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Abstract

The purpose of this research project is to develop the Rigidizable Inflatable Get-
Away-Special Experiment (RIGEX) from a computer-based model into a space-qualified
prototype. Past research projects have developed RIGEX’s command and control,
structural analysis, and integration with the orbiter. This thesis details the organization,

assembly, and test planning for the RIGEX protoflight model.

Strict requirements imposed by the National Aeronautics and Space
Administration (NASA) must be fulfilled for any payload to travel into space. Based on
the requirements set forth by NASA documentation, this thesis establishes appropriate
assembly procedures for the construction of a space payload. Detailed design changes
are described, as well as any problems encountered during assembly. Various lessons

learned throughout the course of this project are discussed.
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DEVELOPMENT AND TESTING OF THE RIGIDIZABLE INFLATABLE

GET-AWAY-SPECIAL EXPERIMENT

l. Introduction

In the modern era of warfare, intelligence reigns supreme. Much of the
intelligence needed can be gathered through space-based techniques. The Department of
Defense’s (DoD’s) ability to collect intelligence on an adversary rests on the shoulders of
advanced surveillance systems. Therefore, the need for remote sensing and surveillance
systems is paramount. For this technology to exist, the DoD requires large collectors in
space. Unfortunately, launching large payloads into space is extremely challenging. In
order to enable large structures to be launched into space while keeping within current
launch parameters, inflatable structures are developed. To this end, the Air Force
Institute of Technology (AFIT) has been developing a space shuttle demonstration called

the Rigidizable Inflatable Get-Away Special Experiment (RIGEX).

RIGEX is a self-contained experiment to test the deployment of rigidizable
inflatable tubes in the space environment. While other inflatable systems have been

launched in space, this experiment is the first to test a rigidizable inflatable material in



space. Since it is rigidizable, it requires no additional gas pressure to maintain structural

integrity after inflation. In essence, RIGEX is demonstrating the viability of ‘growing.’

1.1 Past RIGEX Work

Since its inception as a student-based project at AFIT in 2001, the RIGEX
program has developed from a grand idea to an impressive space prototype. Previous
RIGEX work can be referenced through past thesis projects. This thesis is based on
previous students’ research, design, and testing. Through the extensive efforts of past
students, the RIGEX program has witnessed a Preliminary Design Review (PDR),
Critical Design Review (CDR), and Phase Il Safety Review, all through the National
Aeronautics and Space Administration (NASA). The following section is a brief

description of each thesis’ contribution towards sending RIGEX to space.

1.1.1 DiSebastian (4)

DiSebastian’s work established RIGEX’s mission statement, objectives,
requirements and constraints. He created a preliminary parts list and experimental
configuration for RIGEX based on a Get-Away Special (GAS) Canister used by the space

shuttle program shown below in Figure 1.



Figure 1: DiSebastian’s Preliminary Design (4).

1.1.2 Single (18)

Single conducted extensive ground deployment testing on the rigidizable
inflatable tubes. His work established that ground test data should be used to compare

with space flight test data in order to analyze the tubes’ space performance.

1.1.3 Thomas L. Philley (17)

Using DiSebastian’s preliminary design, Philley built and tested a prototype
model of RIGEX inside AFIT’s old vacuum chamber. Philley’s work documented the
deployment of the tubes in a variety of configurations. Figure 2 below shows one of

Philley’s experimental test configurations.



Figure 2: Philley’s Test Configuration (17).

1.1.4 Holstein (8)

Holstein performed numerous iterations of Finite Element Analysis (FEA) on
both the tubes and the prototype structure. Holstein’s work provided useful data towards
determining the natural frequencies of the RIGEX structure. An example of his
ABAQUS finite element model (FEM) for the tube and the quarter structure can be seen

in Figure 3.
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Figure 3: Holestein’s ABAQUS Finite Element Model (8).

1.1.5 Lindemuth (9)

Working with a quarter-structure of the preliminary design, Lundemuth tested and
established a heating profile for the tubes used in the experiment. Based on his
conclusions, Lundemuth created design modifications to the inflation system so that the
system was more robust. Lindemuth’s final design for the heater boxes can be seen

below in Figure 4.

Figure 4: Preliminary Heater Boxes and Lindemuth’s Final Heater Box Design (9).



1.1.6 Moody (11)

Moody created the computer code to be used for ground testing and flight testing
data acquisition. Moody’s designs used a battery-powered computer and power
distribution system to allow RIGEX to operate autonomously. A schematic of Moody’s

prototype computer is shown below in Figure 5.
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Figure 5: Moody’s Prototype Computer (11).

1.1.7 Moeller (10)

Moeller’s research witnessed a significant change to RIGEX’s flight

configuration. No longer would RIGEX fly in a GAS canister. Instead, RIGEX would



use the Canister for All Payload Experiments (CAPE) for transportation into space.
Moeller’s work attempted to deal with a variety of complications associated with

NASA’s switch to the CAPE canister.

1.1.8 Helms (7)

Helms explored the vibration response characteristics of both the RIGEX
prototype and the oven assembly used for heating the tubes, as shown in Figure 6. Her
work included taking steps towards the fulfillment of NASA’s requirements for

producing proper documentation for space payloads.
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Figure 6: Helms’ Vibration Test Configurations (7).



1.1.9 Goodwin (5)

Using SolidWorks software, Goodwin generated a detailed computer model of the
RIGEX structure and its associated components, shown in Figure 7. This model included
numerous design changes so that RIGEX would accommodate its new canister and power

source.

Figure 7: Goodwin’s SolidWorks Model (5).

1.1.10 Gunn-Golkin (6)

Gunn-Golkin developed the final FE model to be used for the structural analysis
of RIGEX. Gunn-Golkin made the appropriate modifications to RIGEX’s design in an
attempt to satisfy all of NASA’s requirements for the structural integrity of space

payloads. Gunn-Golkin’s work resulted in a complete set of design drawings to include a



wiring diagram for the fabrication and assembly of the RIGEX protoflight model. Her

updated SolidWorks model can be seen in the figure below.

Figure 8: Gunn-Golkin’s SolidWorks Model (6).

1.2 Summary and Thesis Outline

This thesis continues the development of the RIGEX protoflight model in hopes
of achieving acceptance by NASA and ultimately space flight. This thesis documents
several aspects of the progression from design to flight. Chapter Il covers the NASA

requirements for a space payload’s documentation tree. The documentation tree is an



approved set of documents that includes procedures and drawings to validate a space
payload’s worthiness for space flight. Chapter 111 discusses several NASA requirements
and describes how the RIGEX team fulfilled each requirement. Chapter IV documents
the construction of the RIGEX protoflight model. Problems during construction are
identified and solutions are explained. Chapter V discusses AFIT’s plan for space
qualification of the RIGEX structure, including thermal vacuum testing and vibration
testing. Lastly, Chapter VI of this thesis discusses the future of the RIGEX program.
Additionally, the last chapter reports on some of the lessons learned during the course of

this thesis project.

10



Il. Requirements Background

Having established the motivation and history of the RIGEX project, this chapter
will discuss the requirements set forth by NASA concerning proper documentation for
space payloads traveling in the orbiter. More specifically, this chapter will identify the
requirements for all payloads traveling inside the Canister for All Payload Ejections

(CAPE).

2.1 NASA Documentation Tree

A critical portion of integrating a space payload into NASA’s shuttle manifest
revolves around the creation of a thorough documentation tree. This documentation tree
consists of drawings, procedures, and test reports that validate a payload’s worthiness for
space flight. RIGEX must satisfy all requirements set forth by NASA regulations. In
addition, RIGEX must satisfy all requirements set forth by the Space Test Program
(STP), the owners of CAPE, because RIGEX will fly inside of CAPE. Fortunately, STP
and NASA requirements state the same diretives. Therefore, if RIGEX fulfills the STP
requirements, it will also fulfill the NASA requirements (1). Figure 9 illustrates the

breakdown of each branch of the documentation tree.

11
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Figure 9: NASA Documentation Tree Schematic (14).

To determine the requirements of using CAPE, the RIGEX team referenced the
CAPE Hardware Users Guide (CHUG) (3). This document is maintained by DoD

payload integration contractors. Its purpose is “to identify specific interfaces and other

12



accommodations available on the USAF Space Test Program (STP) Canister for All
Payload Ejection (CAPE) and establish guidelines and requirements for the payloads
intending to fly within it” (3). RIGEX is considered a Canister Lid payload by the
CHUG because RIGEX’s CAPE Mounting Plate will act as both a canister lid for CAPE
and a top plate for the RIGEX experiment. Weight requirements set forth by the CHUG
require a payload to weigh no more than 350 pounds and have a CG location no less than
25 inches below the CAPE lid in the center of its diameter (3). Such requirements were
taken into account early in the design phase of RIGEX. The CHUG also provides
specific environmental requirements to include thermal, vibration,
depressurization/pressurization, and electromagnetic compatibility requirements. The
CHUG references other NASA documentation to provide specific details on testing

envelopes and guidelines.

2.2 Requirements Summary

Compiling all elements of NASA’s documentation tree is a daunting task.
Fortunately for the RIGEX team, the engineers at STP retain authority over all aspects of
the RIGEX/CAPE documentation tree. The role of the RIGEX team in the
documentation process is to comply with STP’s recommendations and provide specifics
on RIGEX’s design, assembly, and component acquisition. This enables STP to proceed

with the test planning and coordination with NASA for flight qualification of RIGEX.

13



I11. Preparation for Assembly

Meeting the requirements set forth by NASA for space travel requires a great deal
of organization and planning. This chapter discusses several different organizational and
groundwork techniques used by the RIGEX team to prepare for the construction of the

RIGEX protoflight model.

3.1 Contamination and Corrosion Protection

NASA document NSTS 1700.7B sets forth specific standards regarding the
treatment of metallic surfaces flying in space (13). According to this document, payloads
must be grounded properly and protected from corrosion (13). Several metal finishing
techniques enable the requirements of NASA document NSTS 1700.7B to be fulfilled.
To defend against contamination, corrosion, and poor conductivity of the RIGEX
structure, three different metal treatment methods were used: alodining, anodizing, and

painting.

The RIGEX primary structure is made of 6061-T6 Al. Various secondary
structural components are also made of 6061-T6 Al. When assembled, the RIGEX
structure is designed and expected to be electrically grounded. A single ground lug
attached to the Large Computer Rib provides a solid connection for the electrical
components’ grounding. In order to facilitate proper grounding throughout the entire

structure, all structural pieces were treated with a chromate conversion coating, or
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alodine coating. Alodine coating of RIGEX’s aluminum surfaces was done by
TechMetals of Dayton, OH in accordance with MIL-C-5541 Class | A. TechMetals uses
a series of cleaning detergents such as sodium hydroxide and nitric acid to cleanse bare
aluminum surfaces of oils, grease, and other potential contaminants. Alodine, a trade
name, is a chemical film. The alodining process takes several minutes and consists of
dipping clean, bare aluminum into a tank filled with a hexavalent chromium solution for
90 seconds. The metal is rinsed between each step in the process, and then dried with dry
compressed air. The alodine coating provides several important features to the bare
aluminum. An alodine coating provides an excellent base layer for paint applications.
An alodine coating also provides some level of protection from corrosion by the
environment. Additionally, an alodine coating between two mating pieces of aluminum

promotes good conductivity between the two pieces (2).

Although alodine coating provides some level of corrosion protection, it is not a
particularly robust coating. Alodine coating can be removed by hard rubbing with a cloth
or even a finger. Alodine coating does a poor job holding up in metal-on-metal rubbing
applications. Rather than relying on alodine coating to provide corrosion protection, all
aluminum surfaces were anodized in accordance with MIL-A-8625 Rev. F, Type I, Class
Il, BLACK. Anodizing is an electrochemical two-step metal treatment process that
refinishes the surface of the aluminum with an aluminum oxide barrier. It is important to
note that no additional metal is added to the surface of the aluminum during the
anodizing process. Anodizing is a conversion coating, not a plating process. Anodizing

is accomplished by first dipping a piece of aluminum into a solution of sulfuric acid that
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is electrically charged with an external power source. With the positive side of the
voltage source connected to the aluminum and the negative side submerged into the
sulfuric acid solution, oxygen from the solution reacts with the aluminum and forms a
thin layer of aluminum oxide. This aluminum oxide coating penetrates the surface of the
aluminum approximately five thousandths of an inch. The aluminum oxide layer is then
dipped into organic dyes which absorb into the porous anodic coating. Finally, the part is
sealed with nickel acetate at 165°C for approximately 20 minutes. The nickel provides
the corrosion protection while sealing any pores in the material (2). The AFIT team
employed TechMetals to apply black anodizing to the majority of RIGEX’s exposed

surfaces.

Figure 10: Example of Alodine and Anodize Coating.

In Figure 10, the lighter gold-colored areas show the alodine coating. These lighter areas
highlight where metal-on-metal contact will occur. The black areas show the anodized

surfaces. These surfaces are able to withstand handling and light scratching, both
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guaranteed byproducts of the transportation and assembly of the RIGEX structure.
Specific instructions on how each component of RIGEX was anodized can be viewed in
Appendix H. The goal of these specific instructions was to maximize the amount of
alodine-to-alodine contact between mating surfaces in order to promote proper
grounding. At the same time, these directions maximized the amount of corrosion

protection from black anodizing.

The only component on the RIGEX assembly that will be painted for space flight
is the CAPE mounting plate. The CAPE mounting plate requires a different type of
metal protection since it will be directly exposed to the space environment. STP
provided Aeroglaze paint and primer to treat the CAPE mounting plate for flight. Before
being painted, the CAPE mounting plate received an alodine coating to ensure electrical
conductivity with the rest of the structure and to provide a good base layer for the primer
and paint. STP provided Aeroglaze paint and primer, manufactured by LORD, Inc. to
treat the CAPE mounting plate for flight. The primer used on the CAPE mounting plate
is Aeroglaze 9929, and the paint is Aeroglaze A276. Aeroglaze A276 paint is used in a
variety of space applications for a variety of reasons. A276 paint is easy to apply,
inexpensive to procure, durable, and exhibits low out-gassing at extreme temperatures
and vacuum conditions. The AFIT team employed Westwood Finishing Company of
Trotwood, OH to prime and paint the CAPE mounting plate. Figures 11 and 12 illustrate

how the CAPE mounting plate was painted by Westwood Finishing.
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Material: 6061 Al
Diameter: 24 in
Thickness: 1.5 in

**All holes need to be
plugged before painting**

Paint this side

Paint this edge all around

Paint this side

Paint this edge all around
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(b)
Figure 12: CAPE Mounting Plate (a) Before and (b) After Painting.

3.2 Assigning Part Numbers to RIGEX

Throughout the course of the project, RIGEX has been referred to only by the
acronym RIGEX. Various sub-assemblies have been referred to by their own title, such
as the Oven Assembly or Computer Assembly. RIGEX, though, has been left to describe
some end state of the entire experiment. Unfortunately, as RIGEX grows into a
prototype with numerous configurations, the name RIGEX no longer describes the
experiment with enough detail. According to standard NASA acceptance practices for
prototype testing and deployment, different configurations of flight hardware require
some type of naming system. Using a methodical and logical naming system allows for
each different configuration of RIGEX to be described as a different part. There is no
specified way to name different configurations, but a sensible approach would be to
begin with a common root, RIGEX, and add to it accordingly. In doing so, each

additional RIGEX configuration number provides a greater amount of detail about the
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particular configuration. This increased amount of detail alleviates confusion because
different parties can easily reference the drawing number and immediately know how
RIGEX is configured. The drawing number and the part number are typically the same.
However, to distinguish between a drawing number and an actual part number, a “-D” is
added to the drawing number and a “-P is added to the part number. For example,
RIGEX-WAVE1-D would be a drawing label, and RIGEX-WAVE1-P would signify the
actual part number of real hardware. Below is an example of a drawing identification

block.

AIR FORCE INSTITUTE OF TECHNOLOGY

WAVE #1 SUBASSEMBLY

SIZE FSCM NO DWG NO REV
A RIGEX-WAVE1 A
SCALE 11 |  B.ONeal [sreer 1 OF 1

Figure 13: Example of RIGEX Drawing Number Identification Block.

For this project, the RIGEX assembly was divided into three separate waves. Each wave
is a set of assembly steps. As such, the end of each wave yielded a different RIGEX
drawing number. Of course, the all-inclusive computer model of RIGEX is not how the
experiment will appear for space flight, nor is it how the project will be shipped and
tested. In conjunction with the other members of the RIGEX team, all of the different
configurations of RIGEX were determined. First, RIGEX needed to be assembled. With
three different waves, RIGEX was assigned three different drawing numbers: RIGEX-

WAVE1-D, RIGEX-WAVE2-D, and RIGEX-WAVE3-D. The end of wave #3 leaves
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RIGEX with all structural pieces and flight hardware pieces installed. However, in order
to distinguish between test configuration and space flight configuration, more drawing
numbers needed to be assigned. For the space flight drawing configuration, which
includes all flight hardware, such as the real flight sub-Tg tubes, RIGEX was named
RIGEX-FLT2008-D. For testing purposes, RIGEX will be configured exactly the same
as the flight configuration except for the non-flight sub-Tg tubes. As such, RIGEX was
named RIGEX-TST2007-D. These names were given in hopes of completing all testing
in 2007 and achieving successful launch in 2008. These examples identify only a few of
the many different RIGEX configurations. A complete list of the RIGEX part numbers is

seen below in Table 1.

