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OUR MISSION STATEMENT
The British Interplanetary Society 

promotes the exploration and  
use of space for the benefit  

of humanity, connecting people  
to create, educate and inspire,  

and advance knowledge in  
all aspects of astronautics.

Letter from the Editor

All disappointment at the deferral 
of the Rosalind Franklin rover to a 
launch date in 2020 and the 
setback to Boeing’s Starliner 
crew-carrier, plus the further 
delay to the SLS, was trumped by 
the tragic news of losing Apollo 15 
Command Module Pilot Al Worden 
during March. 

Al was an exemplar for the 
decency and magnanimity latent 
in most humans, a true gentleman 
and a real pioneer worthy of the 
small, select band of brothers in 
Apollo who gave hope at a difficult 
time in US domestic events, light 
to a world then wracked by a 
violent war in South-East Asia and 
inspiration to a wider global 
citizenry. 

A Fellow and a good friend of 
the British Interplanetary Society, 
humble and never out of reach, Al 
Worden touched most of our lives 
at different times and for different 
reasons and a full obituary will 
follow in next month’s issue of 
SpaceFlight. For this issue, we 
note his passing in our Society 
News beginning on page 44.

David Baker
david.baker@bis-space.com
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ESA and Roscosmos, the Russian Space Corporation, have jointly decided to 
postpone the flight of ExoMars for two years.
IN AN ANNOUNCEMENT on 12 March, the long 
awaited flight of the Rosalind Franklin rover, 
scheduled for launch in July of this year has been 
postponed due to technical problems and design 
challenges. Because launch windows to Mars 
occur at intervals of approximately 25 months, the 
next available window will open in August 2022 for 
a landing between April and July 2023.

ESA Director General Jan Wörner held a video-
conference with Dmitry Rogozin, his Roscosmos 
equivalent, on the day of the announcement and 
decided that it was not possible to launch as 
planned. This was due to a schedule of test events 
essential to clearing the equipment for flight and 
came as a result of failures in the parachute 

system on a previous trial which left no time for 
the necessary steps clearing the hardware for 
flight in addition to bugs found in the electronic 
systems.

One of two separate missions, the remaining 
ExoMars flight is Europe’s first attempt to place a 
roving vehicle on the surface of Mars and is a 
flagship programme with high priority and great 
expectations, for Russia too. 

ExoMars 2016 was launched on 14 March that 
year comprising the Trace Gas Orbiter (TGO) and 
the Schiaparelli descent module, carried as a 
demonstrator for the complex process of entry, 
descent and landing. While TGO became an 
unqualified success, Schiaparelli failed and crashed 

A scale model of the Rosalind Franklin rover undergoes testing at the operations control centre. 

BEHIND THE NEWS
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A scale model of the Rosalind Franklin rover undergoes testing at the operations control centre. 

to the surface on 19 October 2016. 
Schiaparelli was designed to demonstrate the 

EDO technology which would be employed for the 
rover mission, then scheduled for launch in 2018 
but eventually postponed to 2020 and now to 
2022. Had ExoMars launched this year as planned, 
the Rosalind Franklin rover would have landed on 
Mars approximately eight months later. 

Tests of the 15-m supersonic and 35-m subsonic 
parachutes failed on two occasions, in May and 
August 2019. This prompted a consultation with 
NASA’s Jet Propulsion Laboratory over the problem, 
which was found to be within the extraction 
process causing damage to the parachutes. The 
integration of the dual parachute system is held 
responsible for the complex deployment system, a 
vulnerability which could have been avoided had 
the Russian lander employed a more powerful 
terminal rocket engine. SF

ESA HAS INVESTIGATED how 
crew hibernation would impact 
space mission design to assess 
its advantages for a trip to a 
neighbouring planet. Scientists 
from Ludwig Maximilian 
University of Munich and the 
University of Goethe, Frankfurt, 
took as their reference an 
existing mission study to send 
six humans to Mars and back 
in a five-year timescale.

The study found the 
spacecraft mass could be 
reduced by a third by removing 
the crew quarters, with a 
similar reduction in 
consumables, equivalent to 
several tonnes of saved mass. 
Hibernation would take place 
in small individual pods that 
would double as cabins while 
the crew were awake.

The assumption was that a 
drug would be administered to 
induce “torpor”, the term for 
the hibernating state. 

Like hibernating animals, the 
astronauts would be expected 
to acquire extra body fat in 
advance of torpor. Their 
soft-shell pods would be 
darkened and their 
temperature greatly reduced to 
cool their occupants during 

their projected 180-day, 
Earth-Mars cruise. The 
hibernating cruise phase would 
end with a 21 day recuperation 
period. Based on the 
experience of animal 
hibernation, the expectation 
would be that the crew would 
not experience bone or muscle 
wastage.

Radiation exposure from 
high-energy particles is a key 
hazard of deep space travel, 
but because the hibernating 
crew would be spending so 
much time in their hibernation 
pods, shielding (such as water 
containers) could be 
concentrated around them. 
And existing research into 
hibernation shows it gives 
enhanced radiation protection 
in its own right.

But with all the crew 
incapacitated for extended 
periods of time, the mission 
would have to be designed for 
largely autonomous 
operations, with optimum use 
of artificial intelligence and 
“fault detection, isolation and 
recovery” to maintain a 
minimum level of system 
performance until the crew 
could be revived. SF

Sleeping through  
the journey to Mars  

The standard size habitat module for a crew of six (left) could be reduced in size 
through hibernation during the long trip to Mars. 
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A  S I LV E R  L I N I N G ?
Opinion

WHAT A YEAR THIS IS TURNING OUT TO BE! When it began, the 
European Space Agency was expected to send its first rover to Mars, Boeing 
was closing down on SpaceX as the first company to send astronauts to the ISS 
and NASA was all set to launch the giant Space Launch System (SLS) to the 
Moon and back within 12 months – albeit uncrewed.

Now those expectations have turned sour. Europe’s Rosalind Franklin rover 
will wait a further two years for launch, as may the SLS. Meanwhile Boeing still 
awaits judgement as to whether it will have to fly a repeat uncrewed test flight 
to the ISS and the impact of the Coronavirus is slicing into the aerospace 
industry, with launch sites shut down and workers laid off.

It is perhaps too optimistic to hope that this unfortunate set of events will 
cause a reset in human behaviour. But it might. At the time of writing, as even a 

CLIMATE CHANGE aside, life on 
Earth remains at risk from a major 
asteroid impact. NASA’s Double 
Asteroid Redirection Test (DART) 
Mission, which launches next year, 
is the first to demonstrate asteroid 
deflection by kinetic impact – a 
technique that could divert the path 
of a potentially deadly Earth-
crossing body.

After undergoing a series of 
performance and environmental 
tests, NASA’s Evolutionary Xenon 
Thruster–Commercial (NEXT-C) is 
being prepared for the DART 
spacecraft. In the past few months, 
the thruster, developed at NASA’s 
Glenn Research Center in 
Cleveland and designed and built 
by Aerojet Rocketdyne, has been 
put through vibration, thermal 

vacuum and performance tests and 
then integrated with its power 
processing unit. These verified that 
NEXT-C could withstand the 
extreme launch vibrations and 
temperatures of spaceflight. 

The binary near-Earth asteroid 
(65803) Didymos is the target for 
the DART demonstration. While the 
the primary body is around 780 m 
across, its secondary body is about 
160 m across, which is more 
typical of the asteroids that could 
pose a significant threat to Earth. 
Didymos is being intensely 
observed from Earth to precisely 
measure its properties before 
DART arrives.

The DART spacecraft will achieve 
the kinetic impact deflection by 
deliberately crashing itself into the 
moonlet at a speed of 
approximately 6.6 km/s, with the 
aid of an onboard camera (named 
DRACO) and sophisticated 
autonomous navigation software. 
The collision will change the speed 
of the moonlet in its orbit around 
the main body by a fraction of 1 
percent, but this will change the 
orbital period of the moonlet by 
several minutes – enough to be 
observed and measured using 
telescopes on Earth.

DART will be the NEXT-C’s 
propulsion system and will itself be 
a potential engineering application 
tested on that mission, along with 
several other technologies. When 
the propulsion system is 
successfully demonstrated on 
DART, NEXT-C will be considered 
for a variety of 10-15 year 
uncrewed missions that could 
involve visiting other asteroids, 
comets or planets such as Venus. SF

Vega: going nowhere
Arianespace has closed all launch operations at 
the Kourou spaceport until further notice, leaving 
a Vega rocket, which had been planned for 
launch on 24 March carrying 53 smallsat 
rideshare satellites, stranded due to the 
Coronvirus threat to personnel. 

Averting 
Armageddon

The NEXT-C xenon thruster is about to enter a critical stage in testing for the DART spacecraft.
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Briefing
ALL BETS ARE OFF
Responding to the Coronavirus threat, 
NASA has shut down all activity on the 
super-heavy Space Launch System and 
the Orion spacecraft – elements of the 
Artemis programme that previously had 
aimed to get humans back on the Moon 
by 2024.

BEDRESTING 
The European Space Agency is 
expanding its research into simulation of 
weightlessness and loss of bone calcium, 
common among astronauts returning 
from extended periods in space. The 
research uses a dry water bed to gather 
data that can help people with health 
issues calling for long periods of bed rest. 

SLIP-SLIDING AWAY
NASA has taken the Lunar Gateway off 
the critical path to getting humans back 
on the Moon by 2024. There is a fear that 
its use of advanced technologies such as 
advanced electric propulsion could sap 
funds and incur unnecessary delays.

SUPPLY LINE
Northrop Grumman and its wholly owned 
subsidiary SpaceLogistics completed the 
first docking of the Mission Extension 
Vehicle-1 to the Intelsat 901 spacecraft 
for a demonstration of possible life-
extension services. With this historic 
link-up, technology for extending satellite 
life may be at hand. 

Mission Extension Vehicle-1 docks to Intelsat 901.

If all this serves to demonstrate the foolish ways in which 
we have been abusing our “good Earth”, there may yet 

be a silver lining to this dark, brooding cloud.

sliver of global, industrial retrenchment takes place, satellites are reporting a 
downward shift in toxicity levels in the Earth’s atmosphere, marine life is 
swimming into waterways previously dominated by burgeoning industrial 
expansion and the sharp downturn in manufacturing is showing positive effects 
on the overall environment.

If all this serves to demonstrate the foolish ways in which we have been 
abusing our “good Earth”, there may yet be a silver lining to this dark, brooding 
cloud. And let us not forget that it is satellites in space that are supplying the 
data that is helping us to manage ourselves and our remarkable planet in more 
constructive ways. SF                        David Baker

MAINTAINING A TRADITION of 
cooperation going back a number 
of years, the Ukrainian KB 
Yuzhnoye company is helping 
China develop a rocket motor 
capable of putting a 27-tonne 
lander with three or four 
astronauts on the lunar surface. 
It would have a thrust of 71.2 kN 
and a specific impulse of 360 sec. 
China has already received 
considerable help from the firm 
developing the YF-100 motor that 
powers the Long March 5 rocket 
– itself a development of the 
RD-120 engine sold to China after 
the demise of the USSR.

Chinese and Ukrainian 
engineers working on the YF-100 
apparently developed a deep 
respect for each other. Now KB 
Yuzhnoye has begun work on a 
motor powered by kerosene and 
liquid oxygen rather than the 
hypergolic propellants normally 
selected for such applications. 
The choice of fuel brings its own 
challenges, not least keeping the 
cryogenic oxidizer stable during 
the journey to the Moon and the 
requirement for the motor to be 

throttleable in order to support a 
landing. To satisfy these demands 
the Ukrainians have turned to the 
RD-8 engine found in the second 
stage of the Zenit launcher. 

Clear indications of China’s  
unique requirements stem from a 
request for designs of engines 
burning liquid hydrogen and 
liquid methane, and for help 
developing a 70% throttleable 
engine with a thrust of 17.8 kN 
that can be clustered in a group 
of three. China has also asked 
Ukraine for assistance in building 
smaller rocket motors specifically 
for manoeuvring, suggesting that 
it plans to explore all available 
technologies before finalizing the 
configuration of the lander. 

In related news, Ukraine is 
rapidly becoming the nation-of-
choice for innovative space 
hardware, having developed 
considerable expertise in the field 
of rocket building during the 
Soviet era and beyond. SF

Ukraine helps
China develop  
multi-crew 
lunar lander 

East meets West: the YF-100 rocket motor.
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A LARGE SPACE SECTOR delegation from Canada 
touched down in the UK early March to explore new 
partnerships and seek valuable opportunities to use 
space data, supported by the UK Space Agency.
More than 20 representatives from the Canadian 
space industry and government visited the Harwell 
Space Cluster in Oxfordshire as well as 
organisations in London, Surrey Research Park and 
Glasgow’s thriving space sector from 2-6 March.

The visit, led by the High Commission of Canada, 
the Canadian Space Agency, the National Research 
Council of Canada’s Industrial Research Assistance 
Programme and Satellite Canada Innovation 
Network, builds on the close ties between Canada 
and the UK and will look at collaborative research 
and commercial opportunities in the exploitation of 

space data.
Alice Bunn, International Director at the UK Space 

Agency, said: “It is great to welcome such a large 
delegation of industry and government 
representatives from Canada to the UK this week.

International collaboration with our closest 
partners, is a key priority for the UK Space Agency 
and I hope the Canadian delegation will get to see 
the breadth of opportunity and ambition in the UK, 
particularly in the use of space-data for societal and 
commercial benefit. I look forward to hearing what 
prospects can be identified and pursued in the 
future between the UK and Canadian space 
sectors.”

Along with the UK Space Agency, the visit was 
also supported by the Satellite Applications Catapult 
in Harwell, the Knowledge Transfer Network, 
Scottish Development International, Scottish Centre 
of Excellence in Satellite Applications and Enterprise 
Europe Network.

Nathalie Dubé, Minister-Councillor and Senior 
Trade Commissioner, said: “Canada and the UK both 
have highly innovative space sectors, dynamic 
ecosystems for satellite applications and extensive 
capabilities in digital and artificial intelligence-based 
technologies. Both countries also view the space 
sector as a priority and are currently investing 
significantly in new and ambitious space strategies. 
This strategic alignment of capability and ambition 
make this an ideal time to start a conversation about 
how much more could be achieved if we work 
together.”

The UK space sector employs 42,000 people and 
generates an income of £14.8 billion each year, with 
the value of exports standing at £5.5 billion. It 
continues to be a leading member of ESA, which is 
totally independent of the EU, having committed a 
record investment of £374 million per year in 
November 2019. SF

HANDS 
ACROSS 
THE WATER
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The UK and Canada discuss future 
cooperation in space.

UKSA’s Alice Bunn welcomes the delegation from Canada.

