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This document outlines the successes and failures of the past
trimester period. Specifically, the constructed Engineering
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Nomenclature

ADACS Attitude Determination and Control

ANSYS An FEM and thermal analysis package

CNC Computer Numerical Control (Machining)

CPU Central Processing Unit

ICD Interface Control Document

MDS Master Data Sheet

PCB Printed Circuit Board

Pro/E Pro/Engineer, a solid modeling computer package
Pro/Mech Pro/Mechanica, an FEM solver for Pro/E
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Equipment does not change mission-to-mission.

TVAC Thermal Vacuum

Introduction

This trimester period has been a large success, however as with all such projects, some setbacks were
encountered. This ternary review shall go over what went well and what did not. The final structural design
will be reviewed, the simulations and analysis discussed. Goals for the next period shall be proposed along
with an approximate timeline.

Achievements and Delays

This semester two engineering models of the structure were successfully completed. However, analysis was
initially delayed as the original software provided was inadequate. Specifically, the educational version of
ANSYS was unable to mesh the full structure, and so a search for different software was necessary. The
Structural analysis ultimately ended up being completed in Pro/Mech, while a single license of the Professional
ANSYS was found and used for the thermal analysis.

Unfortunately, manufacture took an additional three weeks longer than forecasted, and testing was delayed
for this period into the next.



Fortunately, a testing facility for the vibration test has been lined up in Indianapolis. After an extensive
search, it was determined that no appropriate vibration facility existed on campus to test the satellite. The
thermal vacuum chamber in the lab will be used for the TVAC test next semester.

Design Process

Design Requirements

A number of key design requirements were used to determine the final configuration. During our design
review, these were presented in more detail, along with the iterative process undergone which resulted in this
current concept, the four generation on these requirements:

A Develop a Flexible Bus Design
A Compatibility with Multiple Payloads
A Interchangeability of Parts
A Simple Assembly Procedure
A Structurally and Thermally Verified
A Designed Within Allocated Mass (300 g)
A Expandable Design (3x1, 1x1)
Most of these points are self-explanatory. Thevision2 ¥ | Wt SEA6f SQ RS&aA3y &dzaA3S

structural design could support a different set of service units, or a different payload, as required for a given

mission. The structure offers support, but does not make any specific assumptionson g K & A G0 WOl NNA S
This was achieved to the best level possible. Constraints are put on the payload total volume and mass, the

battery volume and mass, and the attachment points of a given PCB service board, and solar panel

attachments. Other than these constraints, any equipment that falls within the mass budget is acceptable.

As per the Payload Interface and Design Specificationstructure can interface with almost any payload that
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attachment point.  All parts are designed to tight tolerances, allowing them to be swapped for replacements

of the same design easily. The entire system is designed to be expandable, using only the rails to determine
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payload interface, and to selecting the length of the rails.

Structural and thermal verification shall be discussed in more detailinthe W{ A Ydzf  GA2Y | YR | yI f ¢
below.



Material Selection
In order to select the appropriate materials, it is important to establish a figure of merit for potential materials.
For the rails and the separation standoffs, the critical force is given as a function of

2
= _p°El

erit = 2
whereEA & (G KS | 2 dafsTh@adtea motnéhtlaf itdiay and Lis the column (rail or standoff) length.
The mass of the rail or standoff is given as

m = pALr
where Ais the cross-sectional area and ~ is the density. Given a certain prescribed geometry, the values of |,

A, and Lwill remain constant. Therefore to minimized mass while maintaining strength gives us a figure of
merit of

E1/2
r

Ml

as a material selection parameter.
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against density, as shown in Figure 1.



