055 56427
167,79 | 717,96 | P | .50k | 39 |1507.6 .95 761,04 |22L.3 | 3.388 52.88 .
67,72 | 8.57 | P i .379| L | 12.0 R 3.87 |165.9 .055 52,83
167.59 | 18,57 | sS ; 2.i36] 1 > Ly - 7.75 |163.3 -100 52473 :
167.46 | 17.40 | SS | 2.32h 1 2.32 - 7.35 |181.9 095 52.63 T
167.39 | 8.7k | P .372) k| 12,2 | LouS L.06 |166.9 | 053 52.58
166,51 | 143.12 P 196 81 306, 2 oLl 150.41 2251 676 51.90 S
166.41 8.73 P .372 Ll 1203 .9L5 L.06 |166.9 .055 51.85 .
165.95 78.60 Pt W96t 22| 83.0 .9LL LO.L9 {219.0 . 3680 51.L6 L
165.49 | 7h.90 Pt 9% 221 79.3 ~Slk 39.03 {218.5 4363 51.10
165,37 | 17.45 | S8 | 2.353 1 2.35 o 7.37 |181.9 L096 51.01
1:265.25 | 17.45 | ss | 2.354 1 2435 - 7.37 |181.9 .096 50.91
16L.6L | 99.75 Pt .L97| 29 | 105.9 +9LL 52.59 |221.6 L77 50.43 ,
| 16k .60 5.08 Pl .217 Ll 12.1 .926  2.20 |153.L <036 50.40 b
| 16L.52 957 | Ss | 1.282) 1 1.28 - 3,70 [165.3 | .057 50434 3
|| 6hlL5 | 97 |ss | 1283 1| 18| - 3.70 1165.3 | 05T p0.20° g
- | 158.36 | 870,38 | P | 35| 6 | 21.2ed  .9LS 7.9 183.3 | 5.025 L5.26
152.86 }1029.62 P .500 76 |11L6.3 .93 135.L6 [223.7 14.882 L0.38 i
17,78 j1017.59 | P 502 | 77 [1155.6 S L.942 ] 135.11 j223.5 he83L 3545k
| 13.07 {1005.38 | P | .50h| 78 {1181.4 | .ob1 | 132.90 (223.2 | L.786 30.76
138,70 | 993.89 | P 506 79 {1197.2 J9L0 | 132.32 |223.0 L.739 | 26.02
| A3L.62 | 982,21 P 509 | 79 [1211.h | W90 | 129.98 222.8 Le691 21.33
| 130.82 | 970.65 P | .511| 80 |122L.6 .939 | 129.21 |222.7 L.6L3 16.68
127.26 | 959.22 P w513 | B0 [1237.0 | .938 | 126.77 [222.5 11,596 - 12.09
123.8L | 97116 | P L5815} 83 |1275.0 .937 129.57 {222.3 |  L.660 Tek3

£
_§

5. 1~11/5.1-12
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FOLDOUT FRAME

\

SYSTEMS VII, VII, IX, XIII, XIV & XV

\

TABLE 5,1.0-VI

Event

N T T e R .A _ V
R o ) ., e . P .
B . 3 ST e .

Lift Off

3rd Stage Burnout

De-Spin by Hydrazine System
Erect Booms

Spin-Up to Cruse Value

S/C Separation from 3rd State

Spin Control

Spin Control

Orient for Cruise

Orient for lst M/C

1lst Midcourse Correction

Re-orient to Cruise

Spin Control

Spin Contrcl

. Orient for 2nd M/C

2nd Midcourse Correction
Re-Orient to Cruise

« Spin Control

Spin Control

Orient for 3rd M/C

3rd Midcourse Correction
Re-Orient to Cruise
Orient for Retrofire

o« Retrofire for Orbit Transfer

o Spin Control
>Spin Control

Attitude Control Maintenance

Orientation Trim
Spin Control
Spin Control

Orient for Periap51s Reduction

Periapszs Reduction

ORBITER MISSION PROFILE ﬁi
(Configurations P-10 & P-13) Ko
Tan!
< EATELLITE

rin . Ta
Rate Iizigia Press|
No. of |Equivalent | Mass After I' After After
Fvent |[Steps No. of After | Event| zz 5 Event
Magnitude |U Engines Event | (RPM) {(1b=in”) |(psia
- 49 rpm 2 915.47 | 20.98 1 234833  j2L8.L!
+ 1 rpm 1 2 915.hL | 14.981 345415 [2L8.3]
+ 10 rpm 1 2 7LL .26 | 2L.98 1 313102 |2L7.8"
-9.7 rpm 1 2 TLL .09 | 15.32 | 313046 |2L7.L(
90 deg 1 2 743.71 1 15.32 1 312918  |2L6.29
10 deg 1 2 743.65 | 15,32 | 312900 |2L6.1
27 m/sed 1 734.27 | 15.21 | 309799 [222,2]
27 m/sed L 1 72L.96 | 15.09 | 306721 [202.7
27 m/sec 1 715.69 | 14.98 F 30366L [186.Y4
27 m/sed 1 706.50 | 11,87 { 300616 {172.61

10 deg 1 2 706,404 | 14.87 | 300598 {172.
+2,5 rpm 1 2 706.38 | 17,37} 300578 {172.5]1
2.5 rpm 1 2 706.33 | 1L.87 | 300559 {172.L
10 deg 1 2 | 706.27 | .87 | 30050 {172.3¢
1C m/seq 1 2 702.88 | 1L.83 | 299h2L  |167.7¢
10 deg 1 2 702.83 | 1L.83 | 299L06 {167.7:
+ 5 rpm 1 2 702,73 119.83 § 299374  167.5¢
~i.7 rpm 1 2 702.63 115,12 § 2993L2  J167.4¢
10 deg 1 2 702,58 115,12 | 29932,  |167.3¢
2 m/seq 1 2 701.90 ] 15,11 | 299091  |166,5]
10 deg 1 2 701.8L | 15,11 | 299073  [166.4L)
90 deg 1 2 701.146 | 15.11 | 2989L5  [165,9¢
90 deg | 1 2 12h.10 | 15,10 | 285002  [165,L¢
+S rpm 1 2 L2),00 | 20.10 | 284970 65,3
-5 rpm 1 2 L23.91 | 15.10 | 284938 165,21
120 deg 1 2 L23.43 | 15.09 | 28L779  {16L.6l
6 deg | 1 2 L23.140 | 15.09 | 28LT67  [16L.5¢
+2,5rpm | 1 2 1 k23, zu._17.59 28L7L8  16).5:
-2.,5 rpm 1 | 2 | 423.28 | 15,08 | 284729  [16L.L¢
1050 deg 1 100 418.26 | 14.99 | 283063 158, 3¢
243 m/sec| 8 Lo 413.37 | 1L.93 | 281438 [152.8¢
2L.3 m/sec L L08.5k | 14,87 | 279833  |1L7.7!
243 m/sec| L 403.75 | 1L.B1 | 278227  [143.0
2hie3 m/sec| 4 399,02 | 14,75 | 276641  [138.7¢
2.3 m/sec L 394.33 1 14,69 | 275068  113L.6:
2k.3 m/sec Lo 389.68 | .63 | 273504  {130,8:
243 m/sec| L 385.09 | 14,57 | 271955 127,26
2le9 m/sec| Iy 380.L3 | .51 | 270370  {123.8]

—



| FOLDOUT FRAME L
4 ;nitial Pressure 250 psia ‘ SP 07R70 - F
| initial Progellant 95 &£

Wou. of Tanks 10
L Tank Dia. .323

| T N JINE = T

Tank T ?
- Tetal ingine Propellant,
Fressure Event :
e frer | Lmpulse Fneine Tlapsed| meine | IMPUlS€ \pnoine| Used For |Remaining
Event Re?u1red On-'%ime No. of TirI:\e Rota%ional Required IgP %ven‘;. Propellant
(psia) (1bg-sec) Mode | (sec) |Pulses| (sec) |Efficiency (lbf-sec) {sec) 1b¢ ubf)
3
2L8.46 120.33 | SS | 12.010] 1 12,01 - 59.82 |226.L 531 9L .47
2L,8.37 L. | SS 495 1 95 - 1.80 {153.7 .032 9l o ik
2L,7.88 35.59 | SS 3.569 1 3.57 - 16.38 {205.5 0173 9«26
2L 7.0 34.45 | SS | 3.4591 1 3.46 - 15.80 {20L.6 168 9k .07
[21,6.29 82.77 P 189 18 5549 .951 L3.73 |223.3 390 93.71
216.13 9.18 P 306 3 11a7 953 L.12 [170.L .057 93.65
222.27 | 2033.08 P 428 |1006  PB731.2 .95h | 2132.81 [227.3 5375 8L4.27
202.73 | 2007.36 | P AL32 106k B98i.g ©.952 | 2112.0L {226.3 9.316 7h.96
186.43 | 1981.80 | P L97| 979 RETELD L8 | 2093.73 (225.6 94267 65.69
172,67 | 1956.41 | P 501 11023 RBo1.2 U6 | 2071.47 {22L.9 9.192 56.50
172.59 8.62 P .378 3 1.8 .9hé 3.86 1166.0 .055 S6.LL
172,51 9.94 | 85 | 1.298| 1 o3 - 3.91 1166.8 -060 56.38
172.43 9.9 | 85 | 1.299| 1 1e3 - 3.51 1166.8 .060 56.33
172.35 8.62 P 37 3 11.58 .96 3.86 [166.0 055 56.27
167.79 717.96 P 504 | 198 | 751.2 945 380.52 ' {22L.3 3.388 | 52.88
167.72 8.57 P «379 L 12.0 .9L5 3.87 1165.9 .055 52.83
167.59 18.25 | 85 | 2.436) 1 | . 2,44 - 7.75 |183.3 100 52.73
167,46 17.L0 | se | 2.32l4 1 2,32 | | = 7.35 |181.9 .096 52.63
167.39 8.7 | P 3720 4 12,2 | +9L5 406 [166.9 .055 52.58
166,51 143.12 P L9 Ll {153.0 Lk 75.0L [223.5 678 51,90
166.0L4 8.73 P 3720 L 12,3 +9L5 L.06 {166.9 .055 51.8L
165,95 78.60 | P L96 | 22 83.0 Skl LOo.L9 {219.0 .380 5146
165,49 74.90 | P 496 22 7943 9Lk 39.03 |218.5 363 51.10
165.37 17.45 | SS | 2.3531 1 | 2535 - 7.37 1181.9 .096 | 51.00
165.2) 17.L5 | 8S | 2.354| 1 2,35 - 7.37 [181.9 096 50.91
16l .6l 99.75 P L97| 29 |105.9 W9Ll 52.59 1221.6 477 50.L43
16L.59 5,08 | P 2171 L 12.1 2926 2.20 11534 .036 50.40
164.52 9.47 | sS | 1.282| 1 | 1:28 - 3,70 [165.3 057 50.34
A6L.ls | 9.7 | SS | 1.2831 1 1.28 | - 3.70 1165.3 057 50,28
158.36 870.37 P L350 6 | 21,2 e£ ~ W9h5 7.9 1183.3 5.025 L5.26
152,86 | 1029.62 | P 500 | 152 | 574.1 W9L3 272.73 |223.7 L.881 L0.37
1h7.78 1017.55 P .502 | 154 | 582,8 W92 270.23 1223.5 L.83L 35.54
143,07 | 1005.68 | P .50h | 156 | 590.9 CW9L1 | 267.53 i223.3 L.786 30,75
138.70 933.89 P .506 | 158 | 398,45 .90 | 26L.65 1223.0 L.738 26.02
13k.62 982,21 | P 509 | 159 | A0g.7 .9L0 261,62 1222.9 L6591 21.33
130.82 970.66 | P .511 | 160 | 412,23 - .939 | 258.Lk 1222.7 L.6L3 | 16.68
127.26 959.22 | P 513 | 161 | 618,6 ©.938 255,15 [222.5 L.595 |  12.09
123.8) | 971.16 | P | .515|166 |é39,5 |  .937 259.16 {222.L L .660 7.43

i
|
];,
i
|
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TABLE 5, 1. 0-VII

Inirial

~1 AL 1
g@LﬁObT‘FPAJET‘ | No.of
. ‘ PROBE MISSION PROFILE Tank Di
SYSTEMS I, II, I, VII, VI, &IX (Configurations P-5 & P-10) InitiaL
* JATELLITE
g Spin Tank
Rate Spin Pressur
No. of [Equivalent{ Mass |After | Inertia | After
Event |Steps No. of | After|Event |I,, After| Event
Event Magnitude| Used | Engines | Event (RPM)_Lig~in (psia)
1. Lift off
2 '3rd Stage Burnout 70
3. De-spin - Hydrazine ~40 rpm 1 2 1051.4129.98 ] 335796 |2L5.61
e Erect Booms 8.0
5« Spin Up to Cruise Valve + U4 rpm 1 2 1051.2111.98| 898292 |2LL.27
5. S/C Separation from 3rd Stage
7. Orient for Cruise 90 deg 1 2 879.4 111.97| 833513 |238.9
3. Orient for lst M/C 10 deg 1 2 879.3111.971 233478 |238.2
9. st Midcourse Correction 27 m/sec 1 868.2(11.9L | 29802 |182,3
: Total 108 m/sec 27 m/sec| L 1 857.0{11.89 | 826121 |147.6
i 27 m/sec 1 8LS.8(11.16 | 822437 [123.9
- 27 m/sec 1 834.7]11.12 | 81878 |106.9
10. ﬁe-orlent to Cruise 50 deg 1 2 834.3111.82 | 818594 [106.3
11. Orient for-2nd M/C 20 deg 1 2 834.,0/11.82 | 818528 |[106.1
12, 2nd Midcourse Correction 10 m/sec| 1 L 829.9(11.80| 817159 [100.9
13. Re~orient to Crulse LO deg 1 ‘2 829.6 |11.79 | 817034 {100.5
;. Orient for 3rd M/C 20 deg 1 2 829, [11.79 | 816968 [100.3
j15. Brd Midcourse Correction - 2 m/sec | 1 L 828.5{11.79 { 816691 | 99.3
16. Attitude Control Maintenance 20 deg 1 2 828.L4 111,79 | 816625 | 99.1
17. Orient Spin Axis Parallel to Ecliptic 90 deg 1 2 827.5(11.79 | 8163LL 98.2
18, Re-target Maxi Probe L0 deg 1 2 827.1(11.78 | 816219 97.7
9. Separate Maxi Probe ,
0. Attitude Control Maintenance 10 deg 1 2 427.0(11.78 | 765L95 | 97.6
21, Re-target Mini Probe 5 m/sec 1 L 425.9{11.78 | 765139 | 96.5
22, Attitude Control Maintenance 20 deg 1 2 425.8 111,78 | 765075 | 96.3
23, Spin Up Mini Probes +73 rpm 1 2 L23.2{8L4.68 | 76L195 | 93.5
2l Separate Mini Probe | |
25, Attitude Control Maintenance 20 deg 1 2 193.828L.63 | 201920 | 92.4L
26. Re-target S/C Bus 18 m/sec| 1 N 19241 18,58 | 201333 | 90.7
27. Correct Sun Angle Drift | 20 deg 1 2 191.7 18L,5h | 201221 | 89.6
28+ Orient Spin to Veloeity Vector 12 deg 1 2 191.5 [84.51 | 201152 88.9
3




Initial Press. - 250 psia L
No. of Tanks 6 , :

oLt TRAME

, Tank Dia. 823 ft, , o SP 07R70 - F

Initial Drop 4 1bs.
TELLITE ENGINE
y Tank
1 Pressure | Total Correction Engine Propellant ‘
tia After |Impulse Engine |Total Elapsed Engine Impulse |Engine| Used For Remaining
“kor) Bvent \Required On-Time No. of Time |Rotational [Required | ISP Event  |Propellant
1€) | (psia) |(1bg-sec)|Mode | (sec) |Pulses (sec) |Efficiency |(1bg-sec)|(sec) (1bf) (1bf)
F
6 1245.61 | 1Lo.s | SS | k.02 | 1 ! 70 [227.1 62 | 73.38
2 |2Lh.27 L0.3 | sS | L.OB | 1 L 19 208.7 19 | 73.19
3 (238.9 172.1 P | .587 | 31 U8 | .953 89 227 79 | T2.39
8 2382 19.1 | P | .509 | ) 1%9 51 .95 8,3  |187.L 11| 72.29
p2  [182.3 2,0l P | .587 | 890 L4236 .952 2526 227 11.11 | 61.17
L (147.6 2373 P | .589 {1071 5079 L7 2509 225 11.15 Sg.gz
b7 (123.9 | 2343 P | .670 [1099 5187 o0 | 2hs8 223 11,16 | 38.85
8 |106.9 2312 P 672 1242 584é »936 2478 222 11.12 27,?g
L }106.3 .72 | P | 674 | 28 136 932 h9.7 219 b7} 27.27
8 |105.1 37.8 P | .595 | 13 59 0932 18,9 |203 020 27,02
9 1100.9 847.8 P | .67Lh | 128 60l .931 227 222 hell 22,98
L, |100.5 7547 P H75 | 24 108,5 .930 Lo.6 |216 .38 22.58
8 }100.3 37.8 P | .59 | 14 61.5 .930 19.5 {203 .20 | 22.3
1 | 99.3 168.9 P J755 | 2L 112 927 L5.8 218 o8l 21:55
5 | 99.1 37.8 P | .59 | 1 52 .930 19.6 {203 .20 20.32
Lo | 98,2 170.1 P | .676 | 54 27, .929 90.h  |221 ~83 2O¢§h
9 977 75.6 P 676 2L 110.5 929 39.5 [216 o3 20,
5 97.6 17.7 P .517 8 .928 8.4 [182 11 20.0L
2| 9645 217.3 P | .756 | 31 1133‘; 5| .926 57.h 1219 1.10 }g%
5 ] 9.3 35.4 P | .636 | 13 228 1,929 18.L |202 .%9 6.z5
5 93.5 583.6 | SS | 118.8 1 119 929 291.,8 |222 2,63 | 16.
O | 924 67.45 | P | .09 |152.7 108.2 | .92k 36,6 |22l 2339 | 15.51
3 | 90.7 352,72 | P | .105 | 38% 273.1 | .921 96 221 1.73 | 14.08
1 | 89.6 67.25 | P | .105 |15L.7 109.7 .920 36.66 |221 337 | 137U
2 88.9 110,26 P »105 92,9 65.9 920 21.9 220 .211 | 13,53

5.1-15/5.1-16




TABLE 5.1, 0-VIII

Init:

PROBE MISSION PROFILE . No. ¢
| SYSTEMS 1V, V & VI (Configuration P-T7) Tank.
\ Init1
| SATELLITE |
| Spin Tank :
| Rate ISpiz. Pressure{ 1
: No. of |Equivalent |Mass | After| “PCTU2 | pfiep 13
o Event [Steps No. of |After | Event|lzz Af;er Fvent [R€
- Event Magnitude | Used | Bngines | Event | (RPM)|(1b~in®) | (psia) |(1%
} 1., Lift Off

12. 3rd Stage Burnout 70
“| 3.. De-spin = Hydrazine =40 rpm 1 2 1051 | 29.98| 335796 2L46.15 X
1 L4+ Erect Booms
15, Spin-Up to Cruise Valve + L rpm 1 2 Losi.2 | 11,98| 898291 24l 9
16. S/C Separation from 3rd Stage :
}Lf 7. Orient for Cruise 90 deg 1 3 879.: | 11.98| 833516 240.2 1
{8, Orient for 1st M/C 10deg | 1 3 879.3 | 11,98 833479 | 239.56 ;
19. 1lst Midcourse Correction 27 m/sed L 1 868.2 | 11.94| 829811 | 188.8 2l
, Total 108 m/sec 27 m/sec 1 857.0 | 11.90| 826132 | 155.7 23
27 m/sec 1 - 8L45.9 | 11.86| 822Lh51 | 132.5 23
- | 27 m/sec 1 83L4.8 |11.82| 818771 | 115.L 2
|10, Re-orient to Cruise 50 deg | 1 3 83h.L | 11.82| 818613 | 1li.7
L {11, Orient for 2nd M/C | 20 deg | 1 3 83h.1 | 11.82| 818543 | 11L.5
12. 2nd Midcourse Correction 10 m/seq| 1 3 830.0 | 11.80{ 817176 | 109.3 8
. |13, Re-orient to Cruise LO deg | 1 3 829,6 |11.80{ 817048 | 108.8 |
14, Orient for 3rd M/C 20 deg | 1 3 829.) |11.80| 816979 | 108.6 }
115, 3rd Midcourse Correction 2 m/seqd 1 3 828.6 |11.80| 814707 | 107.6 1
116, Attitude Control Maintenance 20 deg 1 3 828.L | 11.79 816629 | 107.4 .
' ‘117, Orient Spin Axis Parallel to Exliptic 90 deg | 1 3 827.6 |11.79| 816351 | 106.L ]
‘4118, Re=target Maxi Probe I LO deg 1 3 827.2 |11.79| 816222 105.9
{19+ Separate Maxi Probe
%120, Attitude Control Maintenance 10 deg | 1 3 L27.1 |11.79| 765k97 | 105.8
|21+ Re-target Mini Probe 5 m/seqd 1 3 426.0 |11,78| 7651k6 | 10L.7 :
122, Attitude Control Maintenance 20 deg | 1 3 42%.8 |11.78| 765080 | 10L.L
(". 123, Spin Up Mini Probes +73 rpu 1 2 L23.2 | 84.69| 76L196 101.6 L
; |2h. Separate Mini Probes , | .
. 125, Attitude Control Maintenance 20 deg 1 3 193.9 | BlL.6L| 201957 | 100.L |
- |26, Re-target S/C ‘Bus 18 m/sed 1 3 192.2 | 8l.59| 201370 | 8.7 |
~.127+ Correct Sun Angle drift 20 deg | 1 3 191.9 | 84.5k | 201258 97.6
) {28, Orient Spin to Velocity Vector 12deg | 1 3 191.7 | 8L4.52| 201189 96,9




'SP 07R70 - F

Initial Press, 250 psia
No. of Tanks 6 tanks
Tank Dia. .832 ft¢.
Initial Prop 69 1bs.,
E ENGINE
Tank
ressure| Tlotal Correction Engine Propellent .
After | Impulse Engine |Total Elapsed Engine Impglse Engine UEed For Remalgingt
- Event |Required On-Time No. of | Time  |Rotational fiequired | rgp Event Pmi)ﬁ )an
(psia) {(lbp-sec) [ Mode (sec) |Pulses (sec) |Efficiency 1bg-sec) (sec) (1bg) (1bg
0.4 SS | 14.02 1 14.02 - 70.0 {227.1 62 68.38
Lo.3 sS | k.07 1 k.07 - 18.8 [208.7 .19 68.19
172 P | .587 20 98,2 .95 58.2 [225.6 | .80 67.40
19.1 Pl 431 3 15 ,353 5,96 {179 .11 67.28
2403,8 P | .587 | 887 121G .952 2527 227 11.11 56.16
2373 P | .589 |1043 4950 .9L8 © 2507 225 11.13 4S.03
23L3 P | .670 |105, 1981 9Ll 2Lk 224, 11.13 33o§0
2312 P | .672 [1178 5558 937 2473 [223 11.08 22,82
9.8 P | .754 16 7342 .931 33.0L [21h +Li8 221y
37.8 P | .67k 7 32,9 .933 11.99 [192 21| 22
8L8 P 1 .67 | 160 75947 .93l 302.2 j222 L.10 1 .ém
168.9 P | .675 3l 15747 .932 60.L 220 .82 16')5
37.7 P | 676 8 L3 | .932 12.4 |192 21 | 1 e
169.7 P | 676 33 155 | .932 59.3 220 .83 15.20
. 08
17.7 P | 517 5 21, .931 5.5 {171 1l 15.
217.3 P 1 .676 | 13 206.? .931 76, 221 1.06 11“33
35.3 P | 676 7 33 .931 11.2 {190 20 3.83
- 583.6 SS |111.7 1 112 i 291.8 [222 2.62 11.20
' » | ' 86
674k P | .09 | 101,3 71.8 .926 2.8 221 339 | 10,8
352.5 P | .09, 531, 378 .926 | 127.2 [221 1.72 g.g.g
67.13 1. P W09y | 102.2 - 72.5 .925 2L o2 221 +337 -8. ‘
| hOoQ P 009)4 . 61“‘4 ' )43.6 .925 11&'.’48 218 211 o 059 _

 5.1-17/5.1-18
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FOLDOUT FRAME

TABLE 5.1, 0-IX

PROBE MISSION PROFILE
SYSTEMS X, XI & XII (Configurations P~ 12M)

t
SATELLITE B
Spin . . Tan
Rate IigiZia i Press
No. of {Equivalent| Mass | After I After Afte
Bvent |Steps No. of After| Event |“z2 Even
Event Magnitude| Used Engines Event| (RPM) (lb-ln ) | (psi
Lift off
3rd Stage Burnout 70
De-spin - Hydrazine =40 rpm 1 2 1051.4| 29.98 | 335796 | 2hé.
Erect Booms
Spin Up to Crulse Valve : + U4 rpm 1 2 1051,2| 11.98 | 898291 | 2hL5.
5/C Separation from 3rd Stage .
Orient for Cruise 90 deg 1 2 879.4} 11.98 | 833518 | 2L0.2
Orient for lst M/C 10 deg 1 2. 879.3! 11.98 | 833483 | 239.
1st Midcourse Correction 27 m/sec| L 1 868.2] 11.94 | 829815 | 188.
Total 108 M/SEC 27 m/sec 1 857.0{ 11.90 | 826136 | 155.7
27 m/sec 1 846.0{ 11.86 | 822L45k | 132.
| 27 m/sec 1 834.8] 11.82 | 81877k | 115.
10, Re-orient to Cruise 50 deg 1 2 83k.h| 11.82 | 818621 | 1lh.
" 111, Orient for 2nd M/C 20 deg 1 2 83L.2} 11,82 | 818555 | 1lh.
12. 2nd Midcourse Correction 10 m/sec| 1 2 830.1} 11.80 | ‘817138 109.3
13, Re-orient to Cruise 4O deg 1 2 829.7| 11.80 | 817065 | 108.9
1 1. Orient for 3rd M/C 20 deg 1 2 829.5] 11.80 | 816998 | 108.6
15. 3rd Midcourse Correction 2 m/sec| 1 1 828.7! 11.80 | 816728 107.7
16. Attitude Control Maintenance 20 deg 1 2 828.5| 11.80 | 816655 | 107.L
17. Orient Spin Axis Parallel to Ecliptic| 90 deg 1 2 827.71 11.79 | 816370 106.5
18. Retarget Maxi Probe LO deg 1 2 827.3| 11.79 | 816253 | 106.1
19. Separate Maxi Probe :
20. Attitude Control Maintenance 10 deg 1 2 b27.2| 11.79 | 765530 | 105.9
21. Retarget Mini Probe 5 m/sec| 1 3 426.1| 11,79 | 765181 | 10OL.8
22, Attitude Control Maintenance 20 deg 1 2 425,91 11.79 | 765119 | 10kL.£
23. Spin Up Mini Probes +73 rpm 1 2 423.3| 8L.69 | 76L23L | 101.7
2lio Separate Mini Probes o : ' : : '
25, Attitude Control Maintenance 20 deg 1 2 19 | 8L.6l | 201957 | 100.5
26. Retarget S/C Bus 18 m/sec| 1 a 192,21 8L.591 201370 98.8
27. Correct Sun Angle Drift 20 deg 1 2 191.9] 8L.557] 201258 | 97.7
28. Orient Spin to Velocity Vector 12 deg 1 2 191.7! 84.52 | 201139 97.C
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, SP 07R70 - F
Initial Press. 250 psia

