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What is a satellite deployer? ﬂ ) <@Y> |Hore Space

PICOBUS

e The satellite’s final safe house
o Mounted on the rocket’s payload bay (most of
the times)
o Stores the satellites safely inside
o Deploys the satellites when the time comes
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e The rail was a machined out of 7075-T6
space grade aluminum alloy and had a
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Pusher sub-assembly ) <@Y> | Lbre space
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Constant force springs were used for
the deployment of the satellites.

Quick paper-towel calculations gave us
a rough estimate of the spring strength
and satellite exit velocity.

Finally we machined a dummy rail, 3D
printed pushers and attached a spring
in order to have the complete assembly
for testing.

Let’s see the pusher in action
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After multiple iterations and broken 3d printed parts, the
design closed, and the final parts were manufactured.

o Pusher part was made out of a single PTFE (teflon)
block interfacing with the aluminum deployer rail

o Barrel part made of a single PTFE block too

o The constant force (linear) spring was wrapped
around the barrel part and secured on top of the
rail.




Door sub-assembly and thermal knives mechanism G2 Foe Phare

e A pinis used to hold the door shut.
e For holding the pin in place, we used a spring and
dyneema string to keep the spring compressed.

e When signal is given from the rocket, nichrome
wire is used to cut the dyneema string

T
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Door sub-assembly and thermal knives mechanism
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The use of dedicated electronics was obvious.
This PCB would handle communication with the
rocket, the thermal knives and the deployment
switch.

Two thermal knives were used to cut the dyneema
string attached to the PCB itself. This made the
system redundant, because only one thermal knife
was needed for deployment.
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Door sub-assembly and thermal knives mechanism G2 love Phace

So the door sub-assembly was complete and was ready to be integrated to the rest of the deployer
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PICOBUS C2

Let's see PICOBUS in action




Protoflight testing <2 Fomton

e Protoflight == prototype + flight hardware
o The qualification model is the same as the flight
hardware .
o The satellites were integrated inside PICOBUS
during the test
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Vibration testing procedure

PICOBUS

Step 1: Resonance survey Step 2: Sine vibration profile Step 3: Random vibration

| | |

|dentifying the resonance frequencies of
the device under testing
Usually >100-150Hz depending on the
launcher requirements

Passing from 5Hz to 125Hz
with a sine wave profile

Passing through the whole

spectrum from 20Hz up to

2kHz at once for a specific
amount of time

Pre Survey
Accelerometer #2 (Red Table 3 - Ry il
( ) Frequency (Hz) Amplitude (g) able esonance survey profile
Resonance1 | 300 3.2 Ereduoncy.tiz) Lerollo)
52000 0.4
X Resonance 2 | 400 1.2
Resonance3 | 900 1.1
Resonance 1 220 1 Table 4 - Sine Vibration
Y Resonance 2 | 500 2 Frequency (Hz) Level (g) | Sweep Rate (oct/min)
Resonance 3 | 2000 1.1 3400 25 4
100 - 125 1.25
Resonance1 | 400 2
Z Resonance 2 | 800 3 §
Resonance 3 | 1600 1.1 Table 5 - Quasi Static Shock E
o>
Frequency (Hz) Level (g) Full Cycles é’
Pre Survey 50 96 3 g
Accelerometer #3 (Green
( ) Frequency (Hz) | Amplitude (g)
Resonance 1 300 1.2 Table 6 - Random Vibration
X Resonance2 | 400 500.0m Frequency (Hz) Level (gZ/Hz) | Overall (gms) | Test Time (s)
Resonance 3 | 1400 600.0 m 20 0.006
Resonance 1 | 400 1 20-100 0.006 + 6 dB/oct
% Resonance2 | 700 1 1005709 004 190 €
00-2000 0.04 — 6 dB/oct
Resonance 3 | 2000 1.3 2000 0006
Resonance 1l | 500 4
Z Resonance 2 | 1030 600.0 m - 1.00k 2.00k
Resonance 3 | 1600 2
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Vibration testing procedure 200 Y3 | Ehe Shacs