1000

1. MODULUS-DENSITY

YOUNGS MODULUS E
(Ga3E/B; K=E)}

' [

MFA 58-S

Mo’ w-ALLOYS
Lo

100 1 —
L - ]
- = - - -
O X " ZNGINEERING—""T
S [ 7 TvrCaTES ki
~ L i
L 10
2]
0
)
=
(=)
@)
=
"
o o
-
S 7
) S IMINIMUM WEIGT |
- s NESGH |
roRk \\ .f Sk ; / 1
POIYMERS IEE; ‘ J
/ - - I\ E ¢ |
f FOavS LTy, = =C|
0.01 | / A E | IIVI p,l,,x 1 1]
01 0.3 1.0 3 1 3
DENSITY, P (Mg/m?)

Figure 1: Young's Modulus vs. Density (Ashby, Material Selection in Mechanical Design

By looking at Figure 1, it is obvious that additional constraints are required, as aluminum seems just as good a
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reasonable set of possible materials.

For the case of the rails, it is required to have hard-anodized 6061-T6 aluminum as specified by the PPod
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chosen for these plates for its relatively high yield strength, thermal properties, cheap cost, and easy
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modulus. The main function of the middle thermal plate is to conduct heat out of the structure. As such, it

is important to reduce mass and increase thermal transport. Graphite was therefore chosen. While

graphite is more brittle than aluminum, it is much lighter and boasts similar heat transfer properties.



Design Description

Using the advantages of previous design iteration as a guide, we completely redesigned the structure. We
devised a new rail structure that used angle aluminum rails along the 20cm edges and screwed into the centre
thermal plate to maintain a 10cm x 10cm x 20cm box shape.

Previously, our designs consisted of an external frame into which the thermal plates, the subsystem stack, and
the payload could be fit into. In this design iteration we focused on redesigning the thermal plates to serve as
a structural component as well.

The rails are formed of angle aluminum, cut to 20cm length and machined to have a small inset lip along their
outside edges (to imitate the inset on the plate design for insetting solar panels.) The rails are connected to
the centre thermal plate (the battery thermal plate.) This plate will either be NC milled, or milled by hand.
The plate is be a 5mm thick square block, with indents milled to allow the rails to mount slightly proud (again
to mimic the plate design with respect to solar panel attachment.) On one of the four sides of the 5mm thick
plate, a 10mm indent is machined out along the majority of one side to allow for the passage of wires above
from the payload to the subsystem stack below. Above and below the 5mm thick plate will be 1cm extrusions
at all four corners to form attachment points for mounting the rails. The rails are fastened to the plate using
helical coils. This will create a 10cm x 10cm x 20 cm rail rigid rail structure into which the payload and
subsystem stack can be individually loaded (one from the top and the other from the bottom.)

The bottom and top thermal plates were also modified. In all previous versions the top and bottom thermal
plates were integrated into the payload and subsystem stack respectively. This is still true in this design.
However similar to the modifications to the thermal plate, the edges were machined to allow the rails to
mount slightly proud, and extrusions to act as pick up point for rails will be made but only on one side. Onthe
other side, extrusions are designed to contain the separation springs and kill switch cams.

In order to achieve the extrusions required for the top, and bottom plates, we need to machine the form out
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machining and material costs, but allows us to make all necessary connections. The material selection was

discussed previously.

Please review the Assembly and Integration Plailecument for detailed assembly instructions.



System Integration

Component Mass
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Figure 2: First Iteration Mass Budget

As the Structural and Thermal team, a top-level system approach was taken. It was originally the intention to
act as an interface between teams, ensuring the satellite was designed in context of the other groups.
Unfortunately due to the current organizational mentality of the project, each team had minimal required
contact. Focus was instead placed on developing functional components, and while all teams did try to stay
within their allocated mass, final designs were not achieved and so cannot be compared to the baseline. With
this in mind, a review of the Allocated Mass Budget at this phase of the project is not beneficial, however going
into the next trimester such a review should be conducted early.

Within the context of this groups responsibilities, the current structural design, before any hardware or surface
finishes is 300.3 g.  As such, once surface finishes are applied, it will likely be only slightly over budget.
Considering the number of other constraints on this design, such a minimal overrun shall be considered a
success.

