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1.0 Introduction
The objective of the Propulsion Module Arrangement trade is to
compare alternative propulsion module concepts for the NLS
common core stage and select the configuration that best satisfies
program requirements and goals. The selected configuration will be
recommended as an update to the reference vehicle configuration for
incorporation in the cycle 1 dsfinition. The major issues that are being
addressed by this trade are:

* Propulsion module commonality between 50 k and HLLV

(DDT&E cost)

» Impact of propulsion module configuration on:

» Weight and performance

¢ Operations cost

 Manufacturing / launch processing efficiency and flexibility

« System dependability (launch on schedule)

« Suitability of propulsion module for growth vehicles

« Adaptability of propulsion module concept to recovery
~ The purpose of this trade is to establish the top level configuration for
the propulsion module. Subsequént trades and analyses will
determine the lower level requirements and design. The design
features and characteristics that will be established by this trade are:

« Engine arrangement, spacing, clocking

» Feed system configuration, gimballing concept

* Primary structure configuration

* Engine and TVC

* Holdown concept/location

« Staging concept

 Subsystem location/installation

» Umbilical concept/location

* MLP interface

* Design features for evolution to recovery

The approach we have taken in accomplishing this trade was to

identify candidate propulsion module configuration concepts based
on the scope and issues being addressed by this trade. Each concept
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was formulated from a winning strategy that hypothesized how it
might be superior to the reference concept. Previous definition and
analysis of vehicle concepts has identified the characteristics that are
most important in developing a system that can provide the low cost,
high reliability, and improved operability specified for NLS. The
winning strategies were developed with these key characteristics in
mind. These concepts were defined and analyzed in sufficient depth
to address the technical discriminators that were identified as the
basis for comparison. In addition to the alternate concepts we have
also defined the reference configuration using the same groundrules
and methodology to ensure an accurate comparison. The primary
focus of the design definition was to determine weight, performance,
and cost differences between the concepts. In addition, operations
timelines and manpower requirements, and facilities were defined to
provide operations costs comparisons.

The results of the definition and analyses of the candidate propulsion
module concepts are documented in this data book. The data book is
divided into 4 volumes, one for each concept:

Volume 1 Reference Propulsion Module Configuration
Volume 2 Modular Propulsion Module Configuration
Volume 3 Hybrid Propulsion Module Configuration
Volume 4 Reference Configuration / Modular MPS

A set of discriminators was developed by the MSFC propulsion panel

for the purposes of evaluating the candidate propulsion module

concepts. These discriminators were derived from the overall NLS

program goals and requirements and reflect the trade study

evaluation criteria developed by level Il. The discriminators are:
Cost/Flight

Fiii... Assembly, Stacking, & Checkout Cost

Maiii:ionance Cost

Loacing & Launch Cost

Mai:::facturing Cost

As:.. .nbly Cost
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6. Acceptance Testing
Non-Recurring Cost

7. Vehicle Design & Development Engineering
8. Development Testing
9. Verification Testing
10. Handling Equipment _
11. Manufacturing Development
Construction of Faclilities
12. Launch Facilities
13. Test Facilities
Design Capability
14. Weight
15. Aerodynamic Drag
16. Useable Propellant
Mission Reliability
17. System/Subsystem Complexity
18. Confidence Level
- Dependability ‘
19. Maintainability
20. Launch Schedule Reliability

We have attempted to quantify the evaluation of the discriminators in
common units to the maximum extent possible. All discriminators
under cost/ flight have been taken in to account in estimating the cost
per flight. Similarly the estimate of non recurring costs includes all the
its discriminators. The design capability discriminators have been
addressed by estimating vehicle weights and aerodynamic drag, and
then using a trajectory simulation to determine resulting payload
capability. Based on our analyses of the propulsion module concepts
these two categories contain the  primary measurable differences
between concepte

Each volume in this uata book follows the same outline and is divided
into the following sections:

1.0 Introducticn
2.0 Configur: :-on

.0- 3






TNIIFLLE

:o:E:m_Eoo 0






3.0 Ascent performance

4.0 Loads

5.0 Structure design

6.0 Structural analysis

7.0 Main propulsion system design
8.0 Weights

9.0 Cost

10.0 Operations

11.0 Reliability

Figure 1-1 provides a cross reference showing which sections
address which discriminators. In general all costs are reported in the
cost .section. However the description of the designs with their
producibility and maintainability features that impact costs are
contained in the configuration, structures design, and main
propulsion system design sections. Similarly the operations flows that
provide the basis for the operations cost estimates are described in
the operations section.