Table 1: RIGEX Configurations

Part Number Configuration Description

Wave 1 Assembly Complete, main structure

RIGEX-WAVE1-P :
intact

Wave 2 Assembly Complete, main structure

RIGEX-WAVE2-P . .
and various subassemblies

RIGEX-WAVE3-P Wave 3 Assembly Complete
RIGEX-HAN2007-P Wave 3 + lifting handles, feet
RIGEX-TST2007-P Wave 3 + GSE

Wave 3 without shroud, CAPE mounting

RIGEX-SHIP2007-P
plate
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RIGEX-FLT2008 Wave 3 + flight tubes + flight cables

3.3 Torque Values during Assembly

Structural analysis performed by Gunn-Golkin in 2005-2006 was used to
determine the size of fasteners needed to properly secure the primary and secondary
structural elements of RIGEX together for flight (6). Using the results of Finite Element
Analysis (FEA), Gunn-Golkin identified the size, location, and orientation of every bolt,
washer, and nut to be used on the entire RIGEX structure. With the exception of the
oven boxes, all components on RIGEX will be secured using National Aerospace
Standard (NAS) fasteners. The structural integrity of the oven boxes was validated by
Helms (7). An acceptance memorandum addressing the use of non-NAS fasteners for

flight hardware can be seen in Appendix F.

NASA document NSTS/ISS 18798, Interpretation Letter MA2-00-057 requires
that every threaded fastener use two separate and different locking mechanisms to
prevent back-out of bolts during flight (12). One back-out prevention method used on
every fastener is the applied torque. Applied torque can also be referred to as preload.
The second back-out prevention technique used on RIGEX’s fasteners includes such

methods as using patch lock bolts, locking Heli-Coils, and locking nuts.

Running torque, applied torque, and total torque are three terms used to describe
torque of a fastener. In NASA document MSFC-STD-486B, Torque Limits for Standard,
Threaded Fasteners, torque values are tabulated for different bolt diameter sizes and
different back-out prevention methods (16). Running torque refers to the torque

experienced by the bolt as it is initially threaded into its mating threads. If a fastener has
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patch lock applied, running torque is measured only when resistance is felt by the patch
lock. For locking Heli-Coils and locking nuts, running torque is only measured when the
fastener threads begin to engage the locking mechanism. The applied torque of a fastener
is the most important quantity to be measured. Data provided by NASA document
MSFC-STD-486B tabulates applied torque values (16). This torque value is a measure of
the actual squeezing done between the fastener and the component being secured. The

total torque value is the combination of the running and applied torques, that is,

Running Torque (inlbs) + Applied Torque (inlbs) = Total Torque (inlbs) 1)

For RIGEX’s assembly, each fastener is installed using an inch-pound or inch-ounce
torque wrench. During actual assembly, only the running torque values and the total
torque values are read off of the torque wrench gauge and recorded. The applied torque
is then deduced from the running and total torque values. Figure 14 shows the three
torque wrenches that were calibrated for use in the assembly of the RIGEX protoflight

model.
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Figure 14: Torque Wrenches for Construction.

The flow of documenting torque values went as follows: measure and record running
torque, add desired applied torque, and then measure and record the total torque. While
this may seem tedious, the actual process was easy to carry out and document. All of the
torque values were recorded in the RIGEX assembly procedures, as shown in Appendices
A, B, and C. Figure 15 is a picture of a torque wrench being used in the construction of

RIGEX.
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Figure 15: Torque Wrench in Action.

The main reason to have a maximum or total torque value specified is to raise it to
everyone’s attention if there is galling of the threads or cross-threading, for example.
Smart installation would dictate that a technician stop applying torque before further
damage is done, such as breaking the head off the screw or destroying the female threads.
Both of these faults are much more difficult to fix than simply replacing a damaged
screw. Additionally, in the bolt analysis, a maximum running torque was assumed for
each fastener. If exceeded, there might be a case where a negative margin on stress

occurs if the running torgue is too high.

In most cases, it is not a serious problem if fasteners are installed with a running
torque a few inch-pounds above the specified limit. In this case, one method
recommended by the engineers at STP is to back the screw out and try it again. After

cycling the locking patch once, the running torque typically drops significantly on the
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second installation of that screw, which might bring it inside the specified range. The
running torque will most likely drop further each time a patch on a screw or bolt is
cycled. Eventually, it becomes necessary to replace a patch lock screw if installed too

many times.

3.4 Chapter Summary

This chapter identifies AFIT’s attempt to conform to the stringent requirements
set forth by NASA documentation. Although problems were confronted, all potential
issues were overcome with the help of STP engineers’ recommendations. In instances
where the AFIT team deviated from the exact design or letter of the law, the team was
still able to fulfill the intent of each NASA requirement. Some of these deviations are

discussed in greater detail in the next chapter of this thesis.
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IVV. Mechanical Assembly

Before space qualification testing of the RIGEX structure could take place,
RIGEX needed to be assembled. Past thesis students have compiled a nearly complete
materials inventory to be used in the assembly of RIGEX. This chapter describes the
construction of the RIGEX protoflight model and the problems encountered during

assembly.

4.1 Wave 1 Construction

Throughout the course of this thesis effort, the RIGEX project has evolved from a
set of engineering drawings and a cabinet full of flight components into an actual
protoflight model torqued, treated, and tested for space flight. Like many engineering
projects, there have been numerous design changes and problems to overcome. All of
these modifications have been properly documented through the use of a non-

conformance log.

As soon as the AFIT machine shop finished fabrication of the main structural
pieces of RIGEX, the RIGEX team readied the pieces for metal treatment. A fit check of
the pieces was done as best as possible. Since the AFIT machine shop finished making
the various components of RIGEX at different times, it was decided that the assembly
would be split into three different waves. Wave 1 of the RIGEX assembly procedure

describes the construction of the main RIGEX structure. Wave 2 of the RIGEX assembly
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procedure describes the addition of various structural and experimental components.
Wave 3 of the RIGEX assembly procedure describes the addition of all parts designed to
be removable once installed. Mostly, this means that the components installed during
Wave 3 are held in place with locking Heli-Coils, which are designed to accept fasteners

multiple times.

Before the components necessary to complete Wave 1 were finished by the
machine shop, a small mistake in the fabrication of three of the rib plates had to be
corrected. This forced the RIGEX team to outsource the re-machining of these parts to
Dysinger, Inc. of Dayton, OH. New aluminum was drop shipped to Dysinger’s machine
shop, and Dysinger machined three new ribs for RIGEX: the Large Rib, Large Computer
Rib, and Small Rib without Pin-Puller. Once all parts required for Wave 1 assembly
were machined correctly, the materials were taken to TechMetals to receive alodine and
anodize coating. As soon as the AFIT team received the parts back from TechMetals, the

team noticed that two of the rib plates received anodizing along their edges.
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This edge contacts the This e_dge contacts the
experiment top plate experiment top plate

Small rib with
Pin puller

3} spuon 8fips sy

Pnauys sephe

This edge contacts the
bottom rectangle plate

This edge contacts the

This edge contacts the
oven mounting plate

bottom rectangle plate

Figure 16: Anodizing Mistakes.

Ee e
Both the Small Rib with Pin puller and the Large Rib were anodized incorrectly. Both
the Large Rib and Small Rib with Pin puller maintain over a 16 square inch area of
alodine-to-alodine contact with other pieces. In both cases, this contact area is divided
between an adjacent rib and the inflation system mounting plates. All other rib interface
areas have alodine-to-alodine contact. The dark black lines shown in Figure 16 were

anodized by mistake. The yellow lines show an inner alodine-to-alodine surface. In a
teleconference discussion, STP recommended that a resistance test be done to verify
electrical conductivity between the ribs in question and the rest of the structure. These

resistance tests were successful in proving that there was no loss of conductivity
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throughout the structure due to the anodizing errors. Documentation of these resistance

tests are in Appendix A.

Wave 1 of the RIGEX assembly was carried out in a relatively smooth fashion.
One detail left unclear by the designers of RIGEX was the mounting of the three inflation
system pressure vessels. 1/8” thick Viton was used to isolate the stainless steel pressure

vessels from the aluminum inflation system mounting plates.

Inflation System

Mounting F’Iate\ll\
|

Nitrogen Tank —

Viton Donut

1. Viton Donut placed over hole in the Inflation
System Mounting Plate

2. Nitrogen Tank pressed firmly into the center of
the Viton Donut hole

3. Viton Donut conforms to contours of Nitrogen
Tank for a snug fit

Figure 17: Viton Use for Mounting Pressure Vessels.
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By cutting the Viton as shown in Figure 17, the pressure vessels were protected from
movement in all directions. This was fortunate since the pressure vessels act as a base
for all the other inflation system components. Figure 18 shows the inflation system

components installed as part of the first wave of construction.

Figure 18: Wave 1 Construction.

4.2 Wave 2 Construction

Wave 2 Assembly was integrated with RP-6, RIGEX Electrical Component
Assembly. During Wave 2, numerous holes needed to be drilled and tapped for electrical
component attachment. Unfortunately, Wave 2 assembly was plagued with broken drill

bits, broken taps, and misaligned holes. Additionally, structural analysis performed by
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STP during Wave 2 construction yielded a negative margin on two of the fasteners
securing the experimental top plate to two of the ribs. This analysis brought construction

to a halt.

STP used a seasoned bolt analysis software program to identify two of RIGEX’s
fasteners as having negative margins, meaning that the potential existed for these two
joints to fail structurally. More specifically, the concern was that the screws would shear
the threads in the aluminum rib and pull out of the rib. This case was unacceptable for
flight. Detailed documentation of the STP bolt analysis can be seen in Appendix E.
Several methods of solving this problem were presented. For example, Figure 19 shows
a proposed design change that incorporates a clearance hole with a washer and locknut to

attach the experimental top plate to the top of the ribs.

Existing Design: threaded hole Improved Design: clearance hole with washer and nut

Figure 19: Optional Modification to Rib-to-Experimental Top Plate Fastening.

Time constraints, machining difficulties, and analysis delays forced the AFIT team to
decide between four options presented by the engineers at STP. The following is a brief

explanation of each option.
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1. Drill and tap rib-to-experiment top plate holes deeper, if possible. Modify top

plate for counter bores. Re-run analysis using longer fasteners.

2. Drill and tap rib-to-experiment top plate holes deeper with the addition of a Heli-

coil insert, if possible. Re-run analysis using stronger screw

3. Add another hole for an additional screw near the negative margin screws.
Adding a screw will help share the load and possibly bring margins lower than

current design.

4. Keep design as is. Perform pull tests to obtain a higher allowable stress to use in
the analysis. This would require permission from JSC Materials and Structures
Working Group. AFIT would have to build at least 25 samples plus 4 or 5 tensile

coupons from the parent material.

With much chagrin from the AFIT machine shop, the AFIT team decided to carry out
option #1. Per STP’s recommendations, a longer socket head cap screw and washer were

used in place of the original countersunk screw.
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Figure 20: New Design for Experimental Top Plate Fasteners.

Figure 20 shows the new design implemented by the AFIT team. Special washers with a
countersunk through hole were selected for this application. These washers are used
under bolt heads for flight because the bolt’s specifications allow for a small fillet under
the bolt head. It is important to avoid having the fillet resting on the edge of the washer’s
inner diameter. Otherwise, it would create a stress concentration under the bolt head.
The role of these washers, just like any washers, is to provide a harder material for the
bolt head to bear against as it is torqued down and to spread the load in the joint.
Without a washer, the socket head cap screws would have very little area interfacing with

the aluminum plate, particularly if the clearance hole is large.
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Before Wave 2 construction commenced, the RIGEX structure was delivered to
the AFIT machine shop in order to fabricate the shroud. While in construction, a design
oversight was discovered regarding shroud attachment. Button head cap screws were
called for to fasten the shroud to the four ribs, Oven Mounting Plate, and the
Experimental Top Plate. However, the ribs did not mount to the shroud in a
perpendicular fashion. If installed, the head of the screw would be incorrectly placed
under a bending load. To alleviate this issue, the AFIT team requested custom triangular
washers be made to fill the void and allow the button head cap screws to be loaded

correctly, as seen in Figure 21.

CUSTOM
TRIANGULAR
WASHER —_,

/\/

SHROUD

RIB

Figure 21: New Shroud Washers.

The shroud was originally designed with a one-inch overlap to secure the two edges.
This overlap was to be placed at one of the ribs and secured using the shroud fasteners.
When put to practice, this design did not work. The thick shroud seam forced the screw

heads to protrude as far as the Delrin bumpers at the base of RIGEX. Consequently, a
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new seam attachment design was generated and fabricated. The figures below illustrate
the new design for securing the shroud’s seam. It incorporates six aluminum blocks
inside the shroud’s inner diameter.

Shroud joint Button-head screws inserted here
(same as rest of shroud screws)

[EAS?

heli-coils Curved aluminum block with
approx. dimensions =
0.375” thick, 0.75" high, 1.75" wide

(@)
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Six equal-spaced blocks
with 2 heli-coils each
(located inside shroud)

/

Ll

G-

K Shroud

Shroud joint placed over computer bay
hot to interfere with computer container

(b)
Figure 22: New Shroud Seam (a) Brackets and (b) Placement.

Wave 2 construction coincided with the attachment of electrical components and
wiring. Both of these tasks were performed in accordance with RD-6. Figure 23
illustrates the complexity of RIGEX’s wiring architecture. Multiple wire colors were
helpful in keeping track of which wires came from which component. In Figure 23, all
through holes that penetrate RIGEX’s interior are taped closed. This was done in an

effort to minimize contamination of the inner compartment created by the four ribs.
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Figure 23: Wave 2 Construction.
The figure above illustrates the integration of the Wave 2 assembly with the electrical

component wiring. As wires were added, more attention was needed to keep the wires in

order.
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The figure below shows the bottom side of RIGEX’s Oven Mounting Plate. Bending the
Ya” stainless steel tubing for a snug fit proved to be a difficult task. Nonetheless, all

pressure system components were fitted as designed.

= n

The oven assemblies used to heat the sub-Tg tubes were wired and wrapped with
insulation. The insulation is used to help contain heat within the oven by re-radiating
heat energy back towards the tubes. The oven assemblies were built with every effort to

minimize the chance of the tube being snagged during inflation. For example, the oven
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door hinges were mounted outside of the oven for clearance inside the oven, as illustrated

in the figure below.

Figure 25: Completed Oven Assemblies.

4.3 Wave 3 Construction

The final wave of RIGEX’s construction will take place once RIGEX is ready to
be shipped to Johnson Space Center (JSC) for further space qualification testing. Wave 3
of the construction includes all elements on RIGEX held in place with locking Heli-coils
and bolts. Appendix C, Wave 3 Assembly, describes the process for attaching the
remainder of the components and applying torque to all of their respective fasteners. A
fit check has been completed with all components to be installed during the last wave of

construction. All components fit according to the designs.

Certain elements of the Wave 3 assembly are intended to be repeated multiple
times. For example, when RIGEX is shipped to JSC and KSC, neither the shroud nor the

CAPE mounting plate will be installed. These steps will be performed on-site due to
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RIGEX’s shipping configuration. In instances when an assembly step will be performed
multiple times, the Wave 3 Assembly Procedure will also be used multiple times. Each

iteration of a particular step will be documented in the Wave 3 Assembly Procedure.

4.4 Assembly Summary

The mechanical assembly of the RIGEX structure consists of three waves of
subassemblies, Waves 1, 2, and 3. All assembly steps are documented in controlled
documents, seen in Appendices A, B, and C. These controlled documents fulfill NASA’s
requirement to provide proper documentation for the construction of a space payload. In
addition, they provide details on any modifications made during assembly that deviate
from the original design. Once RIGEX is fully assembled and tested in an ambient
environment, it will be ready for shipment to JSC for space qualification testing. This

testing is discussed in detail in the next chapter of this thesis.
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V. Space Qualification Testing of RIGEX

Over the past few months, AFIT’s ability to test space payloads and qualify them
for flight has improved dramatically. AFIT currently maintains a vibroacoustic test table
and a thermal vacuum chamber for space payload testing. This chapter discusses the

reasons and methods for qualification testing of the RIGEX payload.

5.1 Thermal Vacuum

The overall goal of NASA’s strict and laborious ground testing requirements is to
ensure that payloads achieve mission success in a safe manner. This lengthy list of
requirements tests everything from sharp edges to electromagnetic interference.
Requirements for flight differ greatly depending on the type of payload. The RIGEX
program has a specific set of testing requirements since RIGEX will be installed inside

CAPE and attached to the space shuttle’s Get-Away-Special (GAS) beam.

According to the CHUG, all components need to demonstrate that they can
function properly in the thermal extremes of the space environment (3). The space
environment is dramatically different than the Earth’s atmosphere. In space, there is no
atmosphere. Consequently, heat transfer in space is only achieved through conduction
and radiation. Convective heat transfer cannot take place due to the vacuum of space.
Conduction heat transfer is achieved when thermal energy is transferred by molecular
movement through a material or combination of mating materials. The rate of conduction

can be described by the equation
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Q =xA (Thot - Tcold) (2)

where Q equals the heat transfer rate per second, x equals the thermal conductivity
coefficient of the material, 4 equals the surface area of conduction, and T is the absolute
temperature. Radiation heat transfer occurs when a body emits electromagnetic waves
that carry thermal energy to another object. Radiation heat transfer can be described by

Stefan-Boltzmann equation

0 = ecA(T— Teo)’ (3)

where Q equals the heat transfer rate per second, e is the emissivity of the object, o is the
Stefan-Boltzmann constant (5.56 *10® J/(s-m*-K*), 4 is the surface area of the object,
and T is the absolute temperature. Heat transfer always occurs in the same direction —

hot to cold.