Component Information

Using the data submitted to the Master Data Sheet by all teams, a full assembly solid model was created, that
included the volume and mass data for all components. To the best of our current knowledge, this solid
model is accurate the intended design. The model was used for simulation of the system under structural and
thermal loads, and for determining the centroid.
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yet include any fasteners or wiring.
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Integration Level Design Complications

While finalizing this design and producing engineering l

drawings a few top-level design considerations were

irresolvable during this work period.

The first such issue is the mandatory Kill Switch.
Significant number of man-hours were put into the kill
switch issue, however given the nature of our design, it
was impossible to specify a switch component without
doing a a practical fit-check. Initial kill-switch concepts
attempted to recess the switch body into the bottom

plate, however this solution was impractical; there
AAYLX @& ¢layQli Sy2dz3K YFGSNAIf @ ¢2 az2ft @S (dffroa
act as a redirector to the surface of the bottom plate. With the engineering model complete, a number of
switch parts are to be tested and ordered, and an
optimum solution found. Once a switch has been Figure 3: Kill Switch Cam

selected, the interface for it should be finalized

(specifically the mounting holes and their location on the bottom plate) and an updated Engineering Drawing

released.

Another integration level design complication is the battery design. As with the kill switch, it was determined
that further delaying production-level drawings to wait for a finalization of the battery selection was not
prudent. | & &dzOK GKS Odz2NNByid WYARRESQ LIXIFGS RSaAldy
that when a battery is selected and the number of units determined, some form of simplistic sheet metal or
plastic retaining wall can be produced which should have a minimal number of additional holes added to the
middle plate, allowing for easy attachment of the battery to the its underside. This shall have to be
completed in the next trimester.

One final outstanding design detail is the exact location of the pull-before-flight pin and the data access port.
The +X side of the satellite already has many cables passing by, so it is likely that the port and pin will be put on
any of the other 3 sides. A careful review of the CubeSat Specification has shown that, for the current PCB
stack order, placing the pin and port on the power board would allow a placement within the p-pod access
window, while also minimizing the effect upon the solar panel. One panel would evidently need a pass
through cut out, but the Solar Panel design does not currently fall under the Structural Design Team portfolio,
so this variant design is not considered in the Solar Panel Interface Control Documenéased during this
trimester.
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Simulation and Analysis

Thermal

The thermal simulation can be divided into two parts: Steady State Thermal Analysis and Transient
Thermal Analysis.  All analyses were performed using ANSYS. A version of the solid model was
exported, and simplified so that ANSYS could handle it. Additionally, all the thermal surface
properties of the satellite were added in, as these are not included in the standard model. Finally,
internal heat loads were added to simulate active components. Note that these heat loads were
always activated, and were all activated simultaneously; more realistically each component would
KIEIgS W2FFQ LISNA2R&a&X LINBPRdAzOAYy3 y2 KSIGo

Steady State Thermal Analysis was performed to simulate the worst thermal situations by putting the
model in both sunlight and eclipse for infinite time. The results of the Steady State Thermal Analysis
were found to be that the satellite experiences 18.591 to 53.619 Celsius in the sunlight and -59.269 to
-25.145 Celsius in the eclipse. (For more details, see full report on this topic, Thermal Analysis.

Unlike the Steady State Analysis which assumed a continuous temperature flux, the Transient analysis

does the reverse. It attempts to simulate the actual orbit situation, by cycling the temperature input

between the sun and eclipse states. While a direct Boolean exchange is perhaps not the best

representation of the true situation, it is more than sufficient to produce a decent approximation.

The simulation assumes 35 minutes in eclipse and 63 minutes in sunlight. Each simulation was run

for five full cycles, and the results were plotted. The max temperature usually occurs in the simulated

onboard chips and min temperature usually occurs in the payload section. The low temperature in the
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payload. (For more details, see full report on this topic, Thermal Analysjs
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Figure 4, below, shows the summary of the transient analysis, listing both the maximum and minimum
results.
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Figure 4: Thermal Analysis Results

Structural

The structural analysis consisted of a paper analysis to determine buckling forces to a first order
approximation, a finite element method analysis of stresses and displacements in the structure, and a modal
analysis to determine the vibrational modes. The FEM analysis was conducted using Pro/Mech. The model
was imported automatically from Pro/Engineering, which was the environment in which the solid model of the
structure was made.