: No. of Tanks 6
' Tank Dia. .823 ft.
| Initial Prop. 69 1bs.
| .‘ ENGINE ) i
n . Lank Total ! Engine
“tia Pr;ssure Impulse {Correction Im;gmlse . Pg 21;31;30;“’ Remaining
S ter ?Ev ter Required Engine|Total Elapsed Engine Required En§1ne Event Propellant

o || DLvent (1b.-sec) On-Time{No, of Time Rotational (1b.-sec) I5P (1be) (1b,)
n (psia) f Mode| (sec) |Pulses: (sec) [Efficiency  ~f ~""'| (sec) b f
96 | 2Ub.2 Lo | 83| .02 1 14.02 - 70.0 | 227.1 .62 68.3
91 245.0 LO.3L | SS .07 1 4.07 - 18.8 208.7 .19 68.19
18 || 240.2 172.07! P 5871 31 1476 .953 89.2 | 227 79 67.39
{83 | 239.6 19,08 | P .509 L 17.2 .95 8.2 | 187.3 .11 67.29
15 | 188.8 2403 P 5871 887 : 1218 .952 2527 227.1 11.11 56417
36 | 155.7 | 2373 P| .589| 1042 | Lok L8 | 2507 225 11.13 | L5.0
54 | 132,5 | 2343 P 670 1054 4981 .91 2Lk 223.6 11.13 33.31
Th | 115.L | 2318 P 6721 1178 5558 ,937 21473 227.6 11.08 22.83
21 | 114.8 oh.ik | P 635 28 130.5 .935 L9.6 | 218.9 L6 22.37
55 | 1.5 37.8 Pl .555| 13 9.9 "935 18,9 | 203 a1 23.3&
88 | 109.3 8L7.9 P O7h| L83 1339 93 LS5 222 Lol 18.
65 | 108.9 5.5 | P | .675| 23 102 .932 L0.5 | 217 37 17.70
98 108.6 37.7 P .516| 15 4~ .932 19,1 | 203 20 17.5
28 107.7 168.9 P 675 99 L73 .932 90.0 221 .82 1647
55 | 197.4 37.7 P b636] 12 55 .932 19.4 | 203 .20 1645
78 - 106, g5 169.7 P 676 51 239 .932 9l.l 1 221 .82 15.7
53 | 106.1 75.3 | P | .557| 28 125 .932 39.8 | 216 37| 1543
30 | 1059 | 17.7 | P| .96 6 7.7 | o3 8.y | 182 10 | 1519
31 | 10h8 | 217. | P | .676| 651 620 ‘31 | 11s.7 | 221 105 | .13
19 | 10k.6 35.3 | Pl .597{ 13 56 - .932 18.3 | 202 19 | 13.94
k| 100.7 58L Ss | 111.6 1 g 112 - 292 222 2463 11.32
57 11005 | sz, | Pl .oom| asial 109 | s26 | 365 | 22 339 10.89
70 | 98.81 | 3o, 7 P 09| 802 | 568.8 .926 191 | 2l 1.73 9.25
po 1 97.7 67.2 | P 094 134 1 109.2|  .925 | 36,u9 | 22 3371 8.1 |
29 | 91.02 L0.2 P 09| 92,8 65.8 .925 21,9 | e 211 8.70 |

5.1-19/5.1-20
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TABLE 5,1.0-X
PROBE MISSION PROFILE

SYSTEMS VI, VIII, IX, XiIl, XIV & XV (Configurations P-10 & P-13)

I

x SATELLITE 1
! Spin . Tank
| ; Rate Spin Pressure
No. of |Equivalent | Mass |After | IPeTHa | srger
Event [Steps No. of After | Event I,z After}y gyent
Event Magnitude | Used | Engines | Event | (RPM) | (1b-in®) | (psia)
e |
{1, 1ift off
| 2 3rd Stage Burnout
3. De=-spin - Hydrazine -40 rpm| 1 2 1051.L [29.98 | 335796 | 2L6.1
{ ke Erect Booms
| 5. Spin-Up to Cruise Valve +4 rpm 1 2 1051.2 {11.98 | 898291 | 2LL.9
|1 6, S/C Separation from 3rd Stage
7. Orient for Cruise 90 deg 1 2 879.L |11.,98 | 833518 240.2
{ 8. Orient for 1lst M/C 10 deg | 1 2 879.3 |111.98 | 833483 | 239.6
| 9« 1st Midcourse Correction 27 m/sed L 1 868.2 |11.9 | 829815 | 188.8
Total 108 m/sec 27 m/sec 1 857.0 |11.90 | 826136 | 155.7
27 m/sed 1 8L45.9 |11.86 | 82245k | 132.5
| 27 m/sed 1 834.8 [11.82 | 818775 | 115.L
| 10. Re~-orient to Cruise 50 deg 1 2 834.4 {11.82 | 818621 114.8
| 11. Orient for 2nd M/C 20 deg 1 2 83L.2 [11.82 | 818555 | 11k.5
12, 2nd Midcourse Correction 10 m/see} 1 2 830.1 |11.81 | 817188 109.3
13. Re-orient to Cruise LO deg 1 2 829.7 {11.80 | 817065 108.9
1. Orient for 3rd M/C 20 deg 1 2 829.5 {11.80 | 816728 | 108.6
15. 3rd Midcourse Correction 2 m/seqd 1 2 828.7 111.80 | 816655 107.7
16, Attitude Control Maintenance 20 deg 1 2 828.5 |11.80 { 816378 107.4
17, Orient Spin Axis Parallel 90 deg 1 2 827.7 |11.79 | 816378 106.5
to Ecliptie
18. Re-target Maxi Probe L0 deg 1 2 827.3 |11.79 | 816253 | 106.1
| 19, Separate Maxi Probe
20, Attitude Control Maintenance 10 deg 1l 2 b27.2 {11.79 | 765530 | 105.9
21, Retarget Mini Probe 5m/sec| 1 2 426.1 |11.78 | 765180 | 104.8
122, Attitude Control Maintenance 20 deg | 1 2 L25.9 {11.78 | 765118 | 10L.6
123, Spin Up Mini Probes +73rpm | 1 2 423.3 |8L.69 | 76L235 | 101.7
' 2Ly, Separate Mini Probes - R '
125, Attitude Control Maintenance 20 deg 1 2 194,0 [8L.6L | 201957 | 100,5
26, Retarget S/C Bus 18 m/sec| 1 2 192.2 |84.59 | 201370 98.81
127. Correct Sun Angle Drift 20 deg | 1 2 191,57 |8L.55 | 201258 97.7
|28, Orient Spin to Velocity Vector 12 deg 1 2 191.7 |8k.52 | 201189 97.02
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| No., of Tanks 6

Tank Dia. .823 rt.
A | Initial Prop 69 1bs.
~SATELLITE RGTE " , : ml
:“pinj Tank Total 3 ,l | g fngine Propellant
> | ! i : - P I ‘
nertia Pr:;z:;e Impulse iEngine :Total Cogzgign Bngine | 1MPUlse  proipe) Used For Remaiixingt
, After| pyent |(Required On-Time [No. of | Time [Rotational ifeqwired , 1gp E‘/’igt) Px('ige )la.n
F-—inzl (psia) |(1br-sec)iyqqe (sec) :Pulses (sec) Efficiencyi(lbf‘sec) (sec) e 4 f
o
35796%i 2Lh6.1 40 | SS | 1L4.02 1 1,02 - 70 227 52 68,38
8291 | 2Uh.9 8.3 | ss | L.o7] 1 .07 - 18.8 | 209 19 | 68.19
3518 | 240.2 | 172.1 | p | .s87| 31| ur. 953 89.2 | 227 79 | 67439
83183 | 239.6 19.1 P «509 L 19.5 .95k 8.2 | 187 11 67429
9815 | 188.8 | 2u0L P| .587| 887 | 4218 952 | es27 | 221 11,11 | 56.17
6136 | 155.7 | 2373 P .589 | 1042 LSL9 98 | 2507 225 11.13 L5.04
P2L5L | 132.5 | 23L3 Pl 67001053 | 1981 o1 | 2ksh | 22k 1113 | 33.91
8775 | 5. | 2312 P | .672]1178 | 5558 2937 | 2u73 | 223 11.08 | 22.83
8621 | 114.8 o2 | P 635 | 261 130.5 .935 L9.6 | 219 L6 22.37
8555 | 114.5 37.8 P 555 120 50 .935 18.9 | 203 19 22,17
7188 | 109.3 | 8L7. P | L674| 22 | 3139 .93L 55 | 222 belo | 18,08
7065, | 108.9 75.5 P 675 | 204 102 .932 L0.5 | 217 37 | 17.7
6728 | 108.6 37.7 P 516 15 &7 932 19.1 | 203 .20 17.5
6655 | 107.7 168.9 P 6751 50 236.5 .932 90.0 | 221 .82 16.68
6378 | 107.4 37.7 P 6365 12 i 932 19,4 | 203 .20 16.49
6378 | | 106.5 169.7 P 676 51 232.5 ,932 91.1 | 221 .82 15.66

| |

6253 . | 106.1 75.3 P 557 o8 126 .932 39.8 | 216 «37 15,29
5530 | 105.9 17.7 P 596 6 27.5 932 8., | 182 .10 15.19
5180 ' | 10L.8 217.k P 6761 65 310 931 115.7 | 221k 1.05 1L.13
5118 | | 104.6 35.3 P 5971 13 56 .932 18.3 {202 .19 13,94
4235 | | 101.7 583.6 S5 1m.6f 1 112 - 292 222 _2.63 11.32
1957 | 100,5 | 67.4 | P .09 | 152.4| 108 .926 36,50 | 221 339 | 10.89
1370 | | 98.81 352.7 P .09 | 802 568.8 926 191 221 1.73 9.25 |
1258 97.7 67.2 | P <09l | 151,06 109 .925 36419 | 221 »337( 891
1189 97.02 0.2 | P 09| 93.26 66 .925 21,79 | 220.5 211 8.70
‘» o
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Reliability

-

The Feed System concepts and Engine Placement concepts selected in the previous
phases of the study have been analyzed for their reliability characteristics. The
results of the analysis, presented in this section, include a tabulation of failure rates
and their sources, a Failure Mode and Effects Analysis, a descrlptlon of the methods
used for calculating reliability of the candidate subsystems, and the results of the
calculation. The ground rules used in the analysis are listed below.

a.

The mission will be a success with respect to a candidate subsystem if it does
not fail before or between uses and if it accomplishes the following:

1. Non-operating flight. o 1 year

2. Spin or de-spin, delta velocity, Maximum of 6000 pulses/80
and attitude control. minutes usage per engine.

No single failure having an ificant babilit
1o 5l %he AL ure ha g y s;Lgn probability of occurrence shall

Force couples are not requ1red for spm or de-spin.
The vehicle is always Spinni'n‘g.

Force couples are required for attitude adJustment (this is accomplished by
precession). _

If an engine control valve fails open, a manifold valve will be closed, to
prevent unwanted thrust.

Manifold valves are closed during any period when thrust is not needed.
Propellant{' is not admitted to the engine system ﬁntil one hour after launch,

This first hour is considered a "start'" mode. Analysis is based on a one-
year operating requirement, in "mission' mode.

. In primary operating eonfigura—tions, the required enéines will be fired

simultaneously once for each 360° of spin. A 180° firing interval will be used
when necessary to achieve the required function in secondary configuration.

5.2-1
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ESTIMATED FAILURE RATES:

The failure rates used in the study are tabulated in this section. It each case, the
basis of selection of the rate is stated. The Bureau of Naval Weapons Failure Rate
Data Handbook (FARADA) is the principal reference. Hamilton Standard product and

test experience, customer-generated data, and supplier data are used if appropriate.

The principal usefulness of numerical reliability analysis is in making comparisons
between concepts and subsystems. When the part and component failure rates have
been icarefully chosen and consistently applied, the comparative reliability values of
the candidate subsystems provide a valid base for subsystem selection. The accuracy
of the failure rates does not, of itself, justify the number of significant places retained
in the reliability calculations. However, when the same failure rates are used for

all concepts under consideration, a reliability computation carrled to six or more
significant places will facﬂltate rankmg of the concepts.

Table 5.2-1-Ipresents the fa;-_ilure rates used in this study.
FAILURE MODE AND EFFECTS ANALYSIS:

A failure mode and effects analysis which identifies the probable failure modes of the
candidate subsystems and the probable effects of such failures is presented in Table
5.2.2-1. The single analysis covers all of the candidate subsystems, because of
similarity of functions of the same components in each system. Where distinctions
arise because of the subsystem configuration, the effects are noted. This analysis

is made within the ground rules listed above. In the event of failures beyond theé scope
of the established ground rules, there are two other types of remedial action possible
with the candidate subsystems. These additional actions have been examined as a
part of the preparatory studies, but they have not been used in the p‘reparatlon of the
reliability estlmates of this report. They are: :

a. If the "fail open" of an engine valve is‘ a small internal ledk, operation
“of the ''failed" engine may be continued by opening its corresponding
manifold valve a short interval before the thruster is needed and
reclosmg the manifold valve upon completion of the. scheduled engine
- operation. Similarly, the manifold valve may be opened temporanly
to operate other engines Wthh are fed by the same- mamfold
b. If the '"fail open'' of an engine valve results in delivery of propellant C
~ to the engine in sufficient quantlty to produce thrust, Operatlon may be
 obtained only when all other engines connected to the same manifold are

non-operating. Individual operation of ’the other engines from the same

5.2-2
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manifold may not be obtained, Operation of the "failed" engine may
then be by opening and closing the manifold valve. This degraded
mode of operation is of limited potential usefulness.

In the FMEA, the principal failure modes of each component have been identified,
together with the probable causes of each failure mode.

SPO7R70-F

Failure modes which have a

negligible probability of occurrence have not been considered, except as they appear

in the failure rate list.

probability of occurrence of each failure mode is a qualitative indication of the

unreliability of each component, and is entered as a non-dimensional number.

The probable effect of each failure mode during the mission

is noted, together with the methods of preventing each failure mode. The relative

For

each failure mode, the symptoms of failure available to earth-based controllers and
the corrective actions are suggested. |

RELIABILITY ESTIMATES:

The reliability values of the fifteen candidate subsystems have been estimated, and

are presented in Tables 4. 4.0-I and 4. 4. 0-II.

used for numerical evaluation and presents outhnes of the detailed calculations.
fundamental relationships used are: ‘

R =1-Q
R = e—kt

Rt =1 - QcQO;

where: R= Rehab111ty, or probability of

successful Operatlon : )

Q= Unreliability, or probability of
unsuccessful operation

where: e=2,71828

A = Failure rate, usually in failures per
million hours - may be in failures per
million cycles

t = Time, in hours

~where:  Rg= Rehab111ty of a redundant pair of

dlss1m11ar items; one of which must
perform for success

Qc Unrehab111ty of item e -

Qo Unrehablhty of 1tem "o"

BRI

This section describes the methods

The

P
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Feed System Concepts

The three feed system analyses are summerized in Figures 5.2.3-1 through
5.2.3-3., TFor each concept, the reliability block diagram appears vertically
for easy correlation with the failure modes considered, and failure rates
for those modes. The first hour of the mission is taken as the period
between launch and the first required operation of any engine. The failure
rates applicable to that period are listed in the "Start" columnh. The
"Mission" column lists the failure rates applicable for the remainder of
the mission. For conservatism, all calculations are based upon the Orbiter
mission and its longer duration. In each feed system, the latching solenoid
valves which feed the fuel manifolds (for example, items 9 and 10 in FS-L)
are considered only for fallure modes which can inadvertently cut off fuel
flow.,

The pressure transducer failure modes which degrade its output signal have
not been included in computing overall subsystem reliability. Tank
pressure can be predicted accurately on the basis of both vehicle response
to maneuvers or vehicle maneuver and thermal history. If a failure or
apparent failure occurs in e tank pressure reading a simple spin or

attitude maneuver can be used to check the value of tank pressure and deter-
mine whether a transducer or leakage failure has occurred.

5.2.3.2

Engine Placement Concepts

The five engine placement concepts ares,timmarized in Figures 5.2.3-4 through
5.2.3-8. Each figure presents a schematic of the engine placement, a schematic of
the manifolding arrangement, a table to establish which engines may be used to accom-
plish each required function, a reliability schematic, and mathematical models.

In the manifolding arrangement, the valves marked "M" are latching solenoid valves.
Either valve may be closed if one of the engines under its control fails in such manner
that it produces unwanted thrust or leakage. For convenience of illustration, there is
an overlapping between the manifolding arrangement schematic and the fuel system
functional schematic. In FS-4, for example, items 9 and 10 on the functional schematic
are the manifold valves.

The functional arrangement table indicates those combinations of engines which can

be used to perform the necessary functions, in the normal mode of operation, and in -
the available degraded modes. In every function, some of the degraded modes may be
operated with one or the other of the manifold valves closed. This table is the hasis
for developing the equation for reliability of the engine array, taking advantage of all
available redundancies, inclu_ding the allowable degraded modes.

For each engme array, a tabulatlon of poss1b1e fa11ed engmes and thelr fallure modes
was prepared The followmg pOSSlblhtleS were included:

a. All engines operate prOperIy and both mamfold valves remain open.
- There can be one such case for each array..

b. Any one engme fails closed (no thrust) and mamfold valves remain
~open. Ina six engine array, there can be six such cases.

5.2-4
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~ .5.2.3.2 (Continued)

c. Any one engine fails open (leakage or unwanted thrust) and the corres-
ponding manifold valve is closed. In a six engine array, there can be
six such cases.

d. Any two engines fail closed and both manifold valves remain open. In
a six engine array, there can be fifteen such cases.

e. Any two engines fail open and one or both of the manifold valves have
to be closed. In a six engine array, there can be fifteen such cases.
For purposes of the present analysis, every case in which both of the
manifold valves are closed is considered a failure of the system.

f. One engine fails open and one engine fails closed, and one manifold
valve is closed. In a six engine array, there are thirty possible
combinations.

The cases for three engines failed were examined briefly. So few of them
would be successes that they were judged to have an insignificant effect upon
the probability of success of the system.

From the tables of failure and failure mode combinations equations were
prepared to represent the success cases. Asa check, system ”nfp-success”
eugations were also prepared and added to the ''success' equations to obtain

a binominal expansion. The "success" equation for each engine array was then
used to calculate the reliability of each array. The ""success'" equation for a
six engine array (concept P7, for example) is obtained as follows:

The first term of the equation represents the probability that all engines
will operate correctly for the entire mission. That probability is:

Ry = R; xRz x Rg3 Xx R4 Xx R5 X Rg

- Since all of these are equal

For the second term of the equation, we take‘ the probability that five engines
will operate correctly for the entire mission and one will fail closed some
time during the mission. ' That probability is: ~

‘Ry’_ = Rj x'Rz x R3 x R4 x R5 X Qc6

- 9:225
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e where it is assumed that engine No. 6 has failed closed. Since each engine
R has an equal probability of failing closed and there are six such cases | l
' possible, ‘

:
4
1
4
i
[
=

Ry = 6R%Q, o

The third term, which represents all cases in Wthh one engine fails open,
is obtamed the same way. :

The fourth term of the equa;tion describes the probability of having two
engines fail open and one or both of the manifold valves moved to the closed
position. There are fifteen possible combmations of fallures which meet this
description. One possibility is:

Rz = R1xR2xR3xR4x'QO5xQ06

If all fifteen combinations result in mission success, the term becomes:

R, = 15 R*Q,?

However, inspection of the table shows that only six of the cases with two =
engines failed open can be successes for the P-7 concept, so the term is ety

a1 R

The' robablhty of havmg two engines fail closed is obtained in the same .
way. Inspection of the table shows that six of the fifteen cases can be ) L
successes, so the fourth term of thel equation becomes: '

Ry = 6R%Qc2
Inspection of the table shows that there are twelve successful cases in which

one engine fails closed and another fails open. Therefore the 'success"
equation becomes: o .

Rg = R6 + GR5QC + 6R5Q + 6 R4Qe 2y 6R4Qo 12 R4QeQ

: The exact "success" equatlon obtamed varies with the definition of success.
BRI o This equation meets the following: ‘

5.2=6
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5,2.3.2 (Continued)

Success will be achieved if each required function can be obtained
with either one, but not both, of the manifold valves closed.

This definition and equation correspond to the ground rules stated above.

523 3 Engine Fuel Connections

Each system has one connection in the feed system for each engine, which can be dis-

assembled for engine removal. With a six engine system (for example, FS-7) there
are six such connections and all other discontinuities in the fuel system are welded
except for the transducer connection. For simplicity of analysis, it has been assumed
that all of these connections are under pressure for the majority of the mission,
starting one hour after launch. Thus for a six engine system:

Ry = ¢-.01 x 106 x 8760 x 6 = .99947 45381
and for an eight engine system

RF = e-.01x10"6 x 8760 x 8 = .99929 94455

5.2.3.,4 Engine Manifold Valve

| Those failure modes of the manifold valve which are associated W1th Openmg and

2‘ remaining open after the first hour of 'the mission are handled as part of the feed

% system reliability calculations. The failure modes associated with failure to close

a when signaled are handled as part of the engine concept calculation. The probability
i of successful closing of either one of the manifold valves during the mission is:

e- 2% 10-6 x 8760 x 2 _ 199650 21318

| | Ry =
For simplicity of analysis, tms probab111ty of success has been assoc1ated with the
entire mission (after the first hour) rather than being limited to degraded-mode
operations. This simplification is in the ccpservatlve direction.

. 5.2;;.3. 5 Eklgme Gimbal Actuator (Concq:t P—12 only)

In englne placem ent concept P12, two actuators are used, to adjust the posmon of

| two engines in accordance with shifts in center of gravity of the vehicle. The actuators
move through one stroke only, during the first 150 hours of the mission. Thus the
probabihty that both actuators will perform prOperly is: ‘

Ry = e ~2-X:4x1070x150x24 _ .99712 432
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Summary

The reliabilities for the individual feed systems and engine placement concepts are
presented in Figures 5.2.3-1 through 5.2.3-8. They are also presented in Tables
4.4.0-Iand 4.4.0-II, together with the subsystem reliabilities obtained from all
available combinations of fuel system and engine placement. All of the candidate
subsystems exceed the reliability required of the subsystem.

Engine placement concept P-7, with six engines is shown to be more reliable than
concepts P-5 and P-13, which have eight engines each. The principal reason for this
is that the reliability associated with the connections of individual engines to the fuel
system, Ry, is higher for the six engirne concept. The reliabilities for the two cases
are. g'iven in Para. 5.2. 4.3 above. '

The second reason is that Ry is shghtly hlgher for concept P-7, by the nature of the
controlling equations, where

Rps = R8 + 8R7Q, + 8R7TQe + 12R6Qg + 20R6Q2 + 24R6Q,Q,
and
Rgy = R6 + 6R5Q, + 6RO Q, + 6RQE + 6R4Q% + 12 R4Q, Qg
Using R = .99880 07197 R® = .99282 58579
Q = .00089 95951 ~ R8 = .99044 59329
Q. = .00000 00900

the results are

!
CD
O
©
©
-3
[~
Wi
Pk
©
o

Rps =
Rgr

I

99998 86957

It will be noted that the probability of all engines working properly for the entlre
mission, RS, is substantially higher for the six engine concept than RS in the eight
engine concept. In each case, this is the first term of the- equation and the overlappmg
influence upon the numerical réliability of the concept. ,

Concept P-7 as presented in the preceding analysis makes considerable use of ground
' rule "i" as stated in Para. 5.2. Yabove. The second, fourth, and sixth terms of the
equation are completely dependent upon a capability for firing selected engines at
180° intervals of veh1cle spin. If th1s capablhty d1d not exist, the controlhng equation
would be L o o

Rpra = R + 6R%, + 6R4Q2 BRI
This would degrade the numerical reliability of concept P-17 to be lower then any of

_ the others, and would suggest that alternate modes of Operatlon or alternate mani-

foldmg arrangem ents might be 1nvest1gated

5.2-8
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v i : TABLE 5.2.1-1, ESTIMATED FAILURE RATES

4
3

EX )

T

e

Component or Part

Np Fill and Drain Valve

Propellant Tankage

Piping and Connections

Pressure Transducer
e Signal Error

® Connection Leak

NoH4 Fill and Drain Valve

Filter

Latching Solenoid Valve
® Fail to open
® Fail to close - major opening
remaining
® Fail to close - result is internal
leak
® Fail to hold "latched" position

Normally Closed Ordnance Valve
including One SBASI (two SBASI to
be incorporated) -

® Tajl to fire

® Fail to open

& Internal leak

Engine-to-System Connection - Leak

Test Port

Engine Valve
¢ Fail to open
® Fail to close - major opening
remaining
® Fail to ¢lose ~ result is internal
leak
® External Leak

Engine

o Incorrect Thrust
- @ Explosion:

: Actuatqr

Flex Line to Thruster

Failure Rate

Negligible

Negligible

Negligible

2,6x 107 5/hr
.01x 1076/hr

Negligible

Negligible

.10 % 10-6/hr
.0l x 10-6/hr

.09 x 10-8/hr
Negligible

10 x 10-6/cycle

Negligible
Negligible

.01 % 10°S/hr

Negligible

.05 x 10-6/cycle
.01x10-6/cycle
.09 x 10™6/cycte

Negligible

.05x 1076/cycle -
Negligible

.4x 107 5/cycle

Negligible

5,2-98/5.2-10

Remarks and Sources

Valve fill ports are capped; Leak checks
after fill verify readiness.

" Structural design has generous margins

of strength. The material and processing
is closely specified and controlled.
Rigorous testing and quality control verity
integrity of product.

All piping and connections are welded,
except as specifically noted below, Non-
destructive testing verifies integrity of
individual units.

Subsystem Specification No. S-723-P-10
for MICOMACS Subsystem - Appendix C,
Table 2. .

Flared fittings, subject to careful assembly,
quality control, and leakage test before
launch.

Same-as Ng Fill and Drain Valve.

Based on FARADA plus experience with

Hamilton Standard JFC-60 Fuel Control
Filters.,

Derived from FARADA data plus in-house
data on the individual piece parts plus
estimate of probability of failure modes.

Derived from FARADA data plus Hamilton
Standard experience plus NASA reported
experience with Single Bridgewire Apollo
Standard Initiator (SBASI).

Flared fittings, subject to careful assembly,
quality control, and leakage test before
launch.

Same as Ng_ Fill and Drain Valve,

Derived from In-House data on piece parts

plus estimate of probability of failure modes.

Derived from In-House data.

Derived from FARADA.

Solid line, coiled to accept movement
of thruster-through arc of less than
10° for 200 cycles.

