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otivation:

ercialization of International Space Station (ISS) provides a
rtunity not only to cubesats but larger 100 kg spacecraft

cecraft are launched on ISS cargo resupply missions, allowing fo
ed configuration and less stress on structure in launch environ

y Satellite Technology US plans to offer the FeatherCraft syste
ffective platform for payloads of 45 kg or less.

Project Design CPEs & Risks Verification & Project
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atement:

kg FeatherCraft structure shall provide sup
a 100 kg total mass commercial spacecraft w
uced structural manufacturing time and mater
st, and enable the spacecraft to survive launch
nd deployment from the ISS for a nadir facing
mission.

Project Design CPEs & Risks Verification & Project
Overview Overview Requirements Validation ) Planning
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1. Select 2. Fabricate 3. Design and
suitable structural build data
lightweight test model acquisition
material and system to verify
create design structure’s
for structure behavior is as
modeled

4. Test
structural test
model on a
vibration table
with mass
loadings

5. Analyze
accelerometer
data and verify

requirements are
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SURREY

SATELLITE TECHNOLOGY US
CON OPS:
[ ]
1. Select 2. Fabricate 3. Design and 4. Test 5. Analyze 9. Interface with the Kaber
suitable structural build data structural test accelerometer
lightweight test model acquisition

material
and create

system to verify
structure’s

modelon a
vibration table

data and verify
requirements

Deployment System and deploy

design for
structure

with mass
loadings

are met
behavior is as

modeled

from the JEM airlock

m

6. Final testing and
integration with
avionics and other bus
components

Project
Overview

Maneuver and 5 year

g “ '- mission lifetime
. ’“"‘»
7. Integrate with payloadand.

ISS resupply vessel

Design CPEs &

Requirements

Overview

Verification &

Project
Validation

Planning


http://www.google.com/url?sa=i&rct=j&q=&esrc=s&frm=1&source=images&cd=&cad=rja&uact=8&ved=0CAcQjRw&url=http://www.space.com/15746-private-rocket-spacex-historic-launch.html&ei=MUmhVdmNO4maNva8jOAJ&bvm=bv.97653015,d.cWw&psig=AFQjCNHMRp1WHRXNCjOdtF-BGwx7HFvOiQ&ust=1436719782350732
http://www.google.com/url?sa=i&rct=j&q=&esrc=s&frm=1&source=images&cd=&cad=rja&uact=8&ved=0CAcQjRw&url=http://www.space.com/15746-private-rocket-spacex-historic-launch.html&ei=MUmhVdmNO4maNva8jOAJ&bvm=bv.97653015,d.cWw&psig=AFQjCNHMRp1WHRXNCjOdtF-BGwx7HFvOiQ&ust=1436719782350732

GN SOLUTIC



Ed

CHIPS Design:

2atherCraft Structure

Data Acquisition System
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e FBD- FeatherCraft
° -
| (100kg)
1 |
Structure SST-US Component
(5 ke) Analogs
= — ] (95 ke)
: | = — ==
Columns : Panels : 3D Printed : | Propulsion] |
(x4) : : Inserts sl Unit :
___________ :I |
' : ! . | Solar :
Radiator Side (x2) |: Middle |1 : Panels (x3)] |
|
:I Pl :
il |1 Avionics |
—————————————— e o oo oo e o e |
ed and Outsourced Designed and | :
Manufactured : Payload |
In-House . |
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CHIPS Design:

2atherCraft Structure

Data Acquisition System
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Detailed DAQ Design in
Validation and
Verification Section

Parallel Bit
Data Bus

Micro-
V' Controller
Board

USB Drive with DAQ
Software

— e e e e -I
—_—— —— —————_——_———
I Data Acquisition Boards 1 |
| (8 Channels per Board) | I
' I
I ) 4 I :
| Signal smancs | |
Accel 1_L Conditioning (one 8-input | .
Channels Ll (one peracc ADC per 8 acc !
(At least 8 “ |
cha:::Is) | channel) channels) | |
>4 kHz I
sampling I I
frequencyl | I
' L)
____________ ]
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SIGN




n Overview:

=  Weight'réliefs/provide
accessitorcomponents
afterladhesives'cure
® Propéricomponent design
allows:total @ccess
= oClamshelbcases

pampsacBocentrations

Overview Overview
7/

CPEs &
Requirements

Risks

Validation&
Verification

= Tab Inserts

3D printed ABS plastic
Weight Relieved
Provide a strong
tab/panel interface
Reduce stress
concentrations

Project
Planning



serts are bonded into columns
e Plate
serts are bonded into tabs

mblies are cured in thermal chamber

Edge close out is
detailed in back-up
slides
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Step 2:

ble frame

nstall Propulsion
late and Radiator

stall Middle Panel
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Side Panels

sure proper alignment
ithin structure

pply pressure on glued
mponents

thermal chamber
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embly block
nfiguration

re STM in thermal
amber

| avionics mass

tors

ing of mating surfaces
| Top Panel with glue
TM in thermal

Project Design CPEs &
Overview Overview Requirements
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Verification &
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>

ock for curing
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olar Panels
hesive (Side)
Icro (Top & Side)
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RITICAL PROIJE
MENTS



al Project Elements:

Critical Project Element Component

Mass of structure below 5 kg while surviving launch to the ISS

(FR 1 and DR 3.1) Structural

Support of up to 60 accelerometer channels in DAQ system

(DR 5.6.1.1) Electronics and Software

Providing support and mounting positions for other spacecraft

|
components (FR 4) Structura

Manufacturing time and cost below required values and feasible

I Logistical
in spring semester (FR 2) Structural and Logistica

Vibration test table time acquisition (DR 5.2) Logistical and Financial

Project Design CPEs &
Overview Overview Requirements

T/

Verification & Project

s Validation Planning
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UIREMENTS



ctional Requirements:

The Feathercraft structure design shall have a mass of less than 5 kg.

The Feathercraft structure design shall reduce manufacturing time and material cost from SST-
US’s typical spacecraft estimates.

FeatherCraft Structure shall be designed to deploy from Kaber Deployment System on the ISS.

FeatherCraft structure design shall interface with SST-US-provided spacecraft components and
mission design.

An equivalent manufactured STM of the FeatherCraft structure design shall be used to
demonstrate the feasibility of the FeatherCraft structure through a random vibration test to the
requirements of NASA GEVS documentation.

CPEs &
Requirements

Project Design

Overview Overview
7,

Verification & Project

s Validation Planning
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1: Mass of less than 5



Ed

Mass below 5 kg:

ure consists of carbon fiber sheets, adhesive attachments, carbon fiber colum
n plugs, and tab inserts

alysis shows a current mass of 4.76kg
differences between design and STM will be noted and all components of STM weig

Requirement: Required Value: Current Value: Margin:

FR 1: Structure
design must
weigh less than

5 kg

Requirement

o)
5 kg 4.76 5% Vet

Project
Overview

Design
Overview

Risks Verification & Project
Validation / Planning

CPEs &
Requirements



0.18 kg
Tab Inserts

1.09 kg
Adhesives

Project
Overview

Project
Planning

2
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2: Reduce manufacturi
time and material cost



Ed

2 (space-grade) shall cost 50% less and take 50% les
an SST-US typical estimates:

ons:
posites are space grade and manufactured by specialized composites companies.
m of 4 SST-US technicians making an average hourly wage assemble the spacecraft in ho

Requirement: Required Value: Current Value:  Percent Margin:

DR 2.1: Material shall o Requirement
cost less than $20,000 520,000 7744 61% Met

DR 2.2: Manufacturing
and assembly shall 9 months 3 months 67%
take 9 months

Requirement
Met

DR 2.3: Manufacturing
and assembly labor
shall cost less than

$80,000

Requirement

[14] 0
$80,000 $21,120 74% Met

CPEs &
Requirements

Project Design
Overview Overview
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R 3: Launch to the ISS anc
deploy from the Kaber
system on the ISS



o
SURREY

SATELLITE TECHNOLOGY US

Structure Shall Survive Launch to the ISS :

= ANSYS model created assuming worst case spacecraft
component loading

= Next slides show more detail on creation of FEA

Lowest Margin

Requirement:

DR 3.1.1: Structure design
components will not show

Required Value:

Positive margins on all

(Above FOS):

1.7%

Requirement

visible damage after simulating critical components Met
vibration profile
Project Design CPEs & Risks Verification & Project
Overview Overview Requirements Validation Planning
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ANSYS

(Whole
Structure)

First
Principles

/
\

(Worst-Case
Bond Loads)

\ ,.ii{. Solidworks
(FEA Check)

Project Design CPEs & Verification & Project
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rview:

| elements
d Sections

S cases ;- ~~~~~
om Vibration Loading (3-axis)

sed conservative static loads 0.5” Middle Panel Layers:

I Sweep Layer I Material I Thickness (mm)

(+Z)

5 M55) 0/90 Fabric 0.3
4 M55) 45/-45 Fabric 0.3
3 Aluminum Core Material (5056 1/8" 72) 127
2 M55) 45/-45 Fabric 0.3
1 M55 0/90 Fabric 0.3
(-Z)

Design CPEs & Risks Verification &
Overview Requirements Validation

Project
Planning

Project
Overview
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ndary Conditions:

ns treated as fixed — acceleration will act on str
ugh these members.

mns extremely rigid i
pared to structure.

dal, only fix lower columns /c:_\
clamps . :

Project
Overview

2
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o
SURREY

SATELLITE TECHNOLOGY US

ANSYS Design Model Results:

Zenith Acceleration- Port/Starboard Acceleration-

Worst case: middle panel Worst case: side panels

Ram/Wake Acceleration-
Worst case: bolted joints

. 0.z
2.0403 Max ° : . 0.17778 33?;.522:;? Max
LEGET 0.13356 L1 0045836
1.38849 1 012194 Max I
L1111 ] S - L 0.033454
]~ —{ 0.088889 —{ 0.026763
All it . — 0.63333 | 0.066667 1 0.020072
units are In | 0.55556 || 044444 ! 0013382
[mm] 027778 0022222 00056908
0 Min 0 Min W o uio
Project Design CPEs & Risks Verification & Project 34
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o
SURREY