Advanced ground testing techniques and equipment attempt to mimic all of the
environmental conditions of space, except for zero gravity. A thermal vacuum (TVAC)
chamber can be used to simulate the extreme temperatures and complete vacuum of the
space environment. A thermal vacuum chamber uses flourinert fluid in a radiator to cool
or heat a conductive platen. Figure 26 shows the chamber’s platen. The platen thermally
controls whatever test object is placed on top. Vacuum pumps are used to purge the

ambient air from the pressure vessel.
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Figure 26: AFIT TVAC Platen Pulled Open to Access Test Panel.

AFIT acquired a custom TVAC chamber from PHPK Technologies out of
Columbus, OH in 2006 to conduct testing on RIGEX and future space payloads. The
PHPK TVAC chamber allows for a 30”x30”x48” object to be tested in a thermally
controlled vacuum. AFIT’s chamber uses liquid nitrogen for cooling, and an electric
resistive heater for heating. To achieve a vacuum on the scale of 10 torr (1 ATM = 760
torr), the PHPK TVAC chamber uses two vacuum pumps. A roughing pump decreases
the pressure to approximately 107 torr, at which time a turbo pump is turned on in
addition to the roughing pump to bring the pressure all the way down to 107 torr. A

typical value for space qualification testing is a vacuum of less than 107 torr.
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-I.:i-gure. 27: AFIT TVAC Ch.arr;lber Front Dor.
The AFIT TVAC chamber, pictured above, is controlled using a touch-screen computer
display, shown in Figure 28. All functions are automated except for returning the
chamber to ambient pressure. To return the chamber to ambient pressure, a Swagelok T-
valve needs to be turned open by hand. A complete set of user instructions was provided
by the manufacturer, as well as hands-on training on operating the chamber’s control

software.
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Figure 28: AFIT TVAC Chamber Rear Control Panel.

The importance of testing RIGEX in a thermally controlled environment is paramount to
mission success.  Many components have different operating and survivable
temperatures, and it is essential that these temperatures be determined through testing.
The operating temperatures of a piece of hardware are the range of temperatures for
which the hardware is rated to function properly. The survivable temperatures of a piece
of hardware are the range of temperatures at which the hardware can be stored. An item
only has to survive at the survivability temperature, not function. For example, the
accelerometers used on RIGEX are manufactured to operate correctly at -40°C to 85°C.

However, the survivable temperatures of the accelerometers are -55°C to 150°C. A
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complete list of the operational and survivability temperatures for all RIGEX hardware

can be viewed in Appendix G.

Table 2: Abbreviated Operational and Survivability Table.

Operating Limits Storage Limits*
Temp (°C) Humidity % Temp (°C) Humidity %
Subsystem Low High Low High Low High High Low
Command and Control
Thermocouple
(data -25 85 N/A N/A -25 85 N/A N/A
acquisition)
Solid State
Relays: output
-20 80 N/A N/A -40 100 N/A N/A
Solid State
Relays: input

Imaging System

Cameras -20 100 N/A N/A -20 100 N/A N/A

Table 2 highlights the components on RIGEX whose manufacturer’s specifications do
not meet the thermal operational requirements set forth by STP. As a result, the
components found in Table 2 require TVAC testing to validate their functionality at
temperature extremes. In most cases, the components are not rated to such extreme
temperatures as those found in space due to the fact that they were never tested by their
manufacturer to perform at these high and low temperatures. Successful ground testing
in a TVAC chamber is a legitimate way to thermally certify components for space flight.
Figure 29 shows a picture of the initial set-up of AFIT’s TVAC chamber. The chamber

was delivered by the manufacturer with no thermocouples and no power supply lines.
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Figure 29: AFIT TVAC Power Lines Installation.

Upon successful installation and set-up of the AFIT TVAC chamber, RIGEX
components in need of thermal qualification were tested. In order to facilitate this
testing, the TVAC chamber needed to be equipped with at least eight thermocouples for

data acquisition. K-type thermocouples were used in a variety of locations for testing.
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Figure 30: TVAC Test #1- Experimental Set-Up Schematic.

Figure 30 illustrates the layout of the first series of components tested in the TVAC

chamber as well as the placement of the thermocouples. The component test was set up

in hopes of achieving the closest flight configuration possible. In other words, the goal

was to test RIGEX like it flies.

properly at both hot and cold temperature extremes.

All items tested in the component test functioned

completed using the entire RIGEX structure.
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5.2 Vibration Testing

Launching RIGEX into space and expecting it to perform as designed is a lofty
goal. This is especially true considering the fact that RIGEX will sit idle for months
during shuttle launch preparation, only to be followed by a violent launch into space.
RIGEX’s structural integrity cannot deteriorate over time. NASA document NSTS
37329, Rev. B dictates that payloads must undergo vibration testing in order to ensure
that a payload is fit for space flight (16). NSTS 37329 states that “a series of structural
analyses will be performed to verify the structural compatibility of the Cargo Element
(CE) with the Orbiter and with other CEs in the cargo bay manifest” (16). This document
provides a scope for testing space flight payloads with regard to random vibration
analysis, modal frequency analysis, and displacement. Vibration testing of flight
payloads is accomplished through a series of different tests. Typically, structures
undergo a structural stiffness verification test and a random vibration test, followed by a
second structural stiffness verification test. Data from these tests is collected through the
use of accelerometers installed on the structure during testing. For the RIGEX/CAPE
structure, both tri-axial and single axis accelerometers will be used in a variety of

locations.
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® Triaxial Accel
A Single Axis Accel

Figure 31: RIGEX/CAPE Accelerometer Locations (19).

Figure 31 shows the approximate placement of the accelerometers that will be used
during RIGEX/CAPE vibration testing. The placement of the accelerometers was the
decision of the engineers at STP and coordinated with AFIT. The most critical position
is thought to be the #6 and #7 accelerometers because they are placed on the furthest

cantilevered position.

A structural stiffness verification test, also called a sine sweep test, consists of a

series of acceleration/force sweeps through different frequencies. In doing so, the natural
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frequency of the structure being tested can be determined. The fundamental resonance,
or natural mode, of a structure is the first significant measured frequency that matches the
input frequency. During testing, the transfer function of the system is measured to
determine the structural frequencies. This is based on using Newton’s 2" Law, relating

the forces acting at a particular point on a structure to its acceleration.

F=ma 3)

The forces F include both internal forces acting at the point where the acceleration is
measured as well as any externally applied forces. Taking the Laplace Transform of
Equation (3), the transfer function can be expressed as

X(s) 5
F(s) ms*+bs+k

(4)

where m represents the mass, b the system damping, and & the structural stiffness. The
resonance of the structure are input frequencies (F(s), s=jw) where the denominator in
Equation (4) approaches zero. Assuming a constant mass, the natural frequency
corresponds directly with the value of k in Equation (4). For the RIGEX/CAPE structure,
the design goal is to achieve a natural frequency greater than 35 Hz (19).

First, a sine sweep test is performed three times, once for each axis in three-
dimensional space. The sine sweep tests results creates a set of frequency response data,
Equation (4), for a particular structure. This data can be thought of as the payload’s
fingerprint. After the initial sine sweep test in each axial direction, a random vibration

test is performed. The random vibration test is different from a sine sweep test in that a
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random vibration test varies excitation frequency over a prescribed range of input
frequencies based on the particular launch vehicle. Since the shuttle experiences random
vibration during launch, this test is a good simulation of actual flight. For the
RIGEX/CAPE structure, the maximum expected flight level (MEFL) to be used for
random vibration testing is 6.8 Grms (19). This level was developed in accordance with
data provided by NASA document NSTS 21000-IDD-SML (19). The RIGEX/CAPE
structure will undergo random vibration testing in three orientations, one for each axis in

three-dimensional space.

Table 3: Random Vibe Test Levels (19).

X-AXis
ASD
FREQ (Hz) (G*/Hz)
20.00 0.010000
80.00 0.040000
500.00 0.040000
2000.00 0.010000
Y-AXis
ASD
FREQ (Hz) (G?/Hz)
20.00 0.010000
45.00 0.060000
600.00 0.060000
2000.00 0.010000
Z-AXxis
ASD
FREQ (Hz) (G*/Hz)
20.00 0.010000
70.00 0.050000
600.00 0.050000
2000.00 0.010000

Table 3 identifies the auto spectral density (ASD), which is the specific level of random
vibration that the RIGEX/CAPE structure will experience in each axial direction. It is

critical to note the importance of orientation for the random vibration tests. RIGEX is
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only designed to fly in one particular orientation in the shuttle. The values used for

testing reflect this particular orientation accordingly.

Following the random vibration test, the RIGEX/CAPE structure will undergo a
second sine sweep test. The data collected during this second sine sweep test will be
used to create a second fingerprint for the structure. The fingerprints of the first and
second sine sweep tests are compared to determine if the structure survived the random
vibration levels. If the first and second fingerprints match, the RIGEX/CAPE passes
vibration testing. In most cases, a payload passes if the first and second test results are
within a few percent of one another. A case by case analysis is used by NASA to

determine how well a payload performed during vibration testing.

Table 4: Ultimate Mechanical Factors of Safety (15).

ULTIMATE MECHANICAL FACTORS OF SAFETY

Material Tasted Hot
Testad
Standard Matallic 1.4 Nota 1

{e.g., aluminum,
steal, eto.)

zlazs 2.0 c.q
Men-metallic for 1. 4Ft= = Hots 1
non-discontimity

areas

Hon-metallic for 2.0 Hota 1
discontinuity

Areas

WNotes: 1. The S5SP Structures Working Group (SWE) will determine the
sppropriate walus based on the propossd usage.

2. The 1.4 wvalu=s is applicakle whan a prototype wverificatiom approach
ig being ueed. This walus becomes 1.5 when a protoflight
varification approach is used.

Table 4 identifies the factor of safety used by NASA to help determine a vibration testing

profile. RIGEX is a protoflight model built out of aluminum, so its ultimate mechanical

factor of safety is 1.5. Since RIGEX will be flown inside the Canister for All Payload
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Ejections (CAPE) assembly, RIGEX will be installed inside of CAPE for testing. The
purpose of testing RIGEX inside CAPE is to simulate the forces that will be felt in the
actual flight configuration. RIGEX will not be exposed to a stand-alone test due to the
risk of over-testing and potentially damaging flight hardware. Typically, a workmanship
vibe test is completed on flight hardware. This workmanship test is a stand-alone
vibration test of lesser magnitude than the launch vibration test. The goal of a
workmanship test is to ensure that a payload is structurally sound before being tested at
Johnson Space Center (JSC). For the builders, a workmanship test provides assurance
that no mistakes were made during assembly. For the engineers at JSC, a workmanship
test provides assurance that a payload is ready to be tested and justifies the use of
expensive facilities and resources. The decision to do without a workmanship vibe test
on RIGEX was made because it was impossible to predict the actual loads RIGEX will
experience during flight. The engineers at STP believed that the loads may be slightly
damped since RIGEX will be inside CAPE. Therefore, STP engineers were skeptical of
completing a workmanship vibration test on a flight prototype for fear that if the
acceleration values were wrong, the structure might fail. Because RIGEX is only a

prototype, the RIGEX team would have no back-up plan, and thus, mission failure.

Vibration testing for the RIGEX/CAPE structure will take place at the
Vibroacoustic Test Facility, Building 49, at Johnson Space Center (JSC) in Houston, TX.
The RIGEX Vibration Test Plan was developed by Taylor, the RIGEX Payload
Integration Engineer (19). This document, shown in Appendix D, provides the specifics

of how vibration testing will be carried out while RIGEX is in Houston, TX. Every effort
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was made to test RIGEX/CAPE like it will fly. However, RIGEX will not be configured
exactly the same for testing and flight. During testing, RIGEX will be fitted with test
sub-Tg tubes and Ground Support Equipment (GSE) cables. Both of these items will be

swapped out and replaced with flight-certified components prior to launch.

In order to facilitate a successful test, numerous details needed to be worked out
between AFIT and STP. Through conversation via teleconference, details of how
RIGEX would be received at JSC, processed at JSC, tested at JSC, and returned home to
AFIT were determined. A ground flow schematic was developed as a plan for RIGEX’s

movement while at JSC.

Figure 32: RIGEX Ground Flow Schematic for JSC Vibration Test.

Figure 32 shows a top-level flow diagram used to guide RIGEX through the various
phases of the vibration test. Due to the relatively high weight of RIGEX, almost 200

pounds, special care needs to be taken so that RIGEX is only lifted by mechanical lifting



devices, such as a fork lift or crane. A specific set of directions illustrating how RIGEX

will be handled while at JSC is found in the RIGEX Handling Procedure, RP-8.

5.3 Testing Summary

It is the hope of the entire RIGEX team that RIGEX will successfully pass all
testing required for space flight qualification. In the event of a test failure, the RIGEX
team will analyze the failure mechanism and either test again or modify the design.
Passing all of the elements of space qualification testing would propel the RIGEX
program towards a bright future and closer to space flight. The next chapter of this thesis

discusses the future of the RIGEX program.
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V1. Discussion and Future Work

The RIGEX program is AFIT’s first effort at a complete design/build/qualify and
space flight test of a shuttle experiment. Although the development of RIGEX has taken
far longer than expected, designing and testing RIGEX has given AFIT many good
examples from which to learn. As RIGEX nears completion, it is important to look ahead
towards the future of the RIGEX program, both immediate and long-term. This chapter
discusses some of the goals that the RIGEX team expects to meet, as well as some of the

lessons learned along the path towards launch.

6.1 Future RIGEX Work

The proposed launch date for the RIGEX program is February 2008. In order to
meet the future deadlines set forth by NASA, RIGEX must pass numerous tests and
fulfill a variety of requirements. The largest and most critical hurdles that face the
RIGEX project include successfully passing vibration testing and electromagnetic
interference (EMI) testing at JSC. Smaller tests such as a sharp edge inspection, a mass
and CG test, and Interface Verification Test (IVT) also need to be successful. The
purpose of the Sharp Edge Inspection is to determine whether or not any surfaces
exposed to the shuttle’s payload bay have the potential to tear an astronaut’s space suit.
Since RIGEX’s CAPE Mounting Plate will be exposed to the payload bay, its edges must
be shown to be smooth. A Mass and CG Test is designed to determine the total mass and

the centroid of a payload. This data is used to compare with a simulated computer model
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to ensure that all structural analyses performed are correct. The purpose of the IVT test
is to make certain RIGEX is compatible with the Orbiter’s electrical power buses. With
the help of the engineers at STP, the AFIT team has prepared RIGEX to be successful in

each event leading up to launch.

When RIGEX is cleared for flight, it will be expected to survive the journey into
space and perform three identical experiments in the space environment. Many factors
contribute to the mission success of the experiment while in space. It is the hope of the
AFIT team that through extensive analysis and thorough testing, all systems will function
properly and RIGEX will land with quality data. Post-processing of the data must be
performed in order to make any conclusions about the performance of the sub-Tg tubes in
space. Additionally, further ground testing must take place in order to simulate the as-
flown configuration of the tubes. For example, the flight ribbon cable attached to each
accelerometer on RIGEX is stiffer than the cable used during ground testing. Since the
flight ribbon cable is less-pliable than the cable used during ground testing, the results of

tube deployment and excitation may differ.

If RIGEX is successful in gathering experimental data in the space environment,
future rigidizable inflatable experiments would be in order. These future experiments
could deploy longer sections of tubing, or even deploy an actual structure such as a truss.
If RIGEX is unsuccessful in gathering quality data in space, a similar RIGEX could be
redesigned from the ground up to be lighter and more robust. This would be far less of a
task than the development of the first RIGEX due to the wealth of knowledge

accumulated over the past several years.
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6.2 Lessons Learned

The AFIT space payload program is still in its infancy. However, in the short
period of time that it has taken to assemble RIGEX, a great deal of information has been
acquired. Unfortunately, this body of knowledge is rooted in graduating students. The
RIGEX program would benefit greatly if there was a constant source of knowledge that
could contribute to the experiment at each stage of the project. This knowledge base
must include more than just faculty members and technicians. It must include full time
students that follow the project from conception to delivery at KSC. This level of
commitment may seem daunting, but it would significantly reduce the length of time for

research and ground testing.

As a result of the RIGEX project, AFIT is more equipped, better connected, and
smarter about how to approach the needs of a NASA deliverable. For example, during
the construction of RIGEX, the AFIT tool supply increased dramatically due to the
particular needs of odd fasteners on RIGEX. AFIT can now test projects in a large scale
thermally controlled vacuum environment. The AFIT machine shop has proven that they
are a proficient and flexible asset to space projects. RIGEX’s needs have opened many
doors to quality vendors and trustworthy contractors whom AFIT would have never

known otherwise.

Attempting to understand the intricacies of the NASA document tree is
overwhelming. Now that AFIT has been through one iteration of the payload

documentation process, future projects will have a much easier time keeping records and
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preparing paperwork. This is particularly important because preparing documentation for
NASA is never a popular task. In addition to the documentation and analysis associated
with a space project, extensive testing is required. Fortunately, AFIT is prepared to test

future projects with state-of-the-art equipment.