[l N




Hamilton U |

} OIVISION OF UNITED AIRCRAFY CORPORATION

StandarShpour f@ﬁma '

. -

TABLE 5.2.2~I. TAILURE MODES AND EFFECTS i

Probability

Probable Cause of Failure
of Occurrence ]

Mode

Probable Effect of Failure
Mode

Method of Prevention of Failure
Mode

Component and
Failure Mode

1. Ng Fill & Drain

Valve
a, Internal leak a, Dirt or other contaminant. a. Loss of propellant press- a. Cap to be installed over connector a. 1
Valve spring weakens or ure, Loss will probably at all times when not in use, for
breaks. be gradual, Eventual per- redundant sealing.
Seal degradafion, formance degradation in Maintain cleanliness of entire
engines, for lack of the system and of propellant supply. {
required fuel pressure All structural parts are designed
to conversative strength-stress
margins,
; b. External leak b. Same as 1.a above b. Same as 1,a above b, All connections to the system and b. 1
external case of item are welded
to seal against external leakage,
' 2.  NgHy Fill & Drain
Valve
a, Internal leak a, Dirt or other contaminant, a. Loss of propellant. Loss a, Cap to be installed over connector a, 1
' Valve spring weakens or will probably be gradual. at all times when not in use, for
breaks, Contamination of vehicle redundant sealing,
Seal degradation. and equipment. Maintain cleanliness of entire
system and of propellant supply
All structural parts are designed
to conservative strength-stress
: margins,
b.  External leak b.. Same as 2.a above b. Same as 2,a above b. All connections to the system and b, 1
external case of item are welded,
A l to seal against external leakage.
3. Propellant Tank
I a, Leak at Fit- a, Cracking or other break- a. Loss of propellant press- a, - ‘All connections are welded, All a. 1
tings or Welds age ure, Loss will probably are verified by non-destructive
be gradual. Leakage of test, System is pressurized
propellant may contam- before launch, and may be leak
' " inate vehicle or equipment, tested,
g ! Possible abort of mission, Structural support is provided
for all items to ensure conserva-
tive strength-stress margins, |
b. Rupture of b, Structural overload or b. Loss of propellant. b.  Provide thorough testing of tanlk b, 1 i
Tank mechanical damage Leak will contaminate and fitting design, demonstration
vehicle and equipment. of strength-stress margins, 1
Abor: mission. careful in-process and final >
£ inspection, and careful handliag, K
4. Pressure Trans-
; ducer
a, Error in a, Electrical elements or a, Inconvenience in deter- a, ‘Pressure indication is advisory a. . 200

Signal Output

connections change their
characteristics. )
Failure of sensing
diaphragm

mining status of system
in flight.

only., Opportunity for check is
during propellant fill and
pressurization before flight,

<
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FOLDOUT. ‘
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Probability Symptoms Corrective
. of Qccurrence of Failure Action Remarks
. 1 a. Abnormal loss of pressure a. None 1. Probable slow decay of pressure
r B
] :
‘b, 1 b. Abnormal loss of pressure* b. None b. ' Probable slow decay of pressure
a. 1 a. Abnormal loss of pressure a. None a. Probable slow decay nf pressure,
L propellant leak, and contamination
ho 1 b. Abnormal loss of pressure b. None b. Probable slow decay of pressure
propellant leak, and contamination
3
1 ﬂ 1 a, Abnormal loss of pressure a. None a, Probable slow decay of pressure
5 propellant leak, and contamination
r
b 1 b, Abnormal loss of pressure b. None b. TRapid loss of pressure
i
iﬁ. 200 a.  ‘Pressure signal does not cor- a. Estimate remaining propellant

respond to status of propellant
usage and tank temperature

quantity by analysis of pro-
grammed maneuver and result-
ing performance

5.2-11/5,2-12
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TABLE 5,2.2-I, FAILURE MODES AND EFFECTS (continued)

Componen! and Probable Cause of Failure Probable Effect of Failure Method of Prevention of Failure Probability

valve or thruster.
Abort may result from this
unlikely double failure.

valve. The latching valve can be
tested for continuity and opera-
tion during prelaunch, Valve is
screened, in addition to up-
stream filter, '

Failure Mode Jdode Mode Mode of Gecurrence
4, (continued)
b. Leakage b. Seal or diaphragm degrada~ b. Loss of propellant press~ b. Design includes redundant dia- 5 b. A
tion. Degradation of ure, Possible abort of phragms. Welded case
mechanical connection of the mission. prevents external leak from
sensing element to fuel transducer. System is press-
system, urized before launch and may be {
E ; inspected for leaks, including
ST the connection to the fuel system,
k i 5.  Filter
a, Clogging a, Contamination collected. a. High pressure drop a. Control fuel and system 1 a, O
across filter, causing low cleanliness and size filter m
pressure at engines, and volume with margin. m|
loss of performance. tif
b. Pass contami- b, Crack or other failure of b. Possibility of clogging b. Screens in downstream valves 1 b.
nants filter element, Deteriora~ downstream screens, should stop major contaminants.
tion of filter element, with degradation of Filter will be subject to rigor-
making contamination for latching valves, thruster ous development testing and
downstream items. valves, etc, Probably close quality control.
will cause internal leaks
in valves,
6. Latching Valve
a. Failure to a. Electrical discontinuity a. System cannot be ener- a. Latching valves are redundant 50 a,
4 open on C gized and no propellant partially in FS-2 and fully in
. signal will be delivered to FS-4,
o thrusters. Abort
mission,
b. Internal leak b. Contamination, seal b. Gradual pressurization b. Test during pre-launch will 50 b.
degradation, or exces- of downstream items, indicate any serious leakage.
sive vibration or shock including thruster |
loads valves -
¢. Fail to latch c. Spring weakening or c. Inadvertent opening of c.  Spring is Belleville type, and very 1 ‘e, Sal
open breakage valve, with pressuriza- unlikely to sustain this failure mode "
tion of downstream items when in'a fixed position.
before schedule
7. Latéhing Valve ‘
a, Failure to a. Electrical discontinuity. a, System cannot be shut . 'a. " "Closing" signal will not be 50 a. Vs
"~ . closeon" - Sticking, Contamination, down partially in order given unless there is an initial sh
signal : ' to cut off malfunctioning . failure in a thruster or its



. ! ‘
1 K : [}
o FOLDOUT FRAME o’ .
‘ . '
i
» !
’ SP OTR70-F !
" 1 1
pility Symptoms Corrective
irrence of Failure Action Remarks
} b. Abnormal loss of pressure b. None b. Probable slow decay of pressure,
J propellant leak, and contamination
a, Observe low thrust for all a. Plan maneuvers based upon a
maneuvers, Detected by the ° new estimated tank pressure P
magnitude of maneuver rela- thrust relationship accounting ‘ g
tive to tank pressure for restriction in line.
| b, Failures of one or more down- b. None
: stream components
Intermittent failures of
downstream components
y
!
4. Valve position indicator a. Perform maneuvors with alter- a. Temperature sensors may be provided
shows 'no open" nate thrusters on thrusters to report operation of
L Thrusters fed by failed thrusters. Maneuver performance is
; valve do not operate Repeat signal to open valve secondary report of thruster operation
b.  Symptom obtainable only b. None
! through diagnostic test
¢ Same as 6.b above c.. Same as 6.b above c. Sameas 6.bh above
4. - Valve position indicater a. ‘Repeat signal to close valve - a. 1f there is ho failure of propellant
’, shown ''no close ' valve or thruster downstream of the
i latching valve, the failure has little
effect upon mission. :
5.2-13/5.2-14
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L. TABLE 5,2.2-I, FAILURE MODES AND EFFECTS (continued)
Component and Probable Cause of Failure Probable Effect of Failure Method of Prevention of Failure Probability
Failure Mode Mode Mode Mode of Qccurren }

. 7. (continued)

4 ; b, Fail to latch b. Spring weakening or b. Inadvertent closing of b. Spring maintaining the latched b, 1

‘ ! closed breakage valve, which will shut position is Belleville type,

F off half of the thrusters and very unlikely to sustain

\} before commanded. this failure mode when in a

| fixed position. Back-up thruster can
complete mission.

8. Test Port

a. Internal Leak a, Dirt or other contaminant, a. Loss of propellant after a. Cap to be installed over test a, 1
Valve spring weakens or system is pressurized. port at all times when not in
breaks. The loss will probably be use, for redundant sealing.
Seal degradation. gradual, - Eventual Maintain cleanliness of entire
performance degrada-~ system and of test gas.
tion in thrusters, for All structural parts are designed
lack of required propel- to conservative strength-stress
lant pressure. margins,
b. External Leak b, Same as 8.a above b. Same as 8.a above b. All connections to the system b, 1

and the external case of the
item are welded to seal against
external leakage.

9. Ordnance-
operated Valve

L : a. Internal Leak a. Leak at sealed end of pipe a, Gradual pressurization of a, Test during pre~launch will indi- a. i
‘ » downstrem items, includ- cate any serious leakage. Leak
ing thruster valves . is of consequence only during

the first hour of the mission.

T Probability of leakage negligible,
' because pipe seal is low-
stressed. structural part,
subject to rigorous inspection
before and after assembling

into system,

b. Failure to Open b.. Failure of squibs to fire, b Noné since parallel ordnance b. gedundant valves are used. b. 10
caused by electrical valve is available. Redundancy used in electrical
discontinuity firing circuitry, ~Circuits subject
to low-voltage continuity check
prior to launch,
10, Thruster Valve . .
a.  Externalleak - a. Improper assembly and a, Loss of propellant after a. Yest during prelaunch will indi- a, 5
at connection tightening of connection system is pressurized. dajp leakage, and verify quality

| to fuisl system ‘ . The loss will probably be of the connection. :
i , ~gradual. Eventual per- '
formance degradation. in
thrusters, for lack of
required propellant
pressure,

PR
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Probability - Symptoms Corrective
of Occurren ! of Failure Action Remarks
b 1 b. Same as 7.a above b. Same as 7.a above b. Same as7.a above
I
a 1 a. No sysptoms unless the latch~ a. None on FS-8. On FS-2 or
ing valve or ordance-oper~ FS-4, keep latching valve
ated valve upstream is open. closed in all non-operating
In that case, note abnormally thruster modes
laxrge propellant consumption
b, 1 b. Same as 8.a above b. Same as 8.a above b. Same as 8.2 above
[
E‘ a 1 a. None after liftoff a. None |
H L
i
»
b, 10 b. Thrusters inoperative ' b, Back-up valve to open,
't 5 ‘
; ‘ a5 - “a, Abnormally large propellant . . - .a.  Close latching valve as appro- - .. a.  1f leakage is gross, confine operation to

! - 'consumption priate the unaffected half of the thruster system
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Component and
Failure Mode

Probable Cause of Failure

@

TABLE 5,2.2-[. FAILURE MODES AND EFFECTS (continued)

Probable Effect of Failure

Method of Prevention of Failure

Probability

P P

10. - {(continued)
b. Fail to Open

c. Fail Open

11, Thruster

_N_Iode Mode Mode of Oceurrence
b. Electrical discontinuity. b. No propellant will be b. Alternate thruster or thrusters b 25 b
Sticking of valye parts. delivered to the thruster will perform the function upon
Contamination. associated with the failed command. Maintain cleanli~
valve, ness of entire system and
propellant supply.
¢, Sticking of valve parts. c. Thruster associated with c. Maintain cleanliness of entire c. 5 C.
(major flow) Contamination the failed valve cannot he system and propellant supply.
Valve spring weakens or shut off. Unscheduled All structural parts, including
breaks, thrust disrupts navigation springs, are designed to
and positioning of vehicle convervative strength-stress
margins. Manifold propellant
supply may be shut off by
closing latching valve (Item
6 above for FS-2, Item 7 for
FS-4 and FS-8)
d, Internal Leak d. Same as 10.c¢ above - d. Thruster associated with d. - Same as 10.c above. Possible d. 45 d.
{minor flow) the failed valve may give to re~open latching valve
unscheduled thrust temporarily if thruster is
required to operate.
a, Improper propellant pres- a, Inability to perform the a, Use alternate thruster or a. 25 a,

a, Incorrect
thrust

sure, Incorrect valve
opening or closing,  Cata-
lyst bed degraded,

mission functional require-
ments. Disrupt navigation
and positioning of vehicle.

thrusters to perform the re-
quired function.
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euver, Serious degradation
may be deteeted through ab-
normal temperature of the
thruster

a calibration maneuver. Tor
major degradation, operate
with alternate thrusters

/) - . T e - -~ - - " *x £ o a
EOLDOUT FRAMEV
obability Symptoms Corrective
Occurrence £ Failure Action Remarks
25 b. Abnormal performance of man= b, Operate with alternate thrus- ), Temperature sensors may bc. prov}dod
euver, ters on thrusters fo report operation of
thrusters
{
i’ 5 ¢,  Abnormal maneuver and ab- c. Close the appropriate latch-
normal fuel consumption ing valve
3
i 45 d. Note abnormal temperature d. - Close the appropriate latch- d. Temperalure sensors may be‘ Providid‘ on
of thruster, loss of pro- ing valve the thruslers to report operation of the
pellant, and unscheduled thrusters
} change in vehicle attitude
25 a.  Abnormal performance of man- a. . For minor degradation, perform a. Temperature sensors may be provided on

the thrusters to report operation of the
thrusters

5.2-17/5.2-18
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RELIABILITY
FUNCTIONAL SCHEMATIC COMPONENTS  |SCHEMATIC | FAILURE MODE!
1) Np FILL & i LEAK
: DRAIN VALVE |
2) TANKS 2 LEAK
I
? 3) NoH, FILL & 3 LEAK
DRAIN VALVE
3 4 4) PRESSURE 4 LEAKY CASE
O O TRANSDUCER
> 4 CONNECT. LEAH
I r
A 5) FILTER 5 LEAK, CLOG
Ny 7C 6) LATCHING 6 FAIL TO OPEN |
VALVE (CLOSED
AT LAUNCH) |
\
8 9 7) LATCHING 7 FAIL TO OPEN
O—— ——O VALVE (CLOSED | |
AT LAUNCH) 6 FAIL TO LATCH
T
7 FAIL TO LATCH
|
6 INTERNAL LEAF
|
7 INTERNAL LEAF
o T ;
8) TEST PORT 8 LEAK
| Ml S
9) TEST PORT 9 LEAK
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"AILURE MODES

FAILURE RATES

START MISSION MATHEMATICAL MODEL
4
EAK NEGLIGIBLE | NEGLIGIBLE | START

| Rg = ¢
EAK NEGLIGIBLE | NEGLIGIBLE t = 1 HR P

| X = (0.10+0.10+0.09+0.09+0.01)10
EAK NEGLIGIBLE | NEGLIGIBLE 6

| R. —g—0.39x 10

S —
= 0.9999996099
EAKY CASE NEGLIGIBLE | NEGLIGIBLE
MISSION

ONNECT. LEAK | 0.01x 1076 0.01 x 1076 Ry = e '

3 t = 8760 HR
EAK, CLOG NEGLIGIBLE | NEGLIGIBLE A = 0.01x 10

_, —6 x 8760
IAIL TO OPEN 0.10x 1076 | NOT APPL. | Ry = e 001 %10 7%
] | = 0.9999124038
f TOTAL FS—2
AIL TO OPEN 0.10 x 1076 NOT APPL.

Res—» = RsRm
AIL TO LATCH NEGLIGIBLE | NEGLIGIBLE = 0.9999120139
AIL TO LATCH NEGLIGIBLE | NEGLIGIBLE
TERNAL LEAK | 0.09x 1076 | NOT APPL.
TERNAL LEAK | 0.09x 106 | NOT APPL
“AK NEGLIGIBLE | NEGLIGIBLE |
tAK NEGLIGIBLE

NEGLIGIBLE

FIGURE 5.2.3—1, RELIABILITY OF
| ' FEED SYSTEM FS—2

5.2-19/5.2-20
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VALVE (OPEN
AT LAUNCH)

RELIABILITY
FUNCTIONAL SCHEMATIC COMPONENTS SCHEMATIC | FAILURE MODES
" 1) N2 FILL & 1 LEAK
1 DRAIN VALVE
2) TANK 2 LEAK
|
2 3) NpH, FILL & 3 LEAK
DRAIN VALVE
4) PRESSURE 4 CASE LEAK
TRANSDUCER
4 CONNECT. LEAK
I
5) FILTER 5 LEAK, CLOG
|
6) LATCHING 6 INTERNAL LEAK
VALVE (CLOSED
AT LAUNCH)
7) LATCHING 7 INTERNAL LEAK
VALVE (CLOSED 1
AT LAUNCH) 6 FAIL TO LATCH
‘ 1
7 FAIL TO LATCH
—— '
6 7 FAIL TO OPEN
8) TEST PORT 8 LEAK
| l
9) LATCHING 9 FAIL TO LATCH
VALVE (OPEN :
AT LAUNCH)
10) LATCHING o FAIL TO LATCH
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FAILURE RATES

AILURE MODES | START MISSION MATHEMATICAL MODEL
EAK NEGLIGIBLE | NEGLIGIBLE | START
FAK NEGLIGIBLE | NEGLIGIBLE t = 1HR
X = (0.01+0.09+0.09)10~6
EAK NEGLIGIBLE | NEGLIGIBLE
! f NOTE : REDUNDANCY OF
| ITEM 6 AND 7 MAKES
LAsnz LEAK NEGLIGIBLE | NEGLIGIBLE FOURTH TERM NEGLIGIBLE
_ —6
| - Rg = e~C-19x 10
ONNECT. LEAK | 0,01 x 1076 0.01 x 1076 = 0,9999997999
FAK, CLOG NEGLIGIBLE | NEGLIGIBLE | MISSION
ITERNAL LEAK | 0.09x 1076 | N/A Ry = e M
| 't = 8760 HR
A = G.01x 10 °
TERNAL LEAK | 0.09x 1076 | N/A S 6
Ry =€ 2:01x 107" g760
AIL. TO LATCH NEGLIGIBLE | NEGLIGIBLE |
| | - = 0.9999124038
AIL. TO LATCH NEGLIGIBLE | NEGLIGIBLE
TOTAL FS—4
AIL. TO OPEN 0.10x 1006 | N/A
RFS4 _ ooom
TAK NEGLIGIBLE | NEGLIGIBLE = 0.9999122139
N |
AIL. TO LATCH NEGLIGIBLE | NEGLIGIBLE
L o
\IL. TO LATCH NEGLIGIBLE

NEGLIGIBLE

FIGURE 5.2.3—2 RELIABILITY OF

FEED SYSTEM FS—4

5.2-21/5.2-22
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RELIABILITY |
FUNCTIONAL SCHEMATIC COMPONENT SCHEMATIC | FAILURE M%
{
1) No FILL & 1 LEAK
| , DRAIN VALVE
hy 2) TANKS 2 LEAK
% |
. 2 3) NaHy FILL & 3 LEAK
¥ DRAIN VALVE
L:
: 3 \ 4 4) PRESSURE 4 CASE LEAK -
O O TRANSDUCER
! 5(5 4 CONNECT. L
1
6 5) NORMALLY 5 FAIL TO FIRj
O——— CLOSED VALVE [ <;
N (ORDNANCE) 5 FAIL TO OPE
] [
k[/ 5 INTERNAL L
v T . ;
i‘ ~ 6) TEST PORT 6 LEAK
o 8 S | ]
a0 C) f g) 7) FILTER 7 LEAK, CLOG
N O
. L -
\ | 8) LATCHING 8 FAIL TO LA7
VALVE (OPEN |
AT LAUNCH)
9) LATCHING 9 FAIL TO LAT
VALVE (OPEN i
L AT LAUNCH)
1 —_
i
.,i T - -
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FAILURE RATES

URE MODES | START MISSION MATHEMATICAL MODEL
K NEGLIGIBLE | NEGLIGIBLE | START
RS = t’:_hf
K NEGLIGIBLE | NEGLIGIBLE t = 1 HR
A = (0.01+0.01)10~6
K NEGLIGIBLE | NEGLIGIBLE NOTE REDUNDANCY OF
INITIATORS IN (5) MAKES
a ERM NEGLIGIBLE
LEAK NEGLIGIBLE | NEGLIGIBLE SECOND TERM -
Rg = e 0-01x 106
NECT. LEAK | 0.01 x 1076 | 0.01 x 1076 — | 0.9999999259
TO FIRE 10 x 1076 N/A MISSION
T Ry = e —At
O OP
L fPEN NEGLIGIBLE | N/A Y = 8760 HR
RNAL LEAK | NEGLIGIBLE | N/A A= 0.01x'10 |
| , — ¢—0.01 x 1076
Ry = e 0 x 8760
| NEGLIGIBLE | NEGLIGIBLE M. 0 0999122038
: C»I_EQG | NEGLIGIBLE | NEGLIGIBLE | . .. .o o
% TO LATCH NEGLIGIBLE NEGLIGIBLE Regg = 0.9999123837
|
. TO LATCH NEGLIGIBLE | NEGLIGIBLE

)

FIGURE 5.2.3-3. RELIABILITY OF

FEED SYSTEM FS—8

5.2-23/5.2-24
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- ENGINE PLACEMENT

MANIFOLDING ARRANGEMENT

2,6

X

1,5

(34
-
(=2

»O O

FUNCTIONAL ARRANGEMENT

EXTERNAL LEAK
A= 0.01x 108
(PER ENGINE)

MATHEMATICAL MODELS

REDUNDANT ENGINES

, 4,8 /M\ I . NORMAL DEGRADED
X A MANEUVER MODE MODE
3,7 :
. [ | ] I I r—l MIDCOURSE 1,3,5,7 | 2,4,6,8;
1 3 5 7 2 4 6 8 /ORBITAL

ACS 1.6l 4!6

2,5 2,8

‘ 7,8 + SPIN 2,3 26
A Ko)

, —SPIN 1,4 3,8
10

| S—) 3’4
RELIABILITY SCHEMATIC
REDUNDANT ENGINE FUEL MANIFOLD _
‘ ENGINE ARRAY CONNEC TIONS VALVE

FAILURE TO CLOSE AND OPEN
A=0.2x106
(PER VALVE)

Rp = R8+8R7Qc + 8R7Qq ~ 20R%Q% + 12R8Q2( + 24RSQ Q¢

TOTAL CONCEPT

Rps = Rg RF Ry

= 0,99578 40313

FIGURE 5.2.3-4. RELIABILITY OF ENGINE PLACEMENT CONCEPT P5
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ENGINE PLACEMENT

-

MANIFOLDING ARRANGEMENT

1,2

5,6

FUNCTIONAL ARRANGEMENT

~ NORMAL | DEGRADED
@_‘ MANEUVER MODE MODE
[——] r_-l MIDCOURSE | 1,3&5 1,3&5
13 5 2 4 6 /ORBITAL 2,4& 6 2,4&6
ACS 1,486 1,3&5
2,3&5 2,4&6
+ SPIN 48&5 40R5
—SPIN 386 30R6
RELIABILITY SCHEMATIC
REDUNDANT ENGINE-FUEL MANIFOLD
ENGINE ARRAY  CONNECTIONS VALVE

EXTERNAL LEAK
A= 0.01x 106
(PER ENGINE)

MATHEMATICAL MODELS

REDUNDANT ENGINES -

Re = R+ 6R5Qc + 6R9Qq + 6RIQ2: + 6RQ%g + 12R%Q 00
TOTAL CONCEPT

Rp7 = Re RF Rm

0.99596 72491

FAILURE TO CLOSE AND OPEN
A= 0.2x 1076
(PER VALVE)

FIGURE 5.2,3~5. RELIABILITY OF ENGINE PLACEMENT CONCEPT P7
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ENGINE PLACEMENT

3'4 \/

MANIFOLDING ARRANGEMENT

FUNCTIONAL ARRANGEMENT

lueH

pJepuels
uol|

NOILYHOWNOY LIvyduty QILINN 40 NOISIAIQ

6 8 | NORMAL DEGRADED
§ § : MANEUVER MODE MODE
5 7.- ' r_ I l l | _] MIDCOURSE , ;gﬁ 3& 4
1,2 1,2,5.7 3,4,6 .8 /ORBITAL Rt 1&2
ACS 1&4 1&2
2&3 3&4
’ " +SPIN 6& 7 60R7
o139  Jo —SPIN 5& 8 SOR 8
5,6 7,8
02,4
| ——— | _
: RELIABILITY SCHEMATIC
| ‘
W
8. | REDUNDANT ENGINE FUEL MANIFOLD |
o ENGINE'ARRAY | | CONNECTIONS VALVE
o -
& EXTERNAL LEAK . FAILURE TO CLOSE AND OPEN
o A= 0.01x106 L A= 02x106
(PER ENGINE) (PER VALVE)

MATHEMATICAL MODELS

REDUNDANT ENGINES

Re = R8+8R7Qc + 8R7Qp +21R%Q2, + 12R®Q25+ 23RQ Q¢
N | S TOTAL CONCEPT

Rp10 = RE RF RMm

= 0.99578 38534

FIGURE 5.2.3-6. RELIABILITY OF ENGINE PLACEMENT CONCEPT P10
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"ENGINE PLACEMENT

T T A R N T R0y B A e PR TR A TR e LB A aea e i et _aar | B sa i i Baagad

MANIFOLDING ARRANGEMENT FUNCTIONAL ARRANGEMENT

2o .
, NORMAL | DEGRADED
MANEUVER MODE MODE
r__] ,_—I MIDCOURSE 1 2
1,4,5 2,3,6 /ORBITAL
ACS 4&5 3&6
+ SPIN 486 6 OR 4
1,20 - —SPIN  3&5 50R 3
SWIVEL
1 ENGINES
RELIABILITY SCHEMATIC
REDUNDANT ENGINE FUEL | MANIFOLD PIVOT
\ ENGINE ARRAY CONNECTIONS VALVE ACTUATOR
EXTERNAL LEAK FAILURE TO CLOSE INOPERATIVE
A = 0.01x 1076 AND OPEN A=o0.4x10"°
(PER ENGINE) A=02x106 } (PER ACTUATOR)

(PER VALVE)
MATHEMATICAL MODELS

FIGURE 5,

REDUNDANT ENGINES
Rg = RO+6R5%g + 6R%Qg + 10R%Q%; + 6RYQ25 + 12R%Q Q¢
TOTAL CONCEPT

Rpj2 = Rg RF RM RA

= 0.99310 33454

2.3—7. RELIABILITY OF ENGINE PLACEMENT CONCEPT P12

"ak
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ENGINE PLACEMENT

Of1,30

7.8

FUNCTIONAL ARRANGEMENT

MANIFOLDING ARRANGEMENT

NORMAL | DEGRADED
‘ y X MANEUVER MODE MODE

MTT1 T[T1TT71 MIDCOURSE 1&2 384

1 2 58 3 467 /ORBITAL
ACS 5&8 6&7
+ SPIN 6&8 8OR 6
—SPIN 587 50R 7

RELIABILITY SCHEMATIC

REDUNDANT ENGINE FUEL MANIFOLD |
ENGINE ARRAY | _CONNECTIONS . VALVE
" EXTERNAL LEAK FAILURE TO CLOSE AND OPEN
X = 0.01x 1070 ‘x=0.2x 1076
(PER ENGINE) ... . (PER VALVE)
- MATHEMATICAL MODELS

REDUNDANT ENGINES

Re = R8+8R7Qc + 8R7Qq + 20R%Q2¢ + 12R8Q% + 24R6Q Q¢
TOTAL CONCEPT

Rp12 = RE RF Rym

= 0,99578 40313

FIGURE 5.2.3—8. RELIABILITY OF ENGINE PLACEMENT CONCEPT P13
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5.3 Preflight Operations . | ' ' | ‘

Subsystem preflight operations include all of the inspections, tests and servicing ' (
operations which the propulsion subsystem is subjected to from the time the subsystem '
is source acceptance tested at the Propulsion System Subcontractor's Facility to the o
launch event. Figure 5.3.0-1 is a flow chart which illustrates the sequence of events '
during preflight operations. The key events are discussed below.

