NATIONAL
SPACE ACADEMY

Astro Academy: Principia - physics from the ISS

@' e ik ek ﬂ @ esa catAPULT Lioyd's Register

KSPACE 3 ™ 5 5 0 gwrrimimses Foundation

EMLY




nie: - leaser’
Edit: 07
Duration: 01m 27s
Market: United Kingdom

Product: NSA Educational Content
Client: National Space Academy

Date: 07.09.16

Job: NSA1506001

C,[ ;é \J l 7-11 Herbrand Street London WCIN 1EX / +44 (0) 20 7961 2000 / craftww.com




Who qualifies for astronaut/cosmonaut status?

e FAIl (Karman line) — 100 km (328 000 ft)

USAF — 50 miles (80 km.....264 000ft)




Why dream of space?



* Definition — a propulsion system
containing both fuel and oxidiser

* First true rockets — Chinese “fire
arrows” (13t Century)

Solid fuels

© Simple, stable, can store for a long
time

® Cannot stop them once ignited

Liquid fuels

© Throttle-able, high “specific
impulse”

® Low temperatures (cryogenic — 90K
for LOX, 20K for LH2), complex
engineering systems, possible toxicity
Issues

Lift Off Mass

0 Propellant B Vehicle B Payload




ROCKETS OF HUMAN SPACE FLIGHT
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Mumber of hum ans

Mumber of humans launched into space

Up to January 154, 2015
§ BUSSR {no arbit) BUSSR / Russia Paak altiude above 100 km (intendaed)
BUSA EUSA (no orbd)
BUSA {beyond Earth cebit)
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“1 believe that this nation should commit itself, before
this decade is out, to putting a man on the Moon and
returning him safely, before this decade is out”




What the maths really tells us......the view from DSCOVR

Earth diameter =12 800 km
Moon diameter = 3 460km
Earth-Moon distance = 384 000km

1.53%
““'— "
perpendicular -] = Moon's axis
plane of Earth's axis._h_‘ 1o ecliptic

Earth's Equator Earth
vy .

. pane of Moon's equator

6684

23.5° {

Earth's centre of mass

barycentre ecliptic plane  plane of Moon's orbit
£ 2005 Encyclopadia Eritannica, Inc.






Project Apollo — the pinnacle of exploration

*1968-1972

*9 [unar missions

24 humans ventured into deep
space — 12 landed

*6 successful landings and one
“magnificent failure”




Apollo 12 Landing Site
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ISS Technical Configuration

Endorsed by ISS Heads of Agency on July 23, 2004

Sclence Power Module e
(SPM) T

Docking Compartment (DG) 1

@

S0 Truss  Segment o
$1 Truss Sagment Port
Segment / /  Photovoliaic
{

Zarya Gontrol Module

/ PHA1
.
Research Module (RM}* ) I..r’f $3/4 Truss

T /  Segment
Muitipurpose Laboratory ; _:I /

Zvezda Service Modula\

SM MMOD Shields MA

Starboarg gy EXnress Pailets
CETA Rails
. P5Tmss
6 Truss “Segment
Segment RGN e ESP-3
T pa/4Truss
Segment
55 Truss T
Segment \\\ e, Canadarm2
ESP-4 / --.._‘___E‘\H
Starboard Photovoltalc Arrays .J/ - SPDM
Moblle Remote Servicer Base System (MBS}, Moblle ~~JEM ELM-PS
Transporter (MT), Mobile Servicing System (MSS)
Z1 Truss Segment . JEM RMS & Exposed Facility
ESP-2
Airlock
Node 1 JEM P
. Node 3
D Elements Currently on Orbit CAM
- Elements Pending US Shuttle Launch . . . . .
*RM and MLM are included in Russian plans and launched on Russian vehicles

- Elements Pending Russian Launch
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ESA- class of 2009




What was Tim doing for 186 days?