A vital part of achieving mission success on any experimental space project is to
establish a prototype capable of setting the standard for real flight hardware. No real
prototype of RIGEX was built to help solve fabrication and functionality issues. Instead,
RIGEX is a protoflight model. It would be advantageous to construct a flight-like
prototype model. Only after successful testing of the prototype model should the flight-
ready model be made. Improving AFIT’s software capabilities is an important step in
attaining a fully qualified prototype model. If AFIT’s software was on par with NASA'’s
software, particularly finite element analysis capability, computer analysis discrepancies

would be less of a burden to both AFIT and NASA.

6.3 Discussion Summary

AFIT has benefited from the experience gained throughout the course of the
RIGEX project. Although the project still faces many challenges in the future, it is
important to note that the RIGEX team has overcome numerous setbacks and obstacles.
RIGEX has become a stable structure ready for official space qualification testing and
launch. AFIT has become a proficient facility capable of producing and testing future

space payloads.
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Appendix A: Wave 1 Assembly (RP-1)

The following appendix contains the first of three assembly procedures used in
the construction of the RIGEX protoflight model. This assembly procedure describes in

detail the first subassembly of RIGEX.
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RIGEX Mechanical Assembly

Frocedure
Page ji
CHANGE LOG
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RIGEX

Mechanical

Assembly Crocedurs

Page 1
Seq# | Instructions Date Tech Insp
1.0 Scope
This document provides step-by-step procedures for
aszembling the first sut-azsembly of RIGEX.
1.1 Aszign Serial Mumber: _ RIGEX-1
2.0 Materials and Components
2.1 Obtain partz and materials from Ceriified Siores.
tem numbers (#) herein are refersnced in Takble 1 at
the end of thiz document.
2.2 Record each lot number or senial number in Table 1 at
the end of thess proceduras.
23 Record each part number in Table 1 at the end of

these procedures.
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RIGEX Mechanical
Aszembily Procedure
Pags 2
Seq # | Instructions Date Tech Insp
24 Record Toa! Information

Tool Mo.
Last Calilzration Date
Mext Calibration Date

Tool Mo,
Last Calilzration Date
Mext Calibration Date

Torgue values in this procedure will be as follows:

Running forgue — torgue experienced by torque
wrench before major resistance is met

Applied torgue — diference between Running and
Total Torque

Total Torque — maximum torque experisnced by
torque wrench

{i.e. Total = Running + Applied)

EP-1
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FIGEY

Mechanical

Aszembly Crocedurs

Page 2

Seq#
3.0

3.1

Instructions
Inflation System Construction
MOTES:

Befors installing any bolts, apply alodine fouch-up
with swak stick to all threaded and unthreaded holes.

Befors applying torgues, install all zpecified fastenars
finger tight to ensure proger alignment. Use Teflon
Tape (41) on all NPT fittingz. For all compreasion
fittings, tighten 1 and %4 turn past finger-tight.

The pictures at the end of this document may be used
to help clarify these assembly procedures. Each
picture is lab=led az a sequencs number, and these
sequence numbers correspond to a particular step in
the assembly procedurs.

Aftach Small Rib without Fin Puller (8] to Large
Computer Rib (3] using 12 MAS1183E3P12B (36);
Running torgue should be 2-18 in ls; Applied torque
should be 66 +7 inlbs

1. Running____ + Applied: = Tota inlbs
12. Running_____ + Applied: = Tota inlbs
2. Running___+ Applied: = Toia inls
11. Running____+ Applied: = Tota inlbs
3. Running_____+ Applied: = Tofa inlks
10. Running____+ Applied: = Tota inlizs
4. Running____+ Applied: = Tofa inlks
9. Running____+ Applied: = Toia inlbs
5. Running____+ Applied: = Tofa inlts
8. Running____+ Applied: = Toia inlbs
g. Running____+ Applied: = Tota inlbs
7. Running____ + Applied: = Toia inls
EP-1
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RIGEX Mechanical
Assembly Procedure
Page 4
Seq# | Instructions Date Tech Insp
3.2 Attach Bottom Inflation Mounting Plate (10} to Smal
Rily without Fin Puller (8) uzing 3 MAS1185E3P12B6
{38); Running torque should be 2-15 in lbs; Applisd
torque should be 88 £7 inlbs
132, Running + Applied: =Tota inlbs
15. Running + Applied: =Tota inlts
14. Running + Applied: =Tota inlts
3.3 Aftach Bottom Inflation Mounting Plate (10} to Large
Computer Rib (3) using 4 NAS1138E3P12B6 (36);
Running torgue should be 2-18 in ks, Applisd forque
should be 66 27 inlks
16. Running + Applied: = Tota inlis
19, Running + Applied: =Tota inlbs
17. Running + Applied: = Tota inlis
18. Running + Applied: =Tota inlbs
34 Flace each of the three Nitrogen Gas Tanks (25)ina
hole on the Bottom Inflation Mounting Flate {(10) and
place Tog Inflation Mounting Plate (9) on top of the
Mitrogen Gas Tanks (25) to keep them from falling.
Flace Yiton (35) between the ends of each gas tank
and the inflation mounting plates. U=e just enough
Yiton {33) so that there is no metal-on-metal confact.
3.5 Attach Top Inflation Mounting Plats {9) to Small Rik

withiout Pin Puller {8 using 3 MAST189E2P1 2B [26);
Running torgue should be 2-18 in ks, Applied forque
should ke 66 £7 inlks

20. Running + Applied: =Tota inlbs

22. Runming + Applied: = Tota inlis

21. Running + Applied: =Tota inlbs
EP-1
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RIGEX Mechanical
Assembly Erocedure
FPage 5

Seq # | Instructions Date Tech Insp
36 Aftach Top Inflation Mounting Plats {9) to Largs

Computer Ril (3) using 4 NAST135E3P12E (26,

Running torgue should be 2-18 in lbs; Applied forque

should be 66 7 inlbs

23. Running + Applied: = Tota inlbs

26. Running + Applied: = Tota inlbs

24, Running + Applied: = Tota inlbs

25. Running + Applied: = Tota inlbs
a7 Aftach 1 Pressure Transducer (21} o the fop of each

Mitrogen Gas Tank (25). Attach adapier fitling to

pottom of each tank. Tighten both until wrench fight,

total forgue should be greater than 100 inlbs.

XDCR 1: Tota infxs

XDCR 2: Tota infxs

XDCR 3: Tota inlixs

Fitting 1: Total inlbs

Fitting 2: Total inlbs

Fitting 3: Total inlis
3.8 Aftach Swagelok Fill Yalve (27) and Pipe Tes (34) to

the bottom of each Mitrogen Gas Tank {25). Tighten
until wrench tight, tofal torque should be greater than
100 inlbs.

YYalve 1: Total inlbs
Yalve 2: Total inlbs
Yalve 2: Total inlbs

EP-1
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RIGEX Mechanical

Aszembly Frocedurs
Pages 6

Seq # | Instructions Date Tech Insp

3.8 Attach Small Rik with Pin Puller (5) to Large
Computer Rib (3) using 12 NAS1189E3P12E (36];
Running forgue should ke 2-182 in ks, Applied forque
should be 66 27 inlbs

27. Running____+ Applied: =Tota inlizs
38. Running____ + Applied: =Tola inlbs
28, Running____+ Applied: =Tota inlbs
37. Running_____ + Applied: =Tota inlizs
29, Running___ = Applied: =Tola inlbs
35. Running_____ + Applied: =Tota inlizs
30. Running_____+ Applied: = Tota inlizs
35. Running____ + Applied: =Tola inlbs
3. Running_____+ Applied: =Tota inlizs
3. Running____ + Applied: =Tota inlbs
32, Running_____+ Applied: =Tola inlbs
32, Running_____ + Applied: =Tota inlizs

210 | Attach Bottom Inflation Mounting Flate (10} to Smal
Rily with Fin Puller (5) uging 3 MAST139E2P12B6 (36);
Running torgue should be 2-18 in ks, Applisd torque
should be B6 £7 inls

42 Running + Applied: =Tola inlbs
44 Runming + Applied: =Tota inlizs
43, Running + Applied: = Tota inlizs

N Attach Top Inflation Mounting Plate {2 to Small Rib
with Pin Puller (5) using 3 NAST189E3FP 126 (368);
Running forgue should ke 2-182 in ks, Applied forque
should be 66 £7 inlks

358, Running + Applied: =Tola inlbs

41 Running + Applied: = Total inlis

40. Running + Applied: = Tota inlis
EP-1
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RIGEX Mechanical
Assembly Brocedure
Page 7
Seq # | Instructions Date Tech Insp
312 | Use Tubing (26} and attach the Solenoid Yalve {30]) to

the bottom of each Swagelok Fill Valve (27) and Pipe

Tees (341

Fitting 1: Total____inlbs
Fitting 2: Total___ inlks
Fitting 3: Total_inlbs
Fitting 4: Total_inlbs
Fitting 5: Total_____ inlbs
Fitting &: Total____ inlks

Solenoid Valve (30) will be attached to adjacent rib
via Solencid Mounting Block (29). Each Sclenoid

Mounting Block (25) will use HAST1ESEIP12E (36) fo
attach to adjacent rily (Running torque should e 2-18

inlts; Applied torque should be 66 =7 inlbs)
Mounting Block 1:

45 Running____ + Applied: = Tota
46, Running + Applied: =Tota
Mounting Block 2:

47, Running____ + Applied: = Tota
48, Running____ + Applied: = Tota
Mounting Block 2:

L5 Running____ + Applied: = Tota
S0. Running_____+ Applied: = Tota

EP-1
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RIGEX

Mechanical

Azzembly Proceaure

Fage 8
Seq # | Instructions Date Tech Insp
212 | Each Sclenoid Valve (20) should be attached fo its
respectve mounting block uging MAS1352M04-3 (38).
Solenoid 1:
450, Running + Applied: = Total inlbz
4Bi. Running + Applied: = Total inlbz
Solenoid 2:
47i. Running + Applied: = Total inlbs
48i. Running + Applied: = Total inlbs
Solenoid 2:
4%8i. Running + Applied: = Total inlbz
S0i. Running + Applied: = Total inlbz
213 | Attach Oven Mounting Plate (7) to ribs using 8
MASTIS9E3F1EE (37) (Running forque should be 2-
18 inlks; Applied torque ghould be 67 £7 inlbs)
Owen Mounting Flate (7) 1o Large Computer Rib (3)
51. Running + Applied: =Tota inlizs
52. Running + Applied: =Tota inlbs
Owen Mounting Flate (7)o Small Rilb without Fin
Fuller {&]:
53. Running + Applied: =Tota inlizs
4. Running + Applied: =Tota inlizs
55. Running + Applied: = Tota inlis
Oween Mounting Flate (7) o Small Ril with Pin Puller
(S}
6. Running + Applied: =Tota inlks
57. Running + Applied: =Tota inlbs
S8, Running + Applied: = Tota inlis
314 | Attach 1 Pipe Tee (34) o the Oven Mounting Plate (7)

in each of the 3 locations below whers the
themoplasiic composite tubes will be

EP-1
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RIGEX Mechanical
Assembly Frocedure

Page 9

Seq # | Instructions Date Tech Insp

315 Eend tubing through tuking holes in Small Rib with
Pin Puller (5) and Small Rib without Pin Puller (8) to
connect Pige Tee (24) to Solenoid Valve (20)

316 | Attach Large Rik (4} to Small Rik with Pin Puller (5]
using 12 MAST189E3F126 (36); Running torguse
should be 2-13 in lbe; Applied torgue should be BE £7
inlts
59, Running_____+ Applied: = Tota inlizs
70. Running__+ Applied: = Tofa inlizs
0. Running____ + Applied: = Tota inlizs
89. Running_____ + Applied: = Tota inlizs
51. Running__+ Applied: = Tota inlizs
8. Running_____ + Applied: = Tofa inlixs
2. Running_____ + Applied: = Tota inlizs
87. Running____+ Applied: = Tofa inlks
83. Running____+ Applied: = Tota inlt=s
86. Running_____ + Applied: = Tota inlizs
85, Running____+ Applied: = Tofa inlks
84, Running_____+ Applied: = Tota inlt=s
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Seq # | Instructions Date Tech Insp

217 | Attach Large Rit (4) to Small Rib without Pin Puller
() using 12 MAST139E3P126 (36); Running forgue
should be 2-18 in b2, Applied torgue should be 66 £7

inlbs

71. Running____+ Applied: = Tota inlis
82. Running___+ Applied: =Tota inlks
72. Running___+ Applied: =Tota inlis
81. Running___+ Applied: =Tota inlks
73 Running___ =+ Applied: _ =Total_____ inlbs
80. Running___+ Applied: =Tota inlis
74 Running___ + Applied: = Tota inlizs
79. Running_____+ Applied: = Tota inlis
75, Running____ = Applied: = Tota inlbs
78. Running___ + Applied: = Tota inlizs
TE. Running___+= Applied: =Tota inlks
7. Running____+ Applied: = Taota inlis

318 | Attach Owven Mounting Plate (7) to Large Ril (4) using
2 NAST1E9ESP1EE (27} (Running torque should be
2-18 inlb=s; Applied torgue should be 67 =7 inlbs)

el

23, Running + Applied: = Tota inlizs

84, Running + Applied: =Tota inlis

319 | Bend tubing through tubing hole in Large Rib (4) to
connect Pipe Tee (34} to Solenoid Valve (30)
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Seq #
320

Instructions

Aftach Pressure Transducer Mount to Bottom of Cwen
Flate {inside) (17) to bottom of Owven Mounting Flate

{71 uzing MAS1T139E3P12E (26). Running forgue

should be 2-18 in lbs; Applied torgue should be 67 +7

inlbs
Mounting Block 1:

85. Running___ + Applied:
88. Running + Applied:
Mounting Block 2:

87. Running___+ Applied:
88, Running____+ Applied:
Mounting Block 2:

89, Running____+ Applied:
20. Running__+ Applied:

OMIT zequence 3.20 if the necessary parts are not

= Tota

= Tota

= Tota

= Tota

= Tota

= Tota

available at the time of assembly.

EP-1
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Seq#
321

Instructions

Aftach 1 Pressure Tranzducer (21} to each of the
thres Pipe Tees (34) on the bottom of the Oven
Mounting Flate (7)

XDCR 1: Tota inlbs
XDCR 2: Tota inlbe
XDCR 3: Tota inlbs

— then secure each of them with the Pressure
Tranzducer Mount to Bottom of Oven Plate (outside)
[18) using MAST189E2F126 (36} Running torgue
should be 2-18 in |be; Applied forgue should be 67 £7
inlks

Mounting Block 1:

91. Running_+ Applied = Total inlts
92. Running____+ Applied = Total inlts
Mounting Block 2:

92, Running_____ + Applied = Total inlbs
4. Running_____ + Applied = Total inlbs
Mounting Block 2:

35, Running_____+ Applied = Total inlis
6. Running____+ Applied = Total inlis

OMIT zequence 3.21 if the necessary parts are not
available at the time of assembly.

EF-1
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Fage 13

Seq#

322

Instructions

Slide the Presaure Transducsr Mount to Ribs {inside)
{19) down against each ik wntil lined up with thru-
holes on ik for mounting block attachment. From
inzide the rib, attach each Pressure Z0CR Mount to
Ribs {inside) (12) to the b using NAST1B2E3R12E
(381 Running torque should be 2-18in lbs; Applied
torque should be 88 =7 inlks

Mounting Block 1:

87. Running__+ Applied = Tofal inlks
8. Running__+ Applied = Total inlks
Mounting Block 2:

9. Running____+ Applied = Tofal inlks
100. Running_____+ Applied =Tota inlis
Mounting Block 3:

101. Running___+ Applied =Tofa inlks
102, Running_____+ Applied =Tota inlis

OMIT zequence 3.22 if the necessary parts are not
available at the time of assembly.