SATELLITE TECHNOLOGY US

Zenith Acceleration:

"  |nfluenced layout and size of tabs

= (Central tabs bear greatest load

o Due to distributed mass
" oy = 750MPa

66.43 Max
ail
— 33 . B . “5 .
{45 Max. Equivalent stress in middle panel
nEs (experienced by face sheets)
L | 225 MPa
— 15
T.a .
B owin Margin above FOS:
Max. Equivalent stress in side panels 30%

Influenced shape of weight reliefs

Project Design CPEs & Risks Verification & Project
Overview Overview Requirements Validation Planning
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rvivability: Adhesives

Potting Epoxy:
Scotch Weld 3550

- e

3 Scotch-Weld
3550 B/A FST

Project
Overview

Design
Overview

Verification & Project

s Validation Planning

CPEs &
Requirements



e Adhesive Testing Configuration:

sts Butt Joint — Tensile
inum to Aluminum (FR 4) .
Aluminum Aluminum or

minum to Carbon Fiber Sheet (FR 4) <——— Or Carbon carbon kil
rbon Fiber Tube to Carbon Fiber Fiber Tube Sheet

Fixed End

Bond Line

minum to Carbon Fiber Sheet (FR 4) _
Lap Joint — Shear

Aluminum

Aluminum
Fixed End

ed using INSTRON machiné¥n
ITLL

Aluminum or
Carbon Fiber Sheet

Design CPEs & Verification & )

Project
Overview

Project

B Planning

Overview Requirements Validation




aration

surface with acetone

d surface with sandpaper

d with acetone and isopropyl alcohol

ormed this with aluminum (tests 1-6), carbon
r (tests 4-6)

Xy stirred in recommended ratio with stick and
ied to both surfaces

thickness (0.005”) controlled with wires laid
e surface and other surface pressed on top

clamps for weights for 12-24 hours
all oven at 200 degrees F about 2 hours

Project CPEs &

Overview

Design
Overview

Requirements

e Adhesive Testing Procedure:,

1"
1.375”

Tensile Test

Project

Risks Verification &
Validation Planning



r Tube to Carbon Fiber Sheet Adhes

1050 Worst Strength 980 kPa
1000
950
900 Results of other
Adhesives Tests
Test Number presented on slide 43
Project Design CPEs & Risks Verification & Project
Overview Overview Requirements Validation Planning




s Analysis:

ptions:
Factor Of Safety: 4

Areas Considered: Percent Margin:
Side Panel - Tube

Allowable strength of

adhesive o = 980 kPa
(lowest observed in testing)

Top Panel - Tube

Tube Inserts - Tube

Project
Overview

Design
Overview

CPEs &
Requirements

Risks Verification & Project
Validation / Planning



FR 4: Interface SST-US
spacecraft components.



Ed

ents will be Mounted on Structure:

2216 will be used to mount avionics analog, payload analog, and

solar panel analog
All components shown

ent strength from small-scale tests performed on aluminum and _ _
in back-up slides

bon fiber in shear and pull

umes 25% adhesive area and additional FOS = 1.9 on required
ength

Requirement: Required Value:  Current Value: Design Margin:

DR 4.1-4.5: Structure design shall 94.2 kPa 841 kPa
mount all spacecraft components (max, COMM) (Lowest Observed)

Requirement

78.7 %
8.7% Met

Verification & Project
Validation Planning

Project
Overview

Design

Overview Risks

CPEs &
Requirements



Tensile Testing

e Component Adhesive Testing Resu

10000

8000

Worst Strength = 841 kP

da

<

2 3 4

Test Number

690 kPa

Project CPEs &

Overview

Design
Overview

2

Requirements

Al-CF: Average 1775 kPa

4000

2000

Ultimate Strer| kPa]
(@)}

| Al-Al:

Risks

C
I
I
I
<IIIIII

Shear Testing

Average 6557 kPa

Verification &
Validation

Project
Planning



5: Demonstrate structu
tegrity through a rando
vibration test.



o
SURREY

SATELLITE TECHNOLOGY US

Acquiring Time on a Vibration Table :

= Facility: Cascade Tek

o DS16 Shaker, slip table, and head expander

o Contact: Greg Matthews — Test & Dynamics Technician
= Jest funded by Surrey Satellite Technologies- US

o $1800 per day

Requirement: Required Capabilities: Facility Capabilities:
20 Hz — 2000 Hz random vibe 0-10000 Hz random vibe
DR 5.2: Structural test model shall Support 100 kg Requirement
70 kN f
be tested on vibration table. (~10 kN force output) 0 orce output Met
> 32" x 32” bolt pattern 44” x 44” bolt pattern
Project Design CPEs & Verification & Project

Overview Overview Requirements B Validation Planning

45




above 4 kHz:

IMost critical element is timing of data collection within design on slide 57
microcontroller and from microcontroller to computer

Detailed DAQ system

Required Current
Requirement: capabilities: Capabilities:

DR 5.6.3.5.1: uCshall be
. 4 channels and .
capable of acquiring data from 60 channels 64 channels 12 KHz in data Requirement
60 channels at faster than 4 4 kHz 16 KHz Met

: rate
kHz sampling rate

Verification & Project

s Validation Planning

Project Design
Overview Overview

CPEs &
Requirements



g Data from Accelerometers Through
4 kHz:

crocontroller operates at maximum 200 mega instruction cycles/sec
igh-Speed USB module throughput rate is 35 Mbps (400 Mbps data rate)
omputer speed runs at much greater speed (GHz) than microcontroller (MHz)
ampling rate corresponds to sampling faster than every 250 us

DAQ System Data Transmission Timing

125

150 250

Time (us)

Project
Overview

Project

Design CPEs & : Verification &
Risks i
Planning

Overview Requirements Validation




JECT RISK:



igation

Severity

Risk Matrix:

CPEs &
Requirements

Project
Overview

Design
Overview

2

Verification &
Validation

8: Adhesive doe
perform as expec
14-19: DAQ syste
components are n
functional

2: Structure fails
transporting to vi
test

10: Vibration tes
over 8 hours

Project
Planning



ve Underperforms:

e lihood: 3 -

e high margin, adhesive are least predictable and most critical comg

ation Before:

est adhesive on carbon fiber in small scale (completed)
Test adhesive on larger masses similar to payload analog Otherrickdetaied
Purchase extra glue, extra VELCRO, and other fast adhesive methods in back-up slides

onse After:
xperiment with different bond lines and attempt to use more glue
move component and continue testing

igation Severity: 5 Likelihood: 2 -
Verification & Project
Validation Planning

Project
Overview

Design CPEs &
Overview Requirements




o
URREY

SATELLITE TECHNOLOGY US

Post-Mitigation Risk Matrix:

everity

Likelihood

4,9,16

4,17

8

17,19

313(°10,11,18/'°
19

Project Design CPEs &
Overview Overview Requirements

2,14

6,11,
18

Verification & Project
Validation Planning

8: Adhesive does not
perform as expected

14-19: DAQ system
components are not
functional

2: Structure fails while
transporting to vibration
test

10: Vibration testing takes
over 8 hours

Other risks detailed
in back-up slides
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on and Validation Overview:

NSYS model will be verified by performing ¢
ibration test on fabricated STM and collecting
accelerometer data

= Vibration Test Plan
= Expected modes and frequencies in model generated by ANSYS

= Designed DAQ system to collect acceleration data and create PSD
plots

Project
Overview

Project
Planning

Design CPEs & Risks Verification &
Overview Requirements Validation



Validation and Design Feasibility:

dal Sweep — Unwrapped

ldentify natural modes before & after
random vibration Random Vibration Profile:

o =21+10% modal shift indicative of structural 20 Hz. - 2000 Hz.
failure/alteration Maximum

Random Vibration — Foam Wrapped Un-Attenuated
o Simulate expected flight conditions

o Failure Identification:

* Visual inspection of structure
* Modal shifts

9.47 grms

Maximum

1.29 grms
Attenuated 8

NASA GEVS Vibration
Validates DR 5.2 and DR 5.4 Profile in backup slides

Verification & Project
Validation Planning

Design CPEs &
Overview Requirements

Project

Overview Risks

2



o
SURREY

Predictions for Modal Sweep:
B Mass Dummies add significant stiffening

Mode 1: 39Hz Mode 2: 104Hz

Note: Deformations are not to scale

Validates DR 5.2

CPEs &
Requirements

Project
Overview

Design
Overview

Risks

Small-Scale modelling
test in back-up slides

Expected Modes

Freq Location
(Hz) (Orientation)
1 39 Top (Zenith)
2 104 | Top, Mid (Zenith)
3,4 111 | Top (Zenith)
6 185 | Radiator (Port)
7 185 | Mid (Zenith)
16 392 | Radiator (RAM)

Verification &
Validation

Project
Planning 55
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Parallel Bit
Data Bus

Micro-
V' Controller
Board

5V

el e e e p e S B 1
—_—— e ————————— 1
I Data Acquisition Boards |
| (8 Channels per Board) | I
' | L
I |
I Signal S/H ADCs | |
Accel ¢_|. Conditioning (one 8-input | .
(‘/i’t‘alg:;'; Il (oneperacc [ ADC per 8 acc 4.|i_.
channels) | channel) channels) |
>4 kHz I I
sampling I I
frequencyl | I
' L
. _ J
Project Design CPEs & Risks
Overview Overview Requirements

Verification &
Validation

USB Drive with DAQ
Software

Project
Planning



erometers:

Data Acquisition Boards L |
(One per 8 acc channels) | I
L
I
I

y

Signal S/H ADCs
J. Conditioning (one 8-input

Accel

channels) | channel) channels)
>/, KHz

sampling

frequencyl

Accelerometer i
specificationsin  For
back-up slides
Project Design CPEs & .
. - . Risks
Overview Overview Requirements

T/

Parallel Bit 5V
Data Bus

Micro-

Channels [
1 (one peracc A
(At least 8 ( P DC per 8 acc ‘ﬂT‘SV Controller

Board

Verification & Project
Validation Planning

USB Drive with DAQ
Software



LITE TECHNOLOGY US

ccelerometer Locations:

Three Orientations — Only Two Shown

Legend: Ram Acceleration
B - Single Axis :
B - Triaxial _
- Cascade Tek X
5
6
5
| 6
Project Design CPEs & Risks Verification & Project
Overview Overview Requirements Validation Planning




rometer Mounting:

(PCB-333B30) & (PCB-356A16)

- 254 Accelerometer
Adhesive

Stud
#10-32

Mounting Pad

Surface

0.438”
Images fror

Verification & Project
Validation Planning

Validates DR 5.5.1

Design CPEs &
Overview Requirements

Project

Overview Risks

2



ition Board:

Data Acquisition Boards
(8 Channels per Board)

Signal S/H ADCs
Conditioning (one 8-input
(one per acc ADC per 8 acc

channel) channels)

Accel
Channels
(At least 8

channels)

USB Drive with DAQ
Software

Project Design CPEs & Verification & Project
Overview Overview Requirements Validation Planning




uisition Board: Charge Amplifier

: To verify our charge amplifier circuit is correct for the ICP
lerometers.

cedure: Built a prototype charge amplifier to supply a constant c
24V to an accelerometer. - '

' ! |
| icP Piezoelectric | - :
R
| Accelerometer | Couvlm? ‘i-pum« Rt
A | = Current RegulatingDiode = [ 2= m——————=— i
' ' $-2027 | | [
l |
et o it ! 1 capacitor | Oscilioscope :
<4\ Power Supply 100 nF | |
T
——————— |

Project
Planning

Project Design CPEs & Risks Verification &
Overview Overview Requirements Validation



ition Board: Test Charge Amg

se Response

Stop

Stop
L
NMW Mu\ M’M\
20 ms
(20. 50.0k5/
@ 00mV fuo ?mf- 10 mxopoa;:s
TS value Mean Win Max Std Dev
@ Mean 65.2mv 65.1m -41.8m Si12m 10.tm
@ Vax 228mv 286m 228m F44m 82.0m
Peak-Peak 256mV 302m 256m 348m 65.1m
Project Design
Overview Overview Requirements

Shake Response

%

R
20 ms }—

@ 00mV

Value Mean
@ Mean 75.0mv 73.4m
@ Max 296mv 310m

@ Peak-Peak  348mV 382m

Validates DR 5.6.3

Risks Verification &
Validation




___________ 1
e o e e e e e 1
I Data Acquisition Boards |
(8 Channels per Board) | I
| y I Parallel Bit 5V
I | Data Bus
| Signal S/H ADCs | | = | | —
Accel |‘=|=. Conditioning (one 8-input Micro-
Channels |
T 1 (one peracc ADC per 8 acc ‘EIT 5V controller
channels) | channel) channels) | Board
>4 kHz | I
sampling
frequencyl | :
| | USB Drive with DAQ
I L] Software
____________ ]
Project Design CPEs & Risks Verification & Project
Overview / Overview Requirements Validation Planning




ontroller Board:
757

Project Design CPEs & Verification & Project
Overview Overview Requirements Validation Planning



ontroller: PIC32MZ

gh Speed USB Communication
35 Mbps Data Rate  ~ isalm— |

arallel bit data transfer e OF | wsep
o 32 bit data registers Mgy 1
rimary Oscillator — 24 MHz

* |nstructions pipe = occur every clock cycle

* PLL Module allows for 200MHz operating frequency
— Instruction takes 5 ns

Validates DR 5.6.3.5

Verification & Project
Validation Planning

Project
Overview

Design CPEs &

Overview Requirements s

2



Ed

ata Transfer: PIC32
F———————_—_—_____
PORTIJ

USB Module

1. Move binary value
from PORTJ to USB
module (binary to

voltage conversion Bus
occurs on computer)
2. Puton USB Bus
To/From

computer

Verification &
Validation /

Design CPEs &
Overview Requirements

Project
Planning

Project

Overview Risks

2




Data Acquisition Boards
(8 Channels per Board)

Signal S/H ADCs

Accel Conditioning (one 8-input
Channels |
Pl Il (one peracc ADC per 8 acc
channels) | channel) channels)

>4 kHz

USB Drive with DAQ
Software

Verification & Project
Validation Planning

Project
Overview

Design CPEs &

Overview Requirements s



Ed

Jeveloped —

|
|

utable generated

er Spectral Density algorithm

monstrated |
ter configuration complete I

I [

Select how many notch filters to apply:

gl (57 ON B g o kel S @il BN @l o ety o ke W gl B ol |

Cantinue |

N AN
Design CPEs & .
: . Risks
Overview Requirements

Project
Overview

a: Functionality Testmg

Enter the frequencies in Hz at which to apply a notch filter:

Frequency [Hz] 0.0

Frequency [Hz] 500

g M e
)“”"ML‘”"‘
Roin/imac- Soltadaicuh/

Save I Exit l

Validates DR 5.6.3
and DR 5.6.4
Verification &

Project
Planning






on Chart:

Joe

Customer

Tanner

Project Manager

Megan Howard

T
Systems Lead
Maggie Williams

|
Financial Lead
Taylor Maurer

1
Technical Leads

1 1 1
‘ Safety and Test | Manufacturing Structures m_l
Davis Peterson Larry Burkey
Verification & Project
Validation Planning

CPEs &
Requirements

Project
Overview

Design
Overview

2

Risks

Electrical Modeling
I: Lews Gills




Breakdown Structure:

Management Data . .
. ... Testin Del |
S SNEERTE m Acquisition eliverables

V&YV Plan

Requirements —  CAD Model [ Data Acquisition
Board Layout

Schedule = ANSYS Model — uC Board Layout

Mass Analogs

Modal Data

Software Flow

Risk Matrix ma GSE for Adhesives | Chart
FeatherCraft

2 Printed Data

Acquisition Boards

.
FeGuied ransport Box 11C Board Legend:
Components - Complete
Executable Incomplete
Data transfer via
USB as of CDR

Project Design CPEs & . Verification & Project
. - . Risks o :
Overview / Overview Requirements Validation Planning
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2015 |

Week 15Week 16{Week 17] Winter Break

Ccos ]

Assemble Structure.
Build box for transport
to test facility. Small

Order outsourced components,
PCB Boards; materials to make Scale vibe testing i

’ gin the .

mid-panel, charge amplifiers ITLL Full scale vibe test

t Cascade Tek.
and DAQ. Software 1 a
ment. f Analyze data and

Manufacture Mid- validate structural
i ; models.
Structure Panel. Build/test .

Electrical Hardware charge amplifiers, ‘

Software printed boards and
Testing software functionality
Margin |

Project Design CPEs & Verification & Project
Overview Overview Requirements Validation Planning




e
2015

Week 15Week 16{Week 17] Week 1|Week 2| Week 3| Week 4| Week 5| Week 6| Week 7| Week 8| Week 9| Week 10{Week 11/Week 12{Week 13|

rm

Delivery, manufacturing
and assembly of the
structure represents the
critical path leading to
vibration testing and model
validation

Structure

Electrical Hardware
Software

Testing

Margin

Project Design CPEs & Verification & Project
Overview Overview Requirements Validation Planning




Overall Budget:

+$2,000 EEF Grant

$5000 ASEN Budget Projected

Cost
- Subsystem
Margin
- Project
Margin

Testing CDR Testing Total

Design CPEs & Risks Verification & Project
Overview Requirements Validation Planning

Project
Overview

2



d and Test Plan:
Key Dates:

Testing Goals:
1-2 (1/11 - 1/24) Mechanical and Adheswg tests, m‘lo‘l-panel and 3D printed inserts
manufacturing, acquiring ordered parts
istD

3-4 (1/25 - 2/07) TRR & Checklist Development, Test ?tructural Inserts, manufacture 2/1 (MSR Due)
transportation box

5 . . . . . .

5-6 (2/8 — 2/21) AQ Functionality Testing, SmaIF Scalt? Vl_bratlon Tests with Foam, 2/1 MSR Due

structural assembly with avionics and payload

7(2/22-2/29) Complete TRR, rent accelerometers and integrate full system

Submit and perform TRR, test Rehearsals (Transport, wrapping, 2/29 TRR Due

8(2/29 - 3/06) accelerometer placement, CHIPS setup)
3/7 AIAA Report Due

Full Test Rehearsal 3/12 Full Test Rehearsal

9 (3/07 - 3/13)

3/18 - Vibration Test

Transportation Preparation, Vibration Testing at Cascade Tek

10 (3/14 —3/20)
Project Design CPEs & Risks Verification & Project
Requirements Validation Planning

Overview Overview
7,
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47 4 kHZ Diagram
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FR1 FR 2 FR 3 FR 4 FR5
Mass Break | Cost Kaber Vol. Velcro Aperture Cutting Panels
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R5.6.2 Panels Labor Facing Str Adh BOTE Ana Acc. Met 5.6.2.4
DR 5.6.3 Adhesives Core Shear Tensile Test Transfer via USB
DR 5.6.3.5 Columns Local Comp. Shear Test Vibe Facility
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DR 5.6.5 Tabs SS Adh. Res Adh Knowledge Vibe Profile Des
Margin Tube Insert Radiator
RISK: SS Testing: FEM:
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down

erCraft structure design shall be less than 5 kg.
mer requirement. Increasing the structural mass beyond 5 kg wo
integrating with a profitable weight class of payloads.
Analysis, modeling, and comparison with demonstration of STM.



kdown

thercraft structure design shall reduce manufacturing time and material cost
pacecraft estimates.

ey would like to reduce the cost of the structure and project overall.

; Analysis, fulfillment of subsequent DRs.

Structure design material cost shall be less than $20,000.

: Customer requirement, SST-US typically expends $40,000 on a spacecraft materia
shall reduce that metric by 50%.

tion: Budget analysis

Structure design manufacturing and assembling shall take less than 9 months.
ustomer requirement, SST-US typically spends 18 months on spacecraft manuf:
bling and this design shall reduce that metric by 50%.