The possible failure modes of the structure were analysed and it was determined that the launch environment
presented the period of greatest risk to the structure. Two worst-case launch configurations were analysed:
the axial loading position, and the transverse loading position. (For more details on setup and results, see
full report on this topic, Structural Analys)s

The paper analysis and FEM analysis both demonstrated that the structure is many times stronger than is
needed to survive launch. However, material cannot be removed to reduce mass as the plates need sufficient
material for attachment points.

The modal analysis did result in the first two modes being within a region of high attenuation during launch.
Due to the constraints applied to the structure for the modal analysis, which assumed the structure was rigidly
pinned to the launch vehicle instead of being allowed some room to move as in the real launch environment, it
is suggested that a more rigorous modal analysis be conducted. Furthermore, a vibrational test should be
conducted to determine the vibration modes and assess the validity of the model.

In addition to a vibrational test, as straight load test of the structure would help assess the validity of the paper
analysis. A full report of all results is available in the Structural Analysigdocoment.



Cost Estimate

Table 1 lists the cost estimate for the satellite, compared to estimated actual expenditure. A few very
important notes should be made when reviewing these estimates. The assumptions on the initial machining
cost assumed that student labour was to be used, a CNC machine with pre-programmed sequences and only
producing one structure. In factual fact, professional labour was used, and they manually re-programmed a
CNC; additionally the tolerances required on the parts were much higher than intended believed.

Other changes exist; for instance the materials cost is only a guess; our team was never informed of the actual
cost of anything purchased aside from the machining. Finally, as testing did not occur, due to delays, so this
cost was saved. Also, no ground support equipment was needed this semester.

Table 1: Cost Estimate

Iltem Estimated Cost Actual Cost

Bus Materials $120 ~$300
Machining $200 $4425
Custom Tools $160 ~$120
Test Costs (instruments, time) $500 S0
Ground Support Equipment $50 S0
Total $1030 ~$4845

Division of Labour
Table 2:Work Assignments

Task Intended Assignment Actual Assignment
Modelling . Alex, Kan, Erik . Alex, Erik

Mass Budget Alex Alex

Drafting and Erik, Alex Alex

GD&T

Thermal Kan Kan

Analysis

Structural Alex, Erik Erik

Analysis

Vibe Test Alex, Erik None

TVAC Test Alex, Kan None




Deliverables
The following is a list of deliverables that were intended. Not all deliverables were accomplished this
trimester, and the relative progress of each deliverable is discussed.

1. Interface Control Document for Standard Payloads
This document was delivered only in a draft form. It outlines the mechanical interface options for any
payload, and preliminary thermal interfaces based on the analysis thus far.  As this document would ideally
be a team-wide effort, its full completion was forestalled by the progress of other groups. The electrical and
electronic interface sections are still highly tentative, whereas the mass limitations section is fully fleshed out,
odzi gAfft YySSR dzLRIFIGAY3 a GKS FAYLE O2YLRYySyli
allow payload designers to know what additional features may be included, such as deployable solar panels.
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Engineering drawings are attached to outline the options that a customer would have for a mechanical
interface or to design their own interface.

2. Assembly and Integration Plan
This document lists the hardware and tools necessary to assemble the bus, and proceeds to give a step by step
instruction set for bus assembly. The instructions are designed for signoff and timestamps, to allow for
accurate documentation of a satellite assembly, and contain large images to ensure no confusion about the
various steps. While the assembly procedure may need updating if any core concepts change, this document
is considered complete.

3. Solar Panel Interface Control Document
This document outlines the interfaces for solar panels. Specifically, it focuses on the mechanical interfaces
and the size limitations of solar panels.  Of large importance at this phase in the design are the volume
limitations set out in this document. The solar panels must respectandzY 6 SNJ 2 F W1 SSLJ | 61 8 Q |
cannot extend past certain limits. Using engineering drawings, these limitations are denoted carefully.