EP-1
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Seq#
323

Instructions

Secure the Pressure Tranzducer {21) by securing the
Preszure Tranzducer Mount to Ribks (outside) (20) to

the Preszure XDCRE Mount to Ribs (inside) (19) using
MAST1E9E3R1 2B (38). Running torgue should ke 2-
18 in los; Applied forque should be 66 7 inlba

Mounting Block 1:

103, Runpning__+ Applied __ =Tofal__inlks
104. Running + Applied _ =Total_____ inlbs
Mounting Block 2:

105, Running____ + Applied __ =Total_____ inlbs
106. Running____ + Applied __ =Total_____ inlbs
Mounting Block 3:

107. Running____ + Applied __ =Total___inlks
108. Running____ + Applied __ =Total__inlks

OMIT sequence 3.23 if the necessary parts are not
available at the time of assembily.
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Seq #
324

Instructions

Aftach Bottom Rectangls Flate (5) to the bottom of
the four Ribs using 14 MAS1T185E3P128 (36)

Running torgue should be 2-12 in lbs; apgplied torque
should ke 67 £7 inlks

108, Running____ + Applied __ =Total___inlbs
110. Running____ + Applied __ =Total___inlbs
111. Running__+ Applied __ =Total__inlbs
112 Running____ + Applied __ =Total__inlbs
113, Running____+ Applied __ =Total_inlbs
114, Running____ + Applied __ =Total__ inlbs
115 Running____ + Applied __ =Total___inlbs
116. Running__+ Applied __ =Total___inlbs
117. Running__+ Applied __ =Total_inlbs
118. Running___ + Applied __ =Total__inlbs
119, Running___+ Applied __ =Total_inlbs
120. Running____ + Applied __ =Total____inlbs
121. Running____ + Applied _ =Tofal_____ inlbs
122 Running____ + Applied _ =Tofal__ inlbs
EP-1
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Page 16
All of the following parts ars used in thiz assemibly procedure:
Table 1: Wave &1 Paris
ltern Mumber . N Serial or Lot
(per RD-5) Cluantity Part Name (description) Fart Mumber Number
3 1 Large Computer Ril RIGEX-2006-3
4 1 Large Rib RIGEX-2006-4
5 1 Small Rib wi' Pin Puller RIGEX-2006-5
i 1 Small Rib wio Fin Puller RIGEX-2006-56
7 1 Crven Mounting Plate RIGEX-2006-7
B 1 Bottom Rectangle Plate RIGEX-2006-8
o Top Inflation Mounting i
O 1 Plate RIGEX-2006-9
n Bottom Inflation Mounting i
10 1 Plate RIGEX-2006-9
Preszure Transducer
Mount to Bottom of Cven o
17 3 RIGEX-200&-18
Plate (inside)
*may be omitied, see Seg. 3.21
Preszure Transducer
18 3 Mount to Bottom of Cren RIGEX-200&-19
Flate {outzide)
*may be omitied, see Seg 3.21
Preszure Transducer
19 3 Mount to Ribs (inside) RIGEX-2006-21
*may be omitied, see Segq 3.20
Pressure Transducer
20 3 Mount to Ribs (outside) RIGEX-2006-22
*may be omitied, zee Seq 3.20
21 i Preszure Transducer
25 3 Mitrogen Gas Tank

EP-1
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lt?p.rngHu[TgTr Cluantity Part Mame {description) Fart Mumber EJ‘E‘;\:SL_I%FEIFDJ[

26 AlR Tubing
27 3 swagelok Fill Valve
29 3 Solenoid Mounting Block | RIGEX-2008-20
30 3 Solenoid Valve
24 3 Pipe Tes
35 AlR Yiton
35 112 lolt MAST185E3R12E
37 10 bolt MNAS1188E3R1EE
3B 6 bolt MAS1352M04-8
41 AR Teflon Tape

EP-1
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The following pictures may be used to help clanfy the above assembly procedurss.
Each picture number corresponds 1o a particular 2tep in the azsembly procedure.
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Sen. 325 —As to Point

b

“Transducer mounting blo 4 s shown here (Seq. #3.20-3.21) may or may not be
installed during this assembly. This is dependent on the availability of the parts.

EP-1
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Appendix B: Wave 2 Assembly (RP-1A)

The following appendix contains the second of three assembly procedures used in
the construction of the RIGEX protoflight model. This assembly procedure describes in

detail the second subassembly of RIGEX.
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Frocedure
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CHANGE LOG
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- o : — - o -
Change Cescription of Change Fages Date {initial & Date)

IR Initial Releass All 15-FEB-O7 M4
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RIGEX Mechanical Asssmbiy
Procedure
Page 1

Seq# | Instructions Date Tech Inzp

1.0 Scope
Thiz document provides step-by-step procedures

for assemiling the second sub-assembly of
RIGEX.

1.1 Azsign Senal Number: _ RIGEX-WAVEZ

2.0 Materials and Components

21 Obtain parts and materials from Certified Stores.

tem numbers (2) herein are referenced in Table 1
at the end of this documsnt.

2.2 Record each lot number or serial numier in Table
1 at the end of these procedures.

2.3 Fecord each part numier in Table 1 at the end of
thess proceduras.

FP-14
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RIGEX Mechanical Aszembiy

Erocedure
Page 2
Seq# | Instructions Date Tech Insp
2.4 Record Tool Information
Tool Mo.

La=t Calibration Date

Mext Calibration Date

Tool Mo.
Last Calibration Date

Mext Calibration Date

Tool Mo.

La=t Calibration Date

Mext Calibration Date

Tormque valuss in this procedure will be as follows:

Running torque — torque experienced by torque
wrench before major resistance is met

Applied torgue — difference betweesn Running and
Total Torque

Teotal Torque — maximum torque experienced by
torgus wrench

(i.e. Total = Running + Applied)

FEP-14

99




RIGEX Mechanical Assembly

Erocedure
Page 3
Seq# | Instructions Date Tech Insp
3.0 Inflation System Construction
MOTES:

Eefore installing any Loliz, apply aloding touch-up
with zwab stick to all threaded and unthreaded
holes.

EBefore applying torques, install all specified
fasteners finger tight to ensure proper alignment.

The pictures at the end of thiz document may be
used to help clarify these assembly procedures.
Each picture is [absled az a sequence number, and
theze sequence numbers corespond o a
particular step in the aszembly procedurs.

31 Aftach Preszaure Tranzsducer Mount to Bottom of
Oven Plate (inside) (17) to bottom of Oven
Mourting Plate {7 using NAS1189E3P12B
(25). Running torque should be 2-18 in lbs;
Applied torgue should be 67 +7 inlbs

IMounting Elock 1:

85, Funning___+ Applied: = Total inlbs
B6. Bunning____+ Applied: = Total inflss
IMounting Block 2:

7. Running____+ Applied: = Total inlkxs
88 Running____+ Applied: = Total inllzs
Mounting Block 3:

29, Funning___+ Applied: = Toial inlbs
0. Running____+ Applied: = Total inllzs

COMIT sequence 3.1 if parts were previously installed
in the first sub-assembly, RP-1.

FP-14
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RIGEX Mechanical Assembly
Erocedurs
Page 4

Seq# | Instructions Date Tech Insp

32 Attach 1 Pressure Transducer (21) to each of the
three Pipe Tees (34) on the botiom of the Owven
Mounting Plate {7} — then secure each of them with
the Pressure Transducer Mount to Bottom of Oven
Flate {outzide) (18) uging NAS1189E3P12B (36):
Running torque should be 2-18 in lbs; Applied
torgus should be 67 £7 inlbs

Mounting Block 1:

81. Running____ + Applied __ =Total_____ inlbs
82. Running___ +Applied _ =Total___ inlks
Mounting Slock 2:

83. Funning____ + Applied __ =Total_____ inlbs
84. Running___ + Applied _ =Total____ inlks
Mounting Block 3:

85. Running___ + Applied _ =Total____ inlbs
86, Running___ +Applied __ =Total___ inlbs

COMIT sequence 3.2 if parts were previcusly installed
in the first sub-assembly, RP-1.

FP-14
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RIGEX Mechanical Azzembly
Erocedure
Page 5

Seq # | Instructions Date Tech Insp

3.3 Slide the Pressurs Transducer Mount to Ribs
(im=ide) {19) down against each rity until lined up
with thru-holes on it for mounting block
attachment. From inside the rik, attach sach
Preszsure XDCR Mount to Riks (inside) (19) fo the
rib uging NAS1189E3P12E (38). Running forgue
should be 2-18 in lbs; Apglied torque ghould be 66

*7 inlbs

Mounting Block 1:

7. Running____ +Applied _ =Total____ inlbs
88. Running____ + Apglied __ =Total_____inlks

Mounting Slock 2:

89, Running____ + Apglied _ =Total_____ inlks
100. Runping___ + Applied _ =Totwel_ inlbs
Mounting Slock 2:

101. Runping____+ Applied __ =Total__ inlbs
102. Runping____+ Applied _ =Total__ inlbs

OMIT sequence 3.3 if parts were previously
installed in the first sub-assembly, RP-1.

34 Secure the Pressure Transducer (21) by securing
the Pressure Transducer Mount to Ribs (outzide)
(20) to the Pressure XDCR Mount to Ribs {insides)
(19) uzing NAST189E3P12B (38): Running torque
should be 2-18 in |bs; Apglied torque 2hould be 66

7 inlks

Mounting Slock 1:

103. Runping____+ Applied __ =Total_ inlbs
104, Runping____+ Applied __ =Totwal_ inlbs

Mounting Slock 2:

108, Runping____+ Applied _ =Total____ inlbs
108. Funning + Applied _ =Toial_ mlbs
Mounting Slock 3:

107. Running___ + Applied _ =Total_ inlbs
108. Running___ + Applied _ =Total_ inlbs

COMIT sequence 3.4 if the necessary parts are not
available at the time of assembly.

FP-14
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Seq# | Instructions Date Tech Insp
4.0 Experiment Bay Construction
4.1 Aftach 3 Oven Assemblies (22) to Oven Mounting

Platz (7). Owens are already built using non-MNAS

fastensers and has passed a fall-safe that it will not

become a fracture hazard, Each oven will be

attached using 4 NAST189E3P12B (38) bolts:

Running forque should be 2-18 in lbs; Applied

torque should e 66 =7 inlbs

Owen 1:

123. Running + Applied: = Total inlb=

124, Running + Applied: = Taotal inlbs

125, Running + Applied: = Total inlb=

128. Running + Applied: = Total inlk=

Chven 2

127. Running + Applied: = Total inlb=

128. Running + Applied: = Total inlk=

128. Running____+ fApplied: _ =Total____ inlks

130 Running___ + Applied: _ =Total____ inlks

Owen 3:

131. Running + Applied: = Total inlk=

132, Running + Applied: = Taotal inlbs

133. Running + Applied: = Total inlk=

134 Running + Applied: = Total inlb=

EP-14

103




RIGEX Mechanical Assembly
Procedure
Page 7

Seq# | Instructions Date Tech Insp

42 Aftach Owven Bracket Piecs 1 {11) to Oven Bracket
Fisce 2 (12} using 3 NAST189E3P12B (3E6):
Running torque should be 2-18 in Ibs; Applied
torgue should be 66 7 inlbs. Repeat for each of
the 3 Cven Mounting Bracksts.

Mourting Bracket 1:

135, Running + Applied: = Total imlbs
138, Running + Applied: = Total imlbs
137. Running + Applied: = Total inlb=

Mournting Eracket 2

138, Running____+ Applied: _ =Total____ inlks
138, Running____+ Applied: _ =Total____ inlks
140. Running____+ Applied: __ =Total____ inlbs
Mournting Bracket 3:

141. Running____ + Applied: _ =Total____ inlks
142, Runming____+ Applied: _ =Total____ inlkbs
143. Running____+ Applied: _ =Total____ inlks

4.3 Aftach Oven Latch Hings (39) to Owven Brackst
Fizce 2 (12} using 2 NAS1291C04M locknuts {407,
2 NAS1352N04-8 bolts (33) and 2 NASG20C4
washers (42). Repeat for each of the 3 Oven
Mourting Brackets.

Running torque should be 0-80 in-oz; Applied
torgue should be 112-140 in-oz.

Hinge 1:
144 Running____ + Applied: _ =Total____ inlks
145, Running____+ Applied: _ =Total____ inlks
Hinge 2:
148. Running____+ Applied: __ =Total____ inlbs
147. Running___ + Applied: _ =Total____ inlbs
Hinge 3:
148. Running____+ Applied: _ =Total____ inlks
148, Running____+ Applied: _ =Total____ inlks

EP-14
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Seq# | Instructions Date Tech Ingp

4.4 Attach Owven Latch (13) to Owven Latch Hinge (33)
using 2 NAS1291C04M locknuts (40), 2
HAS1352H04-8 boliz (41) and 2 NASG20C4
washers (42). Repeat for each of the 3 COven
Latches.

Running torque ghould be 0-80 in-oz;, Applied
torgue should be 112-140 in-oz.

Hinge 1:
150. Running____+ Applied: _ =Tofal____inlbs
151. Runming____+ Applied: _ =Taotal____inlbs
Hinge 2:
152 Runming____+ Applied: _ =Taotal____inlbs
153. Running____ + Applied:  =Total____ inlbs
Hinge 3:
154 Running___ + Applied:  =Total____ inlbs
156, Running____+ Applied: _ =Tofal____inlbs

FP-14
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45 Attach Oven Bracket Pieces 182 (11,12} to Owen
Mounting Plate {7) using £ NAS1189E3IP16E (27):

Running torque should be 2-18 in lbs; Applied
torgque should be 66 7 inlbs. Repeat for each of
the 3 Oven Brackets.

Mounting Brackst 1:

158, Running____+ Applied: _ =Taoftal____inlbs
157. Running____+ Applied: _ =Taofal____ inlbs
158, Running____+ Applied: _ =Tatal____inlbs
158, Running____+ Applied: _ =Taotal____inlbs
Mounting Bracket 2:

160, Running___ + Applied: _ =Taotal___ inlbs
181. Running__ + Applied: _ =Taotal___ inlbs
162, Running____+ Applied: _ =Taoftal____inlbs
163, Running___ + Applied: _ =Taotal___ inlbs
Mounting Brackst 3:

184 Running__ + Applied: _ =Tofal____ inlbks
166, Running____+ Applied: _ =Taoftal____inlbs
168, Bunning__ + Applied: _ =Tofal____ inlbs
167. Running____+ Applied: _ =Taofal____inlbs

46 Apply Braycote O-Ring Greaze (43) o the Oven
Mourting Plate {7} at the 3 expected locations of
the L'Guarde Tubes

4.7 Inztall a Viton O-Fing (44) at the 3 expected
locations of the L'Guarde Tubes

FP-14
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4.3 Inztall a L'Guarde Tube (23) uzing NAS1351M4-24
bolts (45), MASE20C416 wazhers (48) and
HNASA 291 CAM locknutz (47) - Do not use flight
tubes until ready for fight!
Running torque should be 3-20 in Ibs; Applisd
torgue should be 157 216 inlbs.
Tube 1.
1868, Running___ + Applied: _ =Total____ inlbs
168, Running____+ Applied: __ =Total____inlbs
170. Running____+ Applied: __ =Total____inlks
171, Runming____+ Applied: __ =Total____inlbs
Tube 2:
172, Runming____+ Applied: _ =Total____inlbs
173. Running____ + Applied: _ =Total____inlks
174, Runming____+ Applied: __ =Total____inlbs
176, Running____+ Applied: __ =Total____inlbs
Tube 3
178, Running____ + Applied: _ =Total____inlbs
177. Running____+ Applied: __ =Total____inlks
178. Running____+ Applied: __ =Total____inlbs
178, Funning___ + Applied: _ =Total____ inlbs

FP-14
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Seq# | Instructions Date Tech Insp
4.9 Aftach a pin puller (31} fo the Large Computer Rik

(3), Large Rib (4) and the Small Rik with Pin Puller

(5). Crient them so that the pin s facing into each

experiment bay. Use NAS1291C04M locknuts

(40}, HAS1352N04-10 bolis (48) and MASG20C4

washers (42).

Running torque should be 0-80 in-oz; Applied

torgue should be 112-120 in-0z.

Fin Puller 1:

150. Running + Applied: = Total imlbs

151. Running + Applied: = Total imlbs

151. Running + Applied: = Total imlbs

Fin Pulier 2:

152 Running + Applied: = Total imlbs

153, Running + Applied: = Total imlbs

151. Running + Applied: = Total imlbs

Fin Pulisr 3:

154, Running + Applied: = Total imlbs

155. Running + Applied: = Total imlbs

151, Running + Applied: = Total imlbs

FE-1A
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5.0 Computer Bay Assembly

51 Aftach Computer Container (33) to Computer
Mounting Plate (32) using NAS1351M4-12 bolts
(23], NAS1291C4M locknuts (27} and
HASG20CA16 washers (46)

Running torque ghould be 3-20 in lbs; Applisd
torgue should e 157 216 inlbs.

188, Running____+ Applied: _ =Taotal____ inlb=s
190. Running____+ Applied: _ =Total____ inlbs
191, Running____+ Applied: _ =Taotal____ inlb=s
192, Running____+ Applied: _ =Taotal____ inlb=

5.2 Aftach Computer Mounting Plate (32) to Large
Computer Ril (2} uzing NAS1189E3PEE bLolis (300
and M521209F1-20L Heli-Coil inserts (installed
during fabrication).

Running torque should be 2-18 in lbs; Applied
torgue should e & £7 inlhs.

193. Running____+ Applied: _ =Total____ inlbs
194 Running__ + Applied:  =Total___ inlbs
195, Running____+ Applied: _ =Taotal____ inlbs
198. Running____+ Applied: _ =Total____ inlb=s
197. Running____+ Applied: _ =Total____ inlb=s
198. Running____+ Applied: _ =Total____ inlbs
198, Running____+ Applied: _ =Total____ inlb=s
200. Running____+ Applied: _ =Total____inlbs
EP-14
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5.3 Attach Power Distribution Plate (28) to Largs

Computer Rily (2} uzing NAST189E3PEE boltz (30)

and M521205F1-20L Heli-Coil inserts (installed

during fabrication)

Running torque ghould be 2-18 in [hs; Applisd

torgue should be 66 £7 inlbs.