: Manufacturing estimates and analysis

ture design manufacturing and building labor shall cost less than $80,00
er requirement. This is a 50% reduction of SST-US’s typical manufac
160,000 and will help the company meet the goal total price of
estimates and analysis



ft Structure shall be designed to deploy from the Kaber Deployment S

sis of the satellite is to launch in a foam-wrapped configuration, enabling it
nd then deploy from the new Nanoracks Kaber system on the ISS. Therefore,
t survive there and fit within the Kaber volume. The Kaber deployment force
pared to launch forces.

nalysis and demonstration in DR 5.3



therCraft structure in launch configuration shall be designed to not be dam

attenuated launch environment of up to 1.29 grms random vibration with saf

ed in the GEVS ISS Pressured Volume Hardware Common Interface Requiremen

nt Rev C.

: Customer requirement. To remain profitable, the FeatherCraft package needs to

and provide a robust platform for their customers, as well as meet all NASA requi

ch to the ISS.

ion: Vibration test executed on STM in FR 5 and measurement of STM before and

test

3.1.1 FeatherCraft structure design components shall not experience visible d

tion testing.

: Structure must not deform to outside the allowed Kaber volume. The

dimensions are about 2 inches, but larger deformations can cause othe
ive detachment.

: Analysis, Inspection after DR 5.2



erCraft structure design including mounted components shall fit within
’ to interface with the Kaber Deployment System.
spacecraft as a whole must be placed within the Kaber volume to be deplc
ission. This volume ensures at least 2"’ of space between the spacecraft vol
e JEM airlock.

n: Inspection of drawings, demonstration with measurement



raft structure design shall interface with SST-US-provided spacecraft compc

use the structure is the base of the satellite, it must be able to support alread
ponents.

: Demonstration of DR 4.1-4.7 and DR 5.3.

FeatherCraft structure design shall provide mounting position on Side 3 for one
’x0.125" solar panel of mass 2 kg.

ustomer requirement, this side is the largest covered side and as such needs to
y panel.

n: STM demonstration in FR 5, modelling and analysis

therCraft structure design shall provide mounting positions on Side 2 and
’x0.125" solar panels of mass 2 kg each.

mer requirement, this side is the largest covered side and as such nee

emonstration in FR 5, modelling and analysis



kdown

therCraft structure design shall provide a mounting position for a
8.976'x0.125"” propulsion plate of mass 2 kg on Side 1.

ustomer requirement. The propulsion plate design has been finalized, and its di
ate its mounting location.

ion: modeling and inspection of drawings, STM demonstration in FR 5
FeatherCraft structure design shall provide a space for a 12x12x10 in propulsion sub
10 kg on the internal side of Side 1.

Customer requirement. The propulsion subsystem must be attached to the propulsi
d the space it takes in the bisecting plate must be accounted for.

ion: modeling and inspection of drawings, STM demonstration in FR 5

atherCraft structure design shall have an internal structural component equally b
eight dimension to provide mounting capabilities to the avionics components ar
ponents.

mer requirement. The mounting capabilities are necessary for the custo
pacecraft easily and safely. This bisecting structural component define
bay so that a payload volume is defined for potential customers.
tion of drawings, Test (measure STM)




rCraft structure design shall provide mounting capabilities on bisecting
ponents and payload components.

tomer requirement. The mounting capabilities are necessary for the custome
the spacecraft easily and safely. This bisecting structural component defines a g
vionics bay so that a payload volume is defined for potential customers.

on: Inspection of drawings, Test with STM

4.6.1: FeatherCraft structure design shall provide mounting capabilities for a ma
f aluminum.

rce: Customer component as part of DR 4.5, simulating avionics

ication: Inspection of drawings, test with STM

6.2: FeatherCraft structure design shall provide mounting capabilities for a
luminum.

: Customer component as part of DR 4.5, simulating payload
ion: Inspection of drawings, test with STM



Craft structure design shall dissipate up to 100 W of heat generated e
payload bays at an internal operating temperature of -20 to 50 degrees
omer requirement. The maximum power output is estimated by the custo
w 100W. The specifics of this analysis are presented in Section 4.1.4.

n: Analysis

.1: FeatherCraft structure design shall have a radiative material on Side 6.

: Customer requirement, derived from DR 4.6. This solution is used to satisfy D
ity.

tion: Inspection of model



rCraft structure design shall have an open aperture of at least 12"'x12’
mer requirement, payload use and space for antenna(s) facing nadir.

: modeling, inspection in STM

herCraft structure design shall remain operational for five years in a space
nt.
stomer requirement, the spacecraft bus will be advertised as a five-year missi
n: Analysis of structure material and assembly method for similarity to previo
aterial heritage.




kdown

ctured STM of the FeatherCraft structure design shall be used to validate th
dal vibration sweep and a random vibration test to the requirements of SSP 5C
0835 dictates the stress that a structure should expect to experience during lau
a test under these expected vibration conditions validates FR 3.

: Demonstration of subsequent DRs.

STM shall be manufactured with sufficient similarity to the structural design such t
for validation of the designed structure.

Customer requirement. A physical test must be performed to provide a baseline of
ty; this can only be proved if the STM is similar to the design. However, the materiz
constrained to the FeatherCraft team budget.

on: Analysis of materials

.1: STM shall be manufactured to all specifications in FR 4 and FR 2.

STM must mount mass analogs of all spacecraft components specified in FR4
not exceed the parameters specified in FR 2 due to course budget and tin
: Testing, inspection of mounting positions, cost, and time



hall be tested on a vibration table for a vibration profile of 20-2000 Hz &
vibration of 1.29 grms with each test lasting 60 seconds.
S table 3.1.1.2.1.2.3.2-1 (Page 3-17 of ISS Pressured Volume Hardware Com
equirements Document Rev C.) It is estimated by this document that with a vi
ing of 9.47 grms, the foam-wrapped structure should experience 1.29 grms. Thi
launch load conditions and prove feasibility of FR 3.

n: Inspection of test plan, test

.1: STM shall undergo a modal sweep preceding and after every random vibratic
y loads.

: A change in mode of over 10% after random vibration is an indication of struc
and subsequent instability.
ion: Demonstration



shall support the mass analog aluminum propulsion plate of mass and size specified in DR 4.3 mounte
on of DR 4.3 and FR 5.

pection, mass measurement

shall support the solar panel mass analog aluminum plates mounted on sides as specified in DR 4.1 -4.2
dation of DR 4.1, DR 4.2 and FR 5.

: Inspection, mass measurement

M shall have an internal load simulating the avionics subsystem mass as described in DR 4.5.1.

dation of DR 4.5 and FR 5. The shape of these components can be split between components of created as
nly requirement is that it must incorporate all the required masses.

Inspection, mass measurement

shall have an internal load simulating the payload as specified in DR 4.5.2.

tion of DR 4.5 and FR 5. This is the SST-US provided estimate it will allow for payload mass.
pection, mass measurement

all have a mass analog of the propulsion box as specified in DR 4.4 bolted to the propulsion plate
of DR 4.4 and FR 5. While this component is not adhered by the team, for testing purposes t
bolted to the mass analog of the propulsion plate.
n, mass measurement



own

all be wrapped in 0.5-2” thick Pyrell foam prior to vibration testing.
er Requirement stemming from ISS Pressured Volume Hardware Com
s Document Rev C. The test shall be performed with the STM in the fligh
n.

: Demonstration, inspection




| shall be verified with structural accelerometer information.
evidence for completion of FR 5 and allows data collection for later correlation to designed struct
ers necessary and their positions is determined by the modes exhibited in the FEM model.

nalysis of FEM model, inspection of drawings of vibration test configuration, creation of DR 5.6.

TM shall have at least 4 accelerometers mounted on it during a vibration test, with accelerometers move
t each FEM position specified in the Vibration Test Plan.

e FEM model shows possible fluctuations at certain points in the structure specified in the Vibration test p
eters will allow verification of DR5.6.1 as well as speed up the process of verifying the FEM model.
n: Inspection

.5.1.1: Accelerometers shall be able to attach and reattach to STM.

e: Because the budget may not allow for the number of accelerometers necessary to validate the model, a
rometers must be moved.

ation: Demonstration

1.2: One tri-axial accelerometer shall be attached to the mid-panel.

Customer requirement, the acceleration that the components experience during launch is critical to t

: Inspection
ne accelerometer shall be attached to a solar panel adhered with VELCRO.
er requirement, the VELCRO adhesion is difficult to model and the acceleration measur:



ccelerometer data shall be saved in the form of power spectral density p
stomer requirement, DR 5.5

on: Demonstration of DR 5.6.4

.2.1: Software must create final power spectral density plots at the end of ea
e: FEM comparison will not take place in realtime, but will occur after each test
ts are complete. This method will be used to compare ANSYS plots and test dat
cation: Inspection

ata acquisition and analysis system shall be designed and created for testing of
ructural properties.
stomer requirement, it will save the project money to own a data acquisition ¢
used for custom data collection and future tests.
Demonstration



Q system design shall be capable of transferring data from 20 tri-axial accelerome
ing one test.

ustomer estimate, it will be desired to obtain acceleration data at about 20 points on th
directions depending on the developed FEM model.

ion: Analysis of DAQ system

.6.1.1 DAQ system design shall provide capabilities for 60 channels of accelerometer data.
ce: DR 5.6.1, each tri-axial accelerometer will create 3 channels of accelerometer data whic
sferred simultaneously.

fication: Analysis of DAQ system

R 5.6.1.1.1 DAQ system shall contain a microcontroller capable of receiving 60 channels of
celerometer data.

rce: DR 5.6.1, each tri-axial accelerometer will create 3 channels of accelerometer data
ransferred simultaneously.

ication: Inspection of microcontroller

.1.1.2 DAQ system design shall include 8 boards capable of transferring 8 channe
meter data each.

5.6.1, 8 boards with 8 channels each yields the possibility 64 channels,
irement in DR 5.6.1.1.
ection of system design



Q system shall contain at least 1 tri-axial and 1 single-axis acceleromet
keep costs low but validate two boards in the DAQ system, one tri-axial c
erometer will be used on each board.

ion: Inspection of system

.6.2.1 Manufactured DAQ shall contain 16 accelerometer channels.
ce: To validate a multiple-board system, two full boards will be manufactured
nels on each for redundancy and the possibility of 16 accelerometer channels
ication: Inspection of system



system hardware shall collect accurate accelerometer data to complete DR 5.5.

5.5, in order to collect useful accelerometer data, the subsequent components are ne

n: Inspection of system and subsequent DRs.

