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Scope of this lecture

'0 pen-class CanSat

Original 350ml Cag

CanSat Kit

Sun Earth Sensor

De-Orbit Mechanism
X-Band Antenna
Micro Monitoring Camera

GPS Antenr

Star Tracker

Nano-satellite

CubeSat




Structures and deployables: Roles

¢ The structures
mechanically supports all
other spacecraft
subsystems from
manufacture to the end of
the mission.

Typical CanSat subsystems

Batteries

GPS

Environment: _ [7 Memory

Y Si?atiC }Oading . MPU Servo motors
v’ Vibrational loading

v Shock loading " L Transmitter

today) Structures

v' Heating (not covered {

Ground station




Structures and deployables: Roles

¢ The structures
mechanically supports all
other spacecraft
subsystems from
manufacture to the end of
the mission.

¢ The deployables (a.k.a.
deployable structures) are
compactly stored 1n a
launch vehicle, and
deployed after separation.




Mission Example

¢ Hybrid CanSat, Space Crawler (2009)




Structures and deployables: Agenda

¢ Requirement analysis

¢ Strength and stiffness
Vibration test
Landing test

¢ Packaging configurations
Volume/mass constraints
Producibility, accessibility
Interaction between subsystems

¢ Deployables (parachutes)
¢ Design example



Mission sequence of Space Crawler

. Separation
| Target in sky

R
S ro— \

Target on ground

o

8-shaped run

/
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CanSat mission seauence (1)

Launch and ascent

Separation, deployment of appendages
Descending

Landing

Separation of appendages

Running




Mass/volume
constraints

Desion process

Identify requirements
|,

A\

Producibility,
Accessibility,
Interactions between
subsystems,
etc.

Configuration design

v

Design for strength

Verification: test and analysis

Meet requirements?

Detailed design




Mass/volume
constraints

Desiogn process
v Prototyping!!

Identify requirements
|

\4

Producibility,
Accessibility,
Interactions between
subsystems,
etc.

Configuration design

A

Design for strength

Verification: test and analysis

Meet requirements?

Detailed design



Reauirements in mission seauence (1)
-Strength and stiffness

¢+ Launch and ascent
+ Static load: Strength
+ Vibration: Stiffness
¢ Separation, deployment of appendages
+ Shock load: Strength
+ Landing
+ Shock load: Strength




Stress (0)

Basic mechanics (1/4) -axial deformation

. P , AL
Stress: o = — Strain: € = —

L

l
\ L
Tension \,A

Young’s modulus: F = —
3 €

il

Stress-strain relation: @ULE o2

2 @ Relatively Brittle (cast iron) / THUN®
Perfectly Britle (glass) v' Brittle materials:
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0.002 Ka big problem for small sat.
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Basic mechanics (2/4) -buckling
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Basic mechanics (3/4) —-bending

Euler-Bernoulli beam theory:

Bending stiffness
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Basic mechanics (4 /4)
—stress concentration

Radius of curvature:
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Basic dyvnamics (1/2) —vibration modes

Euler-Bernoulli beam theory (eigenvalue analysis):
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Basic dvnamics (2/2) —frequency response

~ W(x)
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Vibration tests (1/3)

Launch vehicle specifies the
test conditions:

+ Quasi-static load

+ 1s* mode frequency

+ Sinusoidal vibration

+ Random vibration

+ Shock load

ARLISS’s rocket:
+ Static load: 10G
+ Random vibration: 25Grms




Vibration test (2 /3)

v' CanSat 1s small: Satisfying stiffness & strength
requirements for global structures is relatively easy.
But...

v" Need: Identification of failure mode due to “local
resonance’

=) T,ocal vibration may break structures/devices
v Soldering
» Cables/connectors
~ Volts/joints
~ Motors/gear boxes
v etc...



Vibration test (3/3)
-Vibration test setup for CanSat

_ CanSat ]

Signal
conditioner
J) A

Oscilloscope Amplifier
/I\

Function
generator

[ v Identify the failure modes ]




[Landing test

¢ Verify strength for shock loading

Dropping test

Balloon test



Structures and deployables: Agenda

¢ Requirement analysis
¢ Strength and stiffness

+ Vibration test
+ Landing test

¢ Packaging configurations
¢ Volume/mass constraints
¢ Producibility, accessibility
¢ Interaction between subsystems

¢ Deployables (parachutes)
¢ Design examples




Mass/volume
constraints

Design process _

Stiffness, strength

Identify requirements i
|

\4

Producibility,
Accessibility,
Interactions between
subsystems,
etc.

Configuration design

v

Design for strength

Verification: test and analysis

Meet requirements?

Detailed design
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CanSat mission seauence (2)

Manufacture
Testing
Maintenance
Preflight operation

—_

>:> Impose requirements regarding
producibility and accessibility

—_—

Launch and ascent :> Volume and mass constraints

Separation, deployment of appendages

Descending
Landing

Separation of appendages-—
ey D

Running

:> Interaction between
subsystems

Your
country




Desien methods

¢ Hand drawing

¢ Prototyping (mockups)
+ 3D CAD
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Prototyping (1/3)

v Cardboard
v’ Plastic plates
(acryl, ...)
- | ¥ Styrene foam
“ v Wood
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Prototyvping (2 /3)




Prototyping (3/3)

o 1. B YV o o N7 A V4

Total 20
models.