Science Minister Amanda Solloway  meets Martin Barstow 
from Space Park Leicester and Graham Peters from UKspace. 
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FIRST MEASUREMENTS by a Solar Orbiter science instrument 
reached the ground on 13 February, providing confirmation to the 
international science teams that the magnetometer on board is in a 
good shape following a successful deployment of the spacecraft’s 
instrument boom.

The UK-built Solar orbiter, ESA’s new Sun-exploring spacecraft, 
was launched successfully on 10 February. It carries ten scientific 
instruments, four of which measure properties of the environment 
around the spacecraft, especially electromagnetic characteristics of 
the solar wind, the stream of charged particles flowing from the Sun. 
Three of these ‘in situ’ instruments have sensors located on the 4.4 
m-long boom.

Tim Horbury of Imperial College London, Principal Investigator for 
the Magnetometer instrument (MAG), said: “We measure magnetic 
fields thousands of times smaller than those on Earth. Even currents 
in electrical wires make magnetic fields far larger than what we 
need to measure. That’s why our sensors are on a boom, to keep 
them away from all the electrical activity inside the spacecraft.”

Ground controllers at the European Space Operations Centre in 
Darmstadt, Germany, switched on the magnetometer’s two sensors 
(one near the end of the boom and the other close to the spacecraft) 
about 21 hours after lift-off. The instrument recorded data before, 
during and after the boom’s deployment, allowing the scientists to 
understand the influence of the spacecraft on measurements in the 
space environment.

Tim Horbury says: “The data we received shows how the 

magnetic field decreases from the vicinity of the spacecraft to where 
the instruments are deployed. This is an independent confirmation 
that the boom actually deployed and that the instruments will, 
indeed, provide accurate scientific measurements in the future.”

Now, the instruments will have to be calibrated with the scientific 
data being collected from mid-May. UK scientists were instrumental 
in proposing the Solar Orbiter mission to ESA. The UK Space Agency 
provided funding for four of the 10 scientific instruments on board the 
spacecraft. Imperial College London, the Science and Technology 
Facilities Council’s RAL Space and UCL led international teams to 
design and build three instruments, while UCL also contributed to 
the fourth. Engineers at Airbus in Stevenage designed and built the 
spacecraft to withstand the scorching heat from the Sun that will hit 
one side, while the other is frozen as the orbit keeps it in shadow. SF

News from the Sun!

50th birthday precedent
ON 4 MARCH 1970, the Black Arrow 
satellite launcher made its first flight, 
propelling Britain into the Space Age. 
In the years since, the UK has become 
a leading satellite manufacturer, 
providing technology that helps the 
world communicate, keeps people safe 
and monitors the environment. Now, 
the government wants to establish a 
new UK launch capability on a 
commercial footing, with several 
launch operators developing the 
capability to place small satellites in 
orbit from UK soil.

Emma Floyd, Director of Commercial 
Spaceflight at the UK Space Agency, 
said: “Our aim is to establish 
commercial vertical and horizontal 
satellite launches from UK spaceports. 
Black Arrow is an important part of the 
UK’s space heritage, and it is great to 
be able to recognise the achievements 
of the past as we look to the future.”

The UK Space Agency partnered 
with Farnborough Air Sciences Trust 
(FAST) and British rocket launch 
provider Skyrora to celebrate the 50th 
anniversary of the Black Arrow launch. 
Skyrora brought the first stage of Black 

Arrow R3 back to the UK from Australia 
two years ago and has lent it to the 
FAST Museum where it will be on 
display for the next three years.

Black Arrow played a pioneering role 
during the late 1960s and early 1970s 
by placing the first British designed 
and built satellite, Prospero, into Earth 
orbit. The programme grew from earlier 
UK space programmes overseen by 
the Royal Aircraft Establishment (RAE) 
at Farnborough. They included the 
design and building of launch vehicles 
and their engines along with the 
associated ground-based infrastructure, 
the provision of assembly and test 
facilities in the UK, and the 
establishment of the celebrated launch 
complex at Woomera, Australia, which 
in its day was the third busiest 
spaceport in the world.

The intention was to see if a rocket, 
capable of launching satellites could be 
developed from existing technologies 
– for example the pioneering HTP/
kerosene powered engines developed 
in experimental British submarines and 
torpedoes. The Black Arrow 
programme developed four rockets 

between 1969 and 1971. Black Arrow 
was a three-stage rocket, 13m tall, 
with a single eight-chambered engine 
in its first stage. The third stage for 
Black Arrow was a solid rocket motor 
manufactured by RPE Westcott. SF

Solar Orbiter: a cooperative venture between the UK and NASA. 

A model of Black Arrow at Woomera, Australia. 
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ISS Report
9 February - 8 March 2020

Expedition 62 is in its first month of operations 
under the temporary three-person occupancy of 
Russian commander Oleg Skripochka, and flight 
engineers Drew Morgan and Jessica Meir. 
Report by George Spiteri

O
n 9 February, the crew enjoyed a light-
duty day, talking to family and friends, 
performing housekeeping chores and 
conducting their two-hour daily exercise 
regimen.The following day, Morgan 

and Meir resumed on-board robotics training in 
preparation for the imminent arrival of the Cygnus 
unmanned commercial cargo spacecraft. Morgan 
also worked with NASA’s Genes In Space-6 (GIS-
6) investigation. The US space agency explained 
that this experiment “places microbial samples 
inside the hand-held Biomolecule Sequencer to 
demonstrate the feasibility of space-based DNA 
sequencing”. Skripochka checked the components 
of Progress 74, updated an inventory database 
and serviced the life support equipment inside the 
station’s Russian segment.

On 11 February, Morgan replaced components 
inside an oxygen generator in Tranquility and 

serviced the Active Resistive Exercise Device 
(ARED) which enables crewmembers to maintain 
muscle strength during long duration space 
missions. Meir worked with the Human Research 
Facility-2 (HRF-2) rack and installed cables that 
will link to Europe’s Bartolomeo external platform 
outside Columbus once it arrives at the ISS. Their 
Russian commander devoted most of his day 
conducting maintenance work to a pair of Russian 
Orlan EVA suits and transferred water from 
Progress to a tank aboard the station.

Skripochka set up exercise gear for the Russian 
Profilaktika-2 experiment on 12 February and 
worked with the Scenario investigation which 
photographs the after effects of catastrophes on 
Earth. Meir filmed how a flashlight powered by 
wi-fi gets brighter and darker as it moves closer 
or farther away from a wi-fi device aboard the ISS 
and Morgan conducted biological research inside 

ABOVE
The Expedition 62 crew 

inside Harmony. Clockwise 
from bottom: Jessica Meir, 
Andrew Morgan and Oleg 

Skripochka. 

RIGHT
Technicians (far right) load 
the Cygnus freighter with 
cargo bound for the ISS 

and (above right) Northrop 
Grumman’s Antares rocket 

sends the freighter to 
resupply the station on  

15 February 2020.



SLUG

SpaceFlight Vol 62 May 2020 9

Kibo with the Life Sciences Glovebox (LSG), before 
performing maintenance work to the Waste and 
Hygiene Compartment (WHC).

On 13 February, Skripochka continued with the 
Profilaktika-2 investigation, whilst Morgan and 
Meir had the first of two planned light-duty days 
ahead of the arrival of Cygnus. The United States 
Orbital Segment (USOS) crewmembers found time 
to answer a series of questions from elementary 
school students in California. Morgan said he 
mostly enjoyed “playing around in microgravity…
we also have musical instruments…we love to take 
pictures of the Earth” and Meir told the pupils that 
astronauts had grown onions, radishes and mizuna 
lettuce aboard the station. 

Skripochka continued with routine maintenance 
work inside the Russian segment on 14 February, 
whilst his US colleagues continued with more 
robotics practice for Cygnus’ arrival.
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LAUNCH OF CYGNUS
Following an aborted launch attempt on 9 
February caused by what NASA described as “off 
nominal data from ground support equipment 
at the launch pad” and a further delay five days 
later due to strong upper level winds, Cygnus 
was launched from Pad 0A at the Mid-Atlantic 
Regional Spaceport (MARS), Wallops, Virginia 
at 20:21 UTC (15:21 local time) on 15 February. 
It was sent aloft on the Northrop Grumman-13/
Commercial Resupply Services-13 (NG-13/CRS-
13) mission atop an Antares 230+ rocket. Cygnus 
was named in honour of Robert H. Lawrence Jr. 
the first African-American astronaut selected by 
NASA in June 1967, who was killed in the crash of 
an F-104 Starfighter six months later before he got 
the opportunity to fly in space. 

Meir tweeted the following day that she again 
“practiced our manoeuvres to capture Cygnus that 
is headed our way”. Once the spacecraft eventually 
arrived at the ISS, she assisted Morgan who 
controlled Canadarm2 to grapple Cygnus.

On 17 February, the crew had a relatively light-
duty day with Morgan tweeting happy birthday 
greetings to his “93 year-old grandmother in 
New Castle”, Pennsylvania and also made final 
preparations for Cygnus’ arrival at the station 

Cygnus was grappled by Canadarm2 at 09:05 
UTC on 18 February as the complex flew 426.4 km 
above south east Russia. CapCom Stephen Zenter 
radioed: “We’re excited to see the S.S. Robert 
H. Lawrence Jr. at the ISS” to which Morgan 
responded that Lawrence “remains a valuable 
symbol of progress and inclusion in human 

spaceflight”. Ground controllers berthed Cygnus 
onto Unity’s Earth facing port over two hours later 
at 11:16 UTC. 

Cygnus delivered 3,377 kg of supplies and 
scientific experiments including the Phage 
Evolution, which aims to examine the effects of 
microgravity and radiation exposure on phage, 
the Mobile SpaceLab tissue and cell-culturing 
facility and the Mochii miniature scanning 
electron microscope which its Facility Manager, 
Christopher Own said will “enable new types of 
manufacturing”. This marked the second time 
Northrop Grumman had two Cygnus spacecraft 
in space, with Cygnus NG-12/CRS-12 S.S. Alan 
Bean continuing its secondary independent 
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mission since it departed the ISS in late-January 
(SpaceFlight Vol 62 No. 4 pp 14-15).

The crew wasted no time opening the hatches 
to Cygnus on 18 February. Manager of the ISS 
Transportation Integration Office, Ven C. Feng 
said the crew would be receiving “fresh fruit and 
vegetables” and “for the first time we are sending 
up some conditioned cheese” including hard 
cheddar.

Nine CubeSats were deployed from Kibo 
using the NanoRacks CubeSat Deployer-17 
(NRCSD-17) between 07:10 UTC and 17:40 UTC 
on 19 February. NASA said the satellites will “each 
study different phenomena such as X-rays from 
distant pulsars, atmospheric and natural events 
and the effects of space radiation on hardware”. 
Morgan and Meir continued transferring cargo 
from Cygnus, including critical items that were 
stowed aboard the station’s science freezers 
and Skripochka led his crew in an emergency 
evacuation exercise involving a simulated fire, 
pressure and ammonia leak on the ISS.

On 20 February, Morgan and Meir began 
working with NASA’s OsteoOmics-02 
investigation. Results from this new experiment 
delivered by Cygnus will study bone loss during 
long-duration missions and have implications for 
understanding and possibly treating bone diseases 
on Earth. Several days later, Meir explained to 
students in Florida that OsteoOmics-02 will be 
“looking at the differences in genetic expression”. 

The US astronauts also set up hardware for 
operations with the LSG, whilst Skripochka 
studied how space flight impacts the 
professionalism of a crewmember courtesy of 
Russia’s Pilot-T experiment, which aims to help 
scientists understand how a cosmonaut reacts to 
different phases of a mission such as docking to 
another spacecraft or landing on a planet.

  The crew conducted another Food 
Acceptability questionnaire on 21 February. 
Meir performed further research with the 
OsteoOmics-02 experiment whilst her colleagues 
worked with the joint Russian-ESA Plasma 
Kristall-4 physics experiment and NASA’s Hermes 
facility which is studying asteroid regolith. Hermes 
Principal Investigator, Dr. Kristen John explained: 
“We need to study this material to understand how 
it’s going to affect our spacecraft that interact with 
the surface of asteroids, or the joints of spacesuits 
worn by astronauts one day exploring them.”

HERMES DELIVERS
During another light-duty weekend 22-23 
February, the crew continued working with 
the Hermes hardware and NASA’s Fluid Shifts 
biomedical investigation.

The crew resumed their study of Fluid Shifts the 
following day. Morgan and Meir also conducted a 
series of extensive biomedical experiments, whilst 
Skripochka continued with the Plasma Kristall-4 
investigation before setting up Earth observation 
gear for the Sally Ride Earth Knowledge Acquired 
by Middle School Students (Sally Ride EarthKAM) 
hardware, which involves a remotely controlled 
digital camera mounted on the ISS to take 

photographs of coastlines, mountain ranges and 
other interesting phenomena that students can use 
in the classroom to enhance their knowledge and 
education.

On 25 February, the crew completed their 
initial Cygnus cargo unloading operations and 
performed the third of four days of research 
with the OsteoOmics-02 investigation. They also 
conducted a post sleep questionnaire as part of 
NASA’s ongoing Standard Measures experiment.

Skripochka conducted further work with the 
Plasma Kristall-4 experiment on 26 February 
before collecting measurements from Russian 
radiation detectors. Morgan and Meir explored 
what NASA described as “the differences between 
bone cells exposed to microgravity versus samples 
magnetically levitated on Earth”. They also 
resumed transferring items from Cygnus to the 
ISS and placed further key items inside science 
freezers aboard the station.

On 27 February, Meir installed a carbon dioxide 
controller on the Space Automated Bioproduct 
Laboratory (SABL) incubator which houses a 
variety of lifeforms such as microbes, animal 
cells and tissue cultures. Morgan conducted 
further work with the Fluid Shifts experiment and 
Skripochka continued with the Plasma Kristall-4 
investigation and wrapped up a session which 
recorded his heart rate and blood pressure for 24 
hours.

Meir tweeted on 28 February that the “final 
round of the Fluid Shifts experiment started 
today” for both herself and Morgan, whilst their 
commander devoted another day to the Plasma 
Kristall-4 study and worked with the Russian Vizir 
Earth observation experiment.

The crew spent part of their light-duty 
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weekend 29 February-1 March stowing hardware 
from NASA’s ISS Experience investigation 
following filming of the OsteoOmics-02 
experiment. The ISS Experience involves using a 
Virtual Reality 360° camera to record life and work 
aboard the station. 

On 2 March. Morgan and Meir practiced 
robotics operations in preparation for the arrival 
of the next unmanned SpaceX Dragon commercial 
cargo spacecraft. Skripochka conducted more 
Earth observation activities with the Sally Ride 
EarthKAM equipment and activated an experiment 
which observes the atmosphere at night-time in 
near-ultraviolet wavelength.