4. Engineering Solid Models of 2x1 and 3x1
Using solid modelling software, the structure and all components of the satellite were modelled, taking into
account their true mass and volume. This model produced the inertial information in Appendix A. it was a
basis for many analyses and was generally useful as a reference for all designing. The models allowed the
team to quickly fit-check new parts or see if certain configurations were available.

5. Detailed Engineering Drawings for 2x1 and 3x1
A set of detailed engineering manufacturing drawings, with careful attention geometric dimensioning and
tolerancing were produced. From these, the bus structure was manufactured. Based on discussions with
the technicians after their production, the drawings were updated to correct for ambiguities and tighten some
tolrances.  Additionally, it was determined that the design can be scaled down to a 1x1 structure, and
drawings for these were produced, but not manufactured.



6. Protoflight and Engineering Structures
Two structures were produced, and enough rail parts for two 2x1 and one 3x1 structure.

7. Test Procedure Documentation
As no testing occurred, this deliverable was not completed. As originally stated, this deliverable included a
test plan, and documentation, as well as write-ups of the final results. Based on the manufacturing delays,
the problems with software and slower overall design progress, not only was the testing cancelled, but no test
plans were produced.

Advanced Planning and Forecasted Objectives

Timeline

Current Team

Structural Thermal Solar Panels Integration

Dummy Heat
Loads and Test
Plan

Dummy Masses
and Test Plan

Design and Lab

Proof Loads .
Training

Detailed Design

Engineering

Production .
Drawings

Design
Modifications

Analysis and

: Documentation
Comparison

Testing

Sy N S
Sy NN Sy

Vibe Test { Vacuum Test

For the upcoming trimester period, an ambitious schedule has been produced, however unlike our previous
schedule, at this time no specific dates have been forecast. Having learned the lesson of forecasting too far in
advance, this report favours instead a more general schedule. As such, the pink square at the top represents



the current team, as of right now. Given the predicted influx of new membership, the team shall expand into
sub-teams and each of these will work forward in parallel. This timeline shown above attempts to reflect this.
The purple line shows our intended work for January, while the lower levels move forward to February and
later in the semester.

Sequentially however, the first priority will be to push through a solar panel design, while finalizing the design
details on the assembly. Ideally, by the end of January, the solar panels should be in production, and the full
assembly finalized, with surface finishes applied, and all additional attachment points (batteries, kill switch,
etc.) added. During this time, the analysis groups shall write up test plans for both the structural and thermal
vibration tests.

Any supporting equipment needed to run these tests are be produced through February, with the actual tests
occurring late February or early March. Once the tests are complete, documentation will be updated to
reflect the results, and depending on the progress of the other Cubesat teams, an early attempt at full
hardware integration might be made for open box testing.

Objectives
As outlined briefly in the timeline, next semester has a number of key objectives. Early in the semester, these
objectives should be turned into a list of Deliverables.

1. Finalize design details on Bus structure
2. Design and produce Solar Panels

3. Perform Structural Vibration Test

4. Perform Structural Proof Load

5. Perform Thermal Vacuum Test

6. Document Results

Recommendations

This semester, the project did not focus on overall system design. This should be brought into the conscious

design of all members, so that the interconnectedness of the satellite can be addressed at the part level, and

lot later solved with rubber band solutions after the fact. Early in the semester all components should be

reviewed and put in the context of the larger system. To this end, inter-team communication needs to be

improved. The Twiki was an excellent intial effort, but each team kept within their own sections. Instead,
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submit to the appropriate sections of the website, but have it structured in the context of the larger project

instead of team segregations. To forward this concept, all administrative things would be grouped together

(eg all work logs kept together, all background research together etc.) whereas any documents pertaining to a

similar part would be together (the solar panel interface document stored on a solar-array specific page, not in
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As a second, and unrelated recommendation, this team should work closer with the machinist to ensure the
lowest cost path is being observed. Inquire, next trimester, into providing the CNC files for any parts using
that production method.