INITLTLE

uonduosaqg uoneinbyuon Lz






2.1 Hybrid Propulsion Module Arrangement Configuration
Description

The hybrid propulsion module arrangement option represents a
comprimise position between the reference and modular options. It
combines the commonality attributes of two-engine booster
propulsion modules with the lightweight, simple design features of
the two-engine core stage sustainer section, thereby providing a
good performing, cost-effective alternative. The 1&1/2-stage
vehicle configuration is comprised of two, two-engine booster
propulsion modules located 180 degrees apart on the periphery at
the base of the vehicle aft skirt section, and, the two-engine core
sustainer section. During a mission, the two booster propulsion
modules are first sequentially staged, and then, a section of the aft
skirt is staged. The two-engine sustainer section with its own
independent conic thrust structure continues to propel the core
stage to orbit.

As configured with the reference five feet stretch to the ET liquid
hydrogen tank, the 1&1/2-stage vehicle with the hybrid propulsion
module arrangement achieves a payload capability of 51,300 pounds
to low earth orbit.

For the heavy lift launch vehicle (HLLV) member of the NLS family,
two of the modules, configured 180 degrees apart, are used for core
stage main propulsion.

The independently integrated design features of the two-engine
booster modules allows for parallel processing of the modules and
the tank, along with full test and check-out of the modules prior to
integration with the rest of the core stage, thereby decreasing
serial flow time during ground processing.

The hybrid approach, like the modular arrangement, exhibits a direct
path to dry, protected recovery of the engines, avionics, and
additional high cost elements within the booster modules, lending
the potential for substantial cost per flight reduction.

2.1-1
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3.0 Ascent Performance

The following charts present results of a trajectory/performance
optimization analysis for this propulsion module arrangement option
on a 1&1/2-stage vehicle configuration. The first chart describes
the mission profile parameters for the configuration, and, the
second chart presents raw output data from the trajectory
optimization analysis.
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NLS expendable
1.5 Stage hybrid
core engine out at liftoff
28.5° LEO max payload
status 11/1/91 weights
date 121601 MM
filoname a520
source BC...12/16
launch location ETR
burmnout conditions 80nm, 80x150 nm, 28.5°
EARTH fisher
[ATMOSPHERE patrick 1963
[WIND KSC annual mean
[MOMENT BALANCED [no
AERODYNAMICS L16S3PA (side-by-side)
SF..2/1181
ref area Ewe. drag factor 598 (27.8 ftdia)
PROPU N
BOOST 4/4 -> 2/2 STME's
vacuum thrust (Ibs) 4-> 2 @ 583400
exit area (ftA2) 4->2@ 41.146
vacuum Isp (sec) 430.50
CORE 1/2 STME's
vacuum thrust (Ibs) 1 @ 583400
oxit area (ftA2) 1@ 41.146
vacuum isp (sec) 430.50
WEIGHTS (Ibs)
liftoff weight 1943217
core prop @ liftoff 1657621
booster jettisoned 2 @ 32693
aft skirt jettisoned 17773
shroud jettisoned 14016
- ~ore Inert 131998
_re prop @ insertion 4107 (1% AV)
~-payload 51293 (maximized)
payload margin 5129
insertion weight 192527
LOADS
max Q (psf) 672
max Q-Alpha (psf-deg) 1582
max axial accel 3.56
FLIGHT PARAMETERS
LIFTOFF
axial accel (g) 1.28
BOOSTER SEPARATION
time (sec) 188, 206
altitude (ft) 179687, 271811
velocity (fps) 7474, 10391
axial accsl before (g) 3.58, 2.82
axial accel after (g) 2.22, .99
ideal velocity (fps) 11990, 15225
downrange impact (nm) 309, 554
AFT SKIRT SEPARATION
time (sec) 216 .
impact (nm) 583
SHROUD SEPARATION
time (sec) 273
downrange impact (nm) 763
INSERTION
time (sec) 475
axial accel (g) 3.03
Ideal velocity (fps) 29864
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6.0 Structural Analysis

Preliminary design structural analyses were used to size the major structural
components of the propulsion module. The goal was to perform analysis in
sufficient depth to define significant configuration diffrrences with a consistent
approach that produces reasonable structural weights. The analysis was based
on fundamental structural behaviour (stiffened panel buckling, material
properties, structural geometry, etc.). ‘

The design loads of section 4 were reviewed and the critical design conditions
determined. Figure 6.0-1 indicates the critical design loads for the structure.
The pad support loads, critical for the ground wind (fueled) condition, were
determined by placing the wind vector so as to maxmize the loading for each
support point. The indicated loads are therefore a summary of maximums for
each point and not an equilibrium condition.