6.3.1 Each accelerometer channel shall include a charge amplifier.

ce: DR 5.5, to provide amplified data to the software

ication: Inspection

.6.3.2 Each accelerometer channel shall include a low pass filter.

ce: DR 5.5, accelerometer data needs to be filtered and the simplest way to do this is with

r before entering the software system. More filtering can be executed in the software as we

ication: Inspection

6.3.3 Each accelerometer channel shall pass through an analog to digital converter.

: DR 5.5, to provide the software system with digital data transferrable via USB.

tion: Inspection

.4 Accelerometers shall be rated to 2 kHz or above.

R 5.6.3, the highest vibration frequency tested at is 2 kHz. This accelerometer rati
ter selection.

spection



Accelerometer data shall be sampled by the DAQ system faster than 4 kHz.
R 5.6.3, the highest vibration rate will be 2 kHz thus the Nyquist frequency minimur

tion: Demonstration
5.6.3.5.1 Data from 60 accelerometer channels shall be sampled, packetized, and trans
an 4 kHz.

urce: DR 5.6.3.5, the microcontroller will not be saving data so it must sample data and tr.
ck out above the Nyquist frequency.

rification: Demonstration

5.6.3.5.2 The DAQ computer shall receive data above the microcontroller’s output rate
elerometer data sampled at 4 kHz.

rce: DR 5.6.3.5, the microcontroller will not be saving data so it must sample data and
out above the Nyquist frequency.
ation: Demonstration



ccelerometer data shall display in the form of power spectral density plc

Customer requirement, safety for structure during test, real-time performan
tion: Demonstration

.6.4.1: DAQ software executable file shall be downloaded and run on any Wind
puter.

rce: To display power spectral density plots in real-time, a computer software is
terface with data. This operation is necessary because all operations are assum
dows computer (also see DR 5.6.6).

ication: Demonstration

.4.2: Accelerometer data shall be transferred during each vibration test.

: Power spectral density plots require accelerometer data, and will perfor
ion to display this accelerometer data in quasi-realtime.
n: Demonstration



elerometer raw data and PSD data shall be saved during each test in
format.

stomer requirement for fast post-test analysis on any Windows compute
on: Demonstration

Accelerometer data shall be transferable via USB from the data collection co
dows computer.

Customer Requirement. To prevent errors and wasted time, data should be ez
to any of SST-US’ computers.
ion: Demonstration



— Structure

kg — Payload

kg — Avionics

— Three solar panels

g — Propulsion box and plate




Feathercraft Avionics e

Solar Panels
6

AOCS
Magnetometer
P

AOCS Wheel
3

AOCS Toquer
4.5 Propulsion

12

106



.72kg

chased Panels
lBly, .375”

Waterjet Cut
nufactured Panels
B o

terjet Cut




— 1.09kg

hWeld 2216 (220g)

poxy for bonding components,
structural members.

Assumed 200% bond thickness,
120% bond area

tchWeld E3550 (867g)

oid-filler for edges of panels
t used on weight-relief

1.09
Adhesives




.14kg

odulus Carbon Fiber
re tubing

{ ) 4x

29,375

/
AN



e Plastic, 3D Printed Insert

orts Column/Endplate interface

ws for initial fastening and
oval of propulsion plate and
iator.

G211 — i‘ Tapped For 10-32 Helicoll

/\
DS 7
WA

- 1.000 -




- 0.18kg

sert — Universal between

orts local compression of
le plate

4.000 —~ 500 =

0.18
Tab
Inserts




.18kg

Margin
le room for error

n-house panels
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1 Supplier: Cost: Units:  Total:
: ACP Composites $6,730.00 1 $6,730.00

= Ellsworth S 140,00 15 140,00
« Hillas $ 1614 55 8070
+ RockWest Composites $ 170,00 2 5 340,00
+ 3D Additive Fabrication Inc. S 26,00 4 S 104.00
» 3D Additive Fabrication Inc. S 24.00 17 § 408.00
= Velcro $ 2200 1$ 2200

u Total: $7,824.70




ufacturing and Assembly shall take less than 9 mont

d time for custom panels from ACP
mposites is 4 weeks

ad time for 3D printed inserts in 3-5 day
gligible)

adhesive cure takes 7 days, assume 4
s =1 month



nufacturing and assembly labor shall cost less than $80,C

deferring composites manufacturing to
dicated companies SST-US avoids all
anufacturing labor cost

sembly labor cost was estimated using a
rospace Technicians average salary as

.66/hour. One month for assembly of
ecraft. Four person team.



Structure will fit in Kaber Volume

Nanoracks “Kaber": Payload envelope with Standard ICAP

Pzl Thes 4 Kabee papioad Matic ervwioge. s reler 1o IOV Syutern / JEM CLPA Adugiter Mate
[ACAR] erface Conmrol Docament™ 2 ESAC 101300 tor pidond anvelope teductions due to ICaAR

ture Max _ ;

ensions:
1 WS
30.000”x29.138” * .-_,_g.(@i

Height: 18.976” . &7

{ - \ :
3 ' | : 29.23
| Sy xaly
=l 1274 U K
—-l. m‘/“ - = & 1 .H:'F-—:EE(“ — -8 !

[N M —

Requirement: Required Value:  Current Value: Margin:

DR 3.2 Structure design shall fit 30”%30"x19"" 30" x 29.138" x SST-US built in
within volume of Kaber system 18.976"” margin

Requirement
Met




| Deflection:

ine K values (1, 2, 3)
mine A parameter

va = 0.33; (=Poisson's Batio=)

=1l-wva~2; (=Rdditicnal term introduced=)

mine maximum
tion of the Middle Plate

Sm=2xFlag+b"4+3A/ (Bn+tf+hm~2) [+m=)

0.00418266

! 0 ()
bla

Figure 2 - K, for determining facing stress o




ore compressive strength must be
uate to resist local loads on the pa
ce

Facing stress (compare to yeild 79 MPa)
ofm = E2xqg+b*2/ (hm# tf) (+Fa+)

3.16495% 10"

oy fofm -1 {#Marging on facing stressz)

1.459443



e must resist shear
due to loading

height of the middle plate

Core Shear (compare to gu = 7530"10% Pa)
te-EBE3zg+xb,/hm (#Fa+)

173 487.

Mcc-—ou/ftoc-1 (#Margin on core shearz)

4322 .08



ore compressive strength must be
uate to resist local loads on the pa

% I n on oCa O ression



rry shear during dynamic loadi

a2 =0.0138T7Txtfx2 (#zm"2 - contact area of 1 tab=x)

0.000016764

= {10, &} ; (zrnumber of tabs inveolved depending on direction of #)
tt2 = (F1/b) f (n+a2) (+FPa - 5Shear stress:)

[3.97371x10", 6.62285x10" }

Mct2 oy /tt2 -1

[0.986741, 0.192045]



Il Scale Testing Results:

Carbon Tube-Carbon Fiber Face Sheet

Round 1

Test #: Force [N]:

1 720

2 664

3 628

Awg. Force [N]: 674

Awg. Pressure [MPa]: 1.044702089

Adhesion Area
1'x1'=1in"2



terface

>>> >>> >>>|nsert: Interface between columns and plates - total of 8 bonding places >>> >>> >> >> >>> >
Analysis shows that glue interface is critical - loss of 1 is catastrophic

02216 =1%10"6; (+ Pa - Critical value: lowest experimental results)

=1/16%0.0254; (¥m - thickness of tube walle)
m3 = {8, 7}; (*xnumber of bonding arcasx)

3 = 1%#0.0254; (#m - inside widths)

13 = 1%0.0254; (xlength of glue-in insert for tube 2 plate mountw)
=w3%#13%4%0.25; (vassuming 25% effective bonding areaw)
t3=Fl/ (A3 *n3); (xPa - Shear stress in glue jointx)
M3 = 02216/t3 -1

{0.0167833, ~0.110315}

Pm3 = (1 -t3/02216) »100
12.3993}



er request for experimentation on the top and a side solar g
0 be used for another side solar panel for ease of use during
ion testing

ing Industrial-Strength Extreme Velcro

anticipating danger of failure during test because structure will be
-wrapped

mass added ~4.8 oz = 136 g for large 10’x1”’ (0.0774 m”2) strig
scale testing will be done to verify the strengt



Round 1

ration
luminum and left carbon fiber alone

ith fine sandpaper
ith acetone and isopropyl alcohol

ushed equally out of tube and stirred with
conservatively with sticks on both sides

s laid on one surface and other surface
n top

ith clamps or weights for 12-24 hours to

oven at 200 degrees F for 30-120

all Scale Testing:

Round 2 Changes

Surface Preparation
o Prepared both aluminum and carbon fib
o  Etched crossed lines into both surfaces
o Sanded with coarser sandpaper

Gluing
o Applied thickly on both sides and excess e
more carefully removed
= Curing
o Held all samples with clamps for 12-24 hc

o  Curedin small oven at 200 degrees F fo
and 10 minutes
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Full Adhesives BOTE Analysis

Quasi-static 25 % of

Component: Mass: load: Available Area:  Required Strength: Percent Margin:
Payload 45 kg 2719 N 0.12 m? 23.4 kPa 94.7%
COMM 10 kg 604.3 N 0.0064 m? 94.2 kPa 78.7%
OBD 4 kg 241.7 N 0.0113 m? 21.5 kPa 95.1%
POWER 11 kg 664.7 N 0.0251 m? 26.4 kPa 94.0%
Torquer 1.5 kg 90.6 N 0.00563 m? 16.1 kPa 96.4%
Wheel 1kg 60.4 N 0.00297 m? 20.3 kPa 95.4%
Magnetometer | 1.25 kg 75.5N 0.000975 m? 77.5 kPa 82.5%
Small Solar Panel 2 kg 1209 N 0.051 m? 2.39 kPa 99.6%
Large Solar Panel | 2kg 120.9 N 0.065 m? 1.846 kPa 99.5% 126




all Scale Testing Results:

Aluminum-Carbon Fiber Face Sheet

Awg. Pressure [MPa]: 2.359386537

Round 1 Round 2

Test #: Force [N]: Test #: Force [N]:
1992 1 1590

2 N/A 2 1351

3 2194 3 746

Awg. Force [N] 2093 Awg. Force [N] 1229

Awy. Pressure [MPa]: 1.385420953

[overall avg [Mpa] 1.872403745 |

Aluminum-Aluminum

Aw. Pressure [MPa]: 3.468250415

Round 1 Round 2

Test #: Force [N]: Test #: Force [N]:
5095 1 17479
8107 2 10463
5494 3 10117

Awg Force [N]: 6232 Awg Force [N]: 12686.33333

Aw. Pressure [MPa]: 7.06023441

Adhesion Area
1'x1.375'=1.375 in"2

Adhesive generally stuck to CF
instead of Al.