Conclusion

This semester lead to significant progress over the previous design iteration. Starting with an undocumented,
warped design that had no practical mounting points, this team has moved over to a fully conceptualized,
analyzed, documented and now produced structure. Looking forward to next semester, this project should
continue to leap and bound, achieving proof-of-concept tests, and beginning the initial integration work on the
actual satellite.



Appendix A: Mass Data
VOLUME = 1.0964339e-03 MA3

SURFACE AREA = 3.8934567e-01 MA2
AVERAGE DENSITY = 1.4220635e+03 KILOGRAM / M3

MASS = 1.5591986e+00 KILOGRAM

CENTER OF GRAVITY with respect to _2X1_FULL_SATELLITE_ASSEMBLY coordinate frame:

X Y Z -1.150173%e-04 5.3109792e-05-4.9231675e-04 M

INERTIA with respect to _2X1 FULL_SATELLITE_ASSEMBLY coordinate frame: (KILOGRAM * MA2)

INERTIA TENSOR:
Ixx Ixy Ixz  7.2521418e-03 -1.1600796e-05 2.8681170e-06
lyx lyy lyz -1.1600796e-05 2.7406751e-03 -5.6058867e-05

Izx 1zy 1zz  2.8681170e-06 -5.6058867e-05 7.2920283e-03

INERTIA at CENTER OF GRAVITY with respect to _2X1_FULL_SATELLITE_ASSEMBLY coordinate frame:
(KILOGRAM * M72)

INERTIA TENSOR:
Ixx Ixy Ixz  7.2517595e-03 -1.1610320e-05 2.9564066e-06
lyx lyy lyz -1.1610320e-05 2.7402766e-03 -5.6099635e-05

Izx Izy 12z 2.9564066e-06 -5.6099635e-05 7.2920033e-03

PRINCIPAL MOMENTS OF INERTIA:  (KILOGRAM * M~2)

11 12 13 2.7395556e-03 7.2515557e-03 7.2929281e-03



ROTATION MATRIX from _2X1_FULL_SATELLITE_ASSEMBLY orientation to PRINCIPAL AXES:

0.00256 -0.99717 0.07512
0.99992 0.00163 -0.01248
0.01232 0.07515 0.99710

ROTATION ANGLES from _2X1_FULL_SATELLITE_ASSEMBLY orientation to PRINCIPAL AXES (degrees):

anglesaboutx y z 0.717 4.308 89.853

RADII OF GYRATION with respect to PRINCIPAL AXES:

R1 R2 R34.1916917e-02 6.8196937e-02 6.8391203e-02 M

MASS PROPERTIES OF COMPONENTS OF THE ASSEMBLY

(in assembly units and the _2X1_FULL_SATELLITE_ASSEMBLY coordinate frame)

DENSITY MASS CG: X Y z

2X1RAIL_AND_PLATE MATERIAL:
UNKNOWN

2.46838e+03 2.87982e-01 3.74184e-05-1.57851e-02 -3.35419e-04

TORQUE_CARD_PLATE MATERIAL:
AL6061
2.71020e+03 9.58097e-03 0.00000e+00 -8.30000e-02 0.00000e+00
M2141-3005-A MATERIAL:
UNKNOWN