5.3.1 SUBSYSTEM ACCEPTANCE TESTING:

Prior to delivery, the subsystem will be subjected to tests to formally verify the

satisfactory completion of the manufacturing and assembly phase. The objective

here is to verify interface control, and to demonstrate that equipment performance

was not degraded between the time it was acceptance tested at the component level,

and then integrated into the subsystem. Examination of product includes such checks

as visual and dimensional inspections, alignment of the engine thrust chambers, and

dry weight measurement. Electrical checks include continuity and polarity checks as
well as insulation resistance and circuit resistance checks. The subsystem is then
proof pressure tested followed by internal leakage tests of the engine valves and ;
latching solenoid valves, external leak checks on the system, and finally a calibration

check of the pressure transducer. The system leakage check is performed by
pressurizing the tankage and plumbing through the fill ports and test port with a nitro- ,
gen-helium mix. A helium mass spectrometer is then used to detect leakage of lines, .
components and connections. For an internal leak check of the propellant valves, dry e g
nitrogen is introduced through the system test port and the leakage is measured at the o "
engine nozzle exit by a standard liquid d1Splacement method. A schematic for internal |
leakage testing of the engine propellant valves is shown 1n Flgure 5.3.1-1, Since the
SO propellant valve on the IDCSP/A engine utilizes dual series seats, it is desirable to
| ~ verify leakage of each seat separately. ‘The upstream seat leakage can be verified by

| electrically actuating the valve to a pre-determined value of current which will move )
5 the torque mator flapper suff1c1ently to unseat the downstream seat. - With nitrogen '
? ’ pressure applied to the test port, leakage at the upstream seat can be measured. To
measure leakage of the downstream seat, pressure is trapped betweén the two seats
and leakage of this trapped gas is measured. This technique ig presently used to
P verify individual seat leakage of the valves for the Intelsat IV program which are
o similar to the IDCSP/A valves.  The calibration check of the pressure transducer is
‘ performed by pressunzmg the system upstream of the isolation valves with dry nitro-
| gen and comparing the transducer output to the monitored supply input. This test is SR
- ‘performed at 3 different steady state pressures and the resuits compared w1th the Lt
transducer component acceptance test dam !

‘,.f -

. - . - -
B e
et % R ARSCRE e,

SR RN et

B AR

L The procedures for leakage checks of the latching soleno1d valves are dlfferent for -
“each: of the 3 candidate feed system concepts. For the FS-2 feed system the fill and

drain valve is used to pressurize the system upstream of the latching valves, and the
- system test port is used to sense leakage downstream of the valves The normally

i
|
|
|
|
1
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closed latching valves on the FS-4 feed system are tested in this same manner, :
however, the normally open latching valve on the FS-4 system require different |
procedures. - First the valves are actuated to the closed position and the test port is '
used to pressunze the system. With the propellant valves open, and plugs inserted

in each of the engine nozzles, the leakage is sensed downstream of the thrust chambers.
Since the FS-8 feed system is similar to the FS-4 feed system in that they both utilize
normally open latching valves located downstream of the system test port, the same
procedures for testing these latching valves apply.

PROPULSION SUBSYSTEM INSTALLATION AND ALIGNMENT:

In order to simplify installation, and to minimize potential interface problems, the
propulsmn subsystem is des1gned to meet the following obJectlves

Simple ’accessible mounting features

Non—mterchangeable interface connectmns

Ease of engine alignment

Accessible fill and drain ports for ease of propellant serv1c1ng

M1n1m1zat1on of mechanical interfaces

The propulsmn subsystem is designed as an integral self—contalned system which is

shipped to GSFC as a finished product for installation into the Spacecraft with no R
further fabrication required except for the subsystem /vehicle interface connect1ons, S
and assembly of the engine modules. Subsystem to vehicle interfaces have been '
minimized by providing modules and panels for component mounting. All mechanical '
interfaces are des1gned to be bolted to a mating bracket cr support on the vehicle.

The subsystem 1s assembled to a handling fixture at the Propu1s1on Subcontractor S : ,
Facility during the manufacturing/assembly phase. This fixture is designed to A
provide support at points which do not interfere with the assembly of the subsystem :

into the vehicle. This fixture provides for inspection of the various interfaces prior

to shipment, -and serves as a shipping fixture for transport of the subsystem to GSFC,.

the vehlcle, and building up the various vehicle support members if required. In the : _
~eventa bulkhead or substructure separates the upper and lower areas of the vehicle,
and is present prior to propulsion subsystem installation, propellant lines to engines . |
mounted on the lower spacecraft structure can be routed through clearance holes in - oy
the bulkhead. The engines are then mounted to the spacecraft and the propellant line
mechanlcally connected The handling fixture considered consists of a main support
column from which are extended removable radial supports to each of the separate
interface stations. Each module, tank, or panel is mounted to a radial support
-through auxiliary mounting points which do not interfere with the vehicle mounting

5.3-2
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interfaces. After each module or component is mounted to the appropriate interface,
the radial handling fixtiire support to that item can be removed.

The critical interfaces during installation are the engine locations where it is necessary
to align the thrust chamber nozzles relative to the vehicle center of gravity. Engines
forming a module, or individually mounted engines, are geometrically aligned to the
engine bracket/spacecraft interface during fabrication. Verification of engine align-
ment relative to the spacecraft can be performed through the utilization of a transit

and reticle quadrant type discs attached to each engine nozzle. A fixture can be manu-
factured which will pick up the nozzle geometric centerline (defined by the throat and
exit plane diameters) with the reticle disc mounted perpendicular to the fixture axis.

Alignment verification relative to the spacecraft is then achieved by sighting upon the
reticle disc and adjusting the engine as required.

After the propulsion subsystem is installed- 1nto the spacecraft, electrical checks are
performed to verify continuity and polar1ty of the electrical power circuitry, and the
telemetry circuitry between the spacecraft and the propulsion subsystem. In addition,
an external leakage check of the entire system, and an internal leakage test of the
engine valves, as well as a calibration check on the pressure transducers, are per-
formed. The procedures for these checks are the same as previously described.

LAUNCH BASE CHECKOUT AND SERVICING:

Checkout at the launch base is required to verify that the subsystem was not degraded
during transport. This is performed prior to propellant and pressurant loading and
includes subsystem external leakage checks, engine valve 1nterna1 leakage checks
and electrical cont1nu1ty checks.

To lead the system with propel]ant the pressui'ant and propeliant ground service

lines of a propellant servicing cart are connected to the system fill and drain valves

and the system is evacuated through the pressurant side. Propellant is then metered
“through the servicing cart until the required quantity of p,vro_pell'ant has been loaded.

Before loading propellant,-the propulsion subsystem is purged with N2 and kept at a
low pressure to exclude air and water vapor from the system. The propellant fill
valve, which has the capability of being shut off with the fill hne, and after the fill
line is removed the fill valve inlet port is capped The tanks are then charged to
correct system pressure with gaseous nitrogen W1th a trace of helium to facilitate
leak detection. The ground service line is then removed and the fill valve capped.
Once the system has been charged with propellant and pressurant, the wet hold
capab1hty is such that m1n1ma1 functional checks are requlred
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The frequency of these functional checks is dependent on the requirements imposed T
on the system for wet hold capability and the expected performance levels of the
components used. The propulsion subsystem is designed to contain propellant and
pressurant for periods greater than the mission flight and normal launch pad time
spans, therefore, propellant off loading is unnecessary unless the mission is to be
aborted for a significant time period or there is an anomoly with the propulsi‘,on sub-
system. The locations of the propellant and pressurant fill lines and valves have

been carefully considered to simplify the draining procedure in case of a mission abort.
To drain the system, a bleed line from the ground service equipment is first connected
to the pressurant vent valve. A shutoff valve in the ground service bleed system line
is then opened and the tank pressure is bled to a low value. The ground service pro-
pellant drain system is then connected to the propellant drain valve and the propellant
drained by gravity feed with low pressure assist. The subsystem is purged with
nitrogen, flushed with water, then isopropyl alcohol, purged with nitrogen and then
vacuum dried.. The vacuum drying system provides for evacuating the system through
a cold trap to remove propellant vapors from the line venting to the launch servicing
cart or the vapors exhausting from the propulsion subsystem can be dumped, by way
of service line extensions, into the launch pad underground scrubbmg facilities, if
available, which are normally used to eliminate other vehicle propellant vapors. If
the subsystem is not immediately recharged with propellant and pressurant, a low
positive pressure of GN2 should be loaded for the storage period.

5.3.4 Ground Support Equipment | ] ‘ S

The req‘ulrem ents for the ground support equipment arise from the functions that 5
must be performed on the propulsion subsystem from the point of acceptance testing
through to installation into the spacecraftiand finally launch base checkout and AR
servicing. A description of these functions is covered in the previous sections of

"Preflight .-~Operations" and the requirements are listed as follows:

Perform pressure transducer cahbratlon

Perform electrical checks on all eledtrical components
Perform subsystem external leaka_ge checks
Perform internal leakage checks of thrust chamber valves (both seats) z
Propellant loading and off loading |
Pressurant loading and off loading

GNs purging and-vacuum drying

~ Propellant vapor scrubbing ,
System flushing (water and isopropyl alcohol)
PrOpellant cond1t10mng ~

o0 acs900000

The schematlc shown in Flgure 5.3. 4- 1 shows a typ1ca1 prOpellant servicer cart used
-to perform the propellant and pressurant servicing, flushing, drying, and leak check:
operations. This system in add1t10n to all the electrical 1nstrum entation needed to

5.3-4
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carry out transducer calibration, electrical checks, and propellant valve seat leakage
checks, will comprise the total ground support system. The servicer features
straight manual operation which incorporates simplicity and reliability. The unit is
semi-self contained, requiring only a high pressure nitrogen supply and external ‘
voltage source. The unit has provisions which permit hoisting the cart up the gantry
so that the cart can be used on the same level as the spacecraft. Hoses and cables
normally remain attached to the servicer when not in use and are stored at one end

of the unit, and the controls which are most frequently used are grouped on a control
panel for ease of operation, The cart consists of five tanks, hydrazine, water,
alcohol nitrogen and drain. With the exception of the nitrogen tank, each tank includes
a level or weight measurement of contents, GNp pressurization valve, vent valve,

and pressure gages. Fill valves and filters for 5 microns nominal/10 microns absolute
are provided cn each holding tank. The nitrogen distribution system provides GN2

for load cell use and general pressurization., When loading the propellant, hydrazine
is circulated up the spacecraft interface valve until lines are bubble-free (see return
line bubble indicator), then the return line is shut off, the weight tank load noted,

and the transfer started by opening the spacecraft fill-drain valve. Because of the
bottom location of the propellant manifold of the propulsion subsystem, Ng is vented
to the top of the propellant tanks and out the servicing line. This scheme assures
bubble free N2H4 loading. The propulsion subsystem can be flow flushed (H20 and
alcohol) and propellant conditioned by connecting the ground support equipment

(GSE) return line to the subsystem pressurant fill valve and the GSE fill line to the
subsystem fuel fill line. This completes a continuous loop into and out of the sub-
system. Fuel drainage and flish fluids will be returned to a common drain tank for
later disposal. The vacuum system provides for evacuating the tanks and lines
through a cold trap to remove vapors and completely dry the subsystem.

~ 5.3-5/5.3-6
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~addition, it was assumed that indicators Wthh tell the position of the latching solenoid

DIVISION OF UNITED H:RAFT CORPORATION SPO 7R70- F

FLIGHT OPERATIONS

In order to present a more detailed description of the flight operation procedures,
and to describe the consequences of the operational constraints placed upon this
system by the interaction of the error analysis and the accuracy requirements,
Flight Operations Chartshave been prepared for both the Probe and Orbiter missions.
These charts are included here as Table 5.4-1 and 5.4-II. The P-5 candidate system B
with the FS-2 feed system was chosen for illustrative purposes. The basis for this ‘
chart is the Flight Operations Sheets which in effect generalize the technique required

to perform certain maneuvers. '

In preparing this chart it was assumed that each engine would have a bed temperature
sensor and the sensor output would be telemetered to the ground station where it would
be utilized for determining expected engine performance for each maneuver. In

valves would be part of the spacecraft's instrumentation. Since required thrusting to
accomplish desired maneuvers will be determined at the ground command station

only the positions in the spacecraft's reference system will be telemetered, therefore,
resulting velocity vectors will be determined at the ground station.

During both the Probe and the Orbiter inissions there are long periods of time between

series of maneuvers. The shortest of these is 5 days which occurs between the event

"Orient for Cruise" which occurs less than an hour after Liftoff, and the "Orient for

1st Midcourse Correction'. Since the latching valves could protect against a serious

gradual loss of propellant due to downstream leakage in any one engine, it is

assumed that the latching solenoid valves will be closed during any time lapse equal S
to or greater than 5 days. "

The symbols used in the Flight Operations Charts are defined below. . v

o

541
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i TABLE OF SYMBOLS

a -  l—

P - hydrazine tank pressure

T - hydrazine temperatire

Tgy T thruster bed temperature of engine ''n "

Ton - thruster on~time

i : .
(] ~ angular orientation in reference coordinate system
" Ax - displacement vector
g TS
II AV - velocity vector
Al - precession angle change : J
R A :
= AV - magnitude of velocity change ,
L AN - spin speed ¢hange .
dot - precession angle error or perturbation ‘
dv - magnitude of velocity error or perturbation
| '* dN - spin speed error or perturbation :
s EPW -  electrical pulse width
5.4-2
Ry i - -
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TABLE 5. 4-I

FLIGHT OPERATIONS CHART - ORBITER MISSION

SYSTEM: I (P-5/F$-2)

anvad 1N0d104

/

DATA REQUIRED

DATA (COMMAND)

] 10) Orient for 15t M/C
- a)° AVCalibration Engines

Pr,T1:TB1,3,5,7,N
&, X, latch valve

EPW, Timing, No.
Pulses

Open Both ILatching
Valves

Before the orientation both Av clusters will be
fired in order to determine the uncertainty in the

GROUND TRANSMITTED TO
_EVENT FRCM VEHICLE COMPUTATION VEHICLE ASSUMPTIONS ERRORS
1) : Liftoff - - - - -
2) 3rd Stage Burnout = - - N ~
1 3) ‘Despin ) (P, Ty Ty 5.8, N AN, Top ‘Open Both Latch - All telemetered measurements will be obtained dv = .0015 ni/sec
) AN ==49 RPM Latch Valve Status) * Valves Fire 5 and 8 and reviewed in order to determine system's de= ,125°
*(Needed for Maneuver) status cven though not all data need be known for dN = 3.13 RPM
Prop. System Checkout this maneuver.,
T DS X
B (AI,oK s X
4) Erect Booms - - - - -
5) -Spin Up to Cruise ) . .
a): AN =+1 RPM + Despin | P, TT, TBZ 3 N AN, Ty, Fire: 2and 3 It is ag3sumed that this will also be used to trim dN = ,265 RPM
Error . B > any despin
by Spin Trim .~ I
“AN=+0-,3 RPM Pr, Tr, Tg1,2,3,4N| AN» Ton Fire:1and 4 or 2 and 3 - | dN = .019 RPM
6) Separation from 3rd - _ _ _ ~
Stage
7)  Spin Control Pt, T7, Tg2,3 AN, Ton Fire: 2 and 3 It is assumed that the separation from the third dN = .64 RPM
a). AN = +10 RPM : stage caused a change in spin and the purpose of
S . . this maneuver is to trim this out.
b) Spin Trim | Ppy T, T 1,2,3,4N AN, Ton Fire: 1and 4 or 2 and3 . - dii = .041 RPM
AN = 40 -, 64 RPM .
8). ‘Spin Control . ar
a) AN =-~9.7 RPM. Pr,TT, TB1,4, N AN, Topn Fire: 1and 4 - d¥= .6 RPM
b) Spin Trim ) : Fire: 1and 4or ’
. AN =.20-.62 RPM PT, Ty, T 1,2,3, 4,N AN, Ty, - 2and3 - dN = .040 RPM
9) Orient for Cruise P T TR, 6 A a, EPW, Fire: 1and 6 This mansuver will be done in five steps in order | dV=.0064 m/sec
18) Aa= 22° N,&, X Timing, No. Pulses to conserve fuel while zeroing in on the desired da= 1,0°
o R Ax=90°. (9a), c), €), B)- dN = .30 RPM
b) - Spin Control P T Ty 2.3 4N AN, Tgon Fire: 1and 4 or Because of spin change due to Axmaneuver it is
AN = 10 -30' RPM i if Necessary 2 and 3 necessary to trim the spin rate. (9b), d), 1), h). dN = .019 RPLM
Repeat three more
times for Events 9¢,9d,
o 9e, £, 9g; 9b . g ‘
1) A aCourse Trim P, T, T 1, 6'N ’-; A aTrim, EPW, Fire: land 6 Latching valves are closed after maneuver hecause | doc = 22° for Tw:) Thruster Operation
S Aa RS ; Timing, No. Pulses Close Latching Valves next maneuver is 5 days away. do¢ =, 11° for Ox'i Thruster Operation
After Firing

¢) dats ,41°
AN 12 BROM . e -

piepuels
uoljjiweH
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Hepeat three more

times for Events 9¢,9d,
e, of, 9g, 9h

i} _AeaCourseTrim. .. .../

Aa= 2°

10) Orient for 15t M/C
a) A'VCalibration Engines
1’ 3 ’ 5 ’ 7

b) AV Calibration Engines
12,4,6,8 ‘

¢) A~z 9° Orient for ist
M/c

dy.-Aor=1° Trim
Orientation for 1stM/C

¥.11) 1st Midcourse

a) Correction

Av = 42 m/sec
»). Spin Control

AN = #0~,3 RPM .

- Repest Once for Events

211-¢), d). Use Engines
2,4,6,8 for c).

e) AV =24 m/sec

12) Reorient.to,Cruise
a)ac=9

b) A= 1° Trim
Orientation for
‘Cruise

BT TR 16 N7&

Pr,Tr, Tp1,3,5,7,N
‘5%, X, Iatch valve
Status

Post Firing

prey -
N, &« , b3

P T1e Tp2,4,6,8,N,
o, X
Post Firing

—
N, ¢, X

Py, T1,Tp2 5
Nx, X

P1, T, TB2,5

N, o, X

Pr. T1, Tp1,3,5,7,N

[ o

o, X

P T1,Tp1,2,3,4N
x B

Pr.T1, Tp1,3,5, ;N
o
o, X

P Ty Toz,5,N
&, ¥
Pr: Ty Tp2, 5N
s .y ——

o, K-l

—A-a Trim;~EPW;
Timing, No. Pulses

EPW, Timing, No.
Pulses

Post Firing

lAN, AT, AX, AV

Teac, Fenc, Te %
Ten

EPW, Timing, No. of
Pulses

| Post Firing

AN, A, AX, AT
Teoc, Tene, Teu,
Ten

Ao, EPW, Timing,
No. of Pulses

Ao, EPW, Timing,
No. of Pulses

EPW, Timing, No.
Pulses

AN; Ton if
Necessary

AV, EPW, Timing,
and No. of Pulges

~ Taking into Account
Calcu. C.G. Shift

A, EPW, Tining,
No. of Pulses
A=, EPW, Timing,
No. of Pulses

EROTH S ARIIRETE SEaN

“Firer Tand6
Close Latching Valves
After Firing

Open Both Latching
Valves

Fire: 1,3,5,7

Fire: 2,4,6,8

Fire: 2and 5

Fire: 2 and 5

Fire: 1,3,5,7

Fire: 1land 4 or
2and 3

Fire: 1,3,5,7

Fire; 2 and 5

Fire:; 2'and 5

WEOTIRR LY O IR oHIn I dte. (), )y 1)y 4J° [

Engines 1, 3, 5, 7 used.

next maneuver is 5 days away.

Before the orientation both Av clusters will be
fired in order to determine the uncerizinty in the
c.g. location relative to the thrust vector. (reo)
and ven). Itis assumed that the c.g. location

is known with #, 10" parallel to the spin axis and
+, 05" normal to it for this fuel loading.

Engines 1,3, 5,7 will be used for first part of
maneuver. Engines 2,4, 6,8 used for second
42 m/sec.

It is assumed that the d o fromn event 11will
be trimmed out here.

AN = LUy jEM o

Iatching valves are closed after maneuver because | doc=,22° for Two Thruster Operation

do¢c=_ 11° for One Thruster Operation

¢c) doe= ,4)°
dN= .12 RPM

d) do= ,22°for Two Thruster

do(= .11%for One Thruster
dN= .0135 RPM

dv = 2.5 m/sec
4 =

}
[y
@O

°

dN = .30 RPM
dN = .019 RPM

dv = 1.43 m/sec

% Error = 1.3%
dx= 1.1°

dN= .17 RPM

dot= . 41°

dN = .12 RPM

det'= .22° for Two Thrusters
de<= ,11° for One Thruster
dN = ,0135 RPM

T wvys 1noaiod
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. TABLE 5. 4-1 (CONTINUED)
FLIGHT OPERATIONS CHART - ORBITER MISSION
- SYSTEM: 1 (P-5/FS-2)
DATA (COMMAND)
DATA REQUIRED GROUND TRANSMITTED TO
EVENTS FROM VEHICLE COMPUTATION VEHICLE ASSUMPTIONS ERRGRS
13) - Spin Control Py, Ty, Tpy 3, N AN, Topn Fire: 2 and 3 - dox= . 096°
a) AN = +2.5 RPM B dN = .16 RPM
b) Spin Trim Pr. 7T TR1,2,3,4,8 | AN: Ton Fire: land 4 or - dN= .01RPM
; AN = #0 - .16 RPM ] 2 and 3
14) Spil'l Coutrol pT, TT’ TBI,4, N AN, Ton Fire: land 4 - dx = .096°
a) :AN=-2.5 RPM : dN= .16 RPM
b)  Spin Control Py TT’ Tl 2,3, 4N AN, Tgp Fire: 2,3 for + AN dN= .01RPM
AN =10 - .16 RPM X, 1,4 for - AN
- Close Latching Valves
: : After Firing
15) Orient for 2nd Midcourse | Py, T, Tgy 5,N Ao, EPW, Timing, | Open Both Latching - dot= .41°
Correction a¢, X, Latching Valve | No. of Pulses Valves dN= .12 RPM
a) Ao =9° Statis Fire: 2 and 5
b) A« =1° Trim for 2nd Pr Ty Tgp 5 5 Ao, EPW, Timing, Fire: 2and 5 dX= .11° For One Thruster
M/C o X% v No. of Pulses dN= .0135 RPM
16) 2nd Midcourse Correction | Pp, T, Tpg 4, 6,8 JN AV.-, EPW, Timing Fire: 2,4,6,8 C. G. shift from calibration prior to event no. dv= .54 m/sec
a) AV = 9 m/sec <. X and No. of Pulses 10 is done with sufficient accuracy to make dof= .41°
. recalibration unnecessary dN= .064 RPM
b) AV = 1m/sec P1, 1y Thz 4,6, 8N AV, EPW, Timing Fire: 2,4,6,8 dv  .092 m/sec
s o and No. of Pulses - % Error = 1.02%
do= .046°
dN= .,0071 RPM
17) ‘ Reorient to Cruise - P, T, TRy, 5N Ax, EPW, Timing, Fire: 2 and 5 - do= .41°
a) AX=9° . o, X No. of Pulses dN= .12 RPM
b) ' AX='1° Trim Orientation | P, T, Tpe, 5, N A, EPW, Timing, Fire: 2 and 5 - da= .1l1° for One Thruster
fox Cruise XX No. of Pulse dN= .0135 RPM
18) Spin Control Py, T, TBZ,S, N AN, Ton Fire: 2and 3 - dN= .32 RPM
a) AN = +5RPM &, 8
b) Spin Trim P, Topy, TB1.2.3.4, N AN, Ton if Necessary Fire: land 4or - dN= .02} RPM
AN =40 ~ , 32 RPM . 2and 3
19) - Spin Control Py, T, Ty, 44 N AN, Top Fire: 1and 4 E dN= .30 RPM
a) AN= -4.7 RPM
“ b} -Spin Trim PT’ TT’ TB1,2,3, 4N ) AN, Ton Fire: 1 and 4 or dN= .019 RPM
AN =40 - .3 RPM X, 2and 3
Close Latching Valves
) After Firing
20) Orient for 3rd M/C P, Ty TBZ. 5N AX, EPW, Timing, Open Both Latching - de= .41°
o . S f o . - ma N P o AN~ . 19 DDM o o
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' 19) Spin Control
. a).

20)
a)

B)

21) ’3rd Midcourse Correction
a) AV" = 1'm/sec

b) AV = 1m/sec

22) Reorient to Cruise -
a) Aa= 9°
b). Trim Reorientation for

23) Reorient for Retrofit

a) A= 220

by Spin Control

_,i)

—

Spin Trim
AN = 0 ~ .32 RPM

~AN = -4, 7T RPM .
Spin Trim :
AN = 40 ~ .3 RPM

Orient for 3rd M/C
o¢ = §° .

&o¢= 1° Trim for 3rd
M/C o

Cruise
A= 1°

AN =20 - .30 RPM

Repeat Three More Times
for Events 23¢), d), e),
f),-8), h). :

‘A & Course Trim
A= 2°

24) "Retrofire for Orbit Trans-

fer and Reorient.

a) A0{ =22°
b) Spin Control

AN =40~ .3 RPM
dy, 0, h)
Repeat Three More
Times for Events c), dy,
), )y 8), h).

{} - A Course Trim
AX = 2°

TP'r-'l‘T»'1“131,2,3,4, N

P, Ty TBl, 4, N

P, T1.TBy,2,3,4,N

X, X
Prp, TT. TRa, 5, N

P T1 Te2,5,N
X, X

P, T1 Tp2, 4,6,8,N
o, X

PT- TT: TB2,4, 6,8, N
&, %

o

PT T1. TB2,5,N
ofy X

1+ T2 TB2, 5, N
&%

o)

I:I’_’Ilr’ Tg2,5,N
Xy X

Py, T, TB1,2,3,4, N

P Ty oo, 5,
“1 x

P, T Tpa, 8, N
=K

Po,Tri Ta1,2,3,4,N

Py T, TRy, 8,N
i
oy X

1 No. of Pulses

AN, Ton if Neceasary

AN, Ton

AN, Ton

A, EPW, Timing,
No. of Pulses

Ao, EPW, Timing,
No. of Pulses

aV, EPW, Timing and

A'V-,' EPW, Timing and
No. of Pulses

Ao, EPW, Timing,
No. of Pulses
Ao, EPW, Timing,
No. of Pulses

Ao, EPW, Timing,
No. of Pulses

AN, Tpn if Necessary

AXTrim, EPW,
Timing, No, of Pulses

AX, EPW, Timing,
No. of Pulses

AN, Ton if Necessary

AOCTrim, EPW,
Timing, No. of Pulses

i B Sy
Fire: land 4or
2 and 3

Fire: 1 and 4

Fire: 1 and 4 or

‘2and 3
Close Latching Valves
After Firing
Open Both ILatching
Valves
Fire: 2 and 5
Fire: 2 and §

Fire: 2,4,6,8

Fire: 2,4,6,8

Fire: 2 and §

Fire: 2 and 5

Close Latching Valves
After Firing

Open Both Latching
Valves )

Fire: 2 and 5

Fire: 1 and 4 or
2and 3

Fire: 2 and 5
Tire: 3 and 8
Fire: 1and 4

2 and 3

Fire:3and 8

If this maneuver were done in one increment
a 5.98% error in AV could result which is >
the 5% allowed. Therefore it will be done
in 2 steps. Only 21 pulses (total) are re-
quired for 2 m/sec AV.