Percent difference between Round
1 and Round 2 averages

Adhesion Area
1.9375'x1.4375'=2.78515625 in"2
about 30%

Percent difference between Round
1 and Round 2

49.12%



all Scale Testing Results:

Shear Testing

Aluminum-Carbon Fiber Face Sheet

Adhesion Area

1'x1.1875' = 1.1875 in"2
Adhesive generally stuck to CF
instead of Al.

Round 1 Test 2 not included in
average.
Percent difference between Round

Round 1 Round 2

Test #: Force [N]: Test #: Force [N]:
2336 1 5099
118 2 2061
1983 3 2780

Aw Force [N]: 2159.5 Aw Force [N]: 3313.333333

1 and Round 2 averages
65.18%

Adhesion Area

1.4375'%0.75' = 1.078125 in"2

Equal amount of adhesive stuck
to both samples after failure.

Percent difference between Round

Aw. Pressure [MPa]: 2.818721427 Aw. Pressure [MPa]: 4.324780579
|owerall avg [Mpa] 3.571751003 |
Aluminum-Aluminum
Round 2
Force [N]: Test #: Force [N]:
5534 1 3964
5914 2 4328
5517 3 2106
Awg Force [N]: 5655 Awg Force [N]: 3466
Aw. Pressure [MPa]: 8.130103217 Awg. Pressure [MPa]: 4.983012865

1 and Round 2 averages




sting Results:

ptional

Stress (7)

nsistent

306 MPa

on of elastic

tress — strain.

015+

tios

0.05}

Epoxy bonding Tests
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sting Knowledge:

tion by test g 100 ' Scotchweld2216 Test results
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o
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Ed

et through Analysis

Radiator Perfor Calculati
9” x 30” allocated for = e — | ' '
o e Maximum Panel Area - 570 in”
al radiation | {=——Minkmu Radision Raqured - 100 W. / - Feas
ailed thermal design not assum
uired by Surrey _ for 460
£ .
Assumptions: 3T inches
100 W of radiation at standard g il
operating temperature ~25 C 3 -Given n
Radiator positioned to face deep ok require

space (T =4K)
Carbon emissivity ~0.75 /

Thermal pathways will be added to
Feathercraft design in later stages of =
the project

used in 0
meet ta

Panel 50"!;:. Aren (Inh)

Requirement: Required Value: Current Value:

DR 4.6: Radiator shall dissipate 100 100 W - 100W
W Of heat (Optlon to increase area

to add margin)

Requirement
Met
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DR 4.7 Met Through Analysis:

DR 4.7:FeatherCraft design shall
have an open aperture of at
least 12”x12” inches on side 5

Require  Current
d Value: Value: Margin:

pa A 29.33"x26 o Requirement
12"x12 83 82% Vi

29.33"

26.83"

132



arbon Fiber Sandwich Panels:
DR 5.1: Structural test model (STM) shall be created

ting and water-jet cutting proved to be effective methods of cutting
panels without delamination.



Ed

anufacturing all spacecraft components
of aluminum except for aluminum
eycomb propulsion plate
load Dummy

42.5kg plates (right)

5kg in variable additions

* Allow 100kg total weight

onics Dummies

12 ‘components’
Simulate size, CG, and material to be adhered (Al)

Requirement: Required Value: Current Value:

DR 5.3: Manufacture aluminum mass
analogs with provided masses and 1450 in"3 1450 in"3
sizes

/erified by Inspection in Spring

AL |

Design Margin:

N/A

Requirement
Met



Ed

.4 Met through inspection of datasheet

actric accelerometers are manufactured to sample data during vibrations at high
ncies

lency range for single-axis accelerometer is 0.5 to 3000 Hz

Requirement: Required Value: Current Value: Design Margin:

DR5.6.2.4 Accelerqmeters shaII.be 20-2000 Hz 0.5-3000 Hz 15 Hz Requirement
rated to above testing frequencies Met




et through design analysis

be transferrable after each test with USB thumb drive.
n be transferred one at a time in between tests.

Requirement: Required Value: Current Value: Percent Margin:

DR 5.6.6: Files shall be transferrable 38.4 MB 0 Requirement
via USB. 5GP (at 5 kHz) 96.6% Met




ibration Profile

s Random Vibration (RV) max envelopes for diffe
uencies and ranges of frequencies in g?/Hz.

cifies RV max envelopes for unattenuated and
enuated environments

Unattenuated (9.47 grms): RV experienced by unwrapped ¢
i.e. the input to the vibration table

Attenuated: RV experienced by cargo wrapped in this spe
onfiguration — 4" to 2” Pyrell Foam. This is what FISH wi
perience in flight and what it is being designed to survi



cade Tek (Longmont)

SR16 Shaker, slip table,
and head expander

ost: $1800 - covered by
T-US
ference: Greg

tthews, Test &
mics Technician ——

CASCADE~

: ¥

L = /4
N R /
‘' \
', ’
\

FRONT RANGE ‘B,




esting — Incremental Test Concept

ed ability to model testing conditions & predict
nuation

k: Attenuation will be insufficient to reduce full 9.4
tput to 1.29grms

tigation: Multiple random vibration tests, gradually
reasing intensity

ascade Tek has software to adjust profile (reference Greg
atthews)

rt at Profile — 12 dB, increase intensity until the struc
ing the required 1.29 grms



ibration Profile

TABLE 3.1.1.2.1.2.3.2-1 UNATTENUATED AND ATTENUATED RANDOM VIBRATION
ENVIRONMENTS FOR END ITEMS SOFT-STOWED IN A SINGLE CTB, X/Y/Z AXIS

1) Unattenuated RV levels are from Table 3.1.1.2.1.2.1-1.

Frequency Max. Flight 20 Ib ORU in Pyrell in a Single
(Hz) RV Env’ CTB

20 0.057 (g /Hz) 0.1465 (g /Hz)
20-153 0 (dB/oct) -9.76 (dB/oct)
153 0.057 (g /Hz) 0.0002 (g"/Hz)
153-190 +7.67 (dB/oct) 0 (dB/oct)
190 0.099 (g"/Hz) 0.0002 (g~/Hz)
190-250 0 (dB/oct) 0 (dB/oct)
250 0.099 (g"/Hz) 0.0002 (g /Hz)
250-750 -1.61 (dB/oct) 0 (dB/oct)
750 0.055 (g"/Hz) 0.0002 (g"/Hz)
750-2000 -3.43 (dB/oct) 0 (dB/oct)
2000 0.018 (g"/Hz) 0.0002 (g /Hz)
OA (grms) 9.47 1.29
Mote:




Ed

Contingency

-Attenuation insufficient to reduce full 9.47 grms
output to 1.29 grms

Testing — Contingencies

Mitigation or Testing Change

-Random Vibration conducted in incremental stages
starting at -24 dB

-Attenuation is too great to achieve 1.29 grms at full
9.47 grms output

-Incrementally increase above max flight envelope until
structure sees 1.29 grms

-Structural Failure before Random Vibration
(transportation or sine sweep)

-Document failure & convene TRB
-Either postpone or proceed with test depending on
nature of failure

-Structural Failure during Random Vibration

-Unwrap and document failure, TRB
-Either suspend or proceed with test depending on
nature of the failure

professional assistance of Cascade Tek engineers and Surrey’s Michael Brown and Jon Miller.
the discretion of the professionals after a Test Review Board (TRB)




S is the “Root Mean Square” of accelera
d is the preferred method to characterize
ndom Vibration Loading

ndom Vibration response curves are plottec
equency (Hz.) vs. Acceleration Spectral Dens
BRe/Hz.)

0 calculate grms: Average the squared accelerat
er frequency, and take the square root



ASD: 20 LB ORU, Single CTE BAG, RANDOM WIERATION, XY/Z AXIS

, — Iax Flt R Environment
| === 0.5" 172" Pyrell, in Single CTB

ation of grms
ndom vibration ol
Nz, — 2 kHz.): ;

2000 10° [
ASD(f) df e

10 10 10 10
Frequency (Hz.)

Sample ASD Plot for unattenuate



Mounting

eep: Clamp configuration
oe clamps, columns to slip table
om Vibration: Wrap

guration

” Pyrell Foam

* Available in 48” x ft (9 ft minimum
required)

atchet straps hooked to eyebolts

bolts attach to slip plate & head
nder

||||||

R
e e e
S - wi—‘ ;3
S o N LB

-

-
11

n o
Vo o e euets 8
4 .

-

Dimensions in milleneters

-Slip Table: 4” bolt pa
-Head Expander: 4’
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DR 5.4 — Foam Wrapping

m Specified flight condition: .5” to 2” thick Pyrell Foam wrap

o ISS Pressured Volume Hardware Common Interface Requirements
Document Rev C.

= QObtainable online for ~ $22 per ft. length (48” width, 1” thick)
o 9 ft minimum needed for full wrap around testing axis
o Included in project budget

Requirement: Required Value: Current Value:
STM shall be wrapped in 0.5” — 2” >20.42 ft? 36 ft? :

. . Requirement
thick Pyrell Foam prior to random Met
vibration testing 0.5in<t<2in 1.0in €

145
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Q System — Providing Quality Datz

charge amplifiers will add a constant z
rrent to the charge output of the
celerometer.

equencies above 2.5kHz will be filtered ©
the Active Low Pass filter. This will remc
er harmonics to protect the ADC.