 Microgravity
countermeasures

e Station upkeep
and maintenance

* Science
(https://principia.o
rg.uk/the-
mission/experime
nts-in-space/ )
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HUMAN RESEARCH (11)
AIRWAY MONITORING

9 A+
"" CARTILAGE (G)
CIRCADIAN RHYTHMS

EDOS-2 (R)
ENERGY
IMMUNO-2 (R)
MUSCLE BIOPSY (G)
SKIN-B
SPACE HEADACHES

88| STRAIGHT AHEAD (G,

human spaceflight

¥ Sy

G: Ground experiment
R: Russian crew
New experiments are in yellow.
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AAP components

5 six-minute films on specific themes
from HSF which also cover specific
curriculum topics

Films include ground-based experiments
for students/teachers with orbital demos
yielding different results

Standalone clips of every orbital
experiment — including extras not
included in short films

Teacher guides with all ground- and
space-based experiment details,
space/aerospace contexts and further
links — including tracker guide




How do you get your experiments onto the ISS?

UNIVERSITY OF

* Outgassing LEICESTER

e Shatterability

e Electrical requirements

e Thermal management
* Toxicity
e Flammability

e Acoustic vibration testing for
launch

e Mass and stowage
parameters

e QOperations manual
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Hardware Manufacture and Procurement &
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SPACE ACADEMY

6 identical, flight ready sets of equipment were procured and
manufactured.

e Owing to scheduling issues, one set was sent to Turin for
flight (on SpX-7), whilst a different set was vibration tested

o Athird set had been kept safe as a Flight Spare
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Vibration Testing

SPACE ACADEMY

University of Leicester Space Research Centre conducted
the testing on behalf of UKSA and National Space
Academy on 15" April 2015

The experiments were
packed into a cargo transfer
bag (CTB) as shown:
specification provided in the
Space-X documentation.

The experiments packed within the CTB were subjected to tests
In X,Y,Z axes by using a vibration test fixture mounted on both a
slip table and directly on the vibration head. This test fixture was
provided by Rutherford Appleton Laboratory

gxero () sdence . Technoogy -7;1
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12> VIRration 1est Keport LIl UL, 32U

B CONFIDENTIAL lssue: 1  Rev:0
Project Ref: N/A _
Uni . f Lei R Date: 157 April 2015
niversity of Leicester Report Page 7 of 25
Dragon Pressurized Cargo
Launch Random Vibration Environment « All Events
1
o1
= 0.01 T
z
a
£ oo - \\\.¢
ouoood |
L0001
10 100 1000 L0000
Frequancy [Hr]
Dragen Pressurized
Cargo Launch Vibration
MPE - All Events
[Revll) - All Axes
Frequency (Hz) [g*2/Hz]
20 0.02
200 002
2000 0.001
GRMS 3.2
Duration 60 secfaxis
Random Vibration {LAUNCH = All Events)
Motes:
1. This random vibration environment applies for items hard-mounted to racks. Items soft-mounted with
straps and/or foam will have a lower emdronment. Figure 8: CTB Attached To Fixture on Slip Table (X axis configuration)
1. Duration covers liftoff, ascent, Mvac burn, and reentry (abort).

Figure 1: Random Vibration Specification Used in Testing



Vibration Testing Conclusion

There iIs no evidence of
any damage or other
effects of vibration on
any of the experiment
hardware. The packing
scheme has been _
demonstrated to be fit for N
purpose. It is considered
that the experiment
hardware and the
packing configuration are
gualified for the vibration
environment of Space-X
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FLIGHT SAFETY CERTIFICATE

|. Certificate Number — unwgue siphs-numeric ldentifier proviged by fhe Cargpo Kem Providar

SPX7/ESATR10P1/EPOPK-CVD-1

Il Cargo ltem Provider — The cargs Bem Prowioer is ether the [P Which owns the cango or 5 the IF Spansarnng the Sarga on BeRalf of 15 nstonas Which own the Aarteware

] NASA

[C] Fsa

< Esa

] vaxa [C]csa

. Cargo ldentification — omsisi romenciaiure snd paiT number of e carga fem.