Number of pulses required is a whole
number.

This maneuver will be done in five steps in
order to conserve fuel while zeroing in on
the desired AoC=90° and correcting the
spin perturbation.

Because of spin change due to & maneuver
it is necessary to trim the spin rate.

dN-

dN«

dN=

dN=

dor=

dv=
do=
dN=

dv=
do=
dN=

dog=
dN=
dor=
dN=

dv=
dol=
dN=
dN=

do=

g

,021 RPM

.30 RPM

.019 RPM

.41°
.12 RPM

. 11° for One Thruster
.0135 RPM

. 0598 m/sec
.047°
.0071 RPM

.0598 m/sec % Error = 3%
.047°
.0071 RPM

.41°

.12 RPM

. 11° for One Thruster
. 0135 RPM

. 0064 m/sec
1.0°
.30 RPM

. 019 RPM

.11° for One Thruster

.0064 m/sec
1.0°
.30 RPM -
.019 RPM
O
—
O
o
-
.11° for One Thruster ~—
T
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=
m
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TABLE 5.4-1 (CONTINUED)
FLIGHT OPERATIONS CHART ~ ORBITER MISSION
SYSTEM: I (P-5/FS-2)
DATA (COMMAND)
'DATA REQUIRED GROUND TRANSMITTED TO
EVENTS FROM VEHICLE COMPUTATION VEHICLE ASSUMPTIONS ERRORS
- 25) Spin Control P1,T1,Tp2,3, N AN, Top Fire: 2and3 - dN = .32 RPM
a) AN=4+5RPM ; :
b) Spin Trim :
AN =0 - .32 RPM PpeT7,Tp1,2,3,4,N | AN, Topif Fire:  1and 4 or - dN = .02 RPM
‘ Necessary 2 and 3
26) Spin Control = Pr T1. Ty, 4N AN, T,p Fire: 1land 4 - dN = .32 RPM
.. a) AN=-5RPM
by Spin Trim Py, Ty TBI.'2,3,4,N AN, Ton if Fire: land4or - dN = .02 RPM
* AN =40 -..32 RPM ' " Necessary 2 and 3
27) - At*tude Control Pry T Ty qy N A o, EPW, Timing, Fire: 4and 7 This maneuver will be done in a total dv = .025m/sec
a) Mairnitenance Ao=20° o, X No. of Pulses of six even increments. dxX = ,31°
' ) dN = .27 RPM
b) Spin Control Pr.T1,Tg1,2,3,4,N | AN Tonif Fire: land 4or - dN = .017 RPM
AN = 40 -~ ,27 RPM ‘ Necessary 2.and 3
Repeat four more. -
times for a total -
Aot =120° Events 27
c)l d)o €)y f)l g)& h),
1), §). : .
k) Ao =20° doc¢ and dN error will be trimmed out dX = .91°
‘ ‘ during Events 28, 29, 30. dN = .27 RPM
28) Orientation Trim Py, T, Tg4,7, N Ac¢, EPW, Timing, Fire: 4and 7 - dX = ,11° for One Thruster
A =6 X No. of Pulses
29) Spin Control Py, T, Tga,3, N AN, Top Fire: 2and3 = dN = .16 RPM
8) AN'=+42.5 RPM ' : :
b) “Spin Trim P, T Tgy,2,3,4,N AN, Top if Fire: 1and 4 or - dN = .01 RPM
AN = 40 - .27 RPM Necessary 2 and 3
30) Spin Control Py, T, TB1.4, N AN, Ton Fire: 1and 4 - dN = .18 RPM
a) AN = 2.5
b) Spin Trim Py, T, TB1,2,3,4,N AN, Top if Fire: 1land 4or - d¥ = .01 RPM
AN = 40 - .27 RPM X Npoppaan v ,L .9 N - - -
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regress worARLE LS

€)

AN = x0- .3 RPM
A'of Trim

AO( =7.5°

wf'm’;,’ ™

a) AN = 42,5 RPM
b) Spin Trim Pr. T Tp1,2,3,4,N
TAN =40 ~ .27 RPM
S 30) Spin Control Pr.Tr Tp,4, N
a) AN = =2.5 .
b) Spin. Trim Py, T TB1,2,3,4,N
% s 40 - .27 RPM :
31 Orient for Periapyis
Reduction P, Ty Tp1, 6, N
a) A a= 27,5 s X
b) Spin Control » P, T, TBI, 4,6,7,N
“AN = 30~ .3 RPM -
8) ','AO'(TrIm' v PT’TT'TBI,GJN
A =T.5 %, T
» 32) Periapsis Reduction PT; Ty TB1,3, 5,7,N
a) 100 KM AV =12 m/sec| o, X ‘
b) AV = 1m/sec Pr, T3:TB1,3,5,7, N
. : : &, %
c) Reorfent to Orbit Mode | . P, TT, 12,5, N
AX = 27.5° = K
d) Spin Control PT, TT, TBl, 4,6,7;N

B0 Tz, N
X , X

3N Ton

AN, Ton if
Necessary

AN, Toy

AN, Ton if
Necessary

Ao, EPW,; Timing,
No. of Pulses

AN, Top if
Necessary

Ao, EPW, Timing,
No. of Pulses

EPW, Timing,
No. of Pulses

EPW, Timing,

No. of Pulses .

Ao , EPW, Timing,
No. Of Pulses '

AN, Ty if necessary

A&, EPW, Timing,
No. of Pulses

Fire:

Fire:

Fire:

Fire:

Close Both Latching
Vahrae Aftar Fivina

Open Both Latching

Valves
Fire:
Valves
Fire:

Fire:

Fire:

Fire:

Fire:

Fire:

Fire:

& ahd 3

1and 4 6

1 and 4

1land 4 or
2and 3

1and 6
1 and 4 or

6 and 7
land 6

1’3’517

1,3,5,7
2and 5
land 4 or

6and 7
2and 5

dN

dN

dN

dN

dv
do¢
dN
an

d o
dN =

av

dN
av

av

dN
dN

4
dN

fon

dox

LU 1)

i

o

.16 RPM

-01 RPM

.16 RPM

.01 RPM

.0132 m/sec
1.25°

.30 RPM
.019 RPM

. 17° for One Thruster
.082 RPM

.72 m/sec

Jane

.025 RPM

. 102 m/sec

% Error = .85%.
.0132 m/sec
1.25°

.30 RPM

.019 RPM

+ 17° for One Thruster
. 082 RPM

* Events 31 and 32 ~ This series of events represent a 100 KM Periapsis reduction, for a total of 1500 KM

repeat 15 times. Alternate thrusters according to table.
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.
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EVENT 31b), 32 d)

1and 4 or 6 and 7
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EVENT 32 a), b)
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TABLE 5.4-11
FLIGHT OPERATIONS CHART - PROBE MISSION
SYSTEM: I(P-5/FS-2)
- DATA (COMMAND)
: DATA REQUIRED GROUND TRANSMITTED TO
EVENT =~ “FROM VEHICLE COMPUTATION VEHICLE ASSUMPTIONS ERRORS
1) . Liftoff - - - - -
2)  3rd Stags Burnout - - - - -
i 3) Despinby Hydrazine | Py, TT,Tp1 44N AN, Top Fire: land4 ATl telemetered data will be cbtained and re- dv = .011m/sec
System AN =-40"RPM | Latch Valve Status viewed in order to determine system's status do = .040°
] : (Needed for Maneuver) even though not all data will be needed for this dN = 2.56 RPM
! Propulsion System - maneuver. Since the next maneuver is a spin
Checkout: Ty (All) - up to cruise error will be trimmed out there
- and not here.
' 4) © Erect Booms - - - - - -
5) - Spin.Up to Cruise P, TT; T32,3 ’ N AN, Ty Fire: 2and 3 Error due to Event 3 will be trimmed out de¢ = .074°
Valve ) . here. dN = .42 RPM
a) AN'= 4 RPM _
b) . Spin Trim Py, Tp, Tpi 2.3,4 AN, Ton if Fire: 1and 4or In order to meet spin accuracy of -. 13 RPM dN = .027 RPM
B A R 3
AN = + .32 RPM N Necessary 2ané 3 a spin trim is required.
6) --S/C Separation from - - - - -
' 3rd Stage ‘
7). . Orient for Cruise Py, Ty .TBI, 6, N A, EPW, Timing, Fire: 1and 6 This maneuver will be done in four A o dv = .015 m/sec
' a)y AKX = 27,5° ‘o, X No. of Pulses steps. d¥ = 1.25°
) ‘ dN = .30 RPM
b) - Spin Control Pr, T1, TR1,2,3,41 A N, Top if Fire: land4or Trimming spin error to keep within ,30 RPM dN = ,019 RPM
AN = 20 -.3 RPM N . Necessary 2 and 3 requirement.
. Repeat two times for
v Events T¢, 7d, Te,
-, and 7f.
g AX=50° Pt T, Tgi,6,N A of, EPW, Timing, Fire: 1land 6 - aot = .23°
: , & No. of Pulses dN = .055 RPM
' h)" A o Course Trim Py, T Tp1, 6, N A & Trim, EPW, Fire: 1and 6 - dot = .11°
Ao= 2.5 of Timing, No. of Close Latching dN = .027 RPM
! : Pulses Valve After Firing
8) Orient for 1st M/C Pp, T, TRy, 3.5,7, EPW, Timing, No. Opening Both Latching Before orientation both AV clusters will be
. a) AV Calibration N, &, X latching of Pulses Valves . fired in order to determine the uncertainty
AR " oo 2 Lo N i o the thrust N
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Events 7c, 7d, 7e,
and 71,

g) A 0(’-‘-‘ 5-0‘ PT, TT, TBI,G,N
h) A & Course Trim Py, T1, Tg1, 6, N
LAw= 2,57 X
8). .Otient for 1st M/C Py, Ty, Tg1,3,5,7,
a)" AV Calibration N, o s % latching
Engines 1,3,5,7 Valve Status
Post Firing
N, o+ X
b) AV Cali_bmtion pT’ TT' T‘nz' 4,6, S)N .
Engines 2,4, 6,8 Post Firing
oy
| N, A, X
¢) A& =9 Orientfor  |PT, Ty, Tg2,5,N
1st M/C. o X
d) - A« =1° Trim P Ty ‘TB2,‘5,N,'
<" Orientation for1lst m/c X
‘9)~ 1ét, Midcourse Correc=:{ P, T, TBl, 3,5,7
a).- tion AV = 50m/sec  |N, &, X
b) Spin Control ) PT, TT' TB1,2,3,4
- AN = 20 - ,15TRPM N
¢y AV = 50 m/sec PT, T, TB2,4, 6,8
: : N .
d) AV = 8.0 m/sec Pr, T, Tpo 46,8
. . . N'?' f ]
10). - Reorient for Cruise Pr, T, Tgs,s, N
a) A= 27,5 X, %X
b) Spiﬂ Control . P, T, Tb1,2,3,4
AN = 30 - .3 RPM N
) Ax =20 |Pr, T1w Tg,5,N
o
d) - A & Course Trim - P, Ty, Tz, 5, N
-

Aot =2.5

o

i B o -y g— ——p
A o(, EPW, Timing, Fire: land 6 - dx - .23°
No._ of Pulses R dN = ,.055 RPM
A X Trim, EPW, Fire: lland 6 - de = .11°
Timing, No. of Close Latching dN = .027 RPM
Puilses Valve After Firing
EPW, Timing, No. Opening Both Latching Before orientation both AV clusters will be
of Pulses Valves ) fired in order to determine the uncertainty
Post Firing Fire: 1,3,5,7 in the C. G. location relative to the thrust
AN, AT;, A—;, AT vector. (rexand rep. Itis assumed that
Tete* Fener Toors the C.G. location is known within + 10"
Ten parallel to the spin axis and +. 05" normal
to it for this fuel loading and the thrusters
will be modulated to put the thrust vector
i i through the calculated C. G.
EPW, Timing, No. Fire: 2,4,6,8
of Pulses .
AN, Ao, &x, AV
Teatc,Tencr Teor »
Ten
Ao, EPW, Timing, Fire: 2 and b5 dx = .41°
No. of Pulses dN = .098 RPM
A @, EPW, Timing, Fire: 2and 5 de = .096°
No. of Pulses dN = ,.0109 RPM
EPW, Timing, No. Fire: 1,3,5,7 Engines 1,3, 5, 7 will be used for first part dv = 3.0m/sec
of Pulses of maneuver. aot = 1,26°
dN .157 RPM
AN, Ty if Fire: 1land 4or In order to keep the spin speed within limits
Ng;cessary 2 and 3 at the end of the maneuver it will be trimmed
AV, EPW, Timing, Fire: 2,4,6,8 here. dv = 3.0 m/sec
No. of Pulses taking Engines 2,4, 6,8 will be used for second part. dx = 1.26°
into Account C. G. dN = .157 RPM
Shift due to 9a).
AV, EPW, Timing, Fire: 2,4,6,8 - dV = .48 m/sec % Error = .44%
No. of Pulses do = ,20°
dN = .025 RPM
A&, EPW, Timing, Fire: 2and 5 This maneuver will be done in three steps. dog = 1.25°
No. of Pulses dN = .30 RPM
AN, Topif Fire: 1land 4o0r Trimming accumulated spin errors. dN = .019 RPM
Necessary 2 and 3
A of Trim, EPW, Fire: 2and 5 - det = .90°
Timing, No. of dN = .22 RPM
Pulses
AN Trim, EPW, Fire: 2and 5 - de¢ = .11°
Timing, No. of Close latching Valves dN = .027 RPM
Pulses After Firing

AWVEL LA0a1cH
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TABLE 5.4-1I (CONTINUED)
FLIGHT OPERATIONS CHART - PROBE MISSION

SYSTEM: I (P-5/FS-2)

DATA (COMMAND)

© shift

~-DATA REQUIRED GROUND TRANSMITTED TO
EVENT FROM VEHICLE COMPUTATION VEHICLE ASSUMPTION ERRORS
11) Orient for 2nd M/C Pgy Ty Tgy 5N AX, EPW, Timing, Open latching Valves This maneuver will be done in two steps. dx .82°
a) Ao(-=18° X + X, Latching No. of Pulses Fire: -2 and 5 dN = .20 RPM
: Valve Status
b)’ ‘Ao Course Trim Py, T TB2,5, N A o Trim, EPW, Fire: 2 and 5 - dx = ,098°
AKX =2° 5?, - : Timing, No. of dN = .022 RPM
Pulses
12)" 2nd Midcourse Correc- | P, T, T82,4,6,8, AV, EPW, Timing, Fire: 2,4,6,8 - av .54 m/sec
tion N&, X No. of Pulses dx = .23°
8) AV = 9:'m/sec ' ‘ - dN= .028 RPM
b) -AV. = 1m/sec P, Tr, TB2,4,6,8, AV, EPW, Timing, Fire: 2,4,6,8 - dv = .092 m/sec .
: . N, X, X% . No. of Pulses % Error = .92%,
. : ’ dof{= .,026°
: : ‘ dN = .0031 RPM
13). Reorient for Cruise Py Ty T3, 8N Ao, EPW, Timing, Fire: ‘3 and 8 - dv = .031m/sec
a) Aot =27.5° = No. of Pulses ' dx = 1,25°
) . . : dN = .30 RPM
“'b} Spin Control P, TT, TB1,2,3,4 AN, Top i Fire: 1and 4or - dN = .019 RPM
AN =40 -, 3 RPM N, X i Necessary 2 and 3
) Ax=10° Py, Tty Tpg, g, N Ao, EPW, Timing, | Fire: -3 and 8 - do = . 45°
Cl : 5 X - No. of Pulses dN = .11 RPM
d) A~ Course Trim Py, Tqy Tpy;8) N A ¢, EPW, Timing, Fire: 3 and 8 Since the next maneuver is E-10 days off d = .11°
Ag =2.5° X, K No. of Pulses Close Latching Valves the Iatching valves will be closed after this dN = ,027 RPM
| After Firing maneuver. ‘
14) ' Ordent for 3rd M/C Py, TT;. TB3,8, N A, EPW, Timing, | Open Both Latching - dor= .g2°
a) Ao =18 o , X, Latching No. of Pulses Valves dN = .027 RPM
: . : Valve Status ‘ Fire: 3and 8
b) A& Course Trim - ];J'_T, TT, Tpa, g1 N A o¢ Trim, EPW, Fire: 3 and 8 - do¢ = .098°
A= 20 =, X Timing, No. of dN = ,022 RPM
B Pulses
15). 3rd Midcourse Correc~ PT! TT‘ TB2,4, 6,8 A‘\T, EPW, Timing, Fire: 2,4,6,8 ~ dV =  .060 m/sec
tion N,y & ;% No. of Pulges iaking : do = .028
a) AV = 1lm/sec into Account C.G. dN = .0034 RPM
: : Shift
b) AV = I m/sec Pr, T Tga 4,6,8 AV, EPW, Timing, Fire: 2,4,6,8 - dv = .0598 m/sec
‘ N, X, X No. of Pulses faking dof = .028 @ Error = 3%
into Account C.G. dN = .0034 RPM
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1) BT0 Migcourssy Lorleu-
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tion
AV = 1m/gec

b)—AV...=_l-m/Eec—

16)

a)
b)

17)

a)
b)

19)

. 20),

Rl e T R

i

E]

b)

.2

21)
ki

b)

Attitude Control
“Maintenance
Ao-= 18

A™ Course Trim
A = 2° )

Ovient Spin Axis
Parallel to Ecliptic
Aoc = 27,5°

Spin Control

AN = 10 - .3 RPM

Repeat two times for
Events 17¢), 17d),
17e), and 17f).

AO¢ =5

A Course Trim
A = 2,5

Retarget Maxi Probe
A =27.5°

Spin Control. .

AN =.%0 - .3 RPM
Aa = 10°

. A X Course Trim
A =2,5%

Separate Maxi Probe

Attitude Control
Maintenance
AN =90

A= 1° Trim:

~Maneuver

Retarget Mini-Probe
AV= 4m/sec

AV = 1M/S

into Account C. G.
Shift

PT"TT;TFZA, 6,8 3V, LPW, Timing, Fire: 2,4,6,8 ¥ e -
N X, X No. of Pulses tzking
into Account C. G.
Shift
Py T Tyw 4, 6,8 | AV, EPW, Timing, . | Firei 2,4,6,8 z
N, &, X No. of Pulses taking
into Account C. G.
Shift
Pq, T, TBS, B,N Ao, EPW, Timing, . Fire; 3and 8 -
& No. of Pulses
Py, T, Tpam 7N A, Trim, EPW, Fire: 3 and 8 -
& Timing, No. of
Pulses
P, Tip, TB4, N A, EPW, Timing, Fire; 4and 7 This maneuver will be done in four A
%, % No. of Pulses steps.
P, Ty TB2,3, 5,8 A N, Top if Fire: 2 and 5or
N Necessary 3 and 8
| Py, Tpy Ta, 7, N Ao¢, EPW, Timing, Fire: 4and 7 -
< No. of Pulses
Pp, Try Ty, 7, N AX Trim, EPS, Fire: 4and 7 -
=, % ‘ Timing, No. of
Pulses
P1, Ty, Tgi, 63N A ¢, EPW, Timing, Fire: - 1land 6 -
=3 ‘ No. of Pulses ‘
Pr, T1, Tgs,6,7,8 AN, Ton if Fire: 6and 7 or -
N, X Necessary 5and 8
Pr. Tty Tpi,g, N AX , EPW, Timing, | Fire: land 6 -
& No. of Pulses
P, TT, TBl,'G, N A & Trim, EPW, Fire: land 6 -
x » X Timing, No. of
Pulses
Pt T1: TB2,5, N A, EPW, Timing,| Fire: 2and5 -
K X No. of Pulses .
Py, T) TB2,5, N A, EPW, Timing, Fire; 2and 5 -
X, X No. of Pulses
PT, T, TB1,3,5;7 A'\T, EPW, Timing, Fire: - 1,3,5,7 -
N&T % No. of Pulses taking
into Account C, G.
Shift
P, TTv"rBl,3.5.7 AV, EPW, Timing, Fire: 1,3,5,7 -
N, &, X No. of Pulses taking

dv =
d =
dN

=X
23
W

dN =

dot =
dN

]

dv. =
dx =
dN =

dv =
dol =
dN =

.060 m/sec
.028
.0034 RPM

.0538 m/sec
.028 % Error = 3%
. 0034 RPM

. 82°
.2 RPM

.098°
.022 RPM

.015 m/sec
1.25°

.30 RPM
.019 RPM

.23°
.055 RPM

. 130
. 027 RPM

1.25°
.30 RPM
.019 RPM

.45°
. 109 RPM
L11°
.027 RPM

.41°
.10 RPM

.10°
.0109 RPM

.24 m/sec
. 059°
.0074 RPM

.074 m/sec % Error = 1.48%
.0148°
. 00184 RPM
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TABLE 5. 4-I (CONTINUED) in
FLIGHT OPERATIONS CHART - PROBE MISSION oy
, SYSTEM: I (P-5/FS-2)
; , DATA (COMMAND)
; DATA REQUIRED GROUND TRANSMITTED TO
EVENTS FROM VEHICLE COMPUTATICN VEHICLE ASSUMPTIONS ERRORS
‘22) Attitude Control Py, Ty T-2,5 & &, EPS, Timing, | Fire: 2and & - dv = .017 m/sec
: Maintenance N, X No. of Pulses dx = .82°
a) ‘AN =18° dN = .196 RPM
B) A =2° Trim Pq, Tqy Tpy 5N A o Trim, EPW, Fire: 2and5 - dx a1
Control xXsX PR Timing, No. of : dN .022 RPM
: Pulses
23) Spin Up Py, Ty Ty, 39 No AN, T,y Fire: 2and3 - dv = .0023 m/sec
- Mini ‘Probes o, X ‘ ’ dot= .085°
a) AN = 65 RPM ‘ : dN = 4.2 RPM
b) Spin Up Trim P, Tr, Tpa,5y N, AN, Top Fire: 2and3 . - do = ,085°
., AN = 4-12 RPM o, X : ‘ dN = .77RPM
¢) ‘Spin Up Trim Py, Ty, TBs,6,7,8 AN, Ton Fire: 6and 7or - dN=  .049 RPM
AN = #0-.TTRPM | N, &, %X : : 5and 8
'24). Separate Mini Probes - - - - -
|- 25) ‘Attitude Control ll. Ii TB3, 8N, AX, EPW, Timing, | Fire: - 3 and 8 This maneuver of ASC =20° total has dv = .014 m/sec
Maintenance X, X ~ No. of Pylses to be performed in A = 3.9° incre- do = .18°
a) Ao =3.9° i “ ments because of the high spin perturba- dN = .30 RPM
e . . ‘ ‘ tion which occurs at N = 85 RPM.
.. b) .Spin Control Pr, Tq, Tgs,¢,7,8, AN, Top if Necessary| Fire: - 5and 8 or dv= .0044 m/sec
AN =0 - .3 RPM N 6 and 7 - do= .031°
' - dN= .019 RPM
Repeat three more
times for Events
25.¢), d), €, D, &),
CBLR, ). )
k) ‘A & Trim ", P, Ty Tp3, g, N A&, EPW, Timing, | Fire: 3and$ - dor= .051°
CAX=.5° X X No. of Pulses taking
AV, EPW, Timing, dv= .9m/sec __ _—
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b), 1), j).

A X Trim
Ax =5

PI-¥°'G/€1-%°C

b)

27)

b)

k)

28)

a)
b}

g

Retarget S/C Bus
AV =15 m/sec

AV =3 M/Sec

Correct Sun
Angle Drift . -

A =3.9°

Spin Control

AN =40 - ,3 RPM

Repeat three more:

“time for Events 27¢),

d)' e)l:f)! g)! h)v i))
oo
Aol =, 5°

Orient Spinto Velocity
Vector ) :
Aol =3,9°

‘Spin Control

AN = 20 - .3 RPM

Repeat for Events
28c), d); o), )
AX  Trim

Ao = . 3°

Py Trs Tp3,g, N

P S TR SO

Pr, T, Th2,4,¢,¢8
N, ,» X

jie]

Py, Tr, Th2,4,6,8,
of » X

Pps Ty» Tp3,s, N,

Py, Ty Tps,6,7,8

Pp, Ty Tpg, 84N
of v X

_I:T: 'Ilry TB3, S)N

oo, X )

_P1, T1, Tgs,6,7,8

N

"_llT’ ET, TB3, 8, N

X, X

Ax ) EPW, ’I‘iming,

-..No.-of -Pulses taking

AV, EPW, Timing,
No. of Pulses taking
into Account C. G.
Shift Due to Maneu-
vers

AV, EPW, Timing,
No. of Pulses taking
into Account C. G.
Shift Due to Previous
Maneuvers

A ‘o, EPW, Timing,
No. of Pulses

AN, Top if Necessary

A o¢, EPW, Timing,
No. of Pulses

Ao, EPW, Timing,
No. of Pulses

AN, Tgp if Necessary

A, EPW, Timing
No. of Pulses

Fire:

Fire:

Fire:

Fire:

Fire:

Fire:

Fire:

Fire:

Fire:

3 and 8

2,4,6,8

2,4,6.8

3and 8

5and 8 or
6and 7

3and 8

3and 8

5 and 8 or
6and 7

3and 8

.

- Te

_dot= .051°
dv = .9 m/sec
do= . 058°
dN= . 0102 RPM
dv= .23 m/sec

% Error =1.3%

av = .014 m/sec
dx = . 18°

dN = .30 RPM

dv = .0044 m/sec
do¢ = .031°

dN = .019 RPM
du= .051°

dv= .014 m/sec
dx = .18° .
dN= .30 RPM
doc= .031°

da= .05Y1°

~
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Components

After determining which propulsion subsystems were to be evaluated, a survey was
performed of operational hydrazine propulsion subsystems and those presently

being developed, to identify those components which have been qualified, and can

be considered for the Planetary Explorer applications. Data was gathered on compo-
nents which would be considered as candidates for the propulsion subsystem concepts
and this data was evaluated. In some cases components were considered which have
flight history on applications other than hydrazine propulsion systems. The basic
criteria used for the component evaluation were the flight and qualification histories
of each component, along with judgment from previous component evaluation studies.
Components recommended for the Planetary Explorer applications are listed in
Table 5.5.0-I and the technical evaluations are summarized in Tables 5,5. 0-II
through 5.5.0-VII, Each component was rated from 0 to 3 points in the categories
shown. A weighting factor was then applied to each rating to reflect the relative
importance of each category. Component evaluation and trade-off information
generated during the study and from previous component selection studies was
referred to and modified, as necessary, to reflect Planetary Explorer requirements.
The following is a definition of the rating scale and weighting factors used.