201. Running + Applied: = Total inlb=

202, Running + Applied: = Total inlb=

203. Running + Applied: = Total inlb=

204 Running + Applied: = Total inlb=

205, Running + Applied: = Total inlb=

208. Running + Applied: = Total inlb=

207 . Running + Applied: = Total inlb=

208. Running + Applied: = Total inlb=

208. Running + Applied: = Total inlb=

RP-1A
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6.0 Experiment Top Plate
6.1 Aftach Experiment Top Flate (2) to the tops of the
4 Ribz using 24 NAS1351N3LB16 baolts (51)
and NAS153TAIC washers (52). Lubricate
each bolt with Braycote grease (53],
Running tergue ghould be 2-18 inlls; Applisd
torgue should ke 23 £5 inlks
210 Running___ + Applied: _ =Total____inlbs
291, Runnming____+ Applied: _ =Taotal____inlks
292, Running____ + Applied: _ =Total____inlks
293. Running____+ Applied: __ =Total____inlbs
294 Runnming____+ Applied: _ =Taotal____inlbs
215, Runnming____+ Applied: __ =Taotal____inlks
298, Running____ + Applied: _ =Total____inlks
297. Running____+ Applied: __ =Taotal____inlbs
298, Running____+ Applied: _ =Taotal____inlks
298, Running____+ Applied: _ =Taotal____inlks
220, Running____ + Applied: _ =Total____inlks
221. Running_____+ Applied: __ =Total____inlbs
222 Runming____+ Applied: _ =Taotal____inlks
223 Running____+ Applied: _ =Taotal____inlks
224 Running__ + Applied: _ =Total___inlks
225 Running____+ Applied: _ =Taotal____inlbs
228 Runnming____+ Applied: _ =Taotal____inlks
227. Running____+ Applied: __ =Total____inlbs
228 Running__ + Applied: _ =Total___inlks
228, Running____+ Applied: __ =Taotal____inlbs
230, Runnming____+ Applied: _ =Taotal____inlbs
231. Running____ + Applied: _ =Total____inlks
232 Running___ + Applied: _ =Total____inlks
233, Running____+ Applied: _ =Taotal____inlbs
EP-14
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RIGEX Mechanical Assembly

Frocedure
Page 15
All of the following parts are uged in thiz assembly procedurs:
Table 1: Wave #1 Parts
Item Nurmber i ) Serial or Lot
{per RD-E) Cuantity | Part Mame (description) Fari Mumber Y Hp—
2 1 Experniment Top Plate RIGEX-2006-2
3 1 Large Computer Ril RIGEX-2006-3
4 1 Large Rik RIGEX-2006-2
5 1 Small Rik w/ Pin Puller RIGEX-2006-5
G 1 Small Rik wio Pin Puller RIGEX-2006-5
7 1 Owen Mounting Plate RIGEX-2006-F
11 3 Owen Bracket Piecs 1 RIGEX-2006-10
12 3 Owen Bracket Piecs 2 RIGEX-2006-11
13 3 Owen Latch RIGEX-2006-12
Fressure Transducer
17 3 Mount to Bottom of Oven | gyaEy 2006-18
Plate {inside)
*miay ba omilthed. ses Sag. 3.21
Pressure Tranzsducer
18 3 Mount to Bottormn of Oven RIGEX-2006-13
Plate (outside) ”
*may ba omitted. ses Sag. 321
Frassure Transducer
13 3 Mount to Ribs (inside) RIGEX-2006-21
*may ba omithed, see Sag. 3.20
_ Frassure Transducer - .
20 3 Mount fo Ribs (outside) | RIGEX-2006-22
*may ba omithed, see Sag. 3.20
22 3 Cwen Azsemilhy
23 3 L'Guards Tube
Ky 3 Fin Pullsr
32 2 Computer Mounting Plate

EP-14
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EProcedure
Page 16
It?;-;rmlgg.g?r Quantity | Part Mame (description) Part Number E’Er;i?r!_lﬂl;;m

33 1 Computer Container
36 45 bolt MAST11853E3P12E
a7 12 bolt MAST189E3P1EE
38 12 bolt MAS1352M04-8
K3t 3 Owen Latch Hinge
40 21 locknut MAS1281C04M
4z G washer MASG20C4
43 AR O-Ring Greazs
44 3 2-Ring
45 12 bolt MAS1351M4-24
46 23 washer MASE20C416
47 16 locknut MAS1ZE1C4M
48 9 bolt MAS1352M04-10
49 4 baolt MAS1351N4-12
50 17 bolt MAS1183E3PEE
51 24 baolt MAS1351N3LB16
52 24 washer MAS158TAIC
53 AfR Braycots thread greaszs TED
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Page 17

The following pictures may be uzed to help clarify the above azsembly procedures. Each
picture number comesponds to a particular step in the assembly procedure.

Seq. 3.1-3.2

EP-14
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Seq. 5253
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Appendix C: Wave 3 Assembly (RP-1B)

The following appendix contains the third of three assembly procedures used in
the construction of the RIGEX protoflight model. This assembly procedure describes in
detail the third and final subassembly of RIGEX. All components installed in this

assembly procedure use Heli-coils for fastening the various components.
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Procedure
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RIGEX

Mechanical

Azsembly Procedurs

Page 1

Seq # | Instructions Date Tech Insp
1.0 Scope

This document provides step-by-step proceduras

far assembling the third sub-assembly of RIGEX.
1.1 Assign Serial Number: _ RIGEX-WAWVESD
2.0 Materials and Components
2 Cbtain paris and materials from Certified Stores.

lt=rm numbers (#) herein are referenced in Tablz 1

at the end of this document
22 Fecord each lot number or senial number in Table

1 at the end of these procedures.
23 Record each part number in Tabkle 1 at the end of

these procedurses.
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Mechanical

Aszsembly Procedurs

Fage 2

Seq#
24

Instructions

Fecord Tool Information

Tool Mo,
Last Calioration Date

Mext Calibration Date

Tool Mo.

Last Calibration Date

Mext Calibration Date

Tool Mo.

Last Calibration Date

Mext Calibration Date

Torgue values in this procedure will be as follows:

Running targue — torque experienced by torgue
wranch before major resistance is met

Applied tarque — difference betawesn Running and
Total Torque

Toial Torque — maximum torgue expenancad by
torgue wrench

(i.e. Total = Running + Applied)
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RIGEX

Mechanical

Aszsembly Procedurs

Fage 3

Seq# | Instructions Date Tech Insp
3.0 Shroud Attachment
31 Before positioning the Shroud (55) over the RIGEX

struciure, install the 8 Shroud Seam Brackets (54

on the inside of one edge of the Shroud s=am

using & MASBA02-T bolts (57). Ensurs that the

Shroud Seam Brackets are sguare with the shroud

seam afier applying torgue.

Funning torgque should ke 1.8-11 inlbs; Applied

targue should be 20 £ 4 inlbs

234 Running + Applied: = Tota inlbs

235, Funning + Applied: = Tota inlbs

236, Funning + Applied: = Tota inlbs

237 . Funning + Applied: = Tota inlbs

23E. Running + Applied: = Tota inlbs

230, Funning + Applied: = Tota inlbs
1z Shide the Shroud (55) over RIGEX structure.

Faosition the s2am of the Shroud over the compuier

bay area. Ensure that the six Shroud Seam
Bracksts (54) are sguare with the seam of the
shroud.

EF-1B
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RIGEX

Mechanical

Azgembly Procedurs

FPage 4

Seq# | Instructions Diate Tech Insp
13 Secure the Shroud Seam Brackets (54) to the

adjacent edge of the Shrouwd (55 by installing &

MAS8402-T bolts (57). Ensurs that the edges of

the Shroud are flush, and that the remaining

shroud attachment holes are aligned with the hales

in the rest of the structurs.

Funning torgue should be 1.5-11 inlbs; Applied

targque should be 40 £ 4 inlbs

240 Running + Applied: = Tota inlbs

241. Running + Applied: = Tota inlks

242 Running + Applied: = Tota inlbs

243. Running + Applied: = Tota inlbs

244, Running + Applied: = Tota inlbs

245 Running + Applied: = Tota inlbs
24 Insert and finger-fighten 52 NASB402-T bolts (57)

into the shroud bolt holes. Be sure to use the
Angled Washers (28] on all shroud-to-nb interface
lozations.
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Azzembly Procedurs

Fage §

Seq#
as

Instructions
Using a crossing patiern, torque all shroud bolis

Funning torgue should be 1.5-11 inlbs; Applied
torgque should be £0 £ 4 inlbs

244, Bunning + Applied: = Tota inlbs
247. Funning + Applied: = Tota inlks
248 Fumnning + Applied: = Tota inlks
2408, Bunning + Applied: = Tota inlbs
250. Fumnning + Applied: = Tota inlks
251. Funning + Applied: = Tota inlbs
252. Funning + Applied: = Tota inlbs
253, Fumning + Applied: = Tota inlks
254 Funning + Applied: = Tota inlbs
255, Funning + Applied: = Tota inlks
256, Funning + Applied: = Tota inlbs
257. Funning + Applied: = Tota inlbs
258, Fumnning + Applied: = Tota inlks
2508, Running + Applied: = Tota inlbs
260. Funning + Applied: = Tota inlks
261. Fumning + Applied: = Tota inlks
262. Funning + Applied: = Tota inlbs
263, Fumnning + Applied: = Tota inlbs
264, Funning + Applied: = Tota inlbs
265. Funning + Applied: = Tota inlbs
266 Funning + Applied: = Tota inlks
267. Funning + Applied: = Tota inlbs
266. Funning + Applied: = Tota inlks
2608, Running + Applied: = Tota inlbs
270. Funning + Applied: = Tota inlbs
271, Fumining + Applied: = Tota inlks
272 Funning + Applied: = Tota inlbs
2T3. Funning + Applied: = Tota inlks
EP-1B
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RIGEX

Mechanical

Azsembly Procedurs

FPage &

Seq# | Instructions Date Tech Insp

.5

jcont) | 274. Running____ + Applied: ____ =Total____inlbs
275, Funning___ + Applied: ____ =Total____ inlbs
276, Funning__ + Applied: ____ =Total____ inlbs
2I7.Funning__ + Applied: _ =Total___inlbs
278 Funming__ + Applied: ____ =Total____ inlbs
278, Funning___ + Applied: ____ =Total____ inlbs
260, Funning___ + Applied: ____ =Total____ inlbs
281 Funning__ + Applied: ____ =Total___ inlks
282 Funming__ + Applied: ____ =Total____ inlbs
283, Funming__ + Applied: ___ =Total____ inlbs
2684, Runming_ + Applied: ____ =Total____ inlbs
285, Funnming__ + Applied: ____ =Total____ inlbs
266, Funning__ + Applied: ____ =Total____ inlbs
2BT. Funnming___ + Applied: ____ =Total____ inlbs
2BE. Funming__ + Applied: ____ =Total___ inlks
260, Funnming__ + Applied: ___ =Total____ inlbs
200, Funning___ + Applied: ____ =Total____ inlbs
201. Funning____ + Applied: ____ =Total____ inlbs
2082 Runnming__ + Applied: ____ =Total____ inlbs
203 Funning__ + Applied: ____ =Total____ inlbs
284 Runming_ + Applied: ____ =Total____ inlbs
285 Punmning__ + Applied: ___ =Total_____inlbs
206, Funning___ + Applied: ____ =Total____ inlbs
207, Funming___ + Applied: ____ =Total____ inlbs
208, Running__ + Applied: ____ =Total____ inlbs
200, Running__ + Applied: ___ =Total____ inlbs

EP-1B
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RIGEX

Mechanical

Azzembly Procedurs

Fage T
Seq # | Instructions Date Tech Insp
4.0 Cape Mounting Plate Attachment
4.1 Adtach CAPE Mounting Plate (1) to Experiment Top

Plate (2} using 28 ME21208F5-15L Heli-Cail
Inseris {installed during fabrication) and
MAS13I51NE-20 bolis (58).

Running torgue should be 8.5 - 80 inlos; Applied
torgue should be 538 £ 27 inlbs

300. Bunning____ + Applied: ____=Total____inlbs
301. Bunning____ + Applied: ___ =Total____inlbs
302 Rwnming__ + Applied: ____ =Total___ inlbs
303 Running___ + Applied: ____ =Total____ inlbs
3. Bunning__ + Applied: ____ =Total____ inlbs
305 Running___ + Applied: ____ =Total____ inlbs
306, Bunning____ + Applied: ____=Total____inlbs
307. Fumning___ + Applied: ___ =Total____ inlbs
J0E. Running__ + Applied: ____ =Total____ inlbs
308, Running____ + Applied: ____ =Total____ inlbs
310. Bunning____ + Applied: ____ =Total____ inlbs
311 Bunning____ + Applied: ____=Total____inlbs
312. Bunning____ + Applied: ____=Total____ inlbs
313. Running___ + Applied: ____ =Total____ inlbs
314 Bunning__ + Applied: ___ =Total___ inlbs
315, Bunning____ + Applied: ____ =Total____ inlbs
316. Bunning____ + Applied: ____ =Total____ inlbs
317 Bunning____ + Applied: ____ =Total____ inlbs
316 . Bunning___ + Applied: ___ =Total____inlbs
318 Running___ + Applied: ____ =Total____ inlbs
320. Running____ + Applied: ____ =Total____inlbs
321. Bunning____ + Applied: ____ =Total____ inlbs
EF-1B
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Fage &

Seq# | Instructions Date Tech Insp
4.1
{cont) | 322. Running____ + Applied: ____=Total____inlbs

323 Funming_ + Applied: __ =Total __ inlbs

324, Funming_ + Applied: ____ =Total____ inlbs

325, Funning__ + Applied: ____ =Total____inlbs

326. Funning__ + Applied: ____ =Total____inlbs

327. Bunning_ + Applied: ___=Total____inlbs
4.2 Attach Connector Hole Cover Assembly (52 to

CAPE Mounting Plate (1) using MS212068F1-
20L Heli-Codl Inserts {installed during fabrication)

and & NAS1182E2P168 (27) bolts

Funning torgque should ke 2-12 inlbs; Applied

torgue should be 85 £7 inlos

32B. Funning__ + Applied: ___ =Total____ inlbs
328, Funning__ + Applied: ____ =Total____inlbs
330 Funning___ + Applied: ___ =Total ___ inlbs
331, Funning___ + Applied: ___ =Total ___ inlbs
332 Funming__ + Applied: __ =Total ___ inlbs
333 Funning__ + Applied: ___ =Total ___ inlbs
334 Funning_ + Applied: _ =Total __ inlbs
335, Funming_ + Applied: ____ =Total____ inlbs
FF-1B
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RIGEX Mechanical
Aszsembly Procadurs

Page 3
&ll of the following parts are used in this assembly procedure:
Table 1: Wawve #3 Parts
Itl:E:I-:-NHL'Ig_';Tr Cuantity | Part Mame (descriplion) Fart Mumber BT:FI“:;EI;GJ‘
n‘a 1 RIGEX-2 Sub-assembly RIGEX-WAWVEZ
1 1 CAPE Mounting Plate RIGEX-2008-
2 1 Experiment Top Flate RIGEX-2008-
a7 f balt MAS1188E3PE
Sa g Shroud Seam Brackst
55 1 Shroud RIGEX-2008-
=5 1 Ecnne?tcr Hole Cower RIGE X-2006-
Assembly
a7 £ shiroud bokt MAZE402-F
58 28 balt MAS13STINE-20
58 24 Angled Washer
EP-1B
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RIGEX Mechanical

Page 10

The following pictures may be used to help clarify the above assembly procedures.
Each piciure number corresponds to a particular step in the assembly procedure.

EF-1B
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Appendix D: RIGEX Vibration Test Plan

The following document outlines the test plan for Vibration Testing of the
RIGEX/CAPE structure at JSC in Houston, TX. This document was prepared by the

engineers at STP with input given by the RIGEX team.
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1. INTRODUCTION

1.1 Purpose

The scope of this document 15 to provide a test plan for random vibration testing of the Bigizzble
Inflatzble Get-Away Special Experiment (EIGEX) payload, which conststs of the BEIGEX Assembly
moumted inside of the Camster for All Payload Ejections (CAPE) Assambly.,

The main objective of the test plan 1= to perfonm a vibration test to qualify the CAPE-RIGEX Assembly
for flight 1 the Orbiter pavlead bav on 5TS-123, where 1t will be mounted 1n Bav 13 on the starboard
side via 2 Small Payleads Accommedation (3PA) Baam.

Drynamic environment tests will be conducted wath the CAPE-RIGEX Aszsembly, mounted on 2 nizid
surface to simulate the mterface with the SPA Beam in the Shuttle carge bay. Mo structural 155ues or
concerns have been identified.

1.2 Points of Contact

The FIGEX mformation 15 provided in Table 1.

Table 1: Space Test Program (5TP) Points of Contact

Position Name Organizafion | Phone
E-mail

RIGEX Seott Ritterhouse MEI (281) 483 3529

Carge Bav Laad PIE Seott d Ritterhouseidinasa. zov
RIGEX Carson Tavler 055 (281) 483 3491

Back up FIE Carson.a Taylorimasa gov
BIGEX Theresa Shaffer MEI (281} 483 B6GD

Safery Engineer theresa m shafferiimasa gov
BIGEX Matthew Budde, TP (231) 483-02el

Dol Payload Mar Major, USAF matthew j buddeiinasa.zov

1.} Compliance Documents

»  MSTS 37329, Fev. B, Structural Integrarion Analyses Responsibility Definition for Space Shurtls
Fehicle and Cargo Elemenr Developers

»  CAPE-FCPAOOIY CAPERIGEX Fracture Conrrol Plan
«  CAPE-MSVEP-000]1 CAPETCU Mechanical Sysrems Verjficarion Flan

Export Controlled Bybrmation 1 CAPE Panenr # 6,774,375
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2. PAYLOAD DESCRIPTION

11 CAPE-EIGEX Assembly Description

The CAPE-FIGEX Aszsembly 15 attachad to a 3PA (Small Paylead Accommeodations) Beam on the
Orbater Sidewall, mn Bay 13 starbeard for 5T5-122. The CAPE Aszembly mcludes an outer Camister that
acts as the mierface betwean the Orbiter Sidewall and EIGEX. The EIGEX Assembly is belted to the
upper flange of the CAPE Canister with 327 %:-28 belts, and 15 net an ejectible pavload.