Cargo ltemn Name jusz an arashment for mare items)

Part Number / Configuration ltem Mo.

For Classroom Yideo Demonstrations Items

see attached item list

IV. Transportation Safety Requirements — The sreck marks salow define

fogether wilh ihe Process and Technical Safely Requirements wiich have been mede appiicabie fo he suhject cargo fem(s).

the fransporTEian vehimies] Wich WAT be wsed for the uplosdiannicad af the cargo Bem/s)

Transport Vehicle

Process Reguirements

Launch Requiremenis

[JReturn [E] Disposal Req.

Category: B1 2

Category: (1 2

Bl Dragon B sSSP 30509 B S5P 50021+ B S5P 50021*
[ Cygnus [ S5P 50146 [ s5P 51700¢ [ 55P s1700¢
[] Progress [ 55P 50146 1 N32325-103 1 N32825-103
[ Soyuz
1 HTV [ JS¥-20080418 (upload) ] JMR-0028 [ 55P 50021
[ JS¥-20090584, (dizposal) [ 55 51700
] aTv [] ESA-ATV-PR-13330 ] ESA-ATV-1700.7b Mot Applicable

V. Operations! Stowage Safety Requirements — e chack marks beicw deiing the foressen on-orbif aperaficnalSiowage locafion and e Process and Technizal Sarey
Requiremeants Which Asve BEsn mare BoEwNcshie 1o the subyact cangs femis]

Process Stowage Operations
153 Segment Requirements Requirements Requirements
Category: BE1 2 Category: BE1 )2
] NASA [ =P 30500 E =SP 41168 (Columbus) O s=P 51700
1 JAXA O Choose additional Document [ 35P 41185 [JEM)

[ ESA
[l FsA

[ Choose Additional Document
[ Choose Additional Document

€ S5P 41168 (Columbus)
[ Choose Additional Document




Plan A: 28th
June 2015




04052 38.4

km/h km

MAX-Q

FALCON S CURRENTLY
EXPERIENCING MAX-Q OR MAXIMUM
DYNAMIC PRESSURE. THIS IS THE
POINT WHERE THE LARGEST
AMOUNT OF AERODYNAMIC STRESS
IS EXERTED ON THE VEMICLE

LAUNCH: CRS-7 SPACE LAUNCH COMPLEX 40, CAPE CANAVERAL, FLORIDA, EARTH
GO/ND-GO POLL DRAGON INTERNAL STARTUP PITCH KICK ' NOSE JETTISON i - -
_‘_:_:_1_ :-l';-rh“'l‘_*n‘— ?
TERMINAL COUNT  STRONGBACK LOWER LIFTOFF  MAX-Q

sPACEX




Finally....

SPACE ACADEMY

« The vibration tested kit now became the new flight kit. It has
been inspected and it looks pristine.

 There is no difference between the 44S kit and the Spx-7 Kit.

* No other testing was done during the original safety process
(PRSP agreement). OCADs have been written for other
possibilities.
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Plan B: 2" Sept 2015




Modelling kinetic theory of gases

SPACE ACADEMY

Models the particle motion and collisions for an ideal gas.

Lexan 9030 box of 120 mm
internal width and 130 mm
external, walls are 5 mm thick.

All sides screwed together.

One 10mm white 45 hollow aluminium balls of

Delrin ball mass 0.33 g and diameter 9.5
mm

.uk
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Circular motion and centripetal forces

SPACE ACADEMY

The demo introduces the concept of reaction forces providing
centripetal force and the need for a force to produce
acceleration as Newton’s 2" Law.

Since a single-plane analysis of circular motion behaviour
yields SHM behaviour in that plane, this footage will be used to
explore the relationship between SHM and circular motion.

Two Lexan rings (of diameter 20
cm) fixed together with nylon

spacers.