Rating Scale

Acceptable: Actual demonstrated - no risk
Acceptable: Normal risk

Marginal: High Risk

Unacceptable

O = NW
I

Weighting Factors

Factor Definition
10 - System will not function if criteria are not satisfied
8 -  System will function but specification is in jeopardy
4 - System functions or specifications not in jeopardy but component

characteristic may enhance capability of system

PROPELLANT TANK:

‘The propellant tank recommended at this time for the Pléﬁetary E&;piorer Orbiter

and Probe spacecraft is the tank manufactured by Fansteel Metallurgical Corp.
which is used on the IDCSP/A and NATO/SAT satellites. This tank, Fansteel

"~ part number 4425034, is designed and ported for a spin stabilized spacecraft

application. The tank is designed as a bladderless mtegral pressurization expukl-‘
sion system when either in the ground or flight acceleration fields. Location of

"“"““'“““”“'f“‘“***“f'“*“f"‘“fs" -1 — - e T R e
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the propellant outlet ports 90 degrees to each other provides for propellant draining
during either ground test or when the satellite is spinning in space. This porting
configuration also provides for flushing the tanks and lines after fabrication by
allowing a continuous flow of fluid into the pressurant port and out the propellant
port. The Fansteel tank is of the proper volumetric size for use in either Planetary
Explorer application by utilization of a sufficient number of tanks, and provides

a pressurant ''blow down' ratio compatible with the IDCSP/A engine which has been
considered in this study. Figure 5.5.1-1 shows system tankage weight as a function
of propellant weight in the system for both the existing Fansteel design and a
theoretically optimum tank design,

The basm for sizing an optlmum tank for comparison to the existing design are the
following:
| Lo ; I
®  Tank Material: 6AL-4V-Ti
[ J Tank Quter Diameter: 9.86"
] Tank Wall Thickness: .012 - ,015

(. 012 min wall based on F,8. =2 for stability of tank at 1 at—-mosphere);

The figure indicates a slight advantage in weight for the optimum tank design;

however, this savings probably does not Just1fy the costs associated with developing
and requahfymg a new design. : =

Another tank Which meets the‘vOlumetric requirements but does not have the
ﬂex1b111ty of the Fansteel tank is one manufactured by Pressure Systems Incorporated
for the Intelsat III satellite, This tank is designed for a bladderless integral
pressurization system for a spin stabilized application only where propellant cannot
be completely expelled under earth gravity unless the vehicle is turned on its side.
Also, the Pressure Systems Incorperated, (PSI) tank is trunnion mounted, whereas the
Fansteel tank is flange mounted ~Flange mounting is more suitable for the Planetary
Explorer application and prov1des for a much hghter weight tank mountmg structure.

- The Fansteel and PSI tanks appear-to be the only two flight qualified tanks avaﬂable ‘

wh1ch meet the Planetary Explorer volume and size requirements. Of the two tanks,
the Fansteel tank is the most suitable from a system integration and mounting stand-
point. Table 5.5.1-] summarizes the basic characteristics of the two tanks.

®
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5.5.2 FILTER:

The propellant filter recommended at this time is the filter manufactured by Vacco

Industries which is used on the Intelsat IV satellite. The Vacco filter contains a
multi-segmented element consisting of a stack of etched filter discs which are

chemically milled from the basic stock, This eliminates the pcssibility of burrs :
being generated, and permits cleaning and inspection of each individual disc prior to -
assembly of the element, minimizing self-generated contamination. Anotber filter '
which has been incorporated in some spacecraft applications is a wire cloth element
manufactured by Wintec Corporation. Filters of this type are difficult to manufacture

clean and tend to become contaminant generators since there are a multitude of

traps where contamination can be retained during manufacture of the wire cloth

and after flushing the assembled filter. A summary of data for the two filters is

shown in Table 5.5.2-I. The Vacco filter is judged superior in being able to be

manufactured clean, retain contaminant to a specific absolute value and not be a

contaminant generator.

5.5:3 FILL AND DRAIN VALVE:

The fill and drain valve recommended for the propellant and pressurant fill and
drain functions is the valve manufactured by Vacco Industries. This valve is a
manually operated shut-off valve. The sealing of this valve is effected by seating s :
a tungsten carbide ball into a seat formed in the valve body. The ball is held captive .
in the poppet which is activated open and closed by rotation of a retainer nut. The .
poppet is sealed when the valve is open during fill and drain operations by an "O" =

ring forming the poppet/body seal. Seating and sealing of the poppet into the seat is
achieved by torqueing the retainer nut to a prescribed torque value., Redundant
sealing is achieved by capping the valve port, and by the poppet/body seal. The
Pyronetics fill and drain valve is similar to the Vacco in that primary sealing is

achieved by metal-to-metal contact, but the Pyronetics valve utilizes a cylindrical Y
sharp edge poppet seating into a tapered seat, A valve of this type is sensitive to R
overtorqueing with subsequent leakage problems. ~The Pyronetics valve has flown &
on spacecraft and is qualified for space applications, but is cons1dered to have more &

potential problems than the Vacco f1ll and drain valve,

Other fill and drain valves cons1dered were those manufactured by Futurecraft and

PR TR T

} Snap-Tite. Table 5.5.3-1 is a hstlng of the characteristics for the fill wnd drain 7
valves considered. o
§ . ‘ \
5.5.4 ORDNANCE VALVE: > :
\ gfy

The ordnance valve recommended is the valve manufactured by Pyronetlcs
Incorporated (Part Number 1365), which is functionally identical to valves supplied S
for the Gemini, - ‘Minuteman III and Intelsat III programs, The valve is 1nternally : e '
the same as Part Number 1078 used on the Gemini spacecraft, the difference being i
“the use of the Apollo Standard Initiator for actuation. The same valve , but
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5.5,4 (continued)

designated Part Number 1259, has flown on the Intelsat III satellite, with the difference
being the squib and mounting provisions. This unit provides hermetic isolation of
the propellant from the downstream components until actuated open by firing the
squib, The flow path is opened when pressure generated from firing the squib drives
a ram which shears a solid hermetia closure on the valve inlet port. The squib
considered is an "off-the-shelf'" dual bridge wire cartridge designed for deep

space apphcatlons. Conax Corporation and Futurecraft also supply ordnance valves
which provide a hermetic closure at the valve inlet port which is sheared off by a
ram actuated by the squib gases. These companies have supplied units for many
military missile and space applications. Pyrotechnics Incorporated has supplied
units for hydrazine propulsion subsystems which are now operatlonal and are

readily available and qualified for the Planetary Explorer application. Table 5.5,4-I
summarizes the characteristics of the ordnance valves considered.

5.5.5 LATCHING SOLENOID VALVE

A review of latching solenoid valves that are manufactured for space applications

shows that only two designs have been qualified for hydrazine applications. Table

5.5.5-1 summarizes the characteristics of these and other demgns The Carleton

Controls design, Part Number 2217002, 1s qualified for the Intelsat IV program

and represents the only quahfled llghtwelght valve for hydrazme use, Although it

has these favorable characteristics, the valve is very complex in construction

and operation. The design utilizes a stainless steel poppet head with a teflon

seating surface and metal bellows are used to internally seal the valve from fluid

flow, and also effectlvely pressure balance the valve poppet against both inlet and G

outlet differentials. The valve has sliding fits, many moving parts (including the :

bellows, poppet, belleville spring, and plunger), and dynamic seals are used as

backups to the bellows. Valve latch holding forces for both open and closed positions

are generated by a bellev1lle spring and the latchmg force is overcome by dual 3

electromagnets which move the armature in opposite directions when energized.

Unlike the other designs, the Carleton valve does not use the force field of a perma-

nent magnet to hold - the valve in the open position, therefore eliminating the weight

associated with the permanent magnet. In addition to the use of the permanent ,
" magnets for latching, the Parker and the Consolidated Controls valves operate by

actuating a sliding fit plunger which moves the poppet to the open position. To close

these valves, current of reversed polarity is supplied to a solenoid coil, thus 5

producmg a magnetic field which cancels a portion of the latching force f1e1d and

a spring device returns the poppet to the closed posmon. -

on the qualified/ 11ghtwe1ght characterlstlcs of the valve. However, " due to the
inherent complexity of the sliding fits, bellows and other moving parts, there may ;
be an advantage in considering the use of a torque motor operated type latching valve.

~ It has been Hamilton Standard's experience to receive proposals (for various |
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programs) from manufacturers of torque motor valves which utilize the single
flapper concept with a permanent magnet to maintain the valve in the open position,
This approach may prove to have advantages over the solenoid type due to simplicity
and minimization of moving parts. However, the advantages still have to be com~
pared to the cost of development and qualification since this status does not exist for
a torque motor design.

PROPELLANT CONTROL VALVE:

The propellant control valve recommended for the Planetary Explorer application is
the valve manufactured by Hydraulic Research and Manufacturing Corporation

(Part Number 48000680) used on the IDCSP/A and NATOSAT satellite Rocket Engine
Assemblies, The valve is a normally closed torque motor operated dual seat valve,
The design incorporates two metal-to-metal flat-lapped poppets and seats in series
to provide valve sealing redundancy. This valve is considered for Planetary
Explorer for the following reasons: ’ '

o The engine recommended by Hamilton Standard for the Planetary Explorer
applications was qualified with this valve for the IDCSP/A and NATOSAT
programs,

o The redundant seat configuration provides a higher degree of confidence in

mission success than a single seat valve,

A summary of all engine valves considered, including torque motor and solenoid
types, is shown in Table 5.5,6-I. All units, with the exception of the Moog valve,
have qualification status and space program history. However, only three designs
(Hydraulic Research and Manufacturing, Stratos and Kidde), have actual flight
history, and of these three, only the Stratos (a solenoid operated design with sliding
parts) and the HR&M valves utilize the dual series seat configuration. Final
consideration resulted between,these two valves, and since the HR&M valve is
qualified for use with the engine selected for the Planetary Explorer application,

it was chosen and is thus recommended. '

PRESSURE TRANSDUCER:

Table 5. 5. 7-I lists the possible Gandldates for the selection of a pressure‘ transducer.

Each represents a design utilized on various space applications requiring various
degrees of stability and accuracy, low weight and volume, and low power consump-
tion, The Fairchild Controls and Dynasciences Designs are similar, in that they
utilize a pressure sensitive diaphragm to which is bonded silicon semiconductor
strain gages. The Statham transudcer is a vacuum deposited thin film strain-gage
type which eliminates the use of bonding agents for attachment of the strain gage

e m
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to the sensing element, and the Bourns units represents still a different type of

transducer, in that it is a variable reluctance transducer, utilizing a twisted Bourdon

tube as a strain sensing element.

Since all of the candidate designs presented have comparable qualification background

and experience, and all appear to be satisfactory for the Planetary Explorer applica-
tions, no particular unit is recommended at this time.

GIMBAL ACTUATOR:

Based on limited data available on small, lightweight actuators used for space
applications, the only actuator satisfying the above requirements and suited for the
Planetary Explorer applications is manufactured by Nash Controls, Inc. and is
Part Number DL2323M1, The design is a linear actuator -- used on the Lunar
Excursion Module to position the landing radar antenna from the stowed to operating
position. The unit is compact (approximately 2,25 inches by 2,25 inches by 4. 00
inches), lightweight (1. 05 lbs) and is compatible with a hard vacuum environment.
The unit is powered by a permanent magnet direct current motor which drives

the extending ram to the desired position which is monitored by an indicator switch
which signals the ram position to external circuits. Designed to operate normally
with a 28 volts dc supply, the actuator has a normal stroke range of .1 inch to 1.25

inches with a high positioning accuracy, and with the capability of intermittent or
continuous operation.
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TABLE 5.5.0.-I. DEVELOPMENT STATUS AND
WEIGHT SUMMARY-SELECTED COMPONENTS
Manufacturer Welght Development
Component & Part Number 1bs Status Program History
|Propellant Tank . Fansteel 1.60 Flight IDSCP/A
PN L2503k
Propellant . Hydraulic L7 Flight IDSCP/A
Valve Research and
Manufacturing
PN 8000680
Latching Solenoid §. Carlton .5h Qualified Intelsat IV
Valve Controls
PN 2217001-2
Ordnance Valve . Pyronetics .30 Similar to Similar design
PN 1365 Qualified Design used on Gemini,
except for Intelsat III and
initiator (1) Minuteman ITI
Fill and Drain Vacco 25 Qualified Intelsat IV
Valve PN 3181kLo7
Filter . Vacco .30 Qualified Intelsat IV
PN-F1D10064
Pressure Trans-(e) See Table 5.5.7=I
ducer
Linear Actuator NASH Controls 1.05 Flight LEM
PN DL2323ML

(2) Final selection not made

(1) Design utilizes Apollo standard initiator (ATI)
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TABLE 5.5.0-ITI. ENGINEERING EVALUATION OF CANDIDATE LATCHING SOLENOID VALVES

S Carleton Parker Parker Consolldated Cont
Weighing PN 2217001-2 PN 5640014 PN 5680011 PN 3795000~3
; RO o Factor Rating Tot Score Rating Tot Score Rating Tot Score Rating Tot Score
‘Criteria : ‘ A B AXB B AxB B AXxB B Ax B
Design
1. Weight L 3 12 1 L 1 i 1 L g
2. Simplicity 4 2 8 2 8 2 8 - 2 8 <
3. Envelope Adaptability L 3 12 2 8 2 8 2 8 Q
L. Operating Concepts 10 3 12 3 12 3 12 3 12 %
5. Number of potential 10 2 20 2 20 2 20 1 10 2
- problem areas : . rE‘\Q
6. Sealing capability 10 3 30 2 20 2 20 1 10 -..\ ';3
Performance & Life : -‘9 g
1. Expected ability to meet 8 3 ok 3 polit 2 16 1 8 N, &
~acceptance test < E
2. [Expected ability to meet| 10 3 30 3 30 3 30 2 20 a‘
qual. test ; R ' 8
3. Expected abillity to meet] 10 3 30 3 30 3 30 3 30 P gg
design life | R
| | by
Vendor, Background -
1. Experience with 4 3 12 3 12 3 12 3 12 =
7 similar units &
2. Awareness of potential L 3 12 3 12 3 12 3 12
trouble-areas -
TOTALS 202 180 172 134

T A R R T T L e
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LA - | TABLE 5.5.0-IV, ENGINEERING EVALUATION OF CANDIDATE ORDNANCE VALVES

Pyronetics Conax Futurecraft
Weighing PN 1365 PN 1832-131 PN 3k67
, , Factor Rating| Tot Score | Reting] Tot Score Rating | Tot Scord
Criterle : ‘ A B | AxB B Ax B B A x B
Deslgn - |
1. Weight b 3 12 3 12 3 12
2. Simplicity ~ R 3 12 3 12 3 12
3. Envelope Adaptability L 3 12 3 12 °3 12
k. Operating Concepts 10 3 30 2 20 2 20
5. Number of Potential 10 2 20 2 20 2 20
- Problem Areas
, 6. Sealing capability 10 2 20 2 20 2 20
o Performance & Life
%; " 1. Expected ability to 8 3 ok 2 16 1 8
> - meet acceptence test |
- 2. Expected ability to - 10 3 30 1 10 1 10
1 ~ meet qual test
N '3, Expected abllity to 10 3 30 2 | 20 2 20
' meet design 1life
Vendor Background I |
‘1. Experience with L 3 12 2 8 2 8
similar units
- 2. Awarenese of potential I 2 8 2 - 8 2 8
' trouble areas
TOTALS ‘ v : 210 48 140

A-044L0dS
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TABLE S.E.OAV. ENGINEERING EVALUATION OF CANDIDATE FILL & DRAIN VALVES

Pyronetics Vacco Futurecraft Snaptite
Welghing P/N 1805 P/N 3181407 P/N_ 50448 p/i ho7h
- R Factor Rating| Tot Score |Rating| Tot Score | Rating| Tot Score |[Rating| Tot Score
| criteria A B A x B B A XxB B Ax B B Ax B
Design |
1. Welght 4 3 12 3 12 3 12 3 12
2. Simplicity - i L 3 12 3 12 1 L 1 Y
3. Envelope Adaptability L 3 12 3 12 2 8 2 8
)}, Operating Concepts ‘ i 3 12 3 12 2 8 2 8
5. Number of Potential 8 2 16 2 16 1 8 1 8
: Problem Areas
6. Sealing Capability 10 2 20 3 30 1 10 1 10
Performance & Life
1. Expected ability to 8 2 16 3 ol 2 16 2 16
. meet acceptance test
2. Expected ability to 10 2 20 3 30 2 20 2 20
meet qual, test | |
3. Expected ability to 10 2 20 3 30 2 20 2 20
meet design life
Vendor Background
1. Experience with i 2 8 2 8 3 12 2 8
- similar units
2. Awareness of potential Yy 2 8 2 8 2 8 2 8
'~ trouble areas
 TOTALS 7156 19k 126 122

TN INTIA TOY
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TABLE 5.5.0-VI, ENGINEERING EVALUATION OF CANDIDATE PROPELLANT TANKS

Psi Fansteel
Weighing PN 80076 PN LL25034
| Factor Rating | Tot Score RatIng| Tot Score
Criteria A B AxB B Ax B
Design-
1. Weight L 3 12 3 12
2. Simplicity L 2 8 2 8
3. ZEnvelope Adaptability 8 2 16 3 2k
4. Operating Concepts* 8 2 6 3 24
5. Number of Potential L 1 L 2 8
' Problem Areas . :
6. Sealing Capability h 3 12 3 12
Performance & Life
1. Expected ability to 8 3 ol 3 ol
! meet acceptance test
2. Expected ability to meet 10 3 30 3 30
. qual test
- 3. Expected ability to 10 3 30 3 30
meet design 1ife :
Vendor Background
1. Experience with L 2 8 3 12
similar units ‘
- 2. Awareness of potential b 3 12 3 12
trouble areas
TOTALS 172 196

*Port arrangement for expulsion
. g &

A-0L4.L0dS



IR ekt
3 ;

06-G6°G/61-6°S

TABIJE 5 . 5 . O‘VII ]

BRI

ENGINEERING EVALUATION OF CANDIDATE FILTERS

Vacco Wintec
Weilghing PN F1D1006L4~01 PN 1L4251-569
Factor Rating | Tot Score Rating] Tot Score
Criteria A B Ax B B AxB
Fesigné |
| 1. Weight L 2 12 3 12
2. Simplieity L 2 8 3 12
3. Envelope Adaptability 4 3 12 3 12
4, Operating Concepts 8 3 ol 2 16
| 5. Number of potential 8 3 el 2 16
o problem areas ' :
6. Sealing capability N 3 12 3 12
Performance & ILife
1, Expected abllity to 8 3 2k 3 2k
meet acceptance test
2. Expected ability to 10 -3 30 3 30
meet qual. test '
3. Expected ability to 10 3 30 3 30
meet design life
Vendor Background
1. FExperience with L 3 12 3 12
~ similar units ' T
2, - Awareness of potential L 3 12 3 12
trouble areas ‘
TOTALS 200 178
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' Hami lton DIVISKIN OF UNITED AIRCIIIAF T C.ORIORATION
Standard (a8
e TABLE 5.5.1-I. PROPELLANT TANK CHARACTERISTICS
, Manufacturer
S Characteristics Fansteel PSI
l.
& Manufacturer's Part Number 4425034 80076
Envelope (in.) 9.86 o.d. 9.56 o.d.
Volume (cu in,) 497 457
1}" Porting | 3 ports 2 ports
: l’;
Expulsion Device None None
Weight (Ib-max) 1.6 1.6
Operating Pressure (psia‘)‘_‘ 400 600
Burst Pressure (psid) 100 1200
Program History , IDCSP/A Intelsat III
i
1
b
5.5-21/5.5-22
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SPO7R70-F
Standard Ae

TABLE 5.5.2-1. FILTER CHARACTERISTICS

Manufacturer
Characteristics Wintec Vacco
Manufacturer's Part Number 15241-569 FID 10064-01

Envelope (in)

Capacity (mg of AC fine dust)

Pressure Drop @ Rated Flow
(A psi @ 1b/sec)

Type

1.25 dia
x2.21g

109

< 3.0@.015

Pleated wire
mesh (rein-

1.0 dia
x2.01g

100

<5.0@.025

Etched disc
stack

forced)
Weight (Ib) 0.33 0.30
Filtration Level (microns) 10 ABS 10 ABS
Burst Pressure (psid) 2Lh00o 1200
Program History Intelsat III Intelsat IV
5.5-23/5.5-24
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Standard Re

TABLE 5. 5.3-1. FILL AND DRAIN VALVE CHARACTERISTICS

SPO7R70-F

Manufacturer
Characteristics Snap-Tite Pyronetics Vacco Futurecraft
Manufacturer's Part Number | 4274 1805 3181407 50448
Pressure Drop @ Rated 20 @ 0.1 (. 022 in2 20@ 0.5 20@ 0.5
Flow (A psi @ 1b/sec) area)

Physical Size (Envelope) 1.0 dia x 1,3 dia x 1.0x 1,5 1.3x2,0
- (in.) 1.47 1g 1.991g x3.06 lg x 1.571g
' (not incl (incl cap) (not incl

fitt) fitt)
Leakage, Uncoupled 0.5 1x10™ 1x 1078 0.5
(scc N2/hr) 350 psia) (scc He/ (sec He/ (300 psig)
sec, 350 sec, 200
psia) psia)
Seat Arrangement poppet/ poppet/ ball/ poppet/
o-ring hard seat hard seat soft seat
Weight 0.18 0.25 0,15 0.2
' Ti housing
Coupling Arrangement .qui‘ck MS MS threaded
' disconnect flare-tube flare~tube coupling
ball=lock fitting fitting
Operating Pressure (psid) 0 - 350 600 0 -200 0 -300
Burst Pressure (psid) 700 2hk0o 600 . 1178
Program History P-95 Intelsat III Intelsat IV Titan
Sandia

5.5-25/5.5-26 ;
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Hamilton
DIVISION OF UNITED aIRCRAFT CORPOMATION . SPO7R7 0-F
Standard A
TABLE 5.5.4-1. ORDNANCE VALVE CHARACTERISTICS
Manufacturer
Characteristics Conax Futurecraft Pyronetics
Manufacturer's Part Number 1832~131 31467 1365 (1)
Operating Pressure (psig) 1000 3000 5000 -
Physical Size (Envelope) - (in.) | .88 x 1,72 .75 x1,25 .87 x1.25
x 3.47 1g X 3.45 1g x2.74 1g
Leakage (scc/sec of He) .5x 1076 1x 1076 1x 1079
@ 6000 psi @ 5000 psi
Opening Response (ms) 5@5.0a 5@2.0a 6@4.5a
nom max
Weight (1b) .45 - .30
""Seat'" Arrangement Shear Shear Shear
plug plug plug
Min Recommended Firing 5.0/circ. 1.0 4,5
Current (amps)
Bridge Wire Resistance 1.0 ti 0.9 +0,3 1,0£0.1
(ohms) | ) (@.01a
max)
Flow Passage (Min) After .168 dia .188 dia .170 dia
Actuation (in.)
No Fire Current (Max) (amps) 1.0/5 min 0.2/5 min " 1,0/5 min
(1 watt) (1 watt)
All Fire Current (amps) - 2.0 2,77
Program History - - , Gemini
T Intelsat III
| - | Minuteman IV
| Burst Pressure (psid) 14,520 12,000 10,000
5.5-27/5.5-28
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Hamilton SPOTR70-F
Standard | a
TABLE 5.5.5-1. LATCHING VALVE CHARACTERISTICS .
MANUFACTURER .
CHARACTERISTICS Consolidated Carleton
Controls Parker Parker Controls
Mfr. Part Number 3795000-3 5640014 5680011 2217001=2
Flow Rate 1b/sec .166 .166 . 166 .022
Operating Pressure psia 0 - 400 0 - 250 0 - Loo 0 - 300
Pressure Drop @ Rated Flow | 18 @ .166 ~ 18 @ .166 1. @ .022
psi @ 1b/sec
Physical Size (Envelope) 1.48 dia. 2.50 dia. 2.46 dia. 1.4 dia.
x 6.0 1G x 3. IG x 5.8 1G x 4.6 16
in. + Bosses + Bosses + Bosses. + Tubes
Voltage Range vde 20 - 33 18 - 32 20 -~ 33 18 - 50
Power (Mex) watts 100 70 99 67.5
(33 wvde) (28 vde) (33 vde) (27 vde)
Leakage sce No/Hr 50 10 10 1.h
(425 psig) (He)
Opening Response ms 50 ~ 50 30
Closing Response ms 50 ~ 50 30
Seat Arrangement Poppet Poppet Poppet | Poppet
Welght 1.98 1.45 2.6 0.54
» (No cable)
Program History Apollo Apollo EHQS Intelsat
» . | (1EM) v
Position Indicator Yes Yes  Yes Yes
14 fe . cycles | 5000 ~ 5000 1000
‘ Iatching Mechanism Permanent Permanent Permanent Belleville
(Open Position) Magnet Magnet Magnet Spring
Burst Presgure (pSid) 800 1050 800 kk1250

5.5-29/5.5-30
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TABLE 5.5, 6-1. THRUST CHAMBER VALVE CHARACTERISTICS
‘ MANUFACTURER
CHBARACTERISTICS HR&M HR&M Stratos Stratos Parker Parker Moog Kidde
Manufacturer Part Number ! 48000680 48001000 449000 403000 5680036 5690023 Develep Unit 141806
“Type Torque Motor Torque Motor | Single Solenoid | Dual Coil Sol. Solenoid Solenoid Solenoid Solenoid
Seat Configuratibn Dual Series -Dual Series Dual Series Dual Series Hard Soft Soft Single Soft
. Sealing Material Tung. Carb. Tung. Carb. Ethylene Ethylene 304L Seat Teflon Seat Teflon Poppet Saphire -
Propylene Propylene 17-4 Poppet 17-4 Poppet Hard Seat Teflon
Number of Coils 2 2 1 2 1 1 1 1
Coil Resistance ohms 73-78 43-45 73-78 - 42 at 70°F 42 1 at 70°F - 58 12
-Size 1.33x2. 17x4. 62 1.4x2.13x5.22 | 1x2x4. 65 - 1,6x1.83x3.03 1.6x1.83x3.03 - | 1.07 Diax2.75
. Weight b <.047 <. 67 <0.34 .38 0.4 0.4 0.4 0.3
Power Profile (See Curves) See Note 1 See Note 1 - - See Note 1 - - -
Maximum Power ~ watts 14 (- 33r) 21( 307 14 ( 24-304) 10 35 at 38 vde 35at 38 vde 29 at 33 vde -
Max. Opening Response ms 15 (spec) 15 (spec) 15 (spec) 15 6.5 at ggo‘;(;f 6.9 at ggo‘;‘lic - 11 ag 30 vde
(Over Design Voltage Range) {spec)
' ‘ 3
Max. Closing Response. ms 10 (spec) 10 (spec) 10 (spec) 5 6.2 at 320‘;9‘: 6.2 at gg‘,;‘dc - 5at I(is()ng)c
{Over Design Voltage Range)
Max. Opening Respbnse‘ (28 2% vde) - ms 11.0 11.0 12.5 - 5.1 5.3 at 70°F 4.5 at 70°F -
Max. Closing Response (28 2% vdc) ms 5.0 4.5 3.8 % ~ 5.0 5.0 at 70°F 4.0 at 70°F -
!
: : . : i
Operating Voltage Range volts 24-36 18. 6-35 24-36 5 25-31 24-33 24-33 24-33 5 23-35
. . ' s
Internal Leakage (Over Pressure Nz sce/hr 0.50 1.00 0.50 ! 0. 50 (at 600) 10 5 (Life to 10) 1.0 Poo0.24
Range) ! .
Operating Pressure psia 50-300 75~-300 50-275 § 600 50-300 50-300 0-300 65-235
s i Tk mnn T v v f:nn—.mnmnnrnhlrn, oy . .. aen R V- D b 950 50 aa R . i A
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Operating Voltage Range volts 24-36 18.6-35 | 24-36 Vo es31 | 233 |
S ——— S !
Internal Leakage (Over Pressure N3 sec/hr 0. 50 1.00 0.50 0.50 (at 600) 10
Range)
Operating Pressure psia 50-300 75-300 80-275 600 50-300
Max, Internal Operating Temperature °F 250 160 250 250 250
Demonstrated Cycle Life 50,000 350,000 50,000 50,000 50,000
Design Life-(Space) yrs 5 7 5 5
Repeatability, Opening: +ms 1 1 1 - 0.7
Repeatability Closing +ms 1 1 1 - 0.7
Pressure Drop at Rated Flow. . A:sjat 1b/sec 20 at . 0224 28 at . 0250 15 at . 0224 70 at, 0150 4.6 at .0117
Program Application History IDCSP/A I-IV/CP-3 DCSP/A I-11 P-95
Sinusojdal Vibration Qual Level - 20 @ 80-120 - - 4g's (50-2000)
R cps
'Random Vibration Qual Level RMS g's 19.5 23.6 19.5 - 53.6
Flight History Yes No No Yes No
Min. Dropout Voltage 2.0 1.0 2.0 vde - 2.5 vde
| Max. Puil-in Voltage 8.8 - = = 20 vdc 200 psig
Status ' Qualified Qualified Qualified Qualified Qualified
Built~in Filter 25 p Abs. No Yes 20 p Abs. 25 p Abs.
15 ¢ Nom. - - - 10 ¢t Nom.
Filter Source HR&M = -, - Wintec
Burst Pressure (PSID) 900 >600 700 - 1200
Note: 1. Power Profile per Table 5.5. 6-II
(9}
d)]
1
L)
S
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L
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R
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50 1 5.0at70°F

2433

5 (Life to 10)

50-300
250

50,000

0.7

0.7
14.6at . 0117

P-95

4g's (50-2000)

53.6

No

2.5 vde
20vdc 200 psig
Qualified

25 y Abs.
10 #Nom.