Morgan and Meir took part in further robotics 
training on 3 March for Dragon’s arrival. Morgan 
also conducted additional research with the 
Standard Measures investigation and Meir tested 
the operation of NASA’s BioFabrication Facility 
(BFF) which the US space agency explained 
“seeks to overcome the detrimental effects of 
printing biological structures in Earth’s gravity”. 
Skripochka focused on three Russian experiments, 
the Cardiovector biomedical study, the Pilot-T 
investigation and the Identificatsia experiment, 
which examines the physical stresses that mission 
events such as spacecraft dockings place on the ISS 
structure.

On 4 March, Meir conducted more work with 
the BFF experiment, whilst Morgan had another 
session with the OsteoOmics-02 investigation. 
Skripochka activated a Russian experiment that is 
studying the relationship between Earth geologic 
and atmospheric phenomena. He also participated 
in the Russian Timer experiment which assesses 
the station’s environment to facilitate microgravity 
research.

The USOS crewmembers spent two further 
days beginning on 5 March brushing up on their 
robotics skills necessary for Dragon’s arrival. 
They continued working with the BFF and 
OsteoOmis-02 investigations and Morgan also set 
up experiment gear inside the Microgravity Science 
Glovebox (MSG) to study transparent alloys and 
understand the formations of microstructures on 
Earth. Skripochka resumed his research with the 
Timer experiment and focused on the Russian 
Kontent crew psychology investigation.

On 6 March, the crew conducted further 
research with the OsteoOmics-02 experiment, 
worked with JAXA’s Cell Biology Experiment 
Facility (CBEF), ESA’s Fluid Science Lab and 
participated in a briefing for NASA’s Food 
Physiology investigation with ground experts.

DRAGON FLIES
SpaceX launched their Dragon spacecraft atop 
a Falcon 9 rocket from Space Launch Complex 
40 at Cape Canaveral Air Force Station at 04:50 
UTC on 7 March (23:50 6 March local time) 
on the CRS-20 mission. This was the third time 
a Dragon spacecraft had been launched three 
times to the ISS, having previously flown on the 
CRS-10 (SpaceFlight Vol 59 No. 5 p 169) and 
CRS-16 (SpaceFlight Vol 61 No. 2 p 16) missions 
respectively. Some 8 min 17 sec after lift-off, Falcon 

9’s first stage made a successful touchdown at 
Landing Zone-1 (LZ-1) after SpaceX CEO, Elon 
Musk tweeted that the rocket would land in the 
“highest winds ever at Cape Canaveral”. 

This first stage was also a reused booster, having 
flown on the CRS-19 mission (SpaceFlight Vol 
62 No. 2 p 11) and marked the 50th successful 
landing of a Falcon 9 first stage. CRS-20 was also 
the final flight of the Dragon 1 variant ending the 
CRS-1 contract between NASA and SpaceX. In 
future, SpaceX will deliver the crew rated Dragon 2 
spacecraft to the ISS under the CRS-2 contract.

On 8 March, the crew enjoyed a light-duty day 
ahead of the arrival of Dragon and its planned 
grapple and berthing to the ISS, whilst Skripochka 
recorded a message to congratulate all women on 
International Women’s Day. SF 
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T
his selection is a significant step toward 
enabling the development of independent 
commercial destinations that meet NASA's 
long-terms needs in low-Earth orbit, beyond 
the life of the space station, and continue 

to foster the growth of a robust low-Earth orbit 
economy.

“NASA has once again recognized the hard 
work, talent, and experience of Houstonians as we 
expand the International Space Station and promote 
commercial opportunities in space”, said Senator John 
Cornyn of Texas. “I'm proud Axiom will continue 
to build upon Texas' legacy of leading the nation in 
human space exploration.”

The element will attach to the space station's Node 
2 forward port to demonstrate its ability to provide 
products and services and begin the transition to a 
sustainable low-Earth orbit economy in which NASA 
is one of many customers. NASA and Axiom next will 
begin negotiations on the terms and price of a firm-

fixed-price contract with a five-year base performance 
period and a two-year option.

Developing commercial destinations in low-Earth 
orbit is one of five elements of NASA's plan to open 
the International Space Station to new commercial 
and marketing opportunities. The other elements of 
the five-point plan include efforts to make station and 
crew resources available for commercial use through a 
new commercial use and pricing policy; enable private 
astronaut missions to the station; seek out and pursue 
opportunities to stimulate long-term, sustainable 
demand for these services; and quantify NASA's long-
term demand for activities in low-Earth orbit.

“Axiom's work to develop a commercial 
destination in space is a critical step for NASA to 
meet its long-term needs for astronaut training, 
scientific research, and technology demonstrations 
in low-Earth orbit”, said NASA Administrator Jim 
Bridenstine.

“We are transforming the way NASA works with 
industry to benefit the global economy and advance 
space exploration. It is a similar partnership that this 
year will return the capability of American astronauts 
to launch to the space station on American rockets 
from American soil.”

NASA selected Axiom from proposals submitted 
in response to a solicitation through Appendix I of 
NASA's Next Space Technologies for Exploration 
Partnerships (NextSTEP) 2 Broad Agency 
Announcement, which offered private industry use of 
the station utilities and a port to attach one or more 
commercial elements to the orbiting laboratory.

Because commercial destinations are considered 
a key element of a robust economy in low-Earth 
orbit, NASA also plans to issue a final opportunity to 
partner with the agency in the development of a free-

Beyond
 the ISS

NASA has selected Axiom Space of Houston to provide at least one habitable 
commercial module to be attached to the International Space Station as the 
agency continues to open the station for commercial use. 
by David Baker

SPACE STATIONS

BELOW
Axiom imagines an 
enlarged version 
of the Cupola at 

the ISS to provide 
a unique and 

visually stimulating 
experience.  



SLUG

SpaceFlight Vol 62 May 2020 15

flying, independent commercial destination. Through 
these combined efforts to develop commercial 
destinations, NASA is set to meet its long-term needs 
in low-Earth orbit well beyond the life of the station.

The agency will continue to need low-Earth orbit 
microgravity research and testing to enable future 
missions to the Moon and Mars, including the arrival 
of the first woman and next man on the Moon with 
the Artemis III mission as part of the agency's lunar 
exploration plans.

PRIVATE FLIGHT
Axiom Space also announced that it is planning 
history's first fully private human space flight to the 
International Space Station. Axiom has signed a 

contract with SpaceX for a Crew Dragon flight which 
will transport a commander professionally trained 
by Axiom alongside three private astronauts to and 
from the ISS. The mission, set to launch as soon as 
the second half of 2021, will allow the crew to live 
aboard the ISS and experience at least eight days of 
microgravity and views of Earth that can only be fully 
appreciated in the large, venerable station.

“This history-making flight will represent a 
watershed moment in the march toward universal 
and routine access to space”, Axiom CEO Michael 
Suffredini said. “This will be just the first of many 
missions to ISS to be completely crewed and managed 
by Axiom Space – a first for a commercial entity. 
Procuring the transportation marks significant 

ABOVE
By first learning 

operating 
techniques at the 
ISS, Axiom plans 

to develop its own, 
commercially-
driven space 

station..  

A
LL

 IM
A

G
E

S
: A

X
IO

M



SPACE STATIONS

16 Vol 62 May 2020 SpaceFlight

progress toward that goal, and we're glad to be 
working with SpaceX in this effort.”

This is the first of Axiom's proposed “precursor 
missions” to the ISS envisioned under its 2016 Space 
Act Agreement (SAA) with NASA. Discussions with 
NASA are underway to establish additional enabling 
agreements for the private astronaut missions to ISS.

Axiom plans to offer professional and private 
astronaut flights to ISS at a rate of up to two per year 
to align with flight opportunities as they are made 
available by NASA, while simultaneously constructing 
its own privately funded space station.

“Since 2012, SpaceX has been delivering cargo to 
the International Space Station in partnership with 
NASA and later this year, we will fly NASA astronauts 
for the first time”, said SpaceX President and Chief 
Operating Officer Gwynne Shotwell. “Now, thanks 
to Axiom and their support from NASA, privately 
crewed missions will have unprecedented access to 
the space station, furthering the commercialization 
of space and helping usher in a new era of human 
exploration.”

With its team's vast experience in human 
spaceflight, Axiom serves as a one-stop shop 
overseeing all elements of its missions. In addition to 
contracting with SpaceX for a Crew Dragon vehicle to 
transport its crew to the ISS, Axiom's turnkey service 
for the mission – two days in transit and at least eight 
days aboard the ISS – includes training, mission 
planning, hardware development, life support, 
medical support, crew provisions, hardware and safety 
certifications, on-orbit operations and overall mission 
management.

NASA recently selected Axiom's proposal to attach 
its space station modules to the ISS beginning in the 
second half of 2024, ultimately creating a new “Axiom 
Segment”which will expand the station's usable and 
habitable volume. When the ISS reaches its retirement 

date, the Axiom complex will detach and operate as a 
free-flying commercial space station.

Co-founded by stalwart space entrepreneur Dr. 
Kam Ghaffarian and former NASA ISS Program 
Manager Michael Suffredini, both of whom have in 
excess of 35 years of human spaceflight experience, 
this new commercial platform will significantly 
increase the usable and habitable volume of the ISS, 
provide for novel avenues of research in areas such 
as isolation studies and Earth observation, and allow 
a gradual transfer of the innovative work being done 
on-station to prevent interruptions when the ISS is 
ultimately retired.

“We appreciate the bold decision on the part of 
NASA to open up a commercial future in Low Earth 
Orbit”, Suffredini said. 

“This selection is a recognition of the uniquely 
qualified nature of the Axiom team and our 
commercial plan to create and support a thriving, 
sustainable, and American-led LEO ecosystem.”

Central to the selection was the Axiom leadership 
team's extensive high-level expertise in human 
spaceflight management, space systems engineering 
and operations, utilization of microgravity, space 
finance, marketing, and law.

MAKING SPACE
Dr. Ghaffarian founded Stinger Ghaffarian 
Technologies, which rose to become NASA's second-
largest engineering services provider, training NASA's 
astronauts and operating the ISS. These functions are 
now carried on by KBR, which bought SGT in 2018 
and joined the Axiom team as a subcontractor on the 
winning proposal.

“A commercial platform in Earth orbit is an 
opportunity to mark a shift in our society similar 
to that which astronauts undergo when they see the 
planet from above”, Ghaffarian, Axiom's executive 
chairman, said. “Our goal is to advance the state of 
humanity and human knowledge.”

Team Axiom also includes Boeing, Thales 
Alenia Space Italy, Intuitive Machines, and Maxar 
Technologies.

Axiom was founded in 2016 with the purpose 
of expanding human civilization into Earth orbit. 
In addition to building and launching the Axiom 
Segment, the company will launch crewed flights to 
the ISS and later the ISS/Axiom complex at a rate of 
about two to three flights per year.  Shortly before ISS 
is retired, Axiom will launch its large power platform 
to provide the Axiom Segment power and cooling 
that ISS previously provided.

When the ISS reaches its decommissioning date, 
the Axiom Segment will detach and continue as a 
free-flying, internationally available commercial space 
station. This station will have been built at a fraction 
of the cost of ISS, the elimination of whose operating 
costs will enable NASA to dive headlong into a new 
era of exploration.

“There is a fantastically steep learning curve to 
human spaceflight”, Suffredini said. “The collective 
experience at Axiom is quite far along it. Because we 
know first hand what works and what doesn't in LEO, 
we are innovating in terms of design, engineering, 
and process while maintaining safety and dramatically 
lowering costs.” SF 
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NASA's former manager of the International Space Station offers his own 
unique perspective on the future of the orbital outpost. 
by Michael Suffredini

W
hy go to space when we have all these 
problems to solve on Earth? Rarely does 
a mention of our inherent drive for space 
exploration, and our fascination with the 
vast universe, pass without this retort. To 

that I say, “The exploration and exploitation of space is 
how we will solve our problems on Earth”.

With over 35 years of human spaceflight experience 
and from my seat as NASA’s International Space Station 
(ISS) manager from 2005 to 2015, I cultivated an 
intimate, visceral understanding of the multitude of 
ways space flight creates breakthroughs back home.

Technologies developed to keep humans safe 
and productive in space, and scientific and medical 
discoveries made there, have fundamentally advanced 
our way of life. Additionally, those few individuals 
who have flown to space returned with a profound 
global consciousness after viewing our vibrant home 
with its thin, fragile atmosphere protecting it against 
the blackest void, free from any borders or dogmas, 
priming them to make positive and resounding impacts 
in the world.

Thus, pushing these boundaries is part of the 
iterative process that continually enhances life on 
Earth. But that is only half of the equation. The truth 
is, the arc of human evolution is plainly in front of 
our eyes. We grew from tribes on land to a seafaring 
species, from industrialization to an airfaring one.

In the information age, it is incumbent that 
we become a true spacefaring one, with all the 
civilizational leaps in technology and perspective 
that entails. This progression is about our calling as 
one larger organism to grow, to flourish, to see and 
populate far-flung locales and probe their mysteries.

As we look toward the stars, however, we often 
overlook the essentiality of Low Earth Orbit (LEO) 
to achieving these aims, and all we have yet to do to 
master it as a domain. As I managed the ISS – the 
largest global peacetime project in human history – I 
could also see it had a finite lifespan. Its partner nations 
will gradually tire of spending, as governments do, 
on its upkeep as many look toward exploration of the 
Moon and Mars.

We are just beginning to realize the fruits of 
years of LEO research and now can conceptualize 
the possibilities microgravity manufacturing has to 
offer, such as superior pharmaceuticals, 3D-printed 
human organs, high-performance fibre-optic cables 
and superalloys. We cannot afford to forego the 
undiscovered leaps still awaiting us in LEO, as they 
may one day be essential to the continuation of our 
species.

I co-founded Axiom Space to address this by 
making living and working in LEO a mode of 

civilization as normalized and accessible as all our 
present ones. To fulfill this mission, we bring a team 
steeped in ISS heritage – having built and operated it 
at the highest levels over significant careers at NASA 
– and buttress it with private-sector experience in 
engineering, finance and law. We uniquely understand 
how to drive costs down and access up, while 
maintaining safety and utilizing current technology 
and ground-based capabilities in concert with essential 
space-based capabilities.

Our plan unfolds in three steps. Axiom presently 
offers flights to ISS to individuals who wish to live 
the transformative experience themselves. Next, the 
first modules of the Axiom Commercial Space Station 
(ACSS) will be attached to ISS, providing modern 
accommodations for more astronauts, a first-of-its-
kind immersive view of our beautiful Earth, and 
additional research and manufacturing volume. Finally, 
by the time of ISS retirement, the ACSS will detach and 
operate as a free-flying commercial platform “for all 
users” – the next stage of human settlement of space.