The fundamental design approach of this concept is the distribution of
concentrated forces, from engines or pad supports, into a cylindrical shell
structure by shear out thru tapered longerons. The shear out is intended to be
accomplished without introducing weight penalties in the LH2 tank due to
excessive load non-uniformity. For comparative analysis purposes, the skirt
shell structure was sized as a "hat" stiffened skin shell using a balanced design
which adjusted stiffener size and spacing to maintain efficient stress levels. Ring
frames were considered at 30" spacing to stabilize the stiffened shell. Material
properties for structural sizing were based on 7075 -T6 sheet and 7075-T73
extruded shapes. These properties are considered adequate for preliminary
design as both type of construction and material will be extensivly worked
during design development.

The base ring was sized to distribute the concentrated lateral shear forces from
engine or pad supports into the skirt skin. At the upper end of the longerons a
ring was sized to react the kick loads caused by the longeron load offsets from
the skin line.

Figure 6.0-2 summarizes the analysis method used to approximate the weight
penality associated with the shear out of concentrated loads into a shell
structure. An accurate analysis of this problem can be accomplished with finite
element techniques or sets of strain compatability equations, both of which are
out of the scope of this study. The illustrated method assumes a 25° shear out
angle and sizes the stiffened skin for the line load at the end of the longeron.
This increased thickness is then allocated to the longeron shear out area and
extended forward to the end of the skirt. The remainder of the skirt is sized by
the uniform line loads from the body loads of section 4 as indicated on the left.
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7.0 Main Propulsion System Design

The Hybrid MPS shown, represents our configuration consisting of two ea

two engine booster propulsion modules in line with and surrounding a two

f:jystainei1 engines, designed to meet the specific requirements previously
iscussed.

7.1 MPS Schematics

MPS schematics have been prepared for both the LOX /He systems and
the LH2 systems. Only major components have been shown, with
instrumentation not included. The Control Helium System consists of
controls reguired to deliver the proper quality helium gas to the engines for
B‘ur es and potential valve actuation, as well as to the remainder of the

PS for valve actuation, purges and potential propellant conditioning.
Since nclmt;aI of these functions are clearly defined at this time, the details are
not available.

The PSS (power supply system) has been conceptually identified as our
power system of choice to drive the TVC actuators, and generally consists
of three pneumatic motors, driven by hydrogen pressurization gas, each
set serving two engines. Again, the details have not been developed, and
they are shown as a box. « .

The LOX subsystem schematic is shown in figure 7.1-1 and the LH2
Subsystem schematic is shown in figure 7.1-2. The Sustainer engine
arrangement is shown in figure 7.1-3; the LOX fill booster module is shown
in figure 7.1-4; and the LH2 fill booster module is shown in figure 7.1-5

7.2 MPS Layouts

MPS CATIA layouts are not available at this time, and will be delivered
immediately upon completion.

7.3 Master Equipment Lists

Preliminary master equipment lists have been prepared for comparative
purposes and are shown in figure 7.3-1.

7.1
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4.0 Loads

Ascent flight loads were based on a rigid body model with the engines gimbaled as
required for moment trimming. Vacuum engine thrust was 583K per engine and -
trajectories were based on engine out capability. The maximum qalpha (resultant)
was 5306 psf with a 25 fps gust included. A 95 percentile steady ascent wind profile
based on the windiest month of year was combined with a combination 99 percentile
shear and gust. A worst case launch azimuth was used and an uncertainty factor of
1.25 was applied to aerodynamic load. The maximum boost acceleration (before

separation) is 3.4q.

Figure 4.1 gives a plot of the ground wind velocity profiles used for prelaunch wind
and holddown loads. The unfueled design ground winds is based on a 1% risk of
exceedance, during the windiest 2 week exposure of the month. Fueled ground
winds are based on a 1% risk of exceedance for the windiest day of month
exposure. Vortex shedding/dynamic effects approximated by using a preliminary
factor of 1.5 on the computed rigid body loads.

Figure 4.2 defines the maximum compressive line loads versus vehicle station
which were used to size the structure for the illustrated configuration. These are
limit loads and do not include factor of safety or internal pressure effects in the

tanks .
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Section 5.0 . .
Hybrid Configuration Structure Design

The Hybrid configuration was developed as another alternate to the reference
configuration. The Hybrid uses two booster modules and the non-modular
sustainer from the reference (See figure 5.1 ) Commonality between structure
within the vehicle is one feature of this configuration. Each module contains the
thrust structure, powerhead shell, engine heat shield, and separation system,
among others, for the two enclosed engines. (Refer to the 90° configuration for a
chart of the engine module structure). The feed system is modularized like the
modular configuration to reduce part count and test requirements. The booster
separation system is four shuttle type separation bolts at each module. A linear
shaped charge separate the booster ring after module separation.