Wintec

1200

4.0 at 70°F

24-33

1.0

0-300

1x 108

25at . 022

Develop/P-95

40
No
2.5 vde
10 vdc
Adv. Develop.

25 pAbs.
10 » Nom.

>1200

i
I
i

10 at.0220

ATS-III

40(55~65 cps)

Yes

Qualified

No

d-0L¥L0 dS
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TABLE 5.5.7-1. PRESSURE TRANSDUCER CHARACTERISTICS
MANUFACTURER
'CHARACTERISTICS FAIRCHILD DYNASCIENCES STATHAM BOURNS
Manufacturer's Part Number TF125-4-0075 1025
: PA 493 - 500 2309
Voltage ~ (vde) 24-32 28-30 24-32 24-32
Operating Pressure 0-500 0-300 0-500 0-300
Envelope . 1,18x2.01 1.0 Dia x 2.5 LG 1.0 Dia. 1.0 Dia x 2.0 LG
e x2.7 LG (Less Fitt. &Conn.) x 2.5 LG (Less Fitt. & Conn.)
(Less Fitt. &Conn.) (Less Fitt. &Conn.)

Weight .32 .32 .32 .44
Output Voltage (vdce) 0-5.0 £0.5 0-5 0-5 -.5to +7.5
Program History Lunar Orbiter Apollo Minuteman P-95

IDCSP/A LEM Pioneer Saturn V

Natosat Nimbus
Sensor Type Bonded Silicon Bonded Silicon Deposited Twisted Bourdon

- Strain Gage Strain Gage Film Strain

~ Gage

- Burst Pressure (PSID 10,000 7500 31000 1000
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MAX BLOWDOWN = 2958
18} ‘ !
EXISTING DESIGN
FAN STEEL. P/N 4425034\
16

TOTAL TANKAGE WEIGHT—LBS

9 TANKS' T

\NEW DESIGN

_—~ORBITER
: ] : ML/PROBE
p . ,
2
40 50 60 70 80 90 100 110
PROPELLANT WEIGHT-LBS
FIGURE 5.5.1—1. TOTAL TANKAGE WEIGHT VS PROPELLANT WEIGHT
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Haml |ton DIVISION OF UNITED AL!J:WAP T GORPORATION o l v' SP07R7 O-F
Standard Re
Test Plans

5.6

In establishing an overall Test Plan for Planetary Explorer, as for any other program,

the following factors constitute major influences:

The degree of confidence desired by the customer befo~ e qualification
testing of the system is initiated.

The minimum requirements established by the customer for scope and
depth of the system qualification test in terms of the number of test
samples, and types of tests conducted.

The extent to which selected components have previously demonstrated the
capability of satisfying requirements that they have to meet for the
Planetary Explorer program.

The type of contrect under which the program will be funded -~ Fixed Fee
or Cost type. It is natural to expect potential propulsion subsystem

subcontractors to attempt to reduce program target costs by reducing the
pre-qualification test effort where the increased risk in this approach has
a limited liability to the subcontractor under the provisions of a cost type

contract.

The program test plan presented herein is based on the following programmatic
assumptions which were made on a best judgment basis to establish a frame of
reference.

The program will be funded under a Fixed Fee type of contract.

Where equlpment has been quahfled at the component level or system |

level to environmental requirements which differ in some cases from- those
of Planetary Explorer the subcontractor's engineering Judgment with
supporting ratlonale will suffice to establish the level to which additional
component level testing is required. The judgment here will decide whether
or not sufficient confidence can be established to enter system level

qualification testing without additional component level testing, or if supple-

mental testmg or complete requahflcatmn of the component is requlred

One fhght conf1gurat1on system w111 constitute the test sample for
quahfxcatmn of the des1gn

~ The sys,tem de51gn will be based on ‘“usiné individually mounted rocket engine
~ assemblies (REA's), rather than the clustering of REA's in a module ‘
(reference Section 4.4.5 for rationale). | »

[C7- R
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5.6.4

Hamilton

DIVISION OF UNITED AIRCRAFT CORPORATION

S -F
Standard Aes POTR70

(continued)

. System level testing prior to qualification testing of the system will not be a
program requirement,

° Spin balance testing will not be required for qualification or acceptance
testing because balancing will be accomplished by GSFC at the spacecraft
level (reference Section 5. 12 for rationale).

- Reduced program costs will be a major program objective.

With the above information as a basis, the Test Plan recommended by Hamilton
Standard is discussed below

A test matrix for the overall test program is presented in Table 5.6, 0-1. In
summary, this matrix defines a test program wherein component level testing, »
other than acceptance testing, is limited to design verification tests for a few items, |
with qualification testing at the component level not required. This matrix also
defines a program in which there is no system level testing prior to the system level
qualification test. The rationale for the approach defined in the test matrix is
discussed below: o - '

A basm approach in reducing: costs of any program such as Planetary Explorer 1s

to reduce the technical risk associated with meeting program requlrements and

the utilization of equipment with previously established capability so as to minimize
the cost of proving that a capability does, in fact, exist. One of the major considera-
tions in the selection of components for the candidate systems was the extent to which
each component had previously demonstrated a capability to meet Planetary Explorer
mission requirements. In almost every case, the selected components have been
qualified at the component level, and at the system level, in monopropellant hydrazine
propulsion systems for flight programs. Major items of equipment such as the
rocket engine assemblies and the propellant tanks are presently flight operational

in the configuration for which they have been selected for the candidate systems
described herein. The various phases of the recommended test program are discussed
below, : ‘

COMPONENT VERIFICATION TESTS:

The primary purpose of the verification testmg is to conflrm an,/,,engmeerlng judgment
that the components whlch have been qualified to requ1rements which differ somewhat g
from those of Planetary Explorer will be able to perform as required when subjected
to qualification testing on the propulsmn system level. Figure 5.6.1-1 (Verification
Test Sequences) illustrates the test sequences proposed for the propellant control '
valve and the propellant tanks.
the vibration environment which these components were subject to, and those of the

These tests are to assure that the difference between

P
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| Hamilton U |
- DIVISION OF UNITED AIREUIRAET CORPORATION SPO R O_F
- Standard Ae | - TR
i TABLE 5.6,0-I, TEST MATRIX i
.4, i
5 -

‘ E "ui ment Level Acceptance Verification Performance | Qualification
! quip Test Test Mapping Test
B Component
iR
®  Latching Solenoid Valve X X
e Fill & Drain Valve X
e Filter X
® Pressure Transducer X o
® Propellant Tank X .
e Engine Propellant Valves X X )
' 5
® Rocket Engine Assembly X X X St
System X X
- NOTE: Performance mapping of the rocket engine asse’rhbly is part of the system
qualification test which is run at the component level in order to obtain propellant 3@
flow rate data during simulated Planetary Explorer duty cycle pulsing operation. *
1
S
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Hami|ton DIVISION OF UNITED &WJCRAFT CORPORATION U SPO7R70_F
Standard RAe

(continued)

Planetary Explorer mission, will not affect the component qualification status. A
comparison of the vibration requirements is presented in Figure 5.6,1-2, Although
the Planetary Explorer requirement is lower in magnitude than the IDCSP/A level,
the duration of 4 minutes per axis iiistead of 1 1/2 minutes per axis requires
verification.

SYSTEM QUALIFICATION:

The planned qualification test sequence illustrated in Figure 5.6.2-1 provides
assurance that the Planetary Explorer propulsion system meets all technical
requirements. A description of each phase of the qualification test is presented in
Table 5.6.2-I,

ACCEPTANCE TESTING:

The objectives of acceptance testing are to assure that the materials, workmanship
and performance of assemblies to be subjected to qualification tests, or programmed
for delivery, perform as required, and that these assemblies have been manufactured
to approved drawings and specifications. “

Since acceptance testing is a recurring program task, particular attention is directed
toward minimizing the individual test cost involved while maintaining test objectives.

The propellant contrdl valve, propellant tank, 1atchi1ig solenoid valve, fill and drain
valve, pressure transducer, and filter are all acceptance tested at the component

supplier's facilities. This testing is witnessed by Hamilton Standard source inspec-
tion. In addition, the reaction engine assemblies are tested at Hamilton Standard's
facilities. Component acceptance tests are described in test flow chart form in
Figure 5,6.3-1,

The propulsion system is assembled using components that have successfully completed
component level acceptance tests and is then subjected to the system level acceptance
tests defined in Figure 5.6.3-2,

5.6-4
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SP 07R70 - F
L ENGINE PROPELLANT VALVE VERIFICATION TEST
INTERNAL
& PROOF OPENING CLOSING
| EXTERNAL PRESSURE RESPONSE ®  RESPONSE
LEAKAGE ‘
b
| INTERNAL |
e & | PRESSURE DROP—OUT \ CLEANLINESS
"l EXTERNAL ' DROP ’ VOLTAGE "] VERIFICATION
L | LEAKAGE
. -i
| OPENING o
‘ INSULATION coiL DIELECTRIC
| FORCE RESISTANCE RESISTANCE STRENGTH
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|

_ FIGURE 5.6.1—

~ SEQUENCES
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1. VERIFICATION TEST
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IMVISION t UNITED AIRCRAF Y CORPORATION

Standard As SP 07R70 - F

IDCSP/A PROGRAM LEVELS AS
(PROPELLANT TANK
ENGINE DEMONS TRATION)

A = 19.5grms
1 1/2 MIN/AXIS

0.1

PLANETARY
EXPLLORED 4
REQUIREMENT -
W*‘
A = 0,045
4.0 MIN/AXIS

PSD g2/CPS

0.01

P. E. RANDOM VIBRATION
(FROM TABLE A—3 —
M (3 STAGE) VEHICLE
4.0 MIN/AXIS)

0.001 L — — ‘ _
0 _ 100 | 1000

FREQUENCY Hz

FIGURE 5.6.1—2. VIBRATION LEVELS — DEMONSTRATED VS REQUIRED
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FOLDOUT FRamef)

ROCKET ENGINE ASSEMBLY — PERFORMANCE MAPPING

EXAMINATION

PROOF EXTERNAL BASE INTERNAL
oF —p| PRESSURE LEAKAGE — POINT LEAKAGE
PRODUCT
Q—1 Q-2 Q-3 Q—4 Q-3
INTERNAL
QUALIFICATION 2 BASE THERMAL
LEVEL L—»| EXTERNAL POINT L VACUUM
VIBRATION | LEAKAGE
Q-5 Q-3 Q-4 Q-7
INTERNAL BASE MISSION BASE
LEAKAGE L POINT LIFE > POINT
Q-3 Q-4 Q 8 Q-4

—— At
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PROPULSION SUBSYSTEM - QUALIFICATION TESTS

SP 07R70 -~ F

EXAMINATION INTERNAL
oF FUNCTIONAL PROOF & FUEL.
.. | CHECKS —»| PRESSURE EXTERNAL +{COMPATABILITY
PRODUCT [ LEAKAGE
Q-1 Q-9 Q-2 Q-3
L1 INTERNAL
BASE O‘\Tgsgi”ON AND BASE SPIN
> POINT —>| L IBRATION »i EXTERNAL POINT FIRE
‘ LEAKAGE
Q i Q Q-3 Q 4 Q6
INTERNAL
THERMAL & ELECTRICAL FUNCTIONAL BASE
| vacuun »{ EXTERNAL |3l CHECKS CHECKS POINT
LEAKAGE
Q-7 Q-3 Q-9 Q-9 Q 4
INTERNAL
CONTAMINATION MISSION BASE &
. LEAKAGE
- Q-8 Q 4 Q 3

FIGURE 5.6.2—1.

QUALIFICATION TEST
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FULL & DRAIN VALVE — ACCEPTANCE TEST

R
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QUALIFICATION TEST SUMMARY DESCRIPTION

Test Type

Objective

Success Criteria

Examination of Product

Proof Pressure

Leakage - External and
Internal

Base Point

Qualification Vibration

Spin Fire

Thermal Vacuum

Mission Life

Compliance with Drawing and Specification
Requirements

To Demonstrate Structural Integrity of Unit

To Verify that Leakage Rates are Within
Specification Requirements

Obtain Operating Value of Unit Performance

Deterinine Effect of Vibration on Structural
Integrity

To Verify System Functional Capability at
Mission Spin Rates

To Demonstrate the Capability of the System
to Operate in a Simulated Space Thermal
Environment

To Acquire Sufficient Operating Time to
Meet System Mission Requirements

Meet Drawing and Specification
Requirements

No Permanent Deformation

Leakage Does not Exceed
Specification Limits

No Out of Specification Change
in Performance as Result of
Any Intermediary Testing

No Failure, Malfunction or
Out of Tolerance Performance
Shall Occur 3tructural
Integrity Shall be Maintained

System Successfully Meets
Specification Requirements
With no Out of Tolerance
Performance

No Out of Specification
Degeneration Shall Occur as
a Result of Operation of the
System at the Extremes of
Environment

System Successfully Meets
Life Requirements with no
Out of Tolerance Performance

"
I
!
i
i
!
ot
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ACCEPTANCE TEST SUMMARY DESCRIPTION

Test Type

Examination of Product

Proof Pressure

Leakage - External and
Internal

Base Point

Acceptance Vibration

Performance

Thrust Calibration

Cleanliness Verification

Radiographic Inspection

Insulation Resistance

Dielectric Strength

Coil Resistance

Flow

Function Checks

Objective

Compliance with Drawing and Specification
To Demonstrate Structural Integrity; of Unit

To Verify Leakage Rates Are Within
Specification Requirements

Obtain Operating Value of Unit Performance

Determine Effect of Vibration on Structural
Integrity

Demonstrate Acceptable Performancé

Match Engine Thrust Levels‘

Yerification of Contamination Level

Verify Integrity of Welds

Prove Test Unit Insulation Adequate

Prove Test Unit Housing Leakage Resistance
Determine Test Limit Coil Reéistance
Check Unit Flow and Pressure Drops

Verification of Unit Operation

5.6-19/5, 6-20

Success Criteria

Meets all Drawing and Specification

Requirements
No Permanent Deformation

Leakage Does Not Exceed
Specification Limits

No Out of Specification Change in
Performance as a Result of
Intermediary Testing

No Failure, Malfunction or Out
of Tolerance Performance Shall
Occur Structural Integrity Shall
be Maintained

No Out of Specification Perf.

Thrust Levels Within Tolerance
for Given Inlet Pressure

Measured Particulate Count in
Tolerance

No Cracks, mcltpions or
Imperfections

Measured Resistance Over
Specification Requirement

Measured Current Leakage
Within Tolersiice

Resistance Within Specified
Tolerance

Flow Within Specification
Tolerance

Successful Operation With no
Out of Tolerance Parameters

o i e et s e s meaiee

. L _a
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Thermal Analysis

On the basis of the preliminary thermal information presented in the GSFC subsystem
specification, all internally mounted equipment of the propulsion subsystem can be
thermally controlled using passive design techniques. Based on this technical
assessment, the thermal analysis performed during the study was directed toward
aspects concerned with the Rocket Engine Assemblies (REA's) and their thermal
interface with the spacecraft..

A study was conducted to evaluate the operational characteristics of the IDCSP/A
engine assembly with the thermal interface defined for the Planetary Explorer
mission in the GSFC subsystem specification. The engine installations must satisfy
the following criteria:

1. The engine package external temperature must remain below 215°C (420°F)
and have a low emittance ( €<.2).

2. The engine mount temperature must not exceed 215°C with a mount resis-
tance of 50°C/watt (26.4 °F hr/Btu),

3. The engine valve_ must not overheat during soakback.
4, Propellant at the engine valve mlet must not freeze at low compartment
temperatures.

The results of this study are summarized in Table 5.7 -'-I; along with a listing of
assumptions used. These results are discussed below.

MAXIMUM SURFACE TEMPERATURE DURING VENUSIAN ORBIT:

The surface temperature and emissivity constraints mentioned above“d‘icmte the use

~ of thermal shielding around the engine to reduce solar heat pick-up and to limit the

external temperature of the engine during firing and soakback periods. The worst
case, from an external-temperature standpoint, are the spin engines which overhang
the vehicle and are, therefore, heated for the full rotational period. With an
emissivity of .2 and an ec¢ = .4, for the outer insulation covering, the solar soak
temperature of the shield becomes 298°F for maximum orb1ta1 solar and albedo
input, and 228°F for average orbit input, This is excesswely hot for the non-firing
case. Application of a radiator coating ( € =.7, o%=.2) over the outer quadrants

of these shields which look into space will aid heat rejection to space WHile lowering

solar 'energy absorption. Although this approach technically violates thewepeCifled
€ < .2, the intent of the specification is not violated, since the low em1ssw1ty
surface is retamed on the portions of the shield whlch have significant radiative

coupling to the spacecraft surface. The equ1hbr1um solar soak temperature for the

‘coated shield becomes 118°F for average orbital heat load. For a shield of this type,

the outer skin would have to be fabricated from a material with high thermal

5.7-1
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(continued)

conductivity in order to distribute engine firing heat evenly over the shield surface.
Insulation requirements for the inner portions of the shield were determined under
the constraint that the outer surface remain below 420°F during steady state engine
firing while being simultaneously exposed to orbital solar plus albedo heat input.
The results indicate that a one-haif inch thick layer of MIN-K 2000 surrounded by a
metal shroud with the previously described characteristics will meet the external
temperature criterion.

MOUNTING FLANGE SOAKBACK TEMPERATURE:

Detailed thermal analyses performed for other applications of the IDCSP/A engine
(with radiation shields) have shown that flange soakback temperatures will reach
425°F at approximately 10 minutes following shut down from a steady state firing

if the engine mount resistance is 15°F/Btu~hr. The Planetary Explorer subsystem
specification calls out a mount resistance of 26.4 °F/Btu-hr. 'A mount resistance
this high will result in soakback flange (and propellant manifold) temperatures of
roughly 500°F which are excessive from the standpoint of avoiding propellant boiling
in the engine manifold, and overheating of the spacecraft structure at the engine
interface. It is recommended that this requirement be relaxed to 15°F/Btu-hr.

ENGINE PROPELLANT VALVE SOAKBACK TEMPERATURE'

The IDCSP/A engine configuration effectlvely 1solates the propellant valve from

the hotter engine parts through the high thermal impedance of the propellant feed tube.
Maximum valve soakback temperatures for the Planetary Explorer application will
be approximately 200°F,

INTERNALLY MOUNTED EQUIPMENT

- The following discussion concerns equipment which is physically located in compart-
ments within the spacecraft structure‘

1, Engme Valves -Radial Engmes

‘GSFC subsystem spemﬁcatmn are not suff1c1ent1y severe (on the cold side) to
warrant active heating for the engine valves if the small amount of solar heat
plcked up from the external portions of the engines is taken into account.

2. Tankage

If the assumptlon is made that, between the two sets of upper compartment
temperature extremes labeled “completely insulated" (-20°C - 25°C) and
~"partially insulated" (+18°C - 76°C), there is an intermediate s1tuat10n
- (+6°C - 65°C) which can be achieved, then nothing in the way of thermal
i protectlon for the tankage 1s required. : =

2.7-2
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TABLE 5.7-I. SUMMARY RESULTS OF THERMAL ANALYSIS

Equipment Condition Temperature Mission Event Assumptions
- Maximum temperature 400°F Venus orbit - full solar 1/2 inch of MIN-K conformal insulation
of engine external surfaces plus orbital avg. albedo enclosed by high conductivity can with
' ‘ incident heat flux with E <.2 on spacecraft side, and E =,7/
engine firing steady X solar =.2 on sun side {(achieved with
state radiator coating on sun side and polished
aluminum on vehicle side)
Maximum temperamre 420°F ‘Soakback after engine Engine mount thermal resistance = 15
at engine mounting flange shutdown following °F hr/Btu instead of spec value of 26.4
| . steady state firing °F hr/Btu
under conditions (Note: 26.4 °F hr/Btu will yield 22500°F
described above soakback temperature)
Maximum valve 2 200°F Same as above Same as above
soakback temperature
Engine valves for 40°-130°F All Small amount of heat picked up by valves
radial engines which | from external parts of engine
are buried in equipment
‘compartment
Propéllant tanks 40°-140°F All There is a ""middle ground" between

the two s¢ts of temperature ranges
in Table 3 of spec. headed ''partially
insulated" and "fully insulated"

A-0L4L0dS
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Engine Exhaust Plum e Impingement Effects

In spacecraft applications utilizing monopropellant hydrazine rocket engines, three
aspects pertaining to the engine exhaust have to be taken into consideration. These
are: (1) contamination of sensitive surfaces, (2) thermal effects, and (3) induced
diswurbing torques.

This section presents the results of a study to determine the effect of plume impinge-
ment on each of the 15 candidate systems presently being evaluated for the Planetary
Explorer application. The 15 candidate system configurations utilize the three basic
types of mounting which are described below.

e Type I Engine Mounting - Engines of this type are mounted above and/or
below the main solar cell arrays on the spacecraft center structure and
outboard of it, firing tangentially.

o Typell Engine Mounting - Engines of this type are mounted on the cir-
cumference of the main body of the spacecraft and fire perpendicularly
outward,

® Type IIT Engine Mounting - Engines of this type are mounted on the cir-
cumference of the main body of the spacecraft and fire tangentially.

The Type II mounting configuration y1elds the lowest possibility of plume impinge-
ment and so will not be considered.

At specimen temperatures below -17°C, ammonia, water and traces of hydrazine
in the plume may condense on vehicle surfaces. Of these, hydrazine has the
lowest vapor pressure and will thus be the slowest to sublimate after the engines

~are turned off. However, Hittman Associates Inc., under NASA Contract

NAS 5-11826 report that at temperatures above ~-73°C hydrazine will sublimate

in a short period of time. It is thus concluded that for surfaces above -17°C plume
condensation is not a problem and for surfaces above -73°C plume condensation
may cause a temporary coating during engine firing but the coatings will rapidly
sublimate after engine shutdown,

The solar cell array varies in temperature from 15°C to 70°C as it cruises toward
Venus. Once in orbit, the greatest temperature variation, and the lowest solar
cell temperature, occur for the Maximum Shadow orbit when temperatures vary from

- +100°C to -100°C over a period of apptbiii’rﬁately three hours. For other orbits, the

lowest solar cell temperature achieved is 68°C. Exhaust product condensation would
not appear to be a problem even for the Maximum Shadow orbit since any condensate

5.8-1
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(Continued)

would only build up when the cells are in shadow and are therefore dormant, and when
‘heat-up occurs, this condensate will quickly evaporate.

The contamination effects on space-borne equipment such as thermal control paint,
solar cells and optics were investigated by the Air Force Rocket Propulsion Laboratory
(Reference 3). Using a Hamilton Standard supplied 25 lbf hydrazine rocket engine, a
series of more than 200 firings were conducted at each test position. The severity of
the exhaust impingement effects was evaluated by: (1) measuring any change in the
initial ratio of absorption and em1ttance of thermal control paint, (2) observing change
in solar cell output and physical damage 1ncurred (3) observing image distortion and
loss of transmittance through the optics as well as physical damage incurred, and

(4) attempting to identify the exhaust plume contaminants. The thermal paint specimen
which showed the greatest change in absorption value (specimens varied from .04%

to 18. 5% depending on axial location) was located only 5 inches from the nozzle of the
25 Ibf engine. The optics and solar cell tests consisted of two different positions
varying the distance of the test panel from the nozzle. In general, only very slight
degradation of the test specimens occurred. In some cases, the ammonia, which is

a preduct of the hydrazine reaction, appeared to have cleaned some of the optical
specimens.

The effects of hydrazine exhaust plumes and propellant spills was also investigated
in Reference 4 at. LTV Aerospace Corporation., Using a two pound thrust engine, tests @(
were run on the following materials:
° | Polished 1060 aluminum
e | Oxidized 1060 aluminum
g Zinc oxide thermal coatmg
o , Potassium silicate thermal coating
e | Aluminized Mylar (SchJ el-Clad)
® Optwal Glass ‘
e Finned Copper Raschel Weave Lace
e Chromel Cloth :
‘e 'Reinforced Polyethylene | o | ;

No deleteriois effects were found due to hydrazine spillage. During plume impinge-

~ ment testing, samples were exposed to pulses of varying length while located at

- different distances from the nozzle, although all the samples 1nclud1ng ‘the 1 mil :

~ Mylar withstood pulsed operation of the engine with the specimen located 5 inches -
from the nozzle. When on-times were increased to 1 second, only the polyethylene
was damaged. Data for the finned copper lace was presented and showed a 500°F
temperature rise for 1 second duration firing at a nozzle-specimen distance of 5
inches, a 400°F rise at 10 1nch distance and a 325°F rise at 15 inch nozzle to
speciim en distance.
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(Continued) | | | l

In order to determine the possible heating. rates from the plume impingement for the
configurations being considered, the ana1y81s presented in Reference 1 was applied
to the Type I mounting configuration,

Using the following equations, the density ratio profile of the exhaust plume may be
determined:

Ve _ Y -1 V-1 2 -1 1/2

Vmax Me [ 2 =5 M) ]

%F—‘-—— = 1/2 (1 + Cos @ e) “’,e [1+( Y Mez) -1
Fmax max

- _Cr -1

X = g+ (B zo )1/2
X = XCos @ expz -"%g— [l-Cos 0] ]2% | | ?')"
iy
where: S o : : g
Ve = exitvelocity = S
Me = Machno, atexit =
Y = ratio of specific heats
e = exit angle of the nozzle )
§ = plume spreadmg parameter |

The Po /P was then plotted and appears in Flgure 5.8. 0-1. With the density profile
known, the heating values may be determined as follows- ‘ .