Those users include government astronauts from all 
nations, private astronauts, researchers, entrepreneurs, 
manufacturers and companies seeking to test systems 
in LEO before exploring deep space. In other words, as 
we work to improve life on Earth, we will also provide 
the infrastructure necessary to send life elsewhere.

Those who fly to space with us now will enable this 
future and, for that, history will remember them well. 
They will return changed forever, inspired and 
empowered to catalyze a species-wide awakening – to 
cherish and nurture our planet, make it a better place 
and answer the call, as we always have, to enrich our 
existence by seeking what is over the horizon. SF 
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As the European Space Agency (ESA) gets ready for its new astronaut selection 
process for 2020 and NASA embarks on a search for Project Artemis crews for 
a return to the Moon by the middle of the decade, what opportunities might be 
available for future UK astronaut candidates?
by Nick Spall FBIS

S
peaking with the UK Space Agency’s Human 
Exploration Manager, Libby Jackson, on a 
review where the UK may be heading with its 
own human space flight (HSF) activities, we 
also ask whether, as the world’s fifth largest 

economy, the UK may be punching below its weight. 
Are there options becoming available for future 
UK astronauts to fly outside of the established ESA 
arrangements?

Since the dawn of the space age, the story of the 
UK’s involvement in human spaceflight has been one 
of hope and anticipation. Following the inspirational 
1950s sci-fi stories of authors like Arthur C. Clarke, 
a UK generation brought up on the strip cartoons 
of Dan Dare and TV shows like Thunderbirds fully 
anticipated that British astronauts would join US and 
Soviet space explorers in space by the mid-1960s. After 
the heady Apollo Moon landing days of the 1960-

70s though, disappointment set-in for aspiring UK 
astronauts by the mid 1980s.

A cancellation of UK links with the US Space 
Shuttle that would have allowed for the RAF’s 
Nigel Wood to fly on board STS-61H in June 1986 
occurred, following the loss of the shuttle Challenger 
in January of that year. Conscious of fiscal restraint 
and a lack of awareness of the exploration, scientific 
and inspirational importance of human space flight, 
subsequent UK governments held back from any 
official astronaut interests. Economic return tests 
became paramount to government spending from the 
1980s and a civil service scepticism of human space 
flight prevented any UK government involvement in 
HSF for the following 25 years.

One ray of hope for UK enthusiasts came when 
the 27-year-old Helen Sharman flew to the Mir space 
station in May 1991 as the first Briton in space. 

Places to go?
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Regrettably for many of course, the UK government 
had no involvement and the then Soviet Union had to 
fund Helen’s Project Juno mission as an act of political 
goodwill.

A REVISED ATTITUDE
Following pressure from the space community in the 
UK from 2005 onwards, a resurgence of HSF optimism 
followed, with the reversal of the negative attitude to 
government sponsored human space flight occurring 
by 2008.

Influence grew from the British Interplanetary 
Society’s (BIS) UK HSF campaign and two pro-HSF 
recommendation reports  by the Royal Astronomical 
Society (October 2005) and the UK’s Space 
Exploration Working Group (SEWG). During his 
tenure as Science Minister between 2008-10 a positive 
Lord Drayson supported future HSF interests and 
engaged in a dialogue with the then Director-General 
of the European Space Agency (ESA) Jean Jacques 
Dordain. This led to ESA selecting a UK candidate 
for their 2008-9 astronaut intake, Major Tim Peake. 
Importantly Lord Drayson’s successor, David Willetts, 
carried forward this new enthusiastic pro-HSF UK 
government attitude. 

Following its formation in 2010, the UK Space 
Agency under its then Chief Executive Dr. David 
Parker supported Tim Peake via its funding 
commitment to research on the International Space 
Station (ISS) and the ELIPS microgravity grouping.  

AN ESA UK ASTRONAUT
After his highly successful six-month “Principia” 
mission on board the ISS in 2015/6, at 47 years old 
Tim Peake is expected to be allocated a further flight 
slot before 2024 via the UK’s ongoing participation 
with ESA. The current ESA DG, Jan Worner, has 
repeatedly stated that all of the 2009 intake ESA 
astronauts will have undertaken their second 
spaceflight by 2024 and already the German astronaut 
Alex Gerst and Luca Parmitano from Italy have each 
had two flights to the ISS.

Today, there is an air of HSF optimism in the UK. 
The BIS of course encouraged this back in 2007, 
organising the UK-born astronaut (orbital) silver pin 
award in 2007. Funded by Richard Garriott de Cayeux, 
BIS silver pins have now been awarded to Helen 

Sharman, Piers Sellers, Nick Patrick, Michael Foale, 
Richard himself and of course Tim Peake. 

Tim Peake’s enthusiasm and the skilful organisation 
of his “Principia” mission by the UK Space Agency, 
has had great outreach and media success in the UK, 
involving 1.6 million young people in STEM education 
work, connecting to 10,000 schools – one in three in 
the UK – and around 15% of the school population, 
with over 33 million people engaging with the mission. 
This very positive outreach activity complemented his 
extensive six-month medical, biological and physical 
research onboard the ISS, some of which will have 
direct practical economic benefits.

Libby Jackson from the Agency’s HSF team explains 
the benefits of ISS research for the UK: “The business 
case for ISS research is now strong and the UK is doing 
well in this area, with microgravity studies related to 
muscular dystrophy, ageing and asthma having direct 
commercial benefit possibilities.”

As part of the ELIPS and ESA Envelope HSF 
funding, the UK also now joins ESA science research 
with short-duration microgravity parabola flight 
activity, operating out of Bordeaux. This work by 
UK university researchers, including those from 
Edinburgh and Brighton, means that the UK has 
a firm link now to HSF science research activity 
generally that had been denied pre-2012.

An association of microgravity researchers and 
industry groups has now been formed in the UK. 
Libby Jackson explains: “The UK Space Environments 
Association” (UKSEA) works alongside the UK Space 
Agency and helps to coordinate the microgravity 
community. We are now experiencing exciting 
times for UK microgravity research. Initiatives like 
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‘Fly your Thesis’ are receiving plenty of interest and 
activity from UK universities (and) these cover 
multi-disciplinary experiments in micro-gravity, 
ranging from medicine, biology and physics topics, to 
materials studies.”

Compared to the rest of the developed world 
though, is the UK doing enough in the field of HSF 
and what routes are available for the UK to enlarge its 
involvement for HSF research work in space, outreach 
and exploration activities? 

A GLOBAL COMMITMENT
Looking at current and planned astronaut numbers by 
nation, the UK appears to be well behind the rest of 
the developed world. 

The US (NASA) has of course by far the largest 
number of active astronauts, with up to 48 men and 
women involved for future ISS and Artemis lunar 
mission activities. Of the 239 astronauts visiting the 
ISS since Nov. 1998, now 151 have flown as NASA 
employees. Russia (Roscosmos) has approximately 
38 active cosmonauts, whilst China (CSA) maintains 
seven allocated “taikonauts” for its Shenzou flights and 
Tiangong space station work. 

India (ISRO) is currently establishing a corps of up 
to 12 for its future Gaganyaan spacecraft flights, whilst 
Canada (CSA) has four active astronauts. The UAE 
(MBRSC) will soon maintain three active astronauts, 
with Hazzaa Al Mansoori flying an eight-day mission 
in September 2019.

The European agency (ESA) currently has 13 
astronauts as part of an active group. This corps is 
broken down to three from Germany, three from 
France, three Italian, one Swedish, one Danish, one 
Dutch and one British (Tim Peake).

For the UK, the foreseeable HSF future is that Tim 
Peake, currently on a two-year sabbatical from ESA, 
will have to maintain a national presence as the only 
potential “active” astronaut for the nation as part of the 
ESA grouping. 

For many, this might appear a somewhat limited 
UK contribution to the human exploration of space. 
Considering the strength of the UK economy and size 
of its population it contrasts poorly with the much 
smaller size and economies of other HSF nations such 
as Italy, Canada and the UAE.

OPTIONS
Tim Peake’s anticipated second ISS mission by 2024 
is supported via the UK’s additional commitment of 
£374 million a year to the ESA general budget over five 
years, as agreed at the November 2019 ESA Ministerial 
conference, “Space 19+”. But how will that affect UK 
HSF possibilities for the future?

Via the “juste retour” process, any equipment that 
the UK can provide for the ISS will assist as a financial 
contribution to ESA’s exploration programme to cover 
Tim Peake’s second mission, as Libby Jackson explains: 

 “As part of ESA’s Envelope Programme, up to 
£200 million is currently committed by the UK to 
ESA exploration projects, including the ISS research 
interests and robotic missions like EXOMARS. 
Hardware commitment will flow from the budget 
contribution, with the recent MDA-manufactured 
Ka-band (COLKa) Terminal that is now on the ISS, 
greatly enhancing the Columbus laboratory module 

science operations. This upgrade will be part of 
ESA’s commitment to ISS operations up to at least 
2030. So, in this way the UK is contributing to Tim’s 
ESA mission cost, while opening up the future UK 
potential of Lunar Gateway construction support bids 
and operations later in the decade.”

Planned new astronaut intakes for NASA’s Artemis 
lunar programme are now occurring. NASA has 
embarked on a new selection process for US citizen 
applications, as from March 2020. For potential UK 
applicants, dual nationality will be a requirement, 
together with the normal qualification criteria 
covering science graduation/medical doctors with two 
years’ experience, or jet pilot flying of at least 1,000 
hours, plus, of course, excellent health.

ESA will conduct a similar intake exercise this 
year, though probably for a smaller number of new 
astronauts. This will be the first since the 2008/9 
process that saw Tim Peake join their astronaut corps, 
together with his five other European colleagues. The 
big question for potential UK applicants will of course 
be how much the nation can contribute to future HSF 
operations via ESA beyond Tim’s second ISS mission 
which is expected by 2023/4. 

As Chief Executive of the UK Space Agency, 
Graham Turnock and Sue Horne, the Agency’s Space 

BELOW
With ESA building 

its Service 
Module, the Orion 

spacecraft may 
one day carry a 
UK astronaut to 

the Moon.

For potential 
UK applicants, 

dual 
nationality 
will be a 

requirement



HUMAN SPACEFLIGHT

22 Vol 62 May 2020 SpaceFlight

Exploration Manager, plus Libby Jackson as HSF 
Manager, may face the prospect of the UK being asked 
to financially support two ESA astronauts, should a 
UK applicant be selected during 2020. Tim of course 
may still be eligible for a third ISS mission later in the 
decade. 

Should the UK commit to bidding for and winning 
Gateway contracts and initiatives such as SSTL’s 
proposed Lunar Pathfinder data-relay spacecraft, there 
is a possibility that a lunar mission may be possible for 
a UK astronaut by the end of the decade, depending 
on the scale of the UK contribution and interest. 
The UK is of course strongly involved in telecom 
satellite construction, with about 25% of the world’s 
manufacture for this sector occurring in the UK.

European involvement in the NASA Orion crewed 
lunar spacecraft is on-going and the German-based 
ADS/Thales industrial commitment to the European 
Service Module (ESM) construction may lead to 
German/Italian astronauts being involved in Artemis 
over the next decade. 

Traditionally of course, ESA astronaut selection 
has had to reflect the level of individual country 
commitment to the overall ESA budget and HSF 
contribution in particular. For this reason, German, 
French and Italian astronauts will receive a positive 

selection focus.
For the UK, future involvement in the ISS via ESA 

seems secure to at least 2025. Beyond that though, it 
will most likely need new UK government funding to 
join the Artemis lunar return project and justify UK 
astronauts being considered for possible future lunar 
missions. 

So, what other routes to space for aspiring UK 
astronauts are there?

POST-BREXIT DIRECTIONS
The current government certainly seems keen to 
remain committed to European-led science research. 
Recently Prime Minister Johnson stated that the UK 
should remain part of the £85 billion EU science 
programme “Horizon Europe”. The UK’s actual ESA 
membership also appears secure for the UK, following 
ESA’s “Space 19+” Ministerial in November 2019, 
when the UK increased its space budget by 15% to 
£374 million. 

Some though would question whether there are 
other routes for UK Space Agency to spread its HSF 
interests. One possibility is a direct bilateral approach 
via NASA. Italy, for example, flew its own astronauts 
on the US space shuttle outside ESA as a bilateral and 
Canada has close commitments to NASA, as well as 
linking to ESA.  

NASA may well be enthusiastic for this approach 
– when Tim Peake flew to the ISS in 2015, ISS 
commander Scott Kelly acknowledged how good it 
was to see Tim conducting his EVA during Expedition 
46/47, thus continuing the proud tradition of British 
exploration. 

During the 2000s, two UK-born NASA astronauts 
Michael Foale and Piers Sellers conveyed invitations 
from NASA to fly UK astronauts on the Shuttle via 
bilateral agreements, of course without any positive 
UK response at that time.

One might envisage a future UK astronaut joining 
NASA-led missions via the bilateral or even tri-lateral 
agreement routes. Other possibilities may occur too 
with both China and in the future India, possibly 
sending UK research astronauts to next generation 
orbiting stations.

The UAE flew its first astronaut to the ISS for 
an eight-day mission via a bilateral agreement 
with Roscosmos. The exact cost of this initiative is 
unknown, though based on private space flights via 
Soyuz organised by Space Adventures it was most 
likely approximately £60 million. Is this approach 
outside of ESA a possibility for the UK in the future, 
making use of NASA, Roscosmos, Chinese or even 
Indian spacecraft launches? Libby Jackson comments:

 “Bilateral agreement flights for UK astronauts 
outside ESA might be possible, but do remember that 
the big advantages of ESA arrangements are that the 
‘juste retour’ approach operates, whereby the UK space 
industry benefits from European-led space projects 
and space technology firms based here like ADS and 
SSTL maintain and expand national-led hi-tech jobs 
here.”

Another UK astronaut mission route outside of 
ESA may be to purchase seats for its own missions on 
the two-emerging private spacecraft that are about 
to test-fly with astronauts in 2020: the Space-X Crew 
Dragon and the Boeing CST-100 Starliner. Seats on 
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these craft are likely to be cheaper than Soyuz. Bigelow 
Aerospace booked four space participant slots on the 
Crew Dragon for about £40 million each. Starliner 
prices are expected to be more costly though, perhaps 
running at £55 million per seat. More recently, the US 
company Axiom Space signed a contract with Space X 
to fly three fare-paying private astronauts, plus a pilot 
astronaut, on a mission to the ISS as early as 2021 (see 
page 14). 

Clearly therefore, future government-led HSF 
projects could select available private flight seats on 
the emerging orbital access spacecraft, including 
possibly price competitive Soyuz flights, to boost 
nascent HSF national expertise and experience.

For the longer term, human access to orbit and 
beyond will become more affordable.  