3D CAD

¢ Very helpful to consider configurations

¢ Various commercial/free software (e.g. SolidWorks,
Creo Elements/Pro CATIA)
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Producibility

¢ Simple shape

+ Combination of plate, rods,...

¢ Materials

+ Aluminum alloy facilitates machining
+ CFRP is light, stiff, strong, but difficult for machining

¢ You should be familiar with your machining facility!




Accessibility

¢ Maintenance: Many subsystems break during testing.
Need easy access, replacement

¢ Prelaunch operation: All subsystems should be checked, and
maybe replaced quickly

Structural designer should be aware of the maintenance
methods for all subsystems in CanSat.

Batteries

GPS

j Memory

MPU Servo motors

L Transmitter

Structures



Interaction between subsvstems

¢ GPS receiver — structure

¢ Communication antenna — structure
¢ Crystal oscillator — GPS receiver

¢ Magnetic compass — motor

etc e Batteries
GPS

j Memory

MPU Servo motors

J/J

Transmitter
/
Structures ?

Ground station




Mass estimation

Mass budget (1/2)

I . Will break

i ./ Regulation
Margin E

MDR SSR PDR CDR Launch

o T I




Mass budget (2/2)

¢ For a reliable design, start with ~20% mass
margin and gradually enhance precision.

¢ 3D CAD 1is very useful for mass estimation.

+ Try several lightening methods: thinning,
making holes

¢ Do not forget the mass of screws! They are heavy.

Plastic screws




Structures and deployables: Agenda

¢ Requirement analysis

¢ Strength and stiffness
Vibration test
Landing test

¢ Packaging configurations
Volume/mass constraints
Producibility, accessibility

Interaction between subsystems
¢ Deployables (parachutes)
¢ Design examples



Deplovables (parachute)

¢ Sizing

¢ Design and manufacture

¢ Storage

¢+ Deployment/separation system

¢ Deployment shock —strength

Other deployables: '




Mass/volume
constraints

Desion process

Identify requirements
|

\4

Producibility,
Accessibility,
Interactions between
subsystems,
etc.

Configuration design

v

Design for strength

Verification: test and analysis

Meet requirements?

Detailed design




1. Sizing

Glenn

Velocity During Recovery Research

Center

r = air density
r=1229 kg/cum

A = parachute area

Drag
D

Cd =drag coefficient of
parachute

Cd =1.75 (typical) V= velocity

Drag Equation:

D=CdrV° A
2

_ _ Solve for Velocity:
During recovery, drag=weight. 5 W

D=CdrV'A = W V=sat(eqr a)

2
Weight
w

http://www.grc.nasa.gov



2. Design and manufacture

¢ # of lines, with/without a hole
¢ Material: ripstop nylon, etc.
¢ Use sewing machine




3. Storage

¢ Folding pattern 1s very important for reliable
deployment.

+ Remove wrinkles, entanglement of cables

¢ Test, test, test! (Stored configuration should
be repeatable.)




4. Deplovment/separation svstem

¢ In most of CanSats, parachute is stored right
above a CanSat, and deployed at the
separation from a launch vehicle.

+ “Flight pin (kill switch)” is pulled.
¢ Some CanSats use deployment system or
separation system, such as Nichrome wire
cutter. Para glider
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Bottom



Para glider/Cover separations
of Space Crawler




5. Deplovment shock

¢ When the parachute 1s deployed, shock load 1s
applied especially at the cable connecting
points on a CanSat.

¢ Design for strength, and test!

Free fall at the 15t flight

Students test strength of connection
for 2nd flight



Structures and deployables: Agenda

¢ Requirement analysis

¢ Strength and stiffness
Vibration test
Landing test

¢ Packaging configurations
Volume/mass constraints
Producibility, accessibility
Interaction between subsystems

¢ Deployables (parachutes)
¢ Design examples



Structural design of Space Crawler

. Separation
Target in sky

R
S ro— \

Target on ground

o

8-shaped run

/




Identify requirements

. Mass/volume { »
DeS]_gn exal I Iple ( ]_ ) : constraints Configuration design

Producibility, l T

. ——
Requirements iy, | Desen o conat

subsystems, L o .
ete. Verification: test and ;lnu]ysls

. No
Meet requirements? !

¢ CanSat should be crawler type.

| Yes

¢ CanbSat should tolerate launch load, Doteiled desig
parachute deployment shock, landing shock.
(quantify!)

¢+ CanSat should be able to run on a rough terrain.
(quantify!)




Identify requirements <——
b Mass/vol . -
Design example (2): el T

re

° fo ° h ‘ Producibility, Desi if 3 gth
Actessibility. esign for stren
Verification methods == - :
SUbS:,-tsct.emS' Verification: test and analysis

No

(::if::v Meet requirements?“:: i

[ Yes B

¢ Consider how you can verify the Detailed design

requirement specification when you
design!




Identify requirements &

T S

o - [ Mass/volume N_)
Desien example (3): Conbigurs ian desigo
° ° ° Producibility, : l T
Design 1iteration |.lsssue  —{|  Deeersme
Interactions between I
I subsystems, s : ;
ete. Verification: test and analysis

|

Meet requirements?

_No

l Yes
Detailed design

¢ Prototyping and testing were repeated.

¢ For designing flight model, 3D CAD
model was made.

Overturn

@ v Added

v Narrower

Failure mode



[.essons learned

¢ Murphy’s law: “Anything that can go wrong,
will go wrong.”

 If any function of CanSat is left untested,
that function will fail during the flight.

Free fall Cover not separated
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