Q System — Providing Quality Datz

alog to Digital Converter converts the
alog voltage output to a binary number.

e microcontroller pulls the binary numbe
d relays it to the computer.

e software removes any DC bias seen
ough the charge amplifier and plots the
result.
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Transferring Data from Accelerometers Through DAQ
at above 4 kHz:

" Calculated sampling time: every 31 S
= Results are summarized in table below

DAQ, System Timing Specifications

Description: Value:

Minimum Required Sampling 4 kHz
Rate
Calculated effective sampling 32 1 kHz
rate
With FOS =2 16 kHz
Margin 12 kHz

149



Toggle Chip Select (x2)
2 Toggle Read Pin (x2) 2
3 Read Data from Port 1
4 Store Data in Local Memory 2
5 Transfer Data to USB Module 4
6 Transfer Data to PC via USB 35 Mbps
7 Toggle AD Convert Pin(x2) 2

REPEAT

Instruction Cycles x Count #

stem Timing Calculations

Instruction Count # Required Time Total Required
Cycles/count (us) Time (uS)

e =

Operating Frequency

0.08 0.08
64 0.64 0.72
64 0.32 1.04
64 0.64 1.68
1 0.02 1.70
1024 bits 29.3 31

1 0.01 31.1

Ef fective sampling rate = 32.



rrowing
rometers and

odal Shop for
accelerometers
ays

ROMETERS:

o

%

10.2 mm
%

Single AXis (pcs-333830) Tri-axial (pcs-3s6a16)

Rent Price Mass

S60/ month

Accelerometer Buy Price

$297

10.2x16.0x10.2
mm

14.0x20.3x14.0
mm

Single axis 4 grams

Tri-axial $931.50 $200/ month 7.4 grams




ometer Locations: Random Vibe

Structure is wrapped in foam

Point on structure (1-axis)
anel normal to acceleration
Middle (1-axis)

Offset (1-axis)
ponents/Masses (Tri-axial)

Legend:

B - Single Axis
B - Tri-axial

[] - Cascade Tek

Design CPEs &
Overview Requirements

Project
Overview

Verification & Project
Validation Planning



Point on structure (1-axis)
nel normal to acceleration
Middle (1-axis)

Offset (1-axis)
ponents/Masses (Tri-axial)

Legend:

B - Single Axis
B - Tri-axial

[] - Cascade Tek

Design CPEs &
Overview Requirements

Project
Overview

2

ometer Locations: Modal

Port/Starboard

Verification &
Validation

Project
Planning



oes not attenuate to 1.29 grms

y: 1 Likelihood: 4 -

ected foam attenuation is not a failure in the design but a conseque
an unfamiliar material

re Mitigation:

evelop fast method of computing modes with a change in attenuated vibration loads
erform small-scale foam tests in ITLL and measure experienced acceleration

nse After:

p test and continue at SST’s discretion with either a new model or with the structure r
ctly to table and a vibration table setting of 1.29 grms

igation Severity: 1 Likelihood: 3 -




re Fails on the Way to Vibration

i 5 Likelihood: 2

ure will need to be fully assembled with adhesive before transferrin
tion test facility, and transfer will likely have more loads than the vibra
tself

re Mitigation:

rap structure at least as much as it will be wrapped during vibration testing

rive slowly and carefully
ild box for transport

se After:
emergency adhesives / tape

ation Severity: 5 Likelihood: 1 Total: 5




re does not fit through door

3 Likelihood: 1 -

e cautions will be taken so that this challenging inconvenience doe

e Mitigation:

easure all doors and structures the STM must fit into and develop path to transfer vehic

ation Severity: 3 Likelihood: O -




Is are not received on time

] Likelihood: 2 Total: 8
ne depends on having the panels early in the assembly process

e Mitigation:

rder materials as soon as possible after CDR

ontact manufacturing company frequently to verify delivery
nse After:

orten timeline for the rest of manufacturing
mpt to use similar material that is readily available for worst-case

igation Severity: 3 Likelihood: 2 -




stem data is noisy

y: 2 Likelihood: 3 -

ystem has many complex systems that need to be integrated togethe
or noise before going to vibration test where more unexpected noise
porated

re Mitigation:
est completed DAQ system on ITLL vibration table and analyze results
ommunicate with CascadeTek about what signal effects to expect

se After:
y software filter to data after test day

ation Severity: 2 Likelihood: 1 -




stem cannot save data

i 5 Likelihood: 1 Total: 5

zes for test are large and also need to ensure permissions are correct
are to be used on any computer

re Mitigation:
est software with fast data transfer on as many Windows computers as possible

nse After:

tempt to retest or use CascadeTek’s data to complete requirements

itigation Severity: 2 Likelihood: 1 -




tured Carbon Fiber panels are fray

. D

-cutting is performed by team, many imperfections could be create
e Mitigation:

anufacture test pieces
evelop metric to evaluate what imperfections are acceptable

nse After:
e spare pieces to manufacture again
odel the structure with these imperfections and test if the imperfections do not ca

ation Severity: 1 Likelihood: 3 -




acturing takes longer than expect

y: 4 Likelihood: 2 Total: 8

facturing needs to follow a fast-paced timeline and delays can quickl
d on machine availability

re Mitigation:

Perform small-scale manufacturing to estimate time necessary for each piece
eserve resources ahead of time if possible

nse After:

rchase components if this speeds up manufacturing process
uce necessary quality if margin allows

igation Severity: 1 Likelihood: 1 -




ion Testing Takes Longer Than 8 Hou

i 5 Likelihood: 2

et hinges on paying for an 8 hour testing day and if testing is not com
ures will need to be taken to pay for another day or use table after ho
re Mitigation:

Practice entire process of moving accelerometers and unwrapping/rewrapping structure

Develop time estimates for each test and off-ramps to complete test more quickly while sti
eeting requirements

nse After:
tempt to finish test outside business hours or another day for a reduced rate
mpt to finish required tests on smaller scale in ITLL

igation Severity: 4 Likelihood: 1 -



nalogs are not prepared in time for

5 Likelihood: 1 Total: 5
nalog creation will not be difficult but is essential to perform vibrat

e Mitigation:
reate specific plan to acquire each mass analog and manufacture it, similar to design pla
nse After:

eate mass analog with scraps from shops or borrowed weights that may be reduced uni

itigation Severity: 4 Likelihood: 1



d modes in vibration test do not
model

y: 1 Likelihood: 4 -

ected modes do not necessarily mean failure, but team model of st
be validated

re Mitigation:

reate many possible profiles of structure modes based on calibrations and first tests
onsult PAB members and faculty to verify model should be correct

nse After:

empt to match modes with prepared model profiles
ucture is not experiencing failure, continue with test and analyze results after test c

ation Severity: 1 Likelihood: 3 -



ive bonds break during assembl

y: 3 Likelihood: 1 -

ive strength is largest variable and may not withstand other elemen
bly

re Mitigation:

nalyze assembly plan with possible points of failure

repare schedule and budget for spare gluing time and spare glue

nse After:

glue failed components

igation Severity: 2 Likelihood: 1 -




munication protocol does not fu
ary speed

V:5 Likelihood: 3 -

ommunication currently has large margin but fast data transfer must
ved for quality data to be collected

re Mitigation:

Use development board to demonstrate USB protocol capabilities (In progress)
onse After:

plore different USB transmission schemes
eriment with other protocols such as Ethernet

itigation Severity: 5 Likelihood: 1 Total: 5




ass filter corrupts accelerometer

y: 4 Likelihood: 1 -

ass filter is necessary to signal processing but adds complexity to de
e Mitigation:

est low pass filter circuit and model frequency response
onse After:

erform digital filtering on circuit instead
vise board and reorder

itigation Severity: 2 Likelihood: 1 -



Amplifier corrupts signal

4 Likelihood: 2 Total: 8

amplifier will be created by team and as such includes variability t
t influence data

e Mitigation:
st charge amplifier circuit and demonstrate its capabilities with accelerometer data

nse After:

build circuit, revise board

itigation Severity: 2 Likelihood: 2 -



orrupts / Cannot Transfer Sigha

5 Likelihood: 2 -

re essential to the transfer of data from sensor to microcontroller

e Mitigation:

horoughly familiarize with ADC specs

eview ADC schematic with PAB members

tilize former team’s knowledge and prior experience

ug on board
e board and remanufacture

ation Severity: 3 Likelihood: 2 -



distribution fails or destroys compo

i 5 Likelihood: 1 Total: 5
ctronics are power-sensitive and all failures will be considered befor

re Mitigation:

nclude fuses, zero-ohm resistors, and voltage regulators for circuit protection
reate plan to verify functionality of power section before powering critical components
nse After:

ove damaged component and replace from available resources
ork board design and remanufacture

ation Severity: 4 Likelihood: 1 -



controller Cannot be Programme

i 5 Likelihood: 2 -

controller required for data transfer speed is more complicated than
s previously used by team members

re Mitigation:

se development board to program microcontroller (In progress)
ead literature and programming manuals

nse After:

ilize more team resources to debug and revise board
development board while designed board is in work

ation Severity: 4 Likelihood: 1 -



d for ANSYS Model

posite beams
ending Tests (refine material properties)
Modal Sweep (confirm modelling capability)

iIdation of complex-geometry predictio



| Validation: Preliminary Tests

Facility &
Purpose: Equipment:

3 Point Panel Refine model material properties based on

. . . . ITLL: Instron Machine
Bending experimental material properties

Face-Sheet
Characterize types of failure at interface

Column . . ITLL: Instron Machine &
Experimentally quantify stresses for each
Interface failure E-Red Shaker
Failure

Experimentally quantify the mass of all

Mass Testing materials (adhesive, filler, panels)

CU Composites Lab

ITLL: E-Red Shaker,
accelerometers, and
DAQ

Small Scale Determine modal prediction accuracy
Vibration Adhesive fatigue testing




site Beam Tests

= Quasi-Isotropic Carbon Fiber Fabric

S\
— Airex Foam Core

12”

\4

2”

i
}
.’
l
:
!
v
I




1201

100

oo
o

Applied Force [N]
D
o

40

20

Raw Output of Instron

5" Shaped Beam .25" Shaped Beam

1 2 3 4
Deflection [mm)]

eam Tests (cont)

Bending Test results

110
100
90 -
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m Tests
Half inch Weight Relieved
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ration Test