An unknown for the late 2020s onwards is the 
Space-X “Starship” project, the 5,000 tonne, two-stage 
re-usable vehicle that Elon Musk expects will slash 
the price of orbital access and deep space flight. The 
reality is of course that, like the UK-led Skylon re-
useable spaceplane, this advanced spacecraft project 
will require many billions in investment costs and at 
least a decade of testing before the technology proves 
reliable. Patience is needed in the hope that these re-
useable launch vehicles do indeed come forward for 
the medium-term future. 

SUBORBITAL HOPS
This year is likely to see the commencement of Virgin 
Galactic (VG) space participant flights at a sub-orbital 
level via the VSS Unity reusable spaceplane from New 
Mexico. Richard Branson himself is determined to join 
an early flight to become an astronaut, albeit at the US/
NASA defined sub-orbital height of 80 km (50 miles).

Future VG spaceplanes, VSS 3 and 4, will be lighter 
and may well reach the FAI defined Karman-line 
height for where space begins, 100 km (62 miles). The 
UK/Scottish born Chief Pilot for VG, David Mackay, 
has already gained his US astronaut wings via the 
February 2019 flight of VSS Unity, becoming the 569th 
astronaut at that time as defined by the US altitude 
band. 

Spaceport Cornwall at Newquay in the UK has 
an agreement with Virgin Orbit for horizontal 
satellite launcher flights from that airfield for the 
future and it may be that VG will operate sub-orbital 
microgravity research flights for SS2 spacecraft, 

together potentially with space participant flights; 
the Feb. 2019 “Unity” sub-orbital (US height) flight 
carried NASA microgravity experiments. Jeff Bezos’ 
Blue Origin spacecraft New Shepard has also flew 
NASA experiments in 2019 from the US and may also 
be flying sub-orbital space participants soon, with the 
promise of access for sub-orbital research scientists. 

The planned “Space Hub Sutherland” on the north 
Scottish coast will allow for vertical launched polar 
orbit flights. Potentially, it could also provide for 
vertical launched sub-orbit activity like that offered via 
the New Shepard vehicle.

It may be therefore that future UK sub-orbital 
astronauts will be flying into space as scientists or 
private participants, some possibly from UK soil. This 
will open up HSF astronautics to well beyond the 
current six or seven UK-born astronauts who have 
ventured into space, if you include Dave Mackay for 
his US sub-orbit,

MONEY MATTERS
The UK is currently the fourth largest ESA contributor, 
but at £1.42 billion it is spending only about a half of 
Germany’s £2.83 billion and is lagging behind Italy’s 
£1.96 billion contribution. The reason for this is, of 
course, the UK’s relatively limited involvement in the 
ISS construction and maintenance, which is HSF-led, 
and also because the UK has no major involvement in 
the development of European launch vehicles. 

For the future, if the UK is to maintain its ESA 
focus for space activity and be prepared to boost its 
HSF involvement, thus justifying new UK astronaut 
appointments via the 2020 ESA selection process, a 
rapid boost is required for the UK contribution to 
ESA HSF/exploration activity covered in the Envelope 
Fund. This could of course be achieved via the UK 
putting additional funding and commitment into 
future ISS/Lunar Gateway/Artemis hardware beyond 
its current level.

UK expertise in certain space-related HSF areas is 
world class. Apart from medical science, the UK has a 
strong planetary sciences tradition. Several scientists 
in this field, including Prof. Ian Crawford of Birkbeck 
and Dr. Katie Joy of Manchester University, have 
made the strong case that HSF is essential for the full 
exploration of the Moon and of the planets for the 
future. As well as this strong academic tradition, the 
UK also has extensive research facility infrastructure. 
For example, the Cat. 4 high containment labs at 
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the Pirbright Institute and at Porton Down in the 
UK could potentially be adapted as lunar or Martian 
soil receiving labs when future lunar and planetary 
missions return soil samples for deep analysis. The 
UK could consider offering its planetary science 
resources to space agencies as a barter approach for 

UK astronaut participation.
One UK HSF alternative is an additional focus on 

projects beyond ESA. As noted previously, establishing 
direct bilateral links with NASA, plus perhaps China 
or India, may be a possibility. Political issues may arise 
with this route, but the new post-Brexit international 
relations flexibility that is evolving may assist with this 
new space industry/HSF approach.

The UK has come a long way since the 2007 start 
to the BIS’s HSF campaign: Tim Peake has become 
the first UK-government astronaut, the UK Space 
Agency has been formed, two UK spaceports are in the 
pipeline and there is a new STEM/public focus on the 
value of astronautics at a national level. 

In this atmosphere of UK technical and science 
focused optimism though, further government 
investment in HSF activity is required soon.

Media attitudes to space are now strong. The BBC 
2017 series “Astronauts; Do you Have What it Takes?” 
received great following in the UK. The selection of 
planetary scientist Dr. Suzanne Imber, who received 
a letter of recommendation from Canadian astronaut 
Chris Hadfield for any future astronaut call, received 
wide media interest, allowing her to embark on a 
strong STEM outreach campaign of her own. Libby 
Jackson was herself an expert guest judge for this 
competition. This TV programme, together with the 
UK Space Agency’s own recent studies of the outreach 
value of Tim Peake’s “Principia” mission, shows how 
positively HSF is now viewed in the UK.

Many hope that the UK government has learned 
the lessons of past HSF funding neglect and that it 
does indeed step up to the future challenges for UK 
human space flight, allowing the nation to become 
more deeply involved in possibly one of the most 
exciting of human endeavours. SF 
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As pointed out in a recent SpaceFlight editorial, NASA wants at least another 
ten astronauts to spend a year on the International Space Station before it 
embarks on human deep-space missions.1 Why, after more than fifty years of 
human spaceflight does NASA set this seemingly stringent criterion? 
by Brett Gooden, M.D., Ph.D., FBIS

U
pon reading my paper “Physiological 
responses of man in orbit” again after more 
than half a century, I find it intriguing to note 
that a number of medical issues raised by 
those few brief flights in Project Mercury are 

still of considerable concern.2, 3 Two of these issues were 
the loss of bone structure and orthostatic hypotension. 
This latter phenomenon refers to a decrease, sometimes 
precipitate, in arterial blood pressure when an 
astronaut returns to earth and stands up.

In my 1964 paper I summarised the medical 
findings from Mercury in this way: “The pioneering 
orbital flights have been made and the astronauts have 
returned to Earth little the worse for wear. Many of 
the early fears which it was thought might put up an 
insurmountable barrier to man’s invasion of space 
have been proved false or wide of the mark. Man can 
survive in orbit for periods of several days. But we 
would be deluding ourselves if we thought that we had 
conquered space.” 

A matter of 
survival 

So where, after over half a century of human 
spaceflight, are we today? Could we confidently 
dispatch a crew now on a two-year mission to Mars and 
expect a successful outcome? 

Let us expand on this question. Such a mission 
would require subjecting the astronauts initially to at 
least six months of weightlessness on the flight to Mars, 
then 12 months at one-third Earth gravity on Mars, 
followed finally by a further six months or more of 
weightlessness on the flight back to Earth. Although 
I am, and have always been, a staunch advocate for 
manned spaceflight, my honest answer to this question 
as an aerospace physiologist would have to be “No”.

Why do I say that? Let me outline the current 
physiological problems of prolonged weightlessness 
and why we need more research on astronauts engaged 
in long-duration missions within the relative safety of 
either Earth or lunar orbit before we can confidently 
commit humans to such a mission. In this article I will 
be dealing only with the physiological challenges of a 

SPACE MEDICINE
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IN THE MARCH 1964 ISSUE of SpaceFlight Dr. Gooden 
reviewed the initial medical data from Project Mercury 
flights under the title “Physiological responses of man 
in orbit”. This article may have been the first publicly 
accessible review on the subject. In the following year in 
the May issue he wrote a more detailed account under the 
title “Biomedical problems of prolonged spaceflight”. 

The maximum duration of weightlessness at that time 
was only a matter of days. Now over half a century later Dr 
Gooden reviews how far we have come in our knowledge 
about the physiological problems faced by astronauts 
during space flights of up to one year and explains the major 
challenges that remain before a manned Mars mission could 
be completed safely. 

Dr Gooden is a Lecturer in Space Medicine at the 
University of South Australia for the International Space 
University. He has lectured, researched and authored in the 
fields of diving, aerospace and cardiovascular physiology in 
Australia, USA and UK.

THERE AT THE START
manned Mars mission. The psychological aspects of 
prolonged space flight present another raft of mission 
critical issues.

BACK TO BASICS
The sequence of the major operational events faced 
by a crew undertaking a manned Mars Mission are as 
follows:
1.   Launch into Earth orbit and preparation for the 

mission
2.  The journey to Mars and entry into Mars orbit
3.  Entry into the Martian atmosphere and landing 
4.   Establishment of the base, long-duration base life 

and the exploration of Mars
5.  Return to Mars orbit
6.  Return journey to Earth orbit
7.  Entry into Earth’s atmosphere and landing
8.  Return to routine life on Earth

  What are the actual and potential stresses imposed 
on the physiology of the human body by space flight? 
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They are threefold, namely weightlessness (also 
referred to as microgravity), loss of spacecraft cabin or 
spacesuit atmosphere and radiation.

Most of the current physiological research being 
undertaken on the International Space Station (ISS) 
relates to the effects of weightlessness on the human 
body, so I will deal essentially with this matter in 
this article. Loss of cabin or spacesuit pressure and 
radiation are both topics which would warrant their 
own articles.  

The body structures that are known to be affected 
significantly by weightlessness can be grouped under 
the following headings.
A.  Balance organs in the inner ear 
B.  Heart and blood vessels – the cardiovascular system 
C.  Blood and other body fluids 
D.  Eyeballs and their optic nerves 
E.  Bones and muscles – the musculoskeletal system 
F.  Sense of touch and other sensory systems

DISSECTING THE DETAIL

A. The balance organs 
In the inner ear are structures called the otolithic 
organs. These organs consist of nerve cells which have 
small projections into a jelly-like layer positioned 
above the cells. Embedded in the top of the jelly layer 
are many small crystals of calcium carbonate called 
otoliths. When we are upright in a gravitational field, 
these crystals do not move but if, for example, we 
tip our head face down, gravity deflects the otoliths 
and the jelly layer downwards which stimulates the 

nerve cells of the otolithic organs. The resulting nerve 
impulses are transmitted to the part of the brain 
involved in balance. Simultaneously the brain also 
receives other nerve signals from our eyes, as well as 
from joint and muscle nerve endings, all signalling to 
the brain that our head has tipped face downwards. All 
this information signals the same message to the brain, 
“the head is tilted face downwards”, which normally 
causes us no distress.

If upon entering orbit we tip our head downwards 
the balance centre in our brain continues to receive 
the visual, joint and muscle nerve signals, but no 
longer receives any signals from the otolithic organs 
because the otoliths are now weightless. As the result 
of these sudden and conflicting messages to the brain 
we become disorientated which often leads to nausea 
and vomiting. This acute condition is termed space 
motion sickness. Rest in the sleeping quarters and 
reducing head movements to a minimum helps to 
accelerate recovery. Anti-motion sickness medication 
can be taken in severe cases. Fortunately space 
motion sickness is self-limiting and astronauts are 
usually symptom free within 48 hours of entering the 
weightless state. 

B. The heart and blood vessels 
The heart and blood vessels, namely the arteries, 
capillaries and veins, are collectively called the 
cardiovascular system. Weightlessness has major effects 
on the structure and function of the cardiovascular 
system. Heart rate in weightlessness is approximately 
the same as the pre-flight supine rate. Similarly 
no major changes were recorded in mean arterial 
blood pressure in astronauts after 50 and 150 days of 
weightlessness.4 

The mass of heart muscle decreases during 
weightlessness presumably because the heart muscle 
does not have to work so hard to pump blood around 
the body. The volume of blood pumped out of the 
left ventricle per minute (cardiac output) is found to 
be increased at 50 days and remains so at 150 days of 
weightlessness. We now know that during prolonged 
weightlessness, the resistance to blood flow along the 
arterial system decreases substantially due to dilatation 
of the resistance vessels, the arterioles.5 There is 
usually a resting level of constriction or “tone” in the 
smooth muscle which wraps around the lumen of the 
arterioles. More constriction is called vasoconstriction 
and less constriction is called vasodilatation. Why is 
vasodilatation occurring? It is not due to a decrease 
in nerve impulses to the arterioles, in fact, there is an 
increase in the rate of impulses in the nerves supplying 
the arterioles. From a study of mice flown on STS-131 
for 15 days it appears that this vasodilation is due to a 
failure of the nerve impulses to produce constriction 
in the arterioles.6 The same phenomenon appears to be 
occurring in astronauts.

Upon standing up from a seated or lying posture 
in a one gravity environment, blood tends to flow 
from the upper part of the body into the veins in the 
lower abdomen and legs due to the gravitational force. 
In order to compensate for such a fluid shift, some 
remarkable cardiovascular adjustments take place. As 
a result of less blood flowing back to the heart from 
the lower body, the arterial blood pressure starts to 
fall. This reduction in arterial pressure is detected by 
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pressure receptors in the aorta and carotid arteries and 
the brain stem sends out nerve impulses to the heart 
and blood vessels. In response to these nerve impulses 
the heart speeds up and pumps out more blood per 
beat. The result of this is an increase in cardiac output. 
The increase in nerve impulses to arterioles, results in 
constriction of these blood vessels which increases the 
resistance to blood flow along them. The combination 
of these actions restores and maintains the arterial 
blood pressure. We may feel slightly “woozy” for a 
few seconds on standing suddenly due to a transient 
decrease in pressure but this sensation passes quickly as 
the nervous reflex responses are activated and adequate 
blood flow is restored to the brain. 

When astronauts return to Earth after a period of 
weightlessness many initially find that they feel faint 
on standing. This well-documented phenomenon is 
called orthostatic hypotension, meaning “low blood 
pressure upon assuming the upright posture”. What 
causes this problem? As a result of weightlessness 
the ability of the arterioles to constrict normally 
when the blood pressure falls is impaired despite 
an increase in nerve impulses arriving at the nerve 
endings that supply these vessels. Consequently 
adequate vasoconstriction fails to occur to increase 
the resistance to blood flow. In addition despite 
the heart receiving an increase in excitatory nerve 
impulses, the cardiac output decreases. The reason 
for this decrease in cardiac output may be three-fold: 
(i) Due to the pooling of blood in veins in the lower 
body, the return of the blood to the heart decreases, 
(ii) the heart beats less forcefully and (iii) the volume 
of blood in the circulation has decreased during 
weightlessness (see next subsection). Consequently, 
the combination of decreased vasoconstriction and 
cardiac output may cause the arterial blood pressure 
to fall precipitately on standing or even sitting up. The 
end result being that the astronaut’s brain is starved 
of oxygen and confusion and unconsciousness may 
occur. This problem can last for several days and it 
has been reported that some cosmonauts have had to 
wear a special garment called an anti-g suit for several 
days in order to maintain their blood pressure in the 
standing posture.