{

-1 TH=CIT e
—ey 1+ E2 )T = M yr o[ 20RT
o U* Ax 6 +1

velocity approaches a constant as the pressure approaches zero, the velocity U
may be determined from: :

v AT
wTE 2B /7

where B is a constant whlch isa functlon of the nozzle geometry and gas propertles ,

a.nd 1s found tabulated in Reference 1
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An estimate of the heat transfer coefficient may now be obtained from the analysis
presented in References 5 and 6. Using the equations presented and the plume

density distribution already derived, the local heating rates which may be experienced
along the edge of the lower solar cell array may now be calculated and are presented
in Figure 5. 8.0-2. :

To obtain an estimate of the disturbing torques induced by the plume impingement
presented in Figure 5.8.0-1, the plume velocity is once again determined as in the
previous discussion, U = 1,33 x 104 £t/ sec, the normal component of which is used
to calculate the dynamic pressure over the impinged surface. Fora "worst case'
analysis, the highest impingement flow density, o = 4. 12 x 10~9 1b/ft? and the
greatest incidence angle © = 20° was used. At these high Mach numbers, the
pressure force was calculated by assuming the normal component of momentum
provided the total force.

The resulting pressure on the vehicle appears insignificantly low, Py = 8.3 x 107
psia, so that disturbance torques need not be considered a problem for this application.
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.9 Propulsion Subsystem Leakage Analysis

A mission leakage analysis was performed on the candidate propulsion subsystems
to determine the maximum pressurant and propellant leakage rate during mission
launch and armed modes. The leakage rates used for the various components (fill
and drain valve, tank, squib valve, filter, latching valves and engine assemblies)
were based on the component qualified levels, and the rates for line joints (both
mechanical and welded) represent values which are commonly attainable in practice.
A summary of the leakage rates are tabulated in Table 5.9.0-I and 5.9.0-II. The
propellant leakage rates, expressed in terms of gas leakage, include a breakdown
for the various candidate propulsion subsystems whereas the pressurant rates,
which are independent of the hardware variables associated with the candidate
subsystems, are shown only as a function of the Orbiter and Probe missions. The
maximum pressurant leakage rate is 4.0 (10)~° scc/sec GNg (. 0032 1b GNp/yr) for
the Orbiter mission and 2.8 (10)~° scc/sec GNy (.0022 1b GNs /yr) for the Probe,

These values satisfy the specification limit of .02 1b/yr of GN2 pressurant leakage.
The maximum total estimate for propellant leakage (expressed in terms of gas leak-
age) is 141.5 (10)' scc/sec No, and represents the leakage of the 8 engine Orbiter
configuration with the FS-4 feed system. The estimated equivalent liquid leakage for
this system, based on this total gas leakage, is .23 lb/yr* which exceeds the speci-
fication value of .08 1b/yr. However, it should be noted that there is a very high
degree of conservatism in this estimated value, and there is confidence that this
leakage will actually never be experiénCed. The analysis assumes that the latching
solenoid valves are continuously open and that each of the engine valves are leaking
the maximum rate of 14 (10)"5 sce/sec No (.5 sce/hr N2). In addition, the effect of
dual seats in the propellant valves has not beien, considered, and the analysis assumes
that one of the seats in each of the propellant valves has failed. In addition, practical
experience has shown that no liquid leakage will occur where the gas leakage is below
10 scc/hr No. Since each of the components have rated values below this limit,
experience predicts no liquid leakage from the system, thus, more conservatism is
present in the analysis since practical experience is neglected and the theoretical
values are used.

The analytical conversion from gas to liquid leakage was obtamed using- the -leakage
conversion nomograph (Per Leakage Testing Handbook #5-69-111 pg 6-15 NASA JPL).
The conversion method was applied to the sum of all the component gas leakages which
is the same as assuming the liquid leakage is linear with gas leakage. A separate

analysis, however, shows this assumption to also be conservative. If the conversion
were instead applied first to the individual rates and then summed, the total system
leakage would be only . 070 Ib/yr which is below the specification value.

* Ref. Leakage Testmg Handbook #5- 69-111 NASA JPL per Contract
NAS 7-396. ; B
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The total propellant leakage prior to arming is also listed and it can be seen that for

DIVISION OF UNITED AJRCRAFT CORPORATION

Re

SPO7R70-F:

those systems not utilizing squib valves for isclation, the leakages are comparable

to those for the armed systems.

The values shown are maximum and are contingent
on maximum rates through the latching valves coupled with the condition of maximum

leakage rates through all the propellant valves. Since the cumulative leakage of all

of the propellant valves will be greater than the latching valves used for each system,
the launch mode leakage will be governed by the leakage rates of the latching valves.

The same degree of conservatism also applies to this analysis as was previously

stated.
TARLE 5.9.0-II. PRESSURANT LEAKAGE RATIO -
ORBITER AND PROBE MISSIONS
Component
COMPONENT Leakage ORBITER PROBE
lo_sSCC N2 ‘
sec
- QTY Leakage QTY | Leakage
No Fill & Drain Valve .1 1 .1 1 .1
Tanks .1 9 .9 6 .6
Iine Joints Welded 1 30 3.0 21 2.1
- 4.0 (10)~° 2.8 (10)™°
TOTAL sec/sec No sce/sec Ny

COSERERTO LR LT T e e
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TABLE 5.9.0-I. PROPELLANT LEAKAGE RATES - ORBITER AND PROBE{
]
CANDIDATE PROPULSION SYSTEM
I, 11, IIT, VII, VIIT, IX, XIII
Component XIV & XV (P5, P10 & P13) Configurat!
Component Leakage FS=2 FS-4
Sce Launch | Armed Launch | Armed
10~7 Sec No Qty | Leakage| Leakage|l Qty| Leakage | Leakagel Qty
. Propellant Feed System Valve .
Upstream of Isolation |
NoH), F11l & Drain Valve o1 1 o1 .1 1 .1 .1
Pressure Transducer .1 1 o1 oL 1 .1 .1
ILine Joint (Welded) .1 (a)}] 6.0 6.0 (a)] 6.0 5.0
1 L.2(b) | 4.2(b) 4.2(b) | 4.2(b)
Iine Joint (Mech) 2.0 1 2.0 2.0 1 2.0 2.0
. Propellant Feed Upstream of
Engines
Squib Valve .1 - | N/A N/A - | n/A N/A
Test Port .1 2 - .2 1 - .1
Filter .1 1 - .1 1 - 1
Latching Valve (N.0.) - | N/A N/A 2 - -
Internal 39.0 - - - - - -
External el - - - - - 2
latching Valve (N.C.) 2 | - - 2 - -
Internal 39.0 - 78.0 - - 78.0 -
External o1 - 2 o2 - .2 o2
Iine Joints (Welded) .1 17 1.7 1.7 21 2.1 2.1
]+ Propellant to Engines e
Engines : 8 - - | 8 - -
Internal 14,0 - |- 112.0 §| -~} - 112.0
External , 1 - - 8 =] - 8
Line Joints (Welded) ol 18 - 1.8 18 | - 1.8
Line Joints (Mech) 2.0 8 - 16.0 8 - 16.0
#TOTALS (10)=> scec No: ORBITER 08,1 141.0 { 88.5 141.5
: sec PROBE 86.3 139.2 - 86.7 139.7

‘NOTES: ,
“ ‘b) Value is for Probe

a) Orbiter - 60  Probe - 42




ITER AND PROBE MISSION
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"STON SYSTEM
[TT, IX, XIIT

" CANDIDATE PROPULSION SYSTEM

IV, V, VI, X, XI & XII (P7 & P12 Configurations)

211132 Configurations

. F5-8 FS-2 FS-I FS-8
| Armed Taunch | Armed Launch | Armed Taunch | Armed Taunch | Armed
> | Leekagell Qty| Leakage| Leakage | Qty] Ieakage] Ieakage Leakage | Leakagell Qty | Leakage | Leakage
1 .1 .1 1 .1 .1 .1 1 1 .1 1
1 .1 .1 1] .1 1 .1 1 1 1 1
| 6.0 a)| 6.0 6.0 (a) 6.0 6.0 6.0 6.0 (a)| 6.0 6.0
| 4.2(b) k.2(b) | k.2(bp) 4.2(b) (b) 4.2(b) | 4.2(b) . h.2(b) |4.2(b)
2.0 2.0 2.0 1 |2.0 2,0 2,0 2.0 1 | 2.0 2.0
i
N/a .1 .1 - | n/A N/A N/A N/A 1 .1 .1
TEERES - 1 2 |- .2 - 1 1 |- .1
.1 - .1 11 - L1 - 1 1 - .1
1 - - - N/A N/A - - 2 - -
2 - .2 - |- - - .2 - - .2
- N/A N/A o |- - - - - N/A N/A
- - - - [78.0 - 78.0 - - ~ ~
2 ~ - - .2 .2 .2 .2 - |- -
2.1 - 1.5 17 [L.7 1.7 2.1 2.7 15 | - 1.5
- s |- - 6 |- | - - - 6 |- -
112.0 - 1 - 112.0 -1 - 84.0 - 8l.0 - - 84,0
.8 - .8 - 6 - 6 - 6
1.8 fl18 | - 1.8 12].2 1.2 - 1.2 12 |- 1.2
16.0 f 8 | - 16.0 6 1- 12.0 - 12.0 =u6 - 12.0
141.5‘”’ 8.3 160.8 B8.1 10872 885 8.7 I | °S.3 108.0
139.7 #§ | 6.5 139.0 86.3 106,14 86.7 106.9 || 6.5 106.2

TR
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Environmental Effects

The environmental loading conditions for the Planetary Explorer spacecraft appear to
be well within the requirements for spacecraft which are presently operational.

Table 5. 10.0-I summarizes the environmental characteristics for the propellant tanks
and the engines. Components such as ordnance valves, latching solenoid valves, fill
and drain valves, filters, and pressure sensors considered for the Planetary Explorer
have been subjected to more severe environmental conditions in previous applications.
The tanks and engines have also been exposed to similar environmental conditions for
the IDCSP/A satellite application and the characteristics for the IDCSP/A are summarized
in Table 5.10.0-I. Reviewing these characteristics relative to the Planetary Explorer
requirements provides a basis for confidence in their use. All of the IDCSP/A levels,
with the exception of sinusoidal vibration, are equal to or in excess of the Planetary
Explorer requirements, however, the sinusoidal levels are satisfied by performing a
comparison with the response levels encountered during random vibration. Note that
the 19.5 g'rms represents a hard-mounted input therefore the response will be higher.
A peak acceleration of 58. 5 g's is estimated during random vibration which is some-
what higher than and therefore satisfies the Planetary Explorer sinusoidal require-
ments. Since the IDCSP/A shock levels are also expressed in terms of the input to
the hardware, an estimate of the response was made, and the results indicate the

levels to be considerably greater than what is required for the Planetary Explorer
application.

5.10-1/5.10-2
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' TABLE 5.10-1. EQUIPMENT CAPABILITY - DYNAMIC LOADS
{ . ITEM
v ENVIRONMENT PLANETARY EXPLORER HARDWARE
* IDCSP/A TANK QUALIFICATION REQUIREMENTS QUALIFICATION LEVELS
Siuusoidal Vibration In 100-150 CPS Range None, however, peak acceleration from
23.0 g's thrust dir, * random vibration = 58.5 g's
L " 15.0 gls lateral dir. *
L : * Response Using Q = 10
i !_.
Random Vibration 5.8 g rms 4.0 min/axis (Response Using | 19.5 g rms 1 1/2 min/axis
; Q = 10 and assuming for = 129 CPS) Hardmounted Input
S ‘ 30g's -x ) .
Steady Acceleration 14.7 g's Thrust Dir. 15g's +x ) Thrust Dir.
‘ ' 3.0 g's Lateral Dir. 8g's vy, 2 (La,teral)
3 e + 7.0 g's Due to Spin = 120 RPM 4
e Shock 38 g's Response Input: 750 g half sine for .4 + .1 ms
i j Estimated Response: 140 g's
i Assuming f, = 120 CPS
Acoustic 144 db Overall 147 db Overall
| IDCSP/A _ENGINE
. Sinusoidal Vibration | In 17-23 CPS Range:

P Random Vibration

Steady Acceleration

o e

Shock

|
{1 Cod Acoustic
I

6.0 g's Thrust Direction

15.7 g rms 4.0 min/axis (Response
Using Q = 10 and Assuming f, =350
CPs)

14.7 g's Thrust Dir.
3.0 g's Lateral Dir.
+10.0 g's Due to Spin = 120 RPM

120 g's Response

144 db Overall

None, however, peak acceleration from
random vibration = 58.5 g's.

19.5 g rms 1 1/2 min/axis
Hardmounted Input

25 g's Each Direction

Input: 750 g half sine for .4 +.1 ms
Estimated Response: 400 g's
Assuming f;, = 350 CPS

147 db Overall

5. 10-3/5, 10-4
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Contamination Control

The control of contamination in a propulsion subsystem is a major contributor toward
improving reliability. This area must be controlled throughout design, assembly
and testing phases of the program. The following five basic sources of contaminants
can affect the propulsion subsystem:

e Contamination in the hydrazine propellant
e Contamination in the nitrogen pressurant
e Contamination generated by the catalyst
e Internal contamination, such as machining chips and salf-generated
contamination
® Contamination from external sources such as the atmosphere

In general, the contamination control considerations for the propulsion subsystem,
in order to avoid contamination induced failures from the above sources, are as
follows:

Design to minimize contamination sensitivity

Design tc minimize contaminant generation

Design to provide ease of cleaning and subsequent monitoring

Cleaning and packaging of all parts to cle4n1ng specifications prior to

assembly

e System assembly procedures controlled to minimize introduction of
contaminants

e Inspection procedures affirming compliance with cleanliness requirements

e Maintenance and servicing procedures planned to minimize the introduction

of contaminants

Downstream of the injector tubes are previously proven propellant diffusers which
have 200 x 200 mesh screens capable of filtering 74 micron or large particles.
Should catalyst fines migrate into the injector tubes during vibration or handling,
they will be flushed clear during the initial firing of the thruster. Those few catalyst

~particles are 80 percent smaller than the injector tube diameter and are readily

flushed clear. The valve is not susceptible to catalyst contamination due to the fact
that it is either closed or has a positive flow at all times.

~ The recommended system filter has'a bontaminant holding capacity of 100 milligrams

which is an order of magnitude greater than the possible quantity of contaminants which
may remain in the system upstream of the filter after cleaning. This filter has a
rating of 10 microns absolute assuring protection of the downstream components.
Contaminant trapped by the filter will be considerably less than the holding capacity

of the filter even if it were possible for all of the res1dua1 contammants in the system

‘ to mlgrate to the filter.




Hamiiton

OIVISION OF UNITED AIRCRAFT CORPORATION

- Standard " Qe ‘ i ' ' SP 07R70-F

- 5.11  (Continued) °
E{émples of specific steps taken to avoid contamination include:

e Selection of a propellant valve with no sliding parts
e Selection of materials which are compatible with hydrazine in order
to avoid corrosion induced contamination

R * Filter all fluids introduced into the subsystem through a 10 micron absolute
S . filter to minimize the contaminant level introduced externally
? I e Seal all ports and openings with nylon film or protective fixtures when

. processing in non-controlled facilities v -
® Positive demonstration by way of fuel compat1b1l1ty and contamination
. tests on all systems.

ﬁ..

: To provide a reliable propulsion subsystem for the Planetary Explorer applications
e the following cleanliness levels are recommended:

Components Upstream of Filter:

- Particulate Size No. of Particles Allowed
Range (Microns) per Sq Ft of Surface Area
[ ~ .
0 - 100 | Unlimited * S
» 100 - 150 7
| 150-~ 175 1 ‘
N +175 0
.‘ - Components Downstream of Filter: - : : L
s Paryticulate Size’ ' No. of Particles All‘owed : |
p | Range (Microns) ' per Sq Ft of Surface Area
T ~ |
b 0 - 50  Unlimited **
o 50 -175 R | 5 |
g 75 - 90 | : 1 o |
1 ' “
St i
* "Un11m1ted" shall be restmcted to that quantity of contamination which is ; )( B

: not considered excessive s11t1ng to the point where d1scolorat10n of the
: membrane filter is observed. : ' ‘

** Same as single asterisk above plus - in addltlon, no metal partlcles over. - B
50 microns in size shall be allowed S |

5.11-2
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- (Continued)

‘_** "Unlimited'" shall be restricted to that quantity of contamination which
is not considered excessive silting to the point where discoloration of
the membrane filter is observed. In addition, no metal particles over
50 microns in size shall be allowed.

More stringent cleanliness level are possible, but, are considered unnecessary and
costly, the basic problem being of inherent need and maintenance of cleanliness
rather than achievement for short periods of time. Previous program experience
(IDCSP/A) has indicated reliable operation of the thrust chamber and propellant

control valve at 75 micron maximum particle size cleanliness level which is less
rigorous than what is recommended,

5,11-3/5.11-4
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C. G. Tolerances

The candidate subsystems are all inherently unbalanced because of the modularized
component panel, and the unsymmetrical engine locations on two of the engine place~
ment concepts. Since weight is critical on the Planetary Explorer spacecraft it
appears impractical to balance the propulsion subsystem for these major unbalances
with 'dead" weight. Coordination between the propulsion system manufacturer and
GSFC can provide a compatible mass interface minimizing the addition of ''dead"
weight. The unbalance for the non-symmetrical placement of components would
require the addition of a counterbalance of approximately 4. 75 lbs for the worst case
component panel, and approximately 10.0 lbs for the worst case engine and component
panel concepts. This counterbalance would be strictly ""dead' weight which could be
‘better utilized in any number of areas. :

Assuming the component panel and the engines can be counterbalanced by experiment
packages, and final spacecraft balancing, the tanks then become the leading contri-
butor the center of mass uncertainties. Table 5.12.0-1 summarizes the center of
mass deviation with, and without, subsystem balancing. From this table it can be
observed that the C. G. deviation with, and without, propellant is slightly greater
than the desired deviation of . 015 inches when the unsymmetrical masses are
counterbalanced. The C.G. deviations were estimated for the nine tank Orbiter
arrangement and with engines in symmetrical locations, and are based on a +.030
inch dimensional location accuracy to the center of mass for each component and a
+5 percent tolerance on the component weights. Before the tanks are assembled to
the subsystem their weights will be determined and the tanks will then be distributed
to minimize the unbalance for the tank and manifold assembly. The effective amount
of unbalance contributed was statistically averaged, and the sum of these averages
presented as the maximum net result. The tank and manifold assembly can be
balanced before addition of the unsymmetrical components. This method of balancing
will minimize the effect propulsion expulsion has on C. G. shift.

Propulsion subsystems with symmetrical engine positions can be balanced by adding

a counterweight to the test setup offsetting unbalance caused by the component panel
and components. This method can also be used for systems with unsymmetrical engine
position. Balancing, at the tankage/manifold level can assure the highest accuracy of
-the subassembly which then will have the least disturbance effect on the spacecraft
during propellant expulsion. : - : -

5.12-1/5.12-2
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CENTER OF MASS RADIAL

TABLE 5,12—1

INACCURACY

SP 07R70-F

PROPULSION
SUBSYSTEM

COUNTERBALANCED

COUNTER—
WEIGHT (LBS)

CENTER OF MASS
RADIAL INACCURACY (MAX)

WITH PROPELLANT

W/0 PROPELLANT

P—5, P—7, P—i0
(SYMETRICAL
ENGINE
PLACEMENT)

P—12M, P-—13
(UNSYMETRICAL
ENGINE
PLACEMENT)

YES *

NO

YES *

NO

4,75%

9.87 %

0.013 IN.

0.424 IN,

0.013 IN.

1.42 IN,

0.017 IN.

1.270 IN,

0.018 IN,

4,33 IN.

* NON SYMETRICAL COMPONENT PLACEMENT COUNTERWEIGHT ASSUMED
OFFSET BY SPACECRAFT EXPERIMENT PACKAGES.

5.12-3/5,12-4
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APPENDIX A

RATE, RESOLUTION AND ENGINE MODULATION
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. RATE, RESOLUTION AND ENGINE MODULA TION

Table A-1 summarizes the equations which can be used to determine the approximate
values of rate and resolution for maneuvering a spin stabilized spacecraft. These .
equations are not exact since they do not account for engine warm-up which may
significantly lower maneuver rate for short engine firings. However, for engine
firings with on times in excess of 2 to 3 seconds, they approximate the maneuver

rate within 10%. If more éccurate results are desired the mission computer program
used during this contract computes the actual maneuver rate for any given maneuver
by dividing the maneuver size by the actual maneuver time required for the engine

to deliver the necessary total impulse.

The most complex engine modulation for a spin stabilized spacecraft occurs when
multiple engines are fired to perform a velocity change maneuver while 51mu1taneous1y
maintaining a constant vehlcle spin rate and attitude.

The basic constraints llsted below apply to the following d1scuss1on of this type of
maneuver. ‘

@~ The velocﬂ;y change maneuver is performed w1th engmes f1r1ng perpend1-

cular to the Spln ax1s.

® Engines are fired in a pulse mode over a short portion of the vehicle
revolution when their thrust vector lines up approximately w1th the
desued velocity change.

® Once the number and location of engmes to be cons1dered for the
maneuver have been decided upon, it is desirable to complete the
.maneuver using minimum propellant and in a minimum time period.

® The center of grav1ty of the spacecraft is a known funchon of the mass

of prOpellant consumed
o The resultant thrust level of each englne isa known functlon of pulse
width pulse number and mass of propellant consumed (Note: the resultant
thrust level is the 1mpulse delivered in the des1red direction divided by
the engine pulse W1dth) L

If it'is assumed that all the eng‘mes to be used for the maneuver are fired with a- ﬁxed
pulse width onee per: revolutmn, it can be seen that variations in c.g. location,
engine moment arms and engine resultant thrust can cause distrubances in vehicle
attitude and spin rate. These disturbances can be eliminated by pre-programmed
modulation of the engines. There are at least three obvious methods of modulation:

1,*‘ t’)v.u—wgé\ﬁ‘{'-&—x G e R
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(Continued)

1. Vary pulse widths on some engines. I
2. Skip firing during some spacecraft revolutions on some engines. |
3. Combinations of 1 and 2 above. l

Regardless of the method used the following analysis applies. Assume it has been
decided to consider '"K" engines for performing the maneuver. (Note: The word

’ consider is used since it is possible that the analysis will determine that "K-1" or
"K-2", etc., engines are more desirable within the constraints defined above). It
is assumed that at least one of the selected engines will be fired at the optimum
pulse width (from a propellant consumption standpoint) once per revolution. This
engine then becomes a reference and has a modulation constant ( 3) equal to one.
In general, the modulation constant for other engines are given by: '

By = onj [, . 1

f: : R

_. ton opt

| B; = modulation constant of the th engine (none)

% toni = pglse width of the ith engine (seconds) .
;; | .
; tono ¢ = pulse width of the reference englne fired at optimum on time

§ b (seconds)

!

( R = the number of revolutions, between skipped pulses

; The following analys1s allows computation of the values of Bi for each englne when

the vehicle c. g., engine moment arms and engine resultant thrust level for a optimum
pulse width are known. If any of these values change as a known function of propellant
consumption then the values of 8; can be updated and determmed as a function of time
during the maneuver using this analys1s

: . St ep 1

4 Referring to Table A-1, calculate the values of the coefflc1ents of 51 in the following

! ~ two series. Each term represents an effectlve moment of the kth engine about the :
c.g. The terms in the first equation cause attitude errors. The terms in the second |
equation cause spin errors. Be consistent when selecting signs for each moment.
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(Continued)
K
_ F, = M
S ree kB .
k =1 '
K .
F = M
k Bk N
R
k =1
K = number of engines considered for firing
k =  subscript which number engines and then associated moment
arms and modulation constants
Fi = magnitude of resultant thrust of kth engine firing optimum

pulse width (pounds)

ok = momentarm of the kth engine as defined in Table A-1 (ft)

= moment arm of the kth engine as defined in Table A-1 (ft)

M = net attitude moment error (ft-1b)
My = net spin moment error (ft-1b)

’ Step 2

From each equatiori"ééiect the term which has the 1é;r;gest, coefficient. If these two

terms have different subscripts for g then these B's are the trial modulation constants.

If these two terms have the same subscript for 3 then the term with the next smallest
coefficient in the spin moment equation is determined. The three terms determined
above have two g's associated with them and they become the trial modulatmn
constants.

Step 3

Set the attitude and spin moment eqmﬁdhs equal to zero. Set all Values of g except
the trial modulation g's and any previously determmed zero B's equal to one. Solve
the two equations for the trial values of [3 :

¥
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* 1 If both trial values of B are positive the analysis is complete. If either or both are
negative, the negative g's should be set equal to zero and the analysis repeated
: starting with Setp one.
) Step 4
| To determine overall maneuver modulation constant average the non-zero modulation
R constants. To determine the effective number of firing engines sum the non-zero
] modulation constants.
S ,
| t The overall maneuver modulation constant can be used in approximating the maneuver
- {;‘{3 rate by substituting its value in the appropriate equation in Table A-1, The effective
'],L’fr number of firing engines can be used in the propellant consumption computer program

as a means for estimating the effects of modulation on propellant consumption.
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TABLE A-1
’ ' | RATE AND RESOLUTION EQUATIONS FOR MANEUVERING A SPIN STABILIZED SPACECRAFT
,Z N
" Maneuver Rate (Units/Sec) Resolution (Units)
N (Velocity)
"AV' ’ n Fn B ( N ton) n F 7 ton
(M/Sec) | . 1019 M ( 60 ) .1019 M
~ (Spin) “
AV n F Ig n F T's ton
(RPM) | 2.257x 1073 I,, 2.257 x 1072 I,
(Attitude)
- "Aa" n F N1y {_N ton) n F N rg ton
5 (Degrees) .3939 x 1076 N 1, ( 60 ) | .3939 x 1078 N Tz,
Symbol Units Description
B None Modulation constant which is a function of C.G. location. If the sum

of the force mements about the C. G. of all engines firing is zero it
has a value of one.

n None , Impulse effectiveness ratic of impulse delivered in the desired
‘ ' direction to the total impulse delivered by engines.

Y SR

F Lbs Engine Thrust Level
Lb In? Vehicle Interia about the Spin Axis
M Lbs Vehicle Weight = !
N RPM Vehicle Spin Rate :
n None - Number of Engines Firing
e Ft Moment Arm for Attitude Control Engines

v T's Ft Moment Arm for Spin Control Engines

ton | Sec Engine on Time
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