The system is more complex than the Reference or the 90° Modular due to the
two separation systems, and the more complex structure. The benefits of
modularity operations have been maintained for the boosters and the core
weight to orbit is reduced by separation of the booster skirt.

The structure consists of the basic cylindrical booster skirt aft of the LH2 tank
and the interfacing sustainer conic similar to the rerference. The skirt structure is
aluminum skin-stringer with extruded rings. Again, honeycomb structure could
be studied for improved producibility in the future. Longerons are machined
from 7075 Al. Engine kick loads carried by the longerons are transfered to the
forward and aft ring in the booster skirt. Producibility of the conic and booster
skirt will be similar to the reference. The engine modules contain a simple tube
truss supporting a honeycomb fairing to protect the powerheads. The engine
heat shield will be mounted on the aft bulkhead.

The MLP holddowns are spaced on the booster skirt (see fig 5.2 & 5.3).
Holddowns are stationary, and no retraction or swing away structure is
necessary. The attachments are simple liftoff separation boits or clamp release.

The configuration is compatible with the HLLV and existing ET configurations.
The ET will require only minor structural modification, similar to the reference.
The HLLV configuration is assembled by omission of the sustainer conic and
installation of the ASRB's.

s5:0-/
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Description. The following is a synopsis of the activities for each of the flow
blocks of the manufacturing flow.

Tank Fabrication. Consists of LO2, LH2, intertank, and forward skirt
manufacturing, proof testing, and assembly.

Non-jettisonable Skirt Fabrication. Fabricate the structure of the non-
jettisonable skirt section.

Conic Structure Fabrication. Fabricate the conic structure onto the non-
jettisonable skirt structure.

Assemble Non-jettisonable. Assemble the non-jettisonable skirt and conic to
the tank. Install the MPS feedlines, manifolding, avionics, TVC, environmental
control, cabling, helium bottles into these sections.

Boost Ring Fabrication. Fabricate the jettisonable ring structure and install
feedlines, cabling, etc.

Boost Module Fabrication. Build the ring structure and install the MPS
feedlines, manifolding, avionics, TVC, environmental control, cabling, helium
bottles.

Test and Checkout. Perform test and checkout of the MPS, helium, avionics,
EPS, ECS, and STMEs.

Install Boost Module. Install the boost module to the jettisonable skirt.

rA =2






8.0 Weights

Weights data provided for the Hybrid Configuration consists of the
following:

Mission Weight Summary

Major Elements Inert Weight Summary

Weight Details - Core Tank Module

Weight Details - Fixed 2-Engine Sustainer Propulsion Package
Weight Details - Non-Jettisonable Aft Skirt Package

Weighf Details - Jettisonable Aft Skirt Package

Weight Details - Expendable 2-Engine Propulsion Modules
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10.0 Operations






10.0 Operations

10.1 MLP INTERFACE

Hybrid Vehicle Concept is shown in Figures 10.1.4 & 10.1.6. These three views
show that most of the flow will exit in the North flame trench however the nozzie

center lines of the 2 southside STME's are located south of the apex and a
greater portion of their exhaust plume will exit using the south flame trench.

106 fi /



STNVITLOLE
JT0IH3A NOLLJO 3dIS A8 3AIS

Jvoruann
0 -LZHT]

(v) s1sod
NMOQQ10H
38D

(9) anls:

1vorlann
0-1201

¢ eq) IUNSI 4

3TOIH3IA ATTH HYTINAON

dIn dN

——————H01031430
\r anvid

40 aN3
(v) anis

(8) s1sod I/

NMOQQIOH

H01031430a
ays

ANV

\|||l.|.n_o X3adv

$HOLO3 1430
anvid
— 30aIs gus

vorignn
— 30IS gUS ~— | 0-1201

uondQ ap!

_
\
“

¢ A_Mmc,z.u
S-Ag-9PIS Je[npoy

SHOLOI 1430 [l/ |
anvid _
1

uLIoj)e]J Yyounery IIqoJA

106 /-2



Hybrid Propulsion Module Configuration

10.2 Maintainability Features
LRU access, placement
LRU Location: The LRUs consist of:

Item #/Boattail Weight Ib/box
Batteries 2 318 159
PDU 2 216 108
Rate Gyros 3 48 16
Remote Voter 6 227 38
MDU/RDU 2 27 14
Engine I/F 4 86 22
TVC Batteries 24 3540 148

Except for the TVC batteries the quantities are for the 4 engine ring. Quantities
for the sustainer section are unknown. The TVC battery quantity appears to be for
both the boost and sustainer sections.