C. Blood and other body fluids 
It has long been observed that upon entering the 
weightless state astronauts develop puffiness and 
sometimes flushing of the face, stuffiness of the nose 
and decreased sense of smell and taste.7 In addition the 
veins in the neck and forehead are distended. What is 
the cause of these changes?

On Earth, upon standing, gravity immediately 
induces fluid (hydrostatic) pressure in the blood 
vessels. For example the total pressure in the veins in 
our feet is not just the pressure due to the pumping 
force of the heart (dynamic pressure) but is also due to 
the hydrostatic pressure. This hydrostatic pressure is 
theoretically equal to the weight of a vertical column 
of blood extending from our heart to our feet. It adds 
approximately 90 mm Hg pressure to the dynamic 
pressure in the blood vessels in our feet. Valves in the 
veins and contraction of the muscles surrounding 
the veins significantly lowers the effective hydrostatic 
pressure in the foot and leg veins. 

On the other hand due to the fact that the blood in 
the veins in our neck is above the heart, the hydrostatic 
pressure in the neck veins is zero rather than negative 
because the walls of the neck veins collapse. Blood 
returning to the heart from the head literally “falls” 
down these veins, insinuating itself between the 
collapsed walls. However the veins inside the skull 
are held open by surrounding structures and cannot 
collapse and hence their internal pressure is sub-
atmospheric. 

When an astronaut enters weightlessness, there is an 
effective absence of gravity and therefore hydrostatic 
gradients in the circulation cease. Then something 
dramatic happens. One and a half to two litres of blood 
moves from the lower to the upper part of the body. 
Exactly why this happens seems counter intuitive 
since the blood is now weightless. It is presumed to 
be due to a high level of tone in the smooth muscle in 
the veins which limits their excessive distension when 
stressed by hydrostatic pressure. Upon removal of the 
hydrostatic pressure there is a rebound constriction 
of the veins which forces blood from the lower to the 
upper body. 

In a one-g environment fluid moves out of 
the capillaries at their arterial end and into the 
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space between cells, called the interstitial space. 
Simultaneously at the venous end of the capillaries 
fluid moves from the interstitial space into the 
capillaries. These shifts remain in balance so that there 
is no change in the fluid volume of the interstitial 
space. However immediately an astronaut enters the 
weightless state, the absence of hydrostatic pressure 
leading to the marked upward shift of blood results in 
an increased pressure in the veins draining the head 
and neck.4 Consequently, the pressures also increase at 
the venous ends of the capillaries which impedes the 
transfer of fluid out of the interstitial space into the 
capillaries. The net result is an increase in the volume 
of fluid in the interstitial space. This accumulation of 
fluid in the interstitial space is called oedema and can 
be observed in the astronauts as swelling of head, neck 
and facial tissues. The increase in venous pressure can 
be seen as distension of the superficial neck and head 
veins. The redness of the face may result from the 
congestion of blood in the skin capillaries.

With the movement of blood to the upper body, the 
astronauts’ legs become thin and pale – a phenomenon 
known as “chicken legs”. The leg tissues appear 
dehydrated possibly due to the reduction in venous 
pressure in the leg and foot veins and the resulting 
facilitation of fluid transfer from the interstitial space 
into the capillaries. The reverse of the net fluid transfer 
in the upper body. A study of how leg veins adapt to 
weightlessness is currently under investigation on the 
ISS under the Russian Algometriya experiment.

D. Eyeball and optic nerve 
Tissue oedema could explain the changes noted in 
astronauts’ eyes during weightlessness. These changes 
are: swelling of the optic disc inside the eyeball (the 
optic disc is the end of the optic nerve; swelling of the 
optic nerve causing its lengthening and kinking; and 
flattening of the back of the eyeball which may result 
from the lengthening optic nerve pushing against the 
back of the eyeball before the nerve kinks.

Twenty-nine percent of astronauts on short duration 
missions and 60% on long missions experienced a 
deterioration in distant or near vision acuity (loss of 
image sharpness).8 It has been hypothesized by some 
researchers that the cause of these changes relates to an 
increase in intracranial pressure relative to intraocular 
pressure. However at the present time data on this 

matter is either inadequate or lacking completely. It 
has not been possible to obtain data on intracranial 
pressure in astronauts during weightlessness as 
standard methods for measuring this pressure are 
unacceptably invasive. 

Currently a Fluid Shifts experiment is being 
undertaken on the ISS using a device which is inserted 
into the ear canal and generates both pressure waves 
and sound. It is hoped that any alterations in the sound 
and pressure waves reflected off the cochlea in the 
inner ear will provide a reliable measure of intracranial 
pressure. Simultaneously the pressure and flow in the 
internal jugular vein in the neck is determined using 
an ultrasound probe placed over the vein. Lower body 
negative pressure can be applied simultaneously to 
investigate any changes induced in the internal jugular 
vein and intracranial pressure by this form of simulated 
gravity.  

As a result of the blood shift to the upper body 
there is a reflex transient increase in urine production 
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upon entry into weightlessness. In addition, as 
described above, fluid moves from the capillaries into 
the interstitial space in the upper body. The net result 
of these fluid movements is a significant reduction 
in blood volume. The loss of the fluid component of 
the blood results in an increased concentration of the 
red blood cells. A hormonal feedback mechanism 
suppresses red cell production and the normal ratio 
of fluid to red cell volume is restored, albeit at a lower 
overall blood volume. 

Potential treatments for cardiovascular 
deconditioning and visual impairment include the 
use of thigh cuffs. From the time of Project Gemini in 
the mid-1960s, efforts have been made to counteract 
cardiovascular deconditioning. One of the simplest 
methods was to apply thigh cuffs and inflate these 
intermittently thereby trapping an increased volume 
of the blood in the lower limbs. It was hoped that this 
method would simulate the gravitational effect on the 
cardiovascular system. Unfortunately these studies did 

not show an improvement in orthostatic hypotension 
on return to earth.

Another treatment is the use of lower body negative 
pressure (LBNP). This method entails encapsulating 
the lower body in a device from which air can be 
withdrawn, thereby reducing the gas pressure around 
this part of the body. The pressure in the leg blood 
vessels, in particular the veins, is reduced and blood 
flows from the upper into the lower part of the body. 
This method was first attempted on Skylab but again 
there was no convincing evidence that it reduced 
orthostatic hypotension. Currently the Russian CHIBIS 
suit is being used on the ISS to study the effects of 
lower body negative pressure on internal jugular 
vein and intracranial pressure. In addition, Russian 
cosmonauts use this device intermittently prior to 
return to Earth in the hope that it might alleviate 
orthostatic hypotension. There is currently no evidence 
that lower body negative pressure reverses visual 
impairment.
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A third potential treatment, or rather a mitigation, 
is artificial gravity but to date it has not been possible 
to examine the protective effect of artificial gravity in 
space. The weight penalty which would be incurred by 
adding such a device to the ISS would be prohibitive. 
The present author suggests the following possibility. 
The external diameter of the Skylab space station 
was 6.6 metres, being based on the SIV-B stage of the 
Saturn V. The Skylab astronauts were filmed running 
around on the continuous series of lockers mounted 
on the inside circumference of the space station 
thereby inducing their own artificial gravity. Would it 
be possible to use this technique in future spacecraft? 
It would have no weight penalty and not only induce 
artificial gravity but also simultaneously engage the 
astronauts in impact exercise. The faster the astronaut 
runs around the track the greater the artificial gravity 
induced. 

 
E. Bones and muscles 
The progressive loss in both muscle and bone is well 
documented. Unfortunately despite rigorous exercise 
programmes, this loss continues albeit at a reduced 
rate. It is known that bone loss in weightlessness is 
due to a failure of bone regeneration. Currently the 

Cell Science-02 bone healing and regeneration study 
is underway on the ISS to look more closely at this 
problem.

F. Skin sensation
For some time there have been anecdotal reports of 
an increased sensitivity of the hands and feet during 
and following weightlessness. This phenomenon is 
called hyperaesthesia. It is described as an increased 
sensitivity of the finger tips which can impair manual 
dexterity. Wearing gloves while working inside the 
station helps to avoid paper cuts to the cuticles of 
the fingers. This problem is particularly important in 
relation to work performed during extra-vehicular 
activity (EVA). Astronauts have frequently reported 
finger discomfort experienced while working during 
EVAs and hyperaesthesia may accentuate this problem. 
One study of astronauts following short-duration space 
flight has shown hyperaesthesia in the soles of the 
feet.9 The European Space Agency’s GRIP experiment 
is exploring how astronauts grip and manipulate 
objects in weightlessness. Pain sensation is also being 
studied on the ISS as part of the Russian Algometriya 
experiment.

CONSEQUENCES
Except for the development of visual impairment, 
humans can survive and function under the continuous 
periods of weightlessness up to one year without 
significant impairment. This finding is remarkable 
when you consider that living organisms have been 
evolving under the influence of gravity for at least 3.5 
billion years. Most physiological problems become 
apparent when the astronauts return to Earth and their 
body systems are exposed to gravity. So how might 
these problems become apparent on a manned Mars 
Mission?

We are now in a position to examine some of the 
physiological challenges that astronauts will encounter 
upon landing on Mars. How will the astronauts cope 
when their space adapted physiology is stressed, 
firstly during the entry into the Martian atmosphere, 
then the landing and securing the spacecraft for a 
possible emergency return to orbit and finally the most 
demanding process of establishing the Martian base?

If the astronauts were subjected to abnormally 
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directed deceleration forces during entry into the 
Martian atmosphere, cardiovascular deconditioning 
would induce a sudden decrease in blood pressure 
in the astronauts resulting in the partial or total loss 
of consciousness. The inevitable vibration of the 
spacecraft during entry combined with impaired 
vision could make reading vital instruments extremely 
difficult. These disabilities could place the mission at 
great jeopardy during this critical phase of the mission 
particularly if the spacecraft was under manual control 
at the time.

Once the spacecraft has landed on Mars, the 
astronauts would immediately be subjected to Martian 
gravity, which although only one-third Earth gravity, 
could still be a significant stress on the deconditioned 
body systems. Simply sitting upright or standing 
could result in confusion and fainting. In addition the 
restoration of gravity would reactivate the otolithic 
organs possibly leading to loss of balance, nausea and 
vomiting. Essentially the same clinical phenomenon 
as space motion sickness but in reverse. Both 
cardiovascular deconditioning and motion sickness 
could render the astronauts incapable of playing the 
vital role of preparing the spacecraft for an immediate 
launch back into Martian orbit in the case of an 
emergency. 

Once the astronauts had set foot on Martian soil, 
muscle wasting and balance problems could lead to 
difficulty in simply walking. Cosmonauts have required 
assistance to walk for up to two days after returning 
to Earth. The combination of these disabilities could 
significantly increase the risk of falls. Bone wasting 
combined with an increased risk of falling could result 
in fractures particularly of the hip and leg bones. Such 
a disability could significantly increase the work load 
on the other astronauts.

Following a year on the surface of Mars the 
astronauts’ physiology would be highly adapted to 
one-third Earth gravity. The journey back to Earth 
could be another six to nine months of weightlessness. 
We have to admit that with today’s knowledge of the 
long-term effects of microgravity we are simply unable 
to predict the state of the physiology of the astronauts 
by the time they return to the surface of the Earth. 
They may well be physiological cripples incapable of 
standing up and walking on Earth’s surface. It may take 
weeks or months of inten sive retraining of their body’s 
physiology in order from them to begin to recover 
a semblance of normal function under what would 
seem to them the almost overwhelming force of Earth’s 
unremitting gravitational pull on their bodies. We 
simply do not know. 

SUMMARY
A review of the current literature on the physiological 
responses of humans in space indicates two things. 
Despite over 60 years of manned spaceflight there 
is still a paucity of adequate and reliable data on 
the physiological effects of prolonged exposure to 
weightlessness.10 The amount of data on the effects 
of microgravity beyond six months is minimal and 
only from a handful of astronauts. There is a lack of 
consistent experimental protocols and numbers of 
subjects engaged in those protocols. 

At least ten subjects should be part of any human 
study in order to obtain a reasonable degree of 
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confidence in the results. At the present time the demands 
on the astronauts at the ISS by multiple disciplines dilutes 
their efforts to obtain the adequate physiological data. The 
establishment of a coherent set of physiological data is 
essential before we can confidently commit humans to a 
two year plus mission to Mars. We simply do not have 
that data yet. It would court disaster to prioritise the 
engineering and political demands for a manned Mars 
Mission at the expense of the physiological imperatives. SF 
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Life – but not as we know it!  

Sir: The article by Prof. Wickramasinghe, “Bringers of 
Life” in SpaceFlight Vol. 62 No 1 p. 22 raises some issues 
that I would like to comment on.

The idea of panspermia providing a microbial source 
of life on Earth is a viable one. The difficulty arises with 
the proof of this idea. Experiments designed to capture 
alien microbes have to deal with the complications 
of contamination from Earth based microbes. The 
enormous prevalence of microbes in our air, water and 
land make the creation of a “sterile” upper atmosphere 
collector extremely difficult if not impossible. 
Atmospheric currents and winds take terrestrial 
microbes high into the atmosphere where they can 
eventually fall back to Earth. We must be careful in 
drawing conclusions from experiments that may be 
highly contaminated or observations that may have 
other more likely causes.

Microbial panspermia may be a source of life 
on Earth but it is not likely to be the sole source. 
The challenge that I have is that the article takes the 
position that panspermia is the only viable explanation 
for life’s origins.

As support for this idea, a number of what I 
believe to be false evidentiary issues are put forward. 
The first is the claim that no hard evidence exists 
for the “primordial soup” theory. This ignores the 
results of the Miller-Urey experiment of 1952 which 
showed that amino acids could be generated from a 
mixture of water, hydrogen, methane and ammonia 
given an appropriate energy source. The author 
further reinforces the panspermia idea by stating that 
“the organic molecules in interstellar space being 
degradation products of iterant bacteria and viruses” 
with no consideration of chemical processes that 
produce the organic molecules.   

The comment of Louis Pasteur that “all life is 

LETTERS TO 
THE EDITOR

from life” was made in relation to his experiments of 
spontaneous generation of organisms in the short term 
as opposed to contamination of a media by existing 
Earth based bacteria. We don’t know what long term 
(over millions of years) results can be obtained from the 
transformation of a “primordial soup” into life.

Next the claim that the octopus has an extraterrestrial 
origin based on the large number of genes (40,000), was 
repudiated by the co-author of the paper who stated that 
the article containing the alien quip was a joke.