Y- 30 mm diameter polypropylene ball

' - k
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mass A (t, vx)
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Circular motion and Centripetal Force

SPACE ACADEMY

Introduces the idea of centripetal force and starts to model
gravity as the centripetal force. The extension is the removal
of the force (by letting go) and showing how the object moves
at a constant velocity according to Newton’s 1st Law.

30 cm length of
polyester
thread

Polypropylene
ball 65 mm
diameter and

mass 21.5g
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Simple Harmonic Motion and Modelling &
MOleCUIeS SPACE ACADEMY

This model demonstrates SHM simple molecule vibration

using equal masses on the ends of a spring to model a
simple diatomic molecule.

180mm spring that is
fixed to the balls with
Kapton tape

Two 65 mm diameter hollow stainless steel balls
each of mass 33 g. NOTE: these balls are also used
in the collisions demo and will need the spring and
tape removing before use in that demo

*é\el:o @ Science & Technology -7-;‘

Facilities Council
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Conservation of momentum and the vector &

NATIONAL

nature of momentum

Collisions are used to show the concept of momentum
conservation, (nearly) elastic and plastic collisions and how
momentum must be a vector nature to observe conservation

laws.

Two 65 mm diameter hollow
stainless steel balls each of
mass 33 g. NOTE: these balls
are also used in the

Oscillating Molecule demo

and will need the spring and
tape removing before use in
this demo.
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Oblique collision equal masses




Y-z plane
collision with x
plane tracking




Decaying
velocity
against time
1-d analysis

y, v and a modelling
In one dimension —
analogue of SHM
dynamics




Kinetic theory of gases — tracking one atom through multiple
collisions with walls of container




Diatomic harmonic oscillator showing translational motion also




m Curriculum topics Ground-based experiments Orbital demonstrations Space Contexts

Introduction

Momentum
in collisions

Circular
motion

Kinetic
theory of
gases

Gravitational fields and
forces

Kepler’s Laws

Ballistics modelling

Conservation of
momentum

Kinetic energy

Elastic and inelastic
collisions

Oblique impacts,
translational and
rotational kinetic energy
Moments of Inertia

Newton’s First Law
Centripetal forces
Rotating frames of
reference and pseudo-
forces

Reaction forces

P,V,T relationships
Ideal and non-ideal gases
Kinetic theory of gases
Exponential pressure
drop in atmospheres
with altitude

Degrees of freedom
Thermodynamic
temperature

Induced dipole
interactions

e Gravity wells
¢ Ballistics (loP rocket launcher)
e “Marble-ous ellipses”

. Newton’s Cradle

. Various 1-d elastic collisions

. Inelastic vs elastic collisions
— rebounding balls and sand

e Water in swinging cup
e Vertical loop rollercoaster
track

e Water and cup

e Syringe experiments with
marshmallows and hot water

¢ Arm and leg inflatable splints

e Mass on spring as harmonic
oscillator

* None

. 2/3d modelling of
Various elastic
collisions

. Inelastic collisions

. Oblique collisions

e Ball on tether

e Centripetal loop —
various
demonstrations

e Kinetic theory box

e Electrostatic
phenomena

e Diatomic oscillator
molecule

e Circular motionin
loop reduced to one
plane of observation

Comet orbits
Kepler’s Laws
Microgravity
platforms (drop
towers and parabolic
flights)

ISS reboost

Neutron spectroscopy
and detecting Mars’
hidden water
Formation of Moon
Uranus’ axial tilt

Aerospace centrifuges
Skylab orbital
gymnastics
Hypergravity facilities
on Earth

Gravity analogues in
rotating space
structures

Effect on humans in
vacuum

Comparison of
atmospheric pressure
on Mars, Venus and
Earth

Isotopic analysis of
water content of
comets






Kinetic theory of gases — A level modelling




M and M sphere showing analogue for molecular rotation and translational motion




Where can | find everything?

e www.astroacademy.org.uk



http://www.astroacademy.org.uk/
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