The batteries and PDUs require a two person lift and can be lifted 2 ft off the
floor per MIL-STD-1472. This requires these boxes be located close to the floor
level and requires access hatches large enough to carry these boxes through. The
other boxes can be located up to 5 feet from the floor. In general the objective is to
locate the equipment in two equipment bays with access doors to the bays. The
equipment would be located on the truss structure which provides a low vibration
environment. The aft bulkhead of the module would provide the access platform for
installation and removal. The truss structure, however, starts about 4 feet from the
aft bulkhead which is a problem for installation for the 150 Ib boxes. For this
configuration the 150 Ib batteris and 100 Ib PDUs shouid be segmented.into half
batteries sized for a two person lift to the structure (<70 Ibs) otherwise the boxes
would have to be installed using a mechanical aid.

~ On the sustainer section, equipment is mounted inside the conic structure.
Mounting inside protects the boxes from the thermal environment. Access is via a
hatch in the side of the conic and the bottom of the conic requires a bulkhead to
walk on.

Access to the engines is via the aft bulkhead and equipment access doors. The
shell around the engines is sized to allow 360° access to the engine power head.

10.3 Operations Flows

Key Conclusions. The manufacturing plan for the hybrid vehicle is based
upon the following assumptions: 1) Assembly of the non-jettisoned skirt and
sustainer conic is done attached to the tank because the tank is an integral part of
the structural support for the feedlines, and 2) the 2 engine boost module can be
installed after STME installation on the sustainer section. The boost modules are
parallel processed with the core including test and checkout. This provides a
higher level of parallel processing than the reference vehicle and also allows test
and checkout to be performed in a test and checkout cell tailored for best access to
each of the modules being tested.
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10.0 Operations






10.0 Operations

10.1 MLP INTERFACE

Hybrid Vehicle Concept is shown in Figures 10.1.4 & 10.1.6. These three views
show that most of the flow will exit in the North flame trench however the nozzle

center lines of the 2 southside STME's are located south of the apex and a
greater portion of their exhaust plume will exit using the south flame trench.
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Hybrid Propuision Module Configuration

10.2 Maintainability Features
LRU access, placement
LRU Location: The LRUs consist of:

ltem #/Boattail Weight Ib/box
Batteries 2 318 159

- PDU 2 216 108
Rate Gyros 3 48 16
Remote Voter 6 227 38
MDU/RDU 2 27 14
Engine I/F 4 86 22
TVC Batteries 24 3540 148

Except for the TVC batteries the quantities are for the 4 engine ring. Quantities
for the sustainer section are unknown. The TVC battery quantity appears to be for
both the boost and sustainer sections. '

The batteries and PDUs require a two person lift and can be lifted 2 ft off the
floor per MIL-STD-1472. This requires these boxes be located close to the floor
level and requires access hatches large enough to carry these boxes through. The
other boxes can be located up to 5 feet from the floor. In general the objective is to
locate the equipment in two equipment bays with access doors to the bays. The
equipment would be located on the truss structure which provides a low vibration
environment. The aft bulkhead of the module would provide the access platform for
installation and removal. The truss structure, howsver, starts about 4 feet from the
aft bulkhead which is a problem for installation for the 150 Ib boxes. For this
configuration the 150 Ib batteris and 100 Ib PDUs should be segmented into half
batteries sized for a two person lift to the structure (<70 Ibs) otherwise the boxes
would have to be installed using a mechanical aid.

~ On the sustainer section, equipment is mounted inside the conic structure.
Mounting inside protects the boxes from the thermal environment. Access is via a
hatch in the side of the conic and the bottom of the conic requires a bulkhead to
walk on.

Access to the engines is via the aft bulkhead and equipment access doors. The
shell around the engines is sized to allow 360° access to the engine powsr head.

10.3 Operations Flows

Key Conclusions. The manufacturing plan for the hybrid vehicle is based
upon the following assumptions: 1) Assembly of the non-jettisoned skirt and
sustainer conic is done attached to the tank because the tank is an integral part of
the structural support for the feedlines, and 2) the 2 engine boost module can be
installed after STME installation on the sustainer section. The boost modules are
parallel processed with the core including test and checkout. This provides a
higher level of parallel processing than the reference vehicle and also allows test
and checkout to be performed in a test and checkout cell tailored for best access to
each of the modules being tested.
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