Finally, the claim that microbial processes were 
responsible for causing the creation and subsequent 
emission of ethyl alcohol from Comet Lovejoy is difficult 
to swallow. The idea that the comet would contain 
billions of yeast cells, all busy transforming the simple 
sugars into ethyl alcohol is hard to envisage. The original 
researcher stated that they believed that this was a result 
of the comet carrying complex organic molecules as it 
flew through the universe.

Microbial life would have a difficult time surviving a 
space flight as well as the entry onto the Earth’s surface. 
The discovery of various extremophile organisms that 
thrive in harsh conditions on Earth raises hope for the 
possibility of microbe space travellers. However, organic 
chemicals do have a much better chance of survival.

The notion that microbes were brought to earth 
by meteors, asteroids and comets is possible, but 
not proven. The notion that organic chemicals were 
delivered by these space visitors is quite likely. One also 
has to ask the question: “if microbes come to Earth by 
meteors etc., then how were these microbes originally 
formed?” The answer, excluding divine intervention, is 
by chemical reactions. After all, life is simply advanced 
chemistry.

More detailed research on this topic is needed and 
collection methodology needs to be improved so that 
truly alien microbes can be isolated. Caution must also 
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be exercised in jumping to far reaching conclusions on 
the basis of data with more likely explanations. Perhaps 
we need to await expeditions to other planets and 
moons in our own solar system to determine if alien life 
forms really exist (but beware contamination by Earth 
based organisms on or in the spacecraft).

In short, panspermia as a source of organic molecules 
(molecular panspermia) is a plausible theory, as a source 
of life forms…to be determined.

Dr. William Basztyk, C.Biol., FRSB, C.Chem., FRSC, FBIS
(via email)

An electrifying argument

Sir: For some time now, but sparked again as a result of 
your article “playing for time” in Vol 62 No 1 p 2, I have 
a tremendous doubt about the practical consequences of 
very long flight to deep space destinations.

NASA (and other agencies) are spending billions of 
dollars to get astronauts into space, to let them live up 
there, and soon (?) to go back to the Moon. Yet, when it 
comes to travelling to Mars, they always come up with 
the long duration of the voyage to get there and return 
back to Earth. It has to do with celestial mechanics, I 
know. But there are ways (at least in theory) to shorten 
the trip. Various techniques are being studied, like the 
VASIMR-engine by ex-astronaut Franklin Chang-Díaz. 
Of course, they are still in a preliminary state.

How much would it cost to invest more massively in 
those techniques, so that they could become available in, 
let’s say about 10 years; the time we can start thinking 
about sending people to Mars? Reducing the amount 
of time spent in interplanetary space has enormous 
advantages: reduced radiation hazards; weightlessness/ 
weakened bones and muscles, and the reduced weight of 
supplies which need to be taken along.

Having said all this, here is my question: wouldn’t 
it be more cost-effective and risk-reducing to spend 
money on research of faster ways of interplanetary travel 
now, to be ready to use it when we need to go? How 
much money are we talking about? Could you give some 
preliminary estimate? Thank you for trying to answer 
this burning question!
René de Rooij, member nº 9235
(via email)

(The Variable Specific Impulse Magnetoplasma Rocket 
(VASIMIR) concept is not new and has been investigated 
by several potential developers. Theoretically, it showed 
useful application in providing a higher specific impulse 
than chemical rockets with a higher thrust than more 
conventional electrical propulsion. Unfortunately it has 
never been shown to deliver projected performance with 
the technology applied and although research has been 
underway for the last 40 years it shows little promise of 
being a practical solution to the challenge of deep space 
exploration. While in the long term, electric propulsion 
could be a key factor in reducing deep-space transit 
times, it appears that for some time to come the admitted 
challenge of physiological constraints appear quicker and 
cheaper to solve. Ed)

Iron-clad case

Sir: It has been fifty years since humans went to the 
Moon and one of the great rewards with our going 
there is the knowledge that the inhalation of iron 
particulate matter can be deadly; this is exemplified by 
James Irwin who returned to Earth with extraordinary 
stress test blood pressure of 275/ 125. Having 
supervised over 5.000 hospital based, symptom limited 
maximum treadmill stress tests, I have never seen 
blood pressures reaching this level. The surface of 
the Moon is covered with very fine iron particulate 
matter; it was carried and inhaled during the three day 
journey back to Earth on the space suits.

In the past 20 years, I have been involved in 
research regarding the vulnerability of the blood 
vessels from microgravity, injuries specifically to the 
lining of the blood vessels, the endothelium, and how 
with the necessity of  exercise with space travel, life 
threatening  heart rhythm disturbances can occur.

Now, we have brought to Earth perhaps, one of the 
most dangerous aspects of our going to the Moon, 
with the use of iron brakes. We need legislation to stop 
the manufacture of iron brakes.

Over 90% of brakes are made of iron because 
iron is strong and cheap. But with inhalation of iron 
particulate matter, we are duplicating the severe 
hazards of man’s venture to the Moon, 50 years ago, 
with the inhalation of lunar iron particulate matter, 
conducive to injuries to the heart and the entire 
cardiovascular system. With the world population at 
7.6 billion, this means that hundreds of millions of 
people are in jeopardy.

On my website (www.femsinspace.com) read my 
most recent editorial: W. J. Rowe, “The Iron Brake 
Dust Age and The Female Advantage”, Journal of 
Hypertension and Management 4, issue 2, 2018.

Dr. William J. Rowe
(via email)
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MULTI-MEDIA
The latest books, films, TV, models and 
games for space enthusiasts of all ages

SPACE MODELS

T
he film 2001:A Space Odyssey, besides being 
the best science fiction movie of all time 
(including those not yet made!), owed its 
success to two giants of their respective 
professions: Director/producer Stanley 

Kubrick as producer, and co-writer Arthur C. Clarke.
Much has been written about the movie – check 

out the writings of Piers Bizony who likely knows far 
more about the film than anyone else alive. But here 
we focus on the spacecraft, specifically the deep-
space ship Discovery. Of all the (admittedly 
small) number of spacecraft featured in the 
movie, this was the least likely to appear as 
a kit. The ship has a length-to-width ratio 
of over 10 to 1 with a lengthy spine that 
would have presented no problems in the 
free-fall conditions of deep space, but in 
Earth gravity resists all attempts to keep it 
straight. Moebius Models solves the problem 
by judicious use of metal tubes that slot together 
and slide down the spine of the craft, creating a 
model that is over a metre long. 

With nearly 500 parts, the kit presents a daunting 
prospect – in fact it is a wonder it all fits in the box! 
Still, things become clearer when the parts are laid 
out. The kit was designed for Moebius by Adam 
Johnson who has compiled two books on the designs 
from the movie. Assembly follow a logical sequence, 
starting with fore and aft sub-assemblies, followed by 
the containers, the spine and the antenna assembly. 

Discovering Discovery
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Practically speaking there are two main 
sections – the spine components and everything else.

Construction apart, you also need to decide how 
you are going to paint the kit (assuming you do). It is 
moulded in light grey styrene, almost white, so you 
could leave it as it is – but painting will certainly add 
to the overall look. There are a lot of details in the 
plans on how to go about this procedure. The main 
colour is matt white – but there is more to it than 
that. Unlike many – in fact, virtually all – spaceships 
featured in science fiction films and TV programmes, 
the Discovery movie model had no weathering. Stanley 
Kubrick obviously took the line: “It’s a deep space craft 
so what is there to get it dirty?” (a view I subscribe 
to myself). There may be the odd micro-meteorite 
hit and harsh radiation from the Sun to bleach all the 
colour out of, well, the colours, but since the ship  is 
“white” in the first place, this isn’t really an issue. 

Even so, it isn’t quite so straightforward as it 
seems. Yes, you could spray everything matt white 
and leave it at that, but it won’t look quite right. Much 
of the overall effect got from the movie is not due to 
weathering, but lighting. In deep interplanetary space 
there is only one light source and it’s called the Sun. 
Yes there could be some reflection from planetary 
bodies, but the Discovery spent the vast majority of 
her time in deep interplanetary space on the way to 
Jupiter. Kubrick lit the model, (which was 18.3 metres 
long for the original movie), with a concentrated single 
light source, using a very small lens aperture (f/64) and 
very long exposures to give an almost infinite depth 
of field and keep everything in focus. As a result, the 
pin-pointed lighting creates shadows, which, as this is 
deep-space, appear black – very, very, black. 
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G A M E R ' S  C O R N E R  w i t h  H e n r y  P h i l p

Baby Sea Dragon in KSP!
One of the crazier rocket 
designs of the 1960s was 
the Sea Dragon. Designed 
as a successor to the 
Saturn V, it would have 
had an all-up weight of 
18,000 tonnes and been 
able to put 550 tonnes of 
payload in low Earth orbit, with the option of 
recovering the first stage using what amounted 
to a gigantic parachute. The vehicle would have 
been 175 m long, with a diameter of 23 m, 
dwarfing any rocket designed before or since. 
Because of its enormous size, it was designed to 
be built in a shipyard and towed out to sea for an 
ocean launch. 

For this month’s SpaceFlight, I decided to build 
my own, admittedly lacking, replica in KSP. While 
it mostly looks the part, and functions properly, 
KSP just does not contain parts nearly big 
enough to make a full-scale Sea Dragon, which 
means I had to settle for an approximately 1/6th 
scale replica. I was, however, able to construct 
the ballast tank mounted underneath the first 
stage’s massive engine that would have been 
filled with water to rotate the rocket from floating 
horizontally to floating vertically. 

Sea Dragon would have made a large crewed 
lunar base a possibility, along with other exploits 
such as journeys to Mars and the outer planets. 
Sadly, this rocket is one of the many “would 
haves” and “what ifs” in space exploration, as it 
was cancelled along with Apollo Applications 
not long after the Space Race ended with Apollo 
11’s landing on the Moon. While new super-
heavy launch vehicles are now being developed, 
I doubt we will ever see a rocket on the scale of 
Sea Dragon again. But we never know...

ABOVE
The completed kit compared 

with another of Moebius’s 
2001 spacecraft, the Orion, 

both to 1:144 scale and (top) 
fitting the main engines 

into place. The two outer 
engines have pins – visible 

on the right here. The centre 
one uses the metal support 

tube that passes right 
through the main assembly.

The plans suggest painting the whole model primer 
grey, then over-spraying with matt white. However, 
after some experimentation, I actually went one stage 
further and painted everything matt black first, then 
over-sprayed with Humbrol matt white, which leaves a 
darkened effect in the crevices. 

There are a couple of breaks to the overall matt 
white, including a few light grey panels on the main 
sphere, and the matt black area around the cabin 
window. Otherwise it is all matt white.

Ideally, the internal support tubes need to be 
cemented in place with superglue or resin, but this will 
leave you with a model over a metre in length, plus the 
problem of finding somewhere to put it. If you think 
you will be moving or storing it at some point, a better 
strategy is to not glue the tubes into place, but leave 
them loose and split the model into shorter lengths.  

The kit is ideal for “super-detailing” and after-
market kits are available for lighting or to add the 
three Pods not included in this one. See www.
culttvmanshop.com or www.timelesshobbies.com. 

Moebius followed up the Discovery with a large 1:8 
scale kit of the Pod. It will also be releasing the Aries 1 
Moon Lander – and since it already makes the Orion 
and the Moonbus, this will complete the five main 
spacecraft seen in the movie. And that’s not the end of 
the story. If a 1:144 scale, 1 m-long model is not large 
enough, Kaiyodo, a Japanese company, has up-scaled 
the Moebius kit to 1:96 scale – that is, 1.6 metres long! 
Thanks to Frank Winspur, CEO of Moebius, and 
Adam Johnson for extra info. SF            Mat Irvine FBIS

FAR LEFT
The 2001 display set up 
for the specialist space 

and science-fiction show 
smallspace which the 

author co-organises each 
July. He is leaning on the 

case of the Smiths Corona 
electric typewriter on which 

the screenplay for 2001 
was written. The Moebius 

Discovery is in  
the centre.

A visual of Sea Dragon (top) and the KSP version (above).
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Spacecraft International Date Launch Launch vehicle Mass Orbital Inclin.  Period Perigee Apogee Notes 
 designation   site    (kg) epoch (deg) (min) (km) (km) 

OneWeb 0013 2020-008A Feb 6.90 Baykonur Soyuz-2.1b-Fregat-M 148 Feb 14.67 87.40 93.54 439 460 [1]

OneWeb 0017  2020-008B     148 Feb 14.67 87.40 93.81 449 476 [1]

OneWeb 0020 2020-008C     148 Feb 14.67 87.40 93.61 440 466 [1]

OneWeb 0021 2020-008D     148 Feb 14.67 87.40 93.55 439 461 [1]

OneWeb 0022 2020-008E     148 Feb 14.67 87.40 93.69 446 468 [1]

OneWeb 0023 2020-008F     148 Feb 14.67 87.40 93.77 448 472 [1]

OneWeb 0024 2020-008G     148 Feb 14.67 87.40 93.70 447 468 [1]

OneWeb 0025 2020-008H     148 Feb 14.67 87.40 93.83 450 476 [1]

OneWeb 0026 2020-008J     148 Feb 14.67 87.40 93.60 440 466 [1]

OneWeb 0028 2020-008K     148 Feb 14.33 87.40 93.60 439 465 [1]

OneWeb 0032 2020-008L     148 Feb 14.67 87.40 93.66 443 468 [1]

OneWeb 0033 2020-008M     148 Feb 14.67 87.40 93.86 453 476 [1]

OneWeb 0035 2020-008N     148 Feb 14.67 87.40 93.80 449 475 [1]

OneWeb 0036 2020-008P     148 Feb 14.67 87.40 93.66 443 468 [1]

OneWeb 0038 2020-008Q     148 Feb 14.67 87.40 93.77 448 473 [1]

OneWeb 0039 2020-008R     148 Feb 14.67 87.40 93.72 448 468 [1]

OneWeb 0040 2020-008S     148 Feb 14.86 87.40 93.85 452 476 [1]

OneWeb 0041 2020-008T     148 Feb 14.67 87.40 93.71 448 468 [1]

OneWeb 0043 2020-008U     148 Feb 14.79 87.40 93.88 455 476 [1]

OneWeb 0044 2020-008V     148 Feb 14.67 87.40 93.71 447 468 [1]

OneWeb 0045 2020-008W     148 Feb 14.79 87.40 93.87 454 476 [1]

OneWeb 0047 2020-008X     148 Feb 14.67 87.40 93.73 448 469 [1]

OneWeb 0048 2020-008Y     148 Feb 14.67 87.41 93.86 454 476 [1]

OneWeb 0049 2020-008Z     148 Feb 14.67 87.40 93.79 448 475 [1]

OneWeb 0051 2020-008AA     148 Feb 14.67 87.40 93.62 440 466 [1]

OneWeb 0052 2020-008AB     148 Feb 14.67 87.40 93.84 451 476 [1]

OneWeb 0053 2020-008AC     148 Feb 14.67 87.40 93.84 452 476 [1]

OneWeb 0054 2020-008AD     148 Feb 14.67 87.40 93.78 448 474 [1]

OneWeb 0056 2020-008AE     148 Feb 14.67 87.40 93.73 448 469 [1]

OneWeb 0057 2020-008AF     148 Feb 14.67 87.40 93.76 448 472 [1]

OneWeb 0058 2020-008AG     148 Feb 14.67 87.40 93.67 444 468 [1]

OneWeb 0059 2020-008AH     148 Feb 14.84 87.40 93.65 442 467 [1]

OneWeb 0062 2020-008AJ     148 Feb 14.67 87.40 93.74 449 470 [1]

OneWeb 0065 2020-008AK     148 Feb 14.75 87.40 93.81 449 476 [1]

Kougaku 7 2020-009A Feb 9.07 Tanegashima H-IIA 202 1,500? Feb 12.42 97.40 94.40 488 495 [2]

Zafar 1  Feb 9.66 Semnan Simorgh 90 Failed to reach orbit     [3]

Solar Orbiter 2020-010A Feb 10.17 ETR Atlas V 411 1,800 Heliocentric orbit     [4]

Robert H. Lawrence 2020-011A Feb 15.85 Wallops Antares 230+ 7,678 Feb 18.57 51.64 92.86 416 422 [5]
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1.  Set of 34 low-orbit communications satellites built by OneWeb 
Satellite and launched by Starsem/Arianespace for OneWeb, 
second batch launched and first with a full payload. Satellites have 
all begun to manoeuvre to operational 1,200 km orbit.