7.74372e+03 1.45631e-03 4.02500e-02 -8.04057e-02 -4.02500e-02



M2141-3005-A MATERIAL:
UNKNOWN

7.74372e+03 1.45631e-03 -4.02500e-02 -8.04057e-02 -4.02500e-02

M2141-3005-A MATERIAL:
UNKNOWN

7.74372e+03 1.45631e-03 -4.02500e-02 -8.04057e-02  4.02500e-02

M2141-3005-A MATERIAL:
UNKNOWN

7.74372e+03 1.45631e-03 4.02500e-02 -8.04057e-02 4.02500e-02

POWER_BOARD MATERIAL:
pPvC
1.33540e+04 1.50000e-01 0.00000e+00 -7.57500e-02 -3.15531e-03
M2145-3005-A MATERIAL:
UNKNOWN
7.74372e+03 2.42201e-03 4.02500e-02 -7.09685e-02 -4.02500e-02
M2145-3005-A MATERIAL:
UNKNOWN
7.74372e+03 2.42201e-03 -4.02500e-02 -7.09685e-02 -4.02500e-02
M2145-3005-A MATERIAL:
UNKNOWN
7.74372e+03 2.42201e-03 -4.02500e-02 -7.09685e-02  4.02500e-02
M2145-3005-A MATERIAL:
UNKNOWN
7.74372e+03 2.42201e-03 4.02500e-02 -7.09685e-02 4.02500e-02
CPU_BOARD MATERIAL:
pPvC
4.45133e+03 5.00000e-02 0.00000e+00 -6.42500e-02 -3.15531e-03
M2145-3005-A MATERIAL:
UNKNOWN

7.74372e+03 2.42201e-03 4.02500e-02 -5.94685e-02 -4.02500e-02



UNKNOWN

M2145-3005-A

MATERIAL:

7.74372e+03 2.42201e-03 -4.02500e-02 -5.94685e-02 -4.02500e-02

UNKNOWN

M2145-3005-A

MATERIAL:

7.74372e+03 2.42201e-03 -4.02500e-02 -5.94685e-02  4.02500e-02

UNKNOWN

7.74372e+03

pPvC

4.05649e+03

UNKNOWN

1.96154e+03

UNKNOWN

2.04031e+03

UNKNOWN

2.04031e+03

1.39998e+03

AL6061

2.71020e+03

AL6061

2.71020e+03

M2145-3005-A

2.42201e-03

COMMS_BOARD

4.55649e-02

RADIO_BOARD

MATERIAL:

4.02500e-02 -5.94685e-02 4.02500e-02

MATERIAL:

0.00000e+00 -5.27500e-02 -3.15531e-03

MATERIAL:

6.00000e-02 -1.30600e-03 -9.11976e-02 -1.13570e-03

BATTERYCELL MATERIAL:
4.80000e-02 0.00000e+00 -3.60000e-03 0.00000e+00
BATTERYCELL MATERIAL:
4.80000e-02 0.00000e+00 -8.30000e-03 0.00000e+00
SIDE_PANELS MATERIAL: PVC
3.34784e-02 0.00000e+00 -1.00543e-03 4.91630e-02
CAM MATERIAL:
2.77817e-04 -4.58931e-02 -1.04468e-01 4.58931e-02
CAM MATERIAL:
2.77817e-04 4.55396e-02 -1.04468e-01 -4.55396e-02
SIDE_PANELS MATERIAL: PVC



1.39998e+03 3.34784e-02 4.91630e-02 -1.00543e-03 -1.00095e-06

SIDE_PANELS MATERIAL: PVC
1.39998e+03 3.34784e-02 -9.99051e-07 -9.94569e-04 -4.91630e-02

SIDE_PANELS MATERIAL: PVC
1.39998e+03 3.34784e-02 -4.91630e-02 -1.00543e-03 -9.99051e-07

KILL_SWITCH MATERIAL:
UNKNOWN

1.80184e+03 2.40000e-03 -3.55575e-02 -1.04178e-01 3.87817e-02

GENERIC_PAYLOAD MATERIAL:
UNKNOWN

8.77286e+02 6.50000e-01 -4.04321e-05 4.80675e-02 1.21297e-04

BATTERYCELL MATERIAL:
UNKNOWN

2.04031e+03 4.80000e-02 0.00000e+00 -1.30000e-02 0.00000e+00

Appendix B: Supplimentary Documentation
This document is intended to be read with all drawings produced thus far, and the following documents:

1. Payload Interface and Design Specification
2. Solar Panel Design Specification

3. Assembly and Integration Plan

4. Structural Analysis

5. Thermal Analysis