PICOBUS

Step 4: Quasistatic Step 5: Resonance survey

|

Identifying the resonance frequencies of the device under

Simulates the static loads exerted on testing again and comparing them with the ones found at the
the deployer during launch beginning of the test
Table 7 - Sp ft 1ce freqt
50.0
Pre Survey Post survey
400 Accelerometer #2 (Red) Frequency (Hz) | Amplitude (g) | Frequency (Hz) | Amplitude (g)
Resonance1 | 300 3:2 300 3.2
X Resonance 2 | 400 1:2 400 1.2
= Resonance 3 | 900 11 900 11
Resonance 1 | 220 1 220 i
20.0 f f Y Resonance 2 | 500 2 500 2
%‘ I | Resonance 3 | 2000 i 2000 b
5 | " Resonance 1 | 400 2 400 12
z Resonance 2 | 800 3 800 3.2
Resonance 3 | 1600 11 1600 13
Pre Survey Post survey
100 i b d A ERL AT T L Frequency (Hz) | Amplitude (g) | Frequency (Hz) | Amplitude (g)
Resonance 1 | 300 1:2 300 1.2
% rl‘ ! [L X Resonance 2 | 400 500.0 m 400 500.0 m
Resonance 3 | 1400 600.0 m 1400 600.0 m
Resonance 1 | 400 1 400 1
-30.0 [~ 1T : B Y. Resonance 2 | 700 1 700 1
Resonance 3 | 2000 13 2000 1.6
400 | Resonance 1 | 500 4 500 2
z Resonance 2 | 1030 600.0 m 1030 1
Resonance 3 1600 2 1600 1.8
-50'00 . ‘200m‘g‘ T mem  doom
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Open source design and simulation tools &N

PICOBUS
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PICOBUS V2

PICOBUS
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Initial Design v2;
flange with 10 bolts

Mass relief and
flange with 10 bolts

1" Freq.= 448 Hz
Y-axis bending

1" Freq.= 376.91 Hz
Y-axis bending

Mass relief and Mass relief and
flange with 8 bolts flange with 6 bolts
1" Freq.= 357.48 Hz 1" Freq.= 288 Hz

Y-axis bending Z-axis bending
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PICOBUS V2 ey

e PICOBUS V2

o 8p capacity
Half the mass of V1
Smaller deployer envelope
Larger satellite envelope
Updated electronics

O O O O
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Before we leave, a few words about the picobus story BN |
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Explosion......... <@ | o
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PICOBUS
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Orbital PICOBUS Sy

PICOBUS
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per liberum ad astra! . IMANIFESTO >

SPACE IS HUMANITY'S FUTURE < @

ITIS HUMANITY'S OPPORTUNITY TO
EXPLORE, DEVELOP, USE, AND THRIVE
DIFFERENTLY. A WAY T0 ENSURE THE

: o . LONGEVITY, SUSTAINABILITY, OPENNESS.
Site https://libre.space/ EQUALITY OF THOSE EFFORTS FOR ALL.

. WE PLEDGE TO ADHERE
OS Repositories https://gitlab.com/librespacefoundation/picobus ' TOJUE FGLLC i
P Ps:9 P P _- PRINCIPLES:
ALL PEOPLE SHALL HAVE THE RIGHT T0
EXPLORE AND USE OUTER SPACE FOR THE

BENEFIT AND IN THE INTERESTS OF
ALL HUMANITY.

EXPLORATION AND USE OF OUTER
SPACE SHALL BE CARRIED 0UT
COLLABORATIVELY AND COOPERATIVELY.

OUTER SPACE SHALL BE USED
EXCLUSIVELY FOR PEACEFUL PURPOSES.

PROFIT SHALL NOT BE THE DRIVING
FORCE FOR SPACE EXPLORATION.

ALL PEOPLE SHALL HAVE ACCESS TO
| re ace OUTER SPACE, SPACE TECHNOLOGIES,
AND SPACE DATA.
Fou ndatlon TO ACHIEVE THOSE PRINCIPLES,
WE ADHERE TO THE FOLLOWING
PILLARS:

OPEN SOURCE, OPEN DATA,
OPEN DEVELOPMENT, OPEN GOVERNANCE -

MANIFESTO.LIBRE.SPACE