The CAPE Camister has a twenfy-two (22) inch mner dizmeter and 15 54 inches long. It is closed at the
bettom end by an End Cap bolted to the integrated flange on the eylnder. The BIGEX ‘CAPE Mounfing
Flate™ alzo acts as the id at the upper end of the Camster and the rest of the EIGEX stucturs 1z
cantileverad from ths Flats msida.

The Momnting Flate of the CAPE Assambly will interface with the SPA Beam utilizing the bolt pattern on
the SPA Beam.

CAPE WOUNTI WG
PILATE
RIGEX ASESEWELY

ETE/SPA —

GAS BEAU N

day 15, 518D 51bt

Figure 1: CAPE-RIGEX Azsembly Mounted to Bay 13 SPA Beam (Figure by Boeing)

L]

Exporr Commolled Ipfhrmuimon CAPE Parenr #6, 770,373
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~——PFOWER CABLE [RIGEX]

—CONTROL CABLE [RIGEX]

- APE MOUNTIMG
FACUMTING PLATE—— PLATE [RIGEX)
[EaPE]
:;I*
i
P
< —CANISTER
SHEAR PLATE ’ [CAPE)
[CAPE]
B
H

Figure I: CAPE-RIGEX Assembly

1.1 RIGEX Assembly Description

FEIGEX 15 a Carge Bay Payload expeniment sxploring the usa of mflatable and ng:dizabls stuctures for
uze on operational space svstems. FIGEX iz being developed by graduate students at the Aur Force
Institute of Technelogy (AFIT).

The Orbater craw will 1ufiate the expenment and one tube at 2 fime will heat, 1nflate, coclmgidize, and
vent Datz and pretmres will be collectad internally by BIGEXN. Machanical properties of the rigidized
structure will be assessed by exciting each tube using a prezoelectric patch on the cantilevered end to
obtain medal characterization data.

The BIGEXN primary stuctore consists of a top and bottom plate and four vertical outside compartments
swronnding an mner comparmeant as shown m Figure 2. All prmary stuchoe consists of 8061-T8
aluminum alley, and 15 assembled nsing WAS fasteners with locking faatures such as locking helico:ls,
patchlock beliz, or locking nuts. Three of the cuter compartments will house an mdividuzl tube/'oven
assembly and the fomth cuter compartment will house the aviomics. The nitrogen gas stotage cylinders
will b2 honsad 1n the mner comparoment.

In order to protect BIGEX duming ground processing and protect the inner coating of the CAPE canister, a
0.075" 6061-T6 alumunum shroud 15 being added that will enclose the outer dizmeter of RIGEX
expermment from the top plate fo the bottom plate. Soft bumpers of Deliin will be attached to the botton

P

Exporr Commolled Iyfrmmion CAPE Parenr 86,770,375
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plate of the RIGEN expariment in order to protect the CAPE mimer coatmzs during growmd processmg.
Growmd Support Equipmeent (GSE) handles are meounted to the CAPE Mowmting Plate and the Crven
Mounting Plate for growmd operations and to provide a stable footing for RIGEX ground eperatons
outside of the CAPE. Handles will be remeved for flight.

e Ty g Handle
o A

Figure 3: RIGEX Azzembly (cables not shown)

1.3 Differences Between the Flight Article and Test Article
The test arhicle will consist of all fight hardware with the following exceptions:

1} Pigtail ezblas visible m Figore 2 will be GSE test cables rather than the flight cables. Flight
cables will be routed zlong the CAPE Cable Gmde and along the Shear Plate momting fastenars
as shown n Fizuwe 4. Each cable will be restrained eight or nine F-clamps for flight For testing,
each of the G5E cables will be restrained with one P-clamp after it emergas from the CAPE
Mouwnting Plate. The remaining cable length will be cotled and restrained nearby usmz
temporary means (1.e tape) as necessary for vibration testing.

2} The thres composite Sub-Tg tubes (lzbeled m Fizure 3) will not be the flight tubes, but will be

identical to the flight tubes. These will be replaced with the flight tubes at AFIT followms the
vibration and EMI testing.

Export Commralied Syfhrmmtion 4 CAPE Parent # 6, 774,375
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Figure 4: Test Article Dimensions

Export Conmalled Dyfhrmmion
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3. INTEGRATED TEST

3.1 Test Requirements Review

Az zoon as possible and prier to the test program, Space Test Program (5TF) personnel will meet with the
facility parsonnsl amd review the test requirements, diseuss the tast flow, and establish the working
relationships between STP and the facilitv perscumel.

3.2 Test Readiness Review

Prior to the start of the test, a Test Beadmess Raview (TEER) will be conducted between STF personnel
and the test facility perzommal. The purpose of the TER wall be to ensure that the hardware 15 ready for
testing and the facility 15 ready to conduct the test. Items reviewad at the TEE will include the Test
Eequrement Document (1.2, the test plan or tazk preparation sheet), Test Article Hazard Analy=iz, TRE
Summary Sheet (vertfies that there are on 13sues with the test), Drawings as requuired, and any perscmmel
certifications raquired.

3.3 Test Fixture

The 5TP will provide the Vibration Adapter Plate, part mumber RMGSE20075002-301, requived fo moumt
the CAPE-RIGEX Assembly to the vibration shaker head durmg testing. The test facility will provide
certified lifting and handling equpment for this plate as required. The Vibration Adapter Flate has meany
hieles with 3/8-24 UNF threads smitable to use as lift points, wlich weighs approximately 215 [bs. Thea
twralve-hole pattern marked wath bubble mumber 2 m Fizure 5 are the holes usad for mounting the CAPE-
FIGEX Assembly to the Vibration Adapter Flata.
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34 Structural Stiffness

Tha danizn zozl for the CAPEERIGEX 15 to have 2 natural fraqueney above 33 Hz. The fimdamental
frequency venfication shall be subnutted to the I5C Stuchures Warking Group (5WE) and the modsl]
verification will be required per WSTS 14046 para 5.1.1.3.2 1f the fundamental Sequency 1z below 35 Hz
for the sidewall The CAPEBRIGEY fundamental fracuencies are assezsed at the paylead to GAS Beam
interface, which are assumed to be fixed.

If the fimdamental frequency 15 less than 3% heriz for the sidewall and dvnamoe medel venification 1=
requivad, a test plan will be submetted fo the SWG for review and approval at least 60 days prior to the
tests. In addition, a detailed model correlation repert will also be subnotted to the SWE for review and
approval. If the first fundzmental fraquency 1= beleaw 35 hertz, the design limit load factors m WETS
21000-ID0-5M0, Table 4.0.4 2 4-lean not be uzed for the CAPERIGEN.

3.5 Structural Stiffness Verification (Sine Sweep Test)

The fundamental frequency will be verified by sine sweep testing pre and post vibration testing as
allowed by NMASA-STD-5002 para 4.2 6.1, The results of this will be compared to the predicted
frequencias of the FEM. The sine sweep tests will consists of a sertes of 0.25 G sweeps in each axis from
10t 200 Hz (20 to 200 Hz mmimum) at masxinoum rate of 2 cot'mon (0.5 oot/ min mnimmm).
Prelimunzary analysis shows that 2 025 & sine sweep up and down be adequate to determine if the system
will react in 2 linear fashion. However, a real-time assessment will be made as to whether additional
swaaps at altemate levels will be conducted if deemed necessary to assess system non-linearities. The
tast will be conducted in the following manmer:

1. Measure and record the torque values of the bolts connecting the test arficle to the wibration table.

2. Sime Sweep at 0.25 g from 10 to 200 Hz and from 200 to 10 Hz (momiroume 20 to 200 Hz) ata
maximm rate of 2 oct'min (oo of 0.3 cet/moan).

1. Parform wibrzfion tast.

4 Sine Sweep at 025 g from 10 t0 200 Hz and fremm 200 to 10 Hz (oominowm 20 to 200 Hz) ata
maxinmn rate of 2 oct'mun (oo of 003 cet/oan).

5. Braf sxamunation of test data.

&, If neaded. repeat sweep at higher level fo check linearity and repeatabality before comtinume.
7. Switch to next axis and repeat steps 1-6.

&. Switeh to next axis and repeat steps 1-6.

3.0 ERandom Vibration

3.6.1 ERandom Vibration Enviromment

The maximum expected flight level (MEFL) for CAPE/FIGEX 1= daveloped using the random vibration
enviremment in WSTS 21000-ID0-5ML Table £.1.6.2.2-1 for all tuee axes. The workmanship level is
defined m WASA-STD-T001 Tabkle 1, which corresponds to 6.8 Grmes.  The protoflight vibration test
(PVT) lewel for CAPERIGEX will envelope these lavels in sach axiz. All of these levels are tabulated
below m Table 2, and derived as shown m Figure 6. It should be noted that the PVT laval for
CAPEFRIGEN does not add 3 dB to the spectra as NASA-STD-T001 states since J5C does not requive ot
to be addad.
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Tahle I: Random Vibration Test Levels

X-Axis
ASD
FRE®Q (Hz) (&' Hz)
Z0.00 0010000
80.00 0.040000
500.00 0.040000
2000.00 0040000
Y-Axis
ASD
FREGQ (Hz) (G'Hz)
20.00 0.010000
45.00 0050000
&00.00 0050000
2000.00 0.010000
Z-Axis
ASD
FREGQ (Hz) (G'Hz)
20.00 0.010000
70.00 0.050000
&00.00 0050000
2000.00 0040000
9
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Fizure 6: Sidewall Randem vibration desizn condinons for
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3.0.2 Random Vibratnon Envaronment Venficaton

Tha CAPE-EIGEY Aszzembly will ba tested to the protoflight lavels as shown in Tzbla 2 and Figure 4, in
each axis for 60 ssconds 1 accordance with NASA-STD-T001 Para 4.2.1. The CAPE-RIGEX Azsemblv
will b in flight confizuration with the exceptions as histed m Section 2.2 of ths document.

Sine sweap testing will be done before and after each random wibration fest to verify no damage has
ocourred per section 3.5 of thos document.

The Vibration test for each axis shall start at -12dB and increaze in 3dB increments untl 0 dB is

reached.

3.6.3 Force Lt

Force linuting 15 not required or planned.

3.7 Roles and Responsibilities

3.7.1 Hardwars Provider

The hardware provader will designate a test divector and associate test divector. The test dwector and
associate test divector shall have the authonty to make changes to the test procediwe duning the test.

-

3.7.2  J5C Test Facility Personnel

Thea tezt facility wall provide all calibrated tools required for the test and any techiucian required to
conduct the test. Czaliny Engineer and Chuality Assurance personnel will be provided b the test facility
for the Space Test Program as required. Al rizgers for mowing the hardware will be provided by the test
facility.

3.8 Description of Test Set Up

381 TestSetUp

The test set up 1= shown in Figure 7.

3.8.2 Instrumentation Locations

The CAFE-BEIGEX Assembly test article will be mstmumented with a series of t-axal and single axis
aceelerometers. A totzl of over 20 channels will be zvailable for recording data dwing the testmg,

Control accelerometer data chanmels are mmeludad as part of the available chammels. The accelerometer
locations were chozen usmg enginesrmg Judsment; thess locations are shown in Fimure 7 and described mn
Tabla 3. The acceleromatars shown 25 ved eirclas are ri-amal accelerometers and those shown as blue

friangles are smgle axs accelerometers,

Export Conmralied Fyfarmation 12 CAPE Parenr #6,776,375
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Table 3: Accelerometer Locations
Charmel Type Locations Direction

1 Tri-Auial Shown as #1 inFigure 7. CAPE Camister, £rst b down Tom the CAPE Lid X
2 Tr-Axial Shown as #1 inFigure 7. CAPE Camister, £rst b down Som the CAPE Lid T
3 Tri-Anial Shown as #1 inFigure 7. CAPE Camister, £rst b down Tom the CAPE Lid z
4 Tri-Axial Shown as 22 in Figure 7. Mounted 25 close 23 possible to the center of the TAPE Lid X
3 Tri-Anial Shown as 22 in Figure 7. Mounted 25 close a3 posstble to the center of the TAPE Lid T
] Tri-Auial Shown as 22 in Figure 7. Mounted 25 close 23 posstble to the center of the TAPE Lid z
7 Tri-Axial Showr as 73 in Fipre 7. Pight Shear Plate, comer near Upper Cable Guide X
B Tri-Auial Showr 25 73 i Fipme 7. Bight Shear Plate, comer naar Upper Cable Guide T
9 Tri-Axial Showe as #3 in Fipre 7. Pight Shear Plate, cormer near Upper Cable Guide z
0 Tri-Auial Shown as =4 m Figure 7. Laf Shear Plats, comner near Upper Cable (uuide X
1 Tr-Axial Shown as =4 I Figure 7. Lef Shear Plate, corner pear Upoer Cabls Guids T
12 Tri-Anial Shown as =4 m Figure 7. Lef Shear Flate, comner near Upper Cabla Galde z
13 Tr-Axial Shown as 235 in Figure 7. CAPE Endcap (an bottomn), 180 deg from Movnting Placs X
14 Tri-Anial Shown as #5 in Figure 7. CAPE Endcap (at bottony), 120 deg from Mounting Plate T
13 Tri-Axial Shown as #5 in Figure 7. CAPE Epdeap (ar botrom), 180 deg from Mounting Plars z
16 Tr-Axial | Shown as 7§ m Fipoe 7. PIGEX bottom El.u'f:a{f.\u:nd.e: compuier bay (toward CAPE Lefi Shear X
7 Tr-Axial | Shown as 7§ m Fipoe 7. PIGEX bottom EL]:I'EJEf.}i.‘liEI compuier bay (toward CAPE Lefi Shear T
1B Tr-Axial | Shown as 7§ m Fipoe 7. PIGEX botom sLu'Ea'Jlff.};Jd.e: compuier bay (toward CAPE Lefi Shear z
2 Tr-Axial Shown as #7 m Fizure 7. BIGEX booom surface, same orentatiorn a3 #5 on CAFE X

0 Tr-Axial Shown as #7 m Figure 7. BIGEX botiom surface, same onentaton as #5 on CAPE Y

11 Tri-Auial Shown as #7 m Fizure 7. BIGEX booom surface, same orentation a3 #3 on CAPE z

n Amgle Aws | Shown as 28 o Fizure 7. Mounted oo CAPE Lid. along bolt circle to BIGEX Tap Flate, at 180 deg z

from Mountnz Flats
13 Smgle Axls | Shown as #9 1o Frgure 7, Movarsd on CAPE Lid, along bolt circle to BEIGEX Top Plarz, at 20 dag Z
from Mountins Plats {toward Laft Shear Plaw)
14 Smgle Aws | Shown 25 10 ie Figare 7. Mouwed oo CAPE Lid, alorg bolt circle to BIGEX Top Plas, at 0 deg Z
(toward Meuriing Plats)
15 Smgle Auts | Shown 2s /11 inFigure 7. Mourted on CAPE Lid, along bolt circle o BIGEX Tog Plate, an 270 Z
dag (toward Ripht Shear Plate)
Export Conrralled Fybrmeion 14 CAPE Pargnr # 6,774,373
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3.8.3 Excitation Method, Levels, and Application Points

Sine Sweeps will be measured by accelerometers at saveral locations on the CAPE-REIGEY Azsembly
hardwrare which will determome the natural frequencies of the stmchue.

3.9 Boundarv Conditions

301 Support Stucture

The test article does not have any suppoit structure. Therefore, there 15 ne support stechre that can
participats m the test frequency rangs.

392  “Free-Free” Test

Mot Applicable. The test set up does not require a suspsnsion sysiem.

3.10 Test Reports

The test facility will prepare a test report detailing zll test data cellected n fher stamdard format for flight
hardwrare. Twvpically the tast report 1 completed withim ten working days after the test has bean
completed. Thes test report will melude all data collected from the accelerometers, phase angle data

associated with the mstumentation, control acceleromater data, and any anomalies sncounterad durmg
the tasting. The test report will also melude any piotures that were taken of the fest article and the test et

up.

4. LINEARITY
Amy simnificant non-linearties will be identified whers the data collected allows.

5. TEST SPECIMEN MATH MODEL

A fimite element model (FEL) of the CAPE-RIGEX Assembly 1= constucted and used to predict matural
frequancias and mode shapes of the overzll svstam, The CAPE-RIGEXN Aszembly FEM iz shown in

Fizmre &

L]

Export Conralled Iyfbrmation 1 CAPE Parenr # 6,774,375

157



RGX200730:02 Rev IR

Figure §: Finite Element Model of CAPE RIGEX (2 views)
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6. PRETEST ANALYSIS AND RESULTS

Table 4 and Figure 9 show the prelimunary modal analysis of the CAPE-FIGEX system. Analv=is
mdicates one fraquency below 35 Hz — at 30 22 Hz — but the mas: faction assoctated with this mods 15
only 2%, and thersfore it mav be considered not sigmficant. The first too dominant meodes are are at 353
Hz — although thiz alzo has a fandy low mass fachon of 8% -- and 63 .2 Hz.