Guppy Middle Panel
0.02-
0.018 -
0.016°
| Table Input ’
o Voitage Modei
~ Current Mode |
Hoo12
@
= 0.01} y 202 Hz
o |
g \
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I
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| 14 [
0.002 | | ‘f.\ \\
0 | i . \‘g‘ = - 1 el
0 50 100 150 200 250 300 350 400 450

Frequency [Hz]




o
SURREY

SATELLITE TECHNOLOGY US

Adhesive Small Scale Testing Analysis:

" Assumptions in calculations

o 25% available area effectively adhered
© Quasi-static load of 1g + 40 =6.16 g (0 = 1.29 grms vibration experienced)

® Because vibration will occur in all three axis, the same strength is required in shear and
tensile modes

Quasi-static 25 % of Required Minimum Glue
Component:  Mass: load: Available Area:  Strength: Strength: Percent Margin:
Payload 45 kg 2719 N 0.12 m? 23.4 kPa 841 kPa 97%
COMM 10 kg 604.3 N 0.026 m? 94.2 kPa 841 kPa 89%
Solar Panel 2 kg 121 N 0.051 m? 2.39 kPa 841 kPa 99%

178



ads and Contacts:

nels act as distributed
S

g

onents modeled as:
esign model

* Distributed & Point masses
e 32kg Avionics

45kg Payload

t model

istributed avionics mass
uminum blocks — Payload

Project
Overview

2

Design CPEs & Verification & ) Project

Overview Requirements B Validation Planning
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Port/Starboard Acceleration:

= |argest concern: Delamination of panels from column
interface:

® ~3kN distributed along both strips
o Testing necessary

_- 69,4&“&
} sin
— 40,738
— 3050
AN — e VIPa
— 23129
- 0 Min
Project Design Requirements Risks Testing & Project
Overview Overview & CPEs Verification Planning 180
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Ram/Wake Acceleration:

= |argest danger on Bolted column interface
" 1.9kN in normal force

Project Design
Overview Overview

Testing & Project

s Verification Planning

181

Requirements
& CPEs



esign case — worst case loading
0 ensure structural strength

o Panel allowed to flex

Testing case — same loading case
s will be used in test

o Panel stiffened by dummy masses




dses

ssumptions

o Payload and Avionics mass is distributed
on Middle Panel

Launch Configuration
o Holding straps
o Foam Dampeners

tatic equivalent Stress analysis
Equivalent load of 5.1 kN (84 kg @ 6.16 g)
Consider accelerationin X, Y, Z
ajor modes of vibration act on structure



S
Plate is loaded in simply supported configuration
r of Safety 1.9 applied to material strengths

able strengths of Epoxy Woven Fabric
ou = 750 MPa ultimate along fiber
oy =79 MPa transverse yield

ulus in fiber direction

E = 65 GPa

able strengths of Aluminum Core (5056)
¢ =4.7 MPa compression strength
= 1.7 MPa plate shear (w direction)

93 MPa in w direction
MPa in L direction




b Analysis

Margin Above

Value
FOS
4 mm n/a
31.6 MPa 1.49
0.17 MPa big
0.009 MPa big
31.6 MPa 1.49
39.7 MPa 0.99
0.6 MPa 11
13 MPa big
1.3 GPa n/a
1.1 GPa n/a

S«in in tension

Skin in compression




fety 1.9 on ultimate

e Hardened Alloy
2 thread

Itimate strength 1 GPa

with thread locking
nd (Locktite)

ered
f shear and

k=0.5; (#Ratio of allowable shear to normal strenghtsz)

opaf = 999.7x10*6/f=(+526 MPa - Normal allowable strength of hardened steel'illoyi:j

5.26158x10°

taf —k+oaf (#263 MPa - Shear Allowable strength of hardened s=teel alloyx)

2.63079x 10"

af = 0.0187045x0.025442 (+m*2 - Cross sectional area of minor diameters:)

0.0000120874

of = (F1/4) faf(#Pa - Normal Stresssz)

1.05161%10°

tf = (F1/4) faf; (#Pa - Shear Stressi)

omaxf =off2+ ((0E/2)*2+TE*2)*0.5(+FPa - Principal Stresss:)

1.70154 % 10"

Mtf = gaf fomaxf - 1 (+sMargin on Principal Stresss)

2.08224

tmaxf = ((of/2) "2+ TE*2)40.5(+Pa - Principal Shears)

1.17574x 10"

M=f = taf /f tmaxf - 1 (+sMargin on Principal Shears)

1.23756



SE OUT:

on Method - Tabs:

~ T — _

e

=% "ol "o ",

d mill or router table
ly cutter to clear core

ere panels interface

Epoxy Fill In Method-
Exposed:

= Use block to push cc
from edge

= Fill with Hysol EA



Id 3350:

y Paste Adhesive
ting Heritage

ting will be done to determine
ctiveness of Scotch Weld 3350 Scotch
216 bond









‘ : After Bonding
Before Bonding

Carbon Fibe
Face Shee

Carbon Fiber
Column



— Propulsion Plate and Radiator




Structure

— Subsystem Budgets:

$2,500.00

$2,000.00
B Margin

u Adhesive, Velcro, & $1,500.00
Fastners

. Carbon Fiber

Columns
$1,000.00

i Pre-Preg

M Panel $500.00

DAQ

-




ies and Margin Breakdown

CB — need multiple attempts at printing ($33.00)

xtra parts — redundancy

* Coax Connectors — design cycle:
— Choosing -> validating design -> re-choosing

cture:

ee Aluminum Core

hesive Reliability

and available mass analogs
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Overview Overview Requirements Validation Planning




iltering

= |nfinite Impulse Response (IIR) Digital Notch Filters
" Transfer Function:

1—2cos(wy)z™t +2z72
1—2rcos(wy)z1 +r2z72

Ei(z) =

Where:
wqo = Notch Frequency
r = Order coefficient (0.99)



Software: Executable Development

-
-

" Basic GU| created and S
converted to .exe

®m Tested on various team
computers

= All modules included




-
SURREY
SATELLITE TECHNOLOGY US

Software: Data and Report Output

" Excel module tested
" Data size too large for raw data in Excel
" Raw data will be saved as .csv and plots exported to

Excel
5000 19.2 38.4
16000 60 61.44 122.88
32000 60 122.88 245.76

200



€ns .exe

: GUI Structure

Initialize GUI]

GUI Menu Structure

File: Configure: Help:
e Save * Wizard .
* Save As * Test .
* Reset Test ¢ Report .
e StartTest < Filtering
e StopTest < Calibration
* Exit
Buttons:

Reset Start




Saved Report Format

Filtered PSD Data Header:
ration Frequency [Hz] | Channel # Value [g?] | ... | Channel 4

d PSD Data Raw Data Tab Header:

ots 1 — Channel # Time | Channel # Value [V] | ... | Channel # Value |
ots 1 — Channel #

Channels 1 - #: Frequency:
e Name * Filters
rt Used e (Calibration e  Max-min values

* Warning/Alarm Limits ¢ Warning/Alarm Limi
* Max-min values



SURREY

SATELLITE TECHNOLOGY US

Software: Configure Wizard

User Selects leard)[ Sel?Ct l El Chirp l al Respontel Serial POIR
Serial Port Flac TrilE
Error:
Test DAQ not found

Set Warning Set:
& Alarm Channel Flag
Limits True

Set

Report W & A Flag
Conﬁg?

l Overlays l
Freq Return to Main
PIot Filter Attenuation Attenuation Success } >
Wmdow Conflg? List Sliders 1‘

203

# of
channels




SURREY

SATELLITE TECHNOLOGY US

Software: Reset Test

Reset Commanded Y Is the report
Save? aIready saved? Save to file ]_

‘l’ Save Locatlon? T

[ Close all added]<
windows

7
Dump test Clear FFT and Set:
temp data test variables Reset flag true

Return to Main

204



SURREY

SATELLITE TECHNOLOGY US

Software: Start Test

Start Commanded>[ Good Chirp Open Plot Set: Run
C:e;k Flags Window Flag True
<€ Error 2
Return to Main Bad fCheck Limits Assign to ather Data
\l' Channel rom Port

v Good

2.

II%

Open Warning s ]_>[ Store 11 FFT n ]
Window ton to

v(
<€ l Stop Test? Plot PSDs Apply Filters

Conduct Stop Test Routine

205



SURREY

SATELLITE TECHNOLOGY US

Software: Stop Test

Stop Commanded Run Flag
hi
>[ True? chirp pe
Error ](—I

Return to PIOt

Main Data |n Excel File

PSDs

Save Conflg Save PSD Set:
Parameters Plots in Run Flag
in Excel Excel False

l’ Return to Main

l al Consolidate l al Eull FFT
test data
Save Raw l : l Open Excel IE I

206



er Spectral Density

Power Spectral Density Overall Level = 3.24 GRMS

T I

10°

Frequency (Hz)



sition Board: Low Pass Filter

-aliasing
plification: 4x
toff = 3000 Hz

ircuit op-amp oF —

R1 R2
23.1kQ 121 kQ




Phase (deg)
8

Magnitude {dB)
o

&

r — Frequency Response

2nd Order Low Pass Fiter Frequency Response

-

Frequency (Hz)




igital Converter: AD7606

conversion

e (-5V to 5V)

ltage resolution of 0.1526 mV/bit (10V/219)
ccelerometers have 100mv/g

resolution of 0.001526g/bit

converter per accelerometer meaning:

A/D for our constructed DAQ

A/D for our designed DAQ

Software written can handle 64 channels
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Spice Simulations 5V

0 Voltage Regulator Response for 5V.txt

Voltage Output
Current Output

0.8 1 1.2
Time (ms)

Current (A)

N
" 4 e
Hm A 10
\-\\“ s l“j
& =
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Spice Simulations - 5V

Voltage Regulator Response for N5V.txt 08

Voltage Output
Current Output

Time (ms)

Current (A)




S
()]
g
S

Spice Simulations - 3.

Voltage Regulator Response for 3V3.txt

Voltage Output
Current Output

0.6 0.8
Time (ms)

Current (A)

N
" 4 e
Hm A 10
\-\\“ s l“j
& =