Table 4: CAPE-RIGEX: Namral Frequencies with Masz Fracton

MODAL EFFECTIVE MASS FRACTION
FREQUENCY

T3
FRACTION [SUM

1

2 :

3 68.16 0.27 0.33
- 83.54 0.34 0.67
5 97.06 0.00 0.67
[ 102,75 0.00 0.67
T 123.26 0.00 0.68
8 146.04 0.00 0.68
9 162.16 0.01 0.68
10

166.35 0.00 0.68

Export Contralled Fyfarmetion 17 CAPE Patenr #6,778,375
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7. CORRELATION ANALYSIS
Update FEM model's mass, CG, stiffness to reflact test article and test results.

Export Contralled Fyformation 19 CAPE Patenr 6,774,375
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ACRONYMS

AFIT Aw Foree Institute of Technology

CAPE Camister for All Pavload Ejections

CE Center of Gravity

DD Department of Defense

FEM Fimite Element Modsl

GSE Ground Support Equipment

I5C JTolmson Space Center

HNASA Mational Aevonautics and Space Admumistraton

PIE Pavload Integration Engineer

BIGEX Bigidizable Inflatable Get Away Special Experiment

SPA Small Pavload Acconmmodation

5TP Space Test Progiam

SWG Structures Working Group

TER Tast Bsadiness Reviaw

USAF United States A Foice
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Appendix E: OSS Fastener Structural Analysis

The following document was produced by STP structural analysts. Highlighted in
this document are the entries which display the negative margins on the experiment top
plate fasteners. This data was produced using STP’s mature finite element model
software. This document displays the preliminary results of the failed bolted joint

between the experimental top plate and the ribs.
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This acalysis is for  Mominal

Flange 1
Flange 1

Je

STRESS ANALYSIS SUMMARY

TOPPTATE

Falsate

CAFEFRICEX

BIE PLATE

Condzurations)

20

STPHEIOM0000-30]

|20

STREIOM0000-301

Part Mams Flat Haad Screw P MASIIEG-3

Dviaterial A2E4, 120 ksi Amnalyzis Tempembare 165 °F
Fitting Factor Mo _X Vs (Factor=__ 1.15 Temsion LI5S Shean
Safety Factor Mo X Vas (Factor=__ 200 T 123 ¥ld __ ol F5)
Eef| Locagon | Failure Membear Material Margin of

Load Caze

Load Type

Nio.| Checled Minde SfresyToad | Strength Safety
1 Foat Tension | Cmo-Crbir Ulimate | 2800 [bf| 3381 Ibf a2l
2 Rt Tension | Om-Crhir Vield 2685 Ibf| 2826 Ibf 003
E] Bt Tensicn | Om-Ooiir Failsafe na | ma I n'a
4 | Thread -Iomt | Shear - O Tlitimate 2300 [bf| 775 Ibf T8
5 | Thread-Imt | Shear Crm-Cirlon Failsafe na Ibf| mwa I n'a
i Bemdis | Tension |  Owm-Oohit Tlimate na psi| o Pl na
7 Bendirz | Tensiom | Cm-Colic Wield ma  psi| mia opal wa
B Bemdis | Tension |  Owm-Oohit Falzafe na psi| o Pl na
o | moor [TEERR] cpomi | Ummew | 35 BI ji Bl 046
0 Zear || opowmir | Faere | 200 DI BBl ap
11 Bt Slvear Cin-Orloif Tlimate al Ief| 1998 Ibf +Hizh
11 Blisart Shear -l Fadsafe ma [bf| wa I o'a
13 Taint Cappicz | Om-Colic Limt 220 Inf| 1130 Ibf 0,03
14 | Thread - Ext | Shear - O Tlitimate 2300 [bf| 2146 Ibf 1.2
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QCEANEERING

This aealysis is for Mominal

Flanga 1
Flamge 1

Jh

STRESS ANALYSIS STRIMARY

TOPELATE

Falsate

CATEFRICEX

BIB PLATE

Confzurations)

B

STPEA00000)00-30]

20

STREAOG0Q0)00-30]

Part Mame Flat Head Screw P NASIIE0-3
M mterzal AE4, IR0 ksi Amnalysis Tempemiare o 145 °F
Fitting Factor Mo _X Yas (Factor=__ 1.15 Tension LI5S Shear)
Safety Fachor Mo W Vas (Factor=__ 200 Tl 123 ¥ld _ na F5)
No| Checked | Mode | Lo Cose [LondTwpe| oo 00, | St | sty

1 Foot Tensicn | Cm-Oriz Ulimate | 2780 [bf| 3381 [bf 022

2 Root Tensiom | Om-Oriz Yield 2673 Dbf| 2826 Ibf 0.046

3 Rt Tenzien | Om-Ooiit Fadzafe na | ma I oa

4 | Thread-Imt | Shear Om-Cirit Ulimate | 2780 [Ibf| 102356 [Ibf +Hizh

5 | Thread-Imt | Shear Crm- O Faizafe ma Ibf| mha  Ibf wa

b Bamdips | Tensiom | Om-Ooir Timate na psi| wmia  pat wa

7 Bendipz | Teosiom | Owo-Orhi Vield na  psi| wa o opast wa

B Bamdips | Tensiom | Om-Ooir Fatlzafe na psi| wmia  pat wa

o | meot |'ES| ovOmit | Uimee | ngp  Bo| joss bi| 048

10 Zear | EEM opowmir | Faee | 200 L EDOOHD O ma

11 Ppat Shear Cim- Ot Timate 1y [bf| 1903 [bf +Hizh

11 Rt Shear Crm-Crir Fadzafe na | ma I oa

13 Tatmt Cappies | Cm-Crlit Limett 260 Ibf| 1130 Ihf 002

14 | Thread - Ext | Shear Crm-Crir Tlitimate 1780 [Ibf| 295F  Inf 006

15 | Thread - Ext | Shear - Ot Faisafe na [bf| na Ibf n'a

16 Tt Shear Crm- O Tlitimate ma Ibf| mha  Ibf wa

17 Tt Shear - O Fadzafe wma [bf| ma Ik wa
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Appendix F: RIGEX Oven Assembly Memorandum

Alr Force Institute of Techpoiogy
Merght Patterson Alr Fokce Base

MEM R ARNDLIM
FROM. ENS Brady 0. O'Meal, USN
SUBJECT. Structural Verification of RIGEX Cven Lssembly

1. The dezign and effectiveness of the three heater boxes (ovens) used onthe
RIGEX flight prototype are a portion of the science being examined in the RIGEX space
experiment. The various components that make up the oven assembly are experimental,
and include the fallowing components; oven, Sub-Tg tube, pin-puller, oven latch, oven
mourting bracket, and the RIGEX structure. Structural verification of the RIGEX oven
azzembly iz ezsential to RIGEX's mizsion success.

2. The dezign of the oven azsembly has been through several terations since
RIGEX's conception. The flight configuration iz currently assembled and ready for
implementation. This current design stems from the vibroacoustic testing completed by
2ndlt Sarah Helms in 2005 using an MB Dynamics C40HP Electrodynamic Yikbration
Exciter. 2ndlt Helms used a realistic flight load environment vibration profile determined
by MASA in compliance with NS TS-21000-1D0-SML Shuitle OrbitesSmall Payioad
Accomadation Interfacesand NASLA-STD-7001 Pawiead lYibrosconsts Test Criterigto
test the oven aszembly's akilty to withstand random vibration.  In her experimentation,
the oven assembly experienced & maximum of 8.2 grms of random vibration,
Tolerances were =&t inthe experiment's control software to avaid over-testing. A
genetal analysiz and thorough visual inspection were used to verify the structural
integrity of the oven azsembly with respect to expected launch loads.

3 This memorandum, in conjunction with previous testing, iz meant to provide
justification for the design and the materialz uzed inthe oven aszembly. Thorough
structural testing of the oven assembly shows that the use of non-MNAS fasteners and
Utem as the oven box matetial iz acceptable.

4. The RIGEX oven azszembly has been tested under a realistic flight load vikbration
environment. The oven azsembly withstood the severe testing loads and performed as
expected. In summary, the oven azsembly iz ready for space flight.

BRADY D O'NEAL, EM5, USH
LFITIENY
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Appendix G: RIGEX Operational and Survivability List

Cperating Limits Storage Limits™
Required Valtage (vD2) | Currentima) | TempC) | Humidity % Termp CC) | Humidity %
Subsystem Component Loww High Lowy High Low High Low High Low High High Lo
General
Master Bond Epoxy S 7S 7S 72 ) ] I A 71 | N N
Experirnent
Sub-Tg Tube V) MAA /A MAA MAA 110 MAA MAA ) 110 A MAA,
Piezoelectric Actuatar - PZT
QuickPack strain actuator -500 1500 MAA 5| NA MAA 160 [NAA MEA
Accelerometer - Precision
Aligned wide Input Voltage
Triaxial Accel 27 5 0.6 1500 -40 5| NA MAA 55 150 MA MAA,
Pin Puller 5 i} 17 980 -0 70| NA TA -0 70| NA T4,
Cornmand and Cortrol (Cormputer)
Quartz TimerCounter 5 4 0 220 -40 05| NAA A& -40 05| A T4,
PC-104 Computer (imaging / data
ac) 5 5 90 -40 85[MAA MAA 55 5| NAA MAA,
Filter - Proto-PC 5 4 a0 -40 05| NAA A& 0 TO|NA T4,
Thermocouple (data acq) 5 ) 0 50 -25 85 [NAA MAA, -25 85 [NAA MEA
Fanus Relay (Data acq) 5 ] u] 1500 40 g5 10 g5 40 g5 10 g5
Diamond DAG 5 i 0 200 45 a5 5 95 45 a5 5 95
High Efficiency PC-104 Power
Supply ] 40 0 15000 -40 05| NAA A& -40 05| A T4,
DiskOnChip 2000DIP (Harddrive) 5 5| 0.008 40 -40 85 10 90 -40 85 10 90
Wire MZ2753 22806 A AR, 0 9500 | NAA ) ) ) AR AR AR AR,
High Efficiency PC-104 Power
Supply (24V0C Suply) B 40 50 -40 85[MAA MAA -40 5| NAA MAA,
D-Sub Connectors (e A&, 0 7000 55 105 | NA A& 55 105 | NAA T4,
Ribbon Cable AR AR 0 BE00 [NAA /A /A /A AR AR AR MAA
Heaters
Heaters (3.5x2.746in) [Vie) A&, 0 13500 -200 200{MiA AR -200 200{MAA T8,
Heaters (3x5in) MAA AR, 0 13500 -200 200{M/A AR -200 200{MAA MAA,
Heaters (1:xdin) (e A&, 0 13500 -200 200{MAA A& -200 200{MAA T4,
Oven Controller 4.75 B0 0 4000 -40 O NA ) -40 7O A TiA,
Oven Insulation
(ZOTEFOAM 38 HD) [l PAA, [ I 160 A2 A 290[NAA A4,
Power Distribution
B AW 4P Terminal Strip 0 300 0 15000 M/A MAA MAA MAA MAA MAA MAA MAA,
8 AW T0P Terminal Strip 0 300 0 15000 MN/A A& A& A& A& A& A& T4,
228G BP Terminal Strip n] 300 n] 50000 | MAA /A /A /A AR AR AR AR
24 AWG 5P Terminal Strip 0 300 0 50000 MAA MAA MAA MAA MAA MAA MAA MAA,
5-Fuse Block 0 00| NAA A& -40 110 MAA A& -40 110 MAA T4,
4-Fuse Block n] 300|M/A, /A -40 110 N/A /A -40 T10]|NA AR
2 Fuse Block 0 300|N/A MAA -40 110 NA MAA -40 110 NAA MAA,
4 Amp Fuses (e A&, 0 4| MIA A& A& A& A& A& A& T4,
3 Amp Fuses V) MAA 0 3| MA MAA MAA MAA ) ) ) MAA,
2 Amp Fuse MAA AR 0 2|NA MAA MAA MAA MAA MAA MAA MAA,
5 Amp Fuse [Vie) A&, 0 O NIA AR AR AR TR, TR, TR, T8,
20 Amp Fuse V) MAA 0 20| WA MAA MAA MAA ) ) ) MAA,
6 Amp Fuse A AR, 0 B|MN/A ) ) ) AR AR AR AR,
EmI Filter (FMEZ8-461/ES) 0 20 0 15000 -55 125|MA AR -65 150 MAA T8,
Solid State Relays: output 1 50
Solid State Relays: input &) 32| MiA A =20 0 NFA NFA -40 100 A& A
Transfarmers £.3 6.3 0 600 -40 105 | NA ) -40 105 | NA T8,
YCL Latching Relay 0 249 0 30 -70 125 NA AR -70 125 NA MAA,
Dindes 0 40 0 5000 -55 150 M7A ) -55 150 MeA A,
Resistors (1ohm) FA A, /A ) 55 280|N/A ) 55 280|NAA TiA,
8 AWG Wire A PAA, 0 81000 | 1AA ) ) ) MAA MAA MAA NAA,
Pressure System
Pressure Transducer 20 36 200 360 -54 121|NA NAA -54 121|NA AR
Pressure Transducer Wire MAA AR 0 SE000 MAA MAA MAA MAA MAA MAA MAA MAA,
Solenoid 18 24 400 -40 105 | N/A A -40 105 | NAA A4,
Imaging System
Lights - LEDs 07 13 0 700 -40 110 NA MAA -40 120 NA MAA,
Cameras 8.5 12 0 100 -20 100 MAA A& -20 100 MAA A&,

171



Appendix H: RIGEX Anodizing and Alodining Instructions

The following figures represent the instructions provided to TechMetals, Inc. for
the treatment of RIGEX’s aluminum structure. All parts were alodined by TechMetals.
After alodining, all threaded and non-threaded holes smaller than a half inch in diameter

were masked before anodizing.
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NOTE: TOP VIEW

Entire piece
alodine only!

LHLER OTHERWEE SFECFED:
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1 RS W CM & hbt
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e
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Ak U AlH B Wl S AL DEAWTD

5 4 3

e
[l A BEG T Aoy 0
RIS DS
1HS APFE
mES APEL
-
£ drmmingi

B i i S,

T oML, SR RO
m!..l...).r-.nu._._ﬂi 5L
= i

LT
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— 1. 0272 dig, thru
Cheore 5425 diax 75 dey

2. TAFPED FOR #10-22 HELF _U__.
(ME21209F1-20)
SPACED EQUALLY ARCUMD
RECTAMGULAR HOLE (& PLACES)

AlR FORCE INSTITUTE OF TECHMOLOGY

TWLE:

CAPE MOUNTING PLATE
[TOP VIEW)

SEE DWG, NOD, mmu_c_.
A RIGEX-2006-1-1
SCALE: 1:6 WEIGHT: SHEET 1 QF 3

1
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NOTE: TOP VIEW

mEEE AREY

AR L AT

o4

P

LB 06

-
LMLESS CTHERWEE IFECIFED
CEEREERRE AR B BICHES
LA € B
A T L 3
ARIGLRAL MASE g BEND 3
T FLACE DECPRAL gl
TSR LA | BB WAL gl BE
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T A ECW G MR
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Tape off
Area not anodized!
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1. ALL HOLES SPACED 223" APART,
& PLACES

2, ALL HOLES SFACED 2,125 AFART,
& FLACES AFART

3, SAME AS NOTET

4. SAME A3 NOTEZ

5, BOLT CIRCLE B TAFPED FROM TOP
FOR3/M&" L5 dia HELMCOIL (MS21205F46-151)

ALL HOLES DIMEMSIONED OM THE PAGE
[WITH THE EXCEFTION OF NOTE5)

ARE 201 dio. thou,

Csirk 385 d8a x 100 degrass

DAl

AlR FORCEIMSTITUTE OF TECHNOLOGY

Hisg 04
TMLE:

EXPERIMENT TOP
PLATE [TOP VIEW)

SEE |DWIG, NO. %

A RIGEX-2006-2-1

SCALE: 135 WEIGHD: SHEET 1 OF 4
2 1
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NOTE: BOTTOM VIEW
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T T
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PSR AN B RTREL
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SEE NOITEZ FOR EXCEPTIONS
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BOLT CIRCLE TO AVOID MTERFEREMCE
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3, #8-32 UNJ TAPPED HOLES, DEFTH: 0547,

12 PLACES

B4 BIR FORCE INSTITUTE OF TECHNOLOGY
1 Aesg O
TMLE:

EXPERIMENT TOP
FLATE (BOTTOM VIEW)

SEE DWiG. NO. REV

A RIGEX-2006-2-3 C
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2 1
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Tape off

2250

Area not
anodized!

' 1 |
i
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1. BLIND HOLES SPACED 2 250" AFART,

O & PLACES

—— 2. BLIMDHOLES SPACED 2.50° APART DOWVYM
CEMTER OF PLATE, 11 PLACES

3. SAME ASHOTE ]

4, THRU HOLE, SPACED 1" APART, 2 PLACES

5. MASK WHILE AHODIZING
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BLIMD HOLES ARE TAPPED #10-32 UM, DEFTH: (.54
ALL OTHER HOLES DIMEMSIO HED QM
THIS PAGE ARE 2017 dia thry, Caink 385" x 100 deg

AIR FORCE INSTITUTE
OF TECHMNOLOGY

LARGE RIB, W/O
COMPFPUTER

EUAT [ TR

Fire ABE W e e

CsT iR

[L-LLTN

BE-FEETH

ol

ST L

B ARy T AN R0
L=

T Amit aresa Paienea o ol

PR IAO MERL GRO &SR
T o8 BT s W
Wi I

2 RIGEX-2006-4-1 &

Hoaabld TR BT R



Inner side

Tape off

Area not -
anodized! | 1
' i
i
DETAIL &
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