2.  IGS Optical 7 reconnaissance satellite built by Mitsubishi for the 
CSIC, apparently carrying a very high resolution optical scanner for 
Earth imaging. Launched into similar plane to Kougaku 5. Orbital 
data withheld, those given are from amateur trackers.

3.  Zafar means Victory. Experimental survey satellite built by the Iran 
University of Science and Technology for the Iranian Space Agency 
carried four cameras for Earth surface imaging and a transmitter 
to broadcast messages. Launch vehicle failed to deliver required 
velocity. Planned orbit was 530 km, 55° inclination.

4.  Solar Orbiter is a solar probe built by Airbus for ESA and NASA 
carrying a three-channel extreme ultraviolet CMOS imager (EUI) for 
outer layers of the Sun, a visual to extreme ultraviolet coronagraph 
(METIS) for coronal structure, two telescopes, each with a 
polarimetric CMOS imager (PHI) for surface magnetic fields and 
helioseismic activity, an extreme ultraviolet spectrograph (SPICE) 
for solar atmosphere dynamic structure, a visual CMOS imager 
(SolOHI, supplied by NASA) for surface structure and activity 
including coronal mass ejections, an X-ray telescope/spectrometer 
with solid-state imaging detector (STIX) for solar flares, three 
instruments (proton/α-particle detector, electron analyser and 
heavy ion detector, SWA) for electrons and ions in the solar wind, 
two fluxgate magnetometers (MAG) for magnetic fields, a radio 

telescope and plasma sensors (RPW) for magnetic and electric 
fields from radio and plasma waves and five solid-state telescopes 
(EPD) for electrons, protons, ions and neutral particles that are 
accelerated to high energies in the sun's atmosphere. Fifth mission 
in the Living With a Star programme.

5.  Cygnus freighter spacecraft named in honour of the late MOL 
astronaut, ISS Mission NG-13, built and launched by NGIS as part of 
NASA’s CRS2 programme for transport to ISS, with 3,377 kg of cargo 
including new experiments, the ColKa communications antenna 
system for use with EDRS satellites, RED-EYE 2 and two Cubesats: 
TechEdSat 10 and DeMi. There may be other unannounced 
Cubesats. Spacecraft captured by the ISS arm February 18.38 and 
docked at the ISS/Unity nadir port February 18.47. RED-EYE 2 is a 
technology development satellite for DARPA with an inter-satellite 
communications system using a gimballed antenna and systems 
including attitude control, computers, software-defined radio and 
telescope for performance test. TechEdSat 10, the NASA ELaNa 30 
mission, is a technology development 6U Cubesat built by the San 
Jose State University and the University of Idaho with a parachute-
shaped 0.66 m diameter Exo-Brake deployable adjustable drag-
brake to hasten decay, an instrument to measure plasma during 
re-entry and a communications system using the Iridium satellites. 
DeMi (Deformable Mirror) is a technology development 6U Cubesat 
built by Aurora Flight Services and MIT using a Blue Canyon XB6 
bus for DARPA carrying a telescope with a MEMS deformable 
mirror and a CMOS camera, a laser and a wavefront sensor for 
performance test for astronomical use.

NOTES 

An Antares 230+ during erection prior to launch with Cygnus freighter Robert H. Lawrence. 
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Starlink 1138 2020-012A Feb 17.59 ETR Falcon 9FT 260 Feb 24.92 53.00 91.15 291 380 [6]

Starlink 1143 2020-012B     260 Feb 24.92 53.00 91.16 292 380 [6]

Starlink 1192 2020-012C     260 Feb 24.92 53.00 91.14 290 380 [6]

Starlink 1200 2020-012D     260 Feb 24.92 53.00 91.13 290 380 [6]

Starlink 1201 2020-012E     260 Feb 24.92 53.00 90.27 214 371 [6]

Starlink 1202 2020-012F     260 Feb 24.92 53.00 91.06 285 378 [6]

Starlink 1205 2020-012G     260 Feb 24.92 53.00 90.21 215 364 [6]

Starlink 1216 2020-012H     260 Feb 24.92 53.00 91.05 283 378 [6]

Starlink 1224 2020-012J     260 Feb 24.92 53.00 91.08 286 379 [6]

Starlink 1225 2020-012K     260 Feb 24.92 53.00 90.20 210 368 [6]

Starlink 1228 2020-012L     260 Feb 24.92 53.00 90.20 210 368 [6]

Starlink 1230 2020-012M     260 Feb 24.92 53.00 91.10 287 379 [6]

Starlink 1234 2020-012N     260 Feb 24.92 53.00 90.20 209 369 [6]

Starlink 1236 2020-012P     260 Feb 24.92 53.00 91.11 288 379 [6]

Starlink 1237 2020-012Q     260 Feb 24.92 53.00 91.06 284 378 [6]

Starlink 1239 2020-012R     260 Feb 24.92 53.00 91.04 282 378 [6]

Starlink 1240 2020-012S     260 Feb 24.92 53.00 91.04 283 378 [6]

Starlink 1241 2020-012T     260 Feb 24.92 53.00 91.03 281 378 [6]

Starlink 1244 2020-012U     260 Feb 25.25 53.00 90.20 209 368 [6]

Starlink 1269 2020-012V     260 Feb 25.25 53.00 90.24 218 363 [6]

Starlink 1154 2020-012W     260 Feb 24.92 53.00 90.26 216 368 [6]

Starlink 1197 2020-012X     260 Feb 24.92 53.00 90.26 216 368 [6]

Starlink 1198 2020-012Y     260 Feb 24.92 53.00 90.26 216 368 [6]

Starlink 1199 2020-012Z     260 Feb 24.92 53.00 90.23 214 367 [6]

Starlink 1203 2020-012AA     260 Feb 25.25 53.00 90.28 218 368 [6]

Starlink 1204 2020-012AB     260 Feb 24.92 53.00 90.25 214 369 [6]

Starlink 1206 2020-012AC     260 Feb 24.92 53.00 90.23 213 368 [6]

Starlink 1208 2020-012AD     260 Feb 24.92 53.00 90.26 216 367 [6]

Starlink 1209 2020-012AE     260 Feb 24.92 53.00 90.25 219 364 [6]

Starlink 1210 2020-012AF     260 Feb 24.92 53.00 90.24 214 368 [6]

Starlink 1211 2020-012AG     260 Feb 24.92 53.00 90.25 214 369 [6]

Starlink 1218 2020-012AH     260 Feb 24.92 53.00 90.24 214 368 [6]

Starlink 1219 2020-012AJ     260 Feb 24.92 53.00 90.24 214 368 [6]

Starlink 1220 2020-012AK     260 Feb 24.59 53.00 90.21 210 369 [6]

Starlink 1231 2020-012AL     260 Feb 24.92 53.00 90.25 214 368 [6]

Starlink 1232 2020-012AM     260 Feb 24.92 53.00 90.25 215 368 [6]

Starlink 1233 2020-012AN     260 Feb 24.92 53.00 90.24 212 370 [6]

Starlink 1245 2020-012AP     260 Feb 24.92 53.00 90.25 214 369 [6]

Starlink 1254 2020-012AQ     260 Feb 24.92 53.00 90.24 214 367 [6]

Starlink 1271 2020-012AR     260 Feb 24.92 53.00 90.25 215 368 [6]

Starlink 1105 2020-012AS     260 Feb 24.92 53.00 90.25 215 368 [6]

Starlink 1187 2020-012AT     260 Feb 24.92 53.00 90.25 215 368 [6]

Starlink 1188 2020-012AU     260 Feb 24.92 53.00 90.26 216 368 [6]

Starlink 1189 2020-012AV     260 Feb 24.92 53.00 90.27 216 368 [6]

Starlink 1191 2020-012AW     260 Feb 24.92 53.00 90.24 213 368 [6]

Starlink 1212 2020-012AX     260 Feb 24.92 53.00 90.23 213 367 [6]

Starlink 1214 2020-012AY     260 Feb 24.92 53.00 90.25 214 369 [6]

Starlink 1215 2020-012AZ     260 Feb 24.92 53.00 90.24 214 368 [6]

Starlink 1217 2020-012BA     260 Feb 24.92 53.00 90.25 215 368 [6]

Starlink 1221 2020-012BB     260 Feb 24.92 53.00 90.27 216 369 [6]

Spacecraft International Date Launch Launch vehicle Mass Orbital Inclin.  Period Perigee Apogee Notes 
 designation   site    (kg) epoch (deg) (min) (km) (km)   
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Starlink 1222 2020-012BC     260 Feb 24.92 53.01 90.24 213 368 [6]

Starlink 1226 2020-012BD     260 Feb 24.92 53.00 90.24 214 368 [6]

Starlink 1227 2020-012BE     260 Feb 24.92 53.00 90.25 214 369 [6]

Starlink 1229 2020-012BF     260 Feb 24.92 53.00 90.26 216 368 [6]

Starlink 1235 2020-012BG     260 Feb 25.25 53.00 90.26 216 368 [6]

Starlink 1238 2020-012BH     260 Feb 24.92 53.00 90.25 215 368 [6]

Starlink 1243 2020-012BJ     260 Feb 25.25 53.00 90.27 217 368 [6]

Starlink 1246 2020-012BK     260 Feb 24.92 53.00 90.99 278 377 [6]

Starlink 1247 2020-012BL     260 Feb 24.92 53.00 90.23 213 368 [6]

Starlink 1270 2020-012BM     260 Feb 24.92 53.00 90.26 216 368 [6]

JCSat 17 2020-013A Feb 18.93 CSG Ariane-5ECA+ 5,857 Mar 4.65 7.00 1,436.01 35,774 35,799 [7]

Chollian 2B 2020-013B     3,379 Mar 9.51 0.01 1,434.46 35,715 35,797 [8]

XJS C 2020-014A Feb 19.88 Xichang Chang Zheng 2D 300? Feb 20.27 35.01 94.05 476 483 [9]

XJS D 2020-014B     300? Feb 23.41 35.01 94.05 476 483 [9]

XJS E 2020-014C     300? Feb 24.39 35.01 94.05 476 483 [9]

XJS F 2020-014E     1000? Feb 24.32 35.01 94.05 476 483 [9]

Meridian 9 2020-015A Feb 20.35 Plesetsk Soyuz-2.1a-Fregat-M 2,000? Mar 6.66 62.84 717.60 1,017 39,344 [10]

Spacecraft International Date Launch Launch vehicle Mass Orbital Inclin.  Period Perigee Apogee Notes 
 designation   site    (kg) epoch (deg) (min) (km) (km)   
 

6.  Set of sixty communication satellites built by SpaceX, each 
carrying transponders for communications and an autonomous 
collision avoidance system. Fifth batch in planned Starlink 
broadband system. Starlink 1187 and 1228 were still near 
deployment orbit when initial orbital elements were released, but 
have since begun manoeuvring. Starlink 1220 apparently failed 
February 29. Nineteen satellites (Starlink 1138, 1143, 1192, 1200, 
1202, 1203, 1216, 1224, 1225, 1230, 1236, 1237, 1239 to 1241, 1243, 
1244, 1246 and 1269) are manoeuvring to a 550 km operational orbit, 
remainder are manoeuvring to a 350 km holding orbit to allow 
drift to other planes. First stage, that previously flown on JCSat 18 
launch, failed to land on the Of Course I Still Love You barge 629 km 
downrange due to unexpected wind conditions.

7.  JCSat, a telecommunications and direct broadcast satellite 
built using an LM 2100 bus by Lockheed-Martin and launched 
by Arianespace for SKY Perfect JSAT. Mass quoted above is at 
launch. Manoeuvred to inclined geosynchronous orbit centred 
over Pacific Ocean at 136°E, co-located with JCSat 6 and N-Star 
C, for communications, including to mobile users, and direct TV 

broadcast service to Japan and the Asia-Pacific region.

8.  Chollian, or GEO-KOMPSAT 2B, Earth survey satellite built by 
KARI as agents for KMA carrying a multispectral visible/infra-
red imaging radiometer (GOCI 2) to monitor ocean colour and a 
hyperspectral ultraviolet/visible imaging spectrometer (GEMS) 
for atmospheric composition including pollutants and aerosols. 
The satellite is in an eastward drift orbit and will be located over 
128.3°E.

9.  Xin Jishu Shiyan Weixing (New Technology Test Satellite) are 
a set of technology development satellites built by SAST (XJS 
C and D), HIT (E) and DFH (F) with equipment for inter-satellite 
communication and Earth observation. XJS F appears to be similar 
to XJS A and B, while the other three are smaller. It is not clear 
which payload corresponds to which object.

10.  Meridian-M (19L) is a communications satellite built by ISS 
Reshetnev for dual military/civil coverage of Russian high-latitude 
regions including the Arctic, second of a new batch, launched into 
similar orbital plane to Meridian 6. 

NOTES

1997-012A  DMSP 5D2-14 (USA 131) was decommissioned 
February 20.

1999-006A  JCSat 6 was relocated at 136°E, co-located with 
N-Star C, February 13.

2001-009A  Milstar 4 (USA 157) was relocated at 137.6°E February 
15.

2002-044A  Hispasat 30W-4 was relocated at 143°W February 20 
and renamed Hispasat 143W-1.

2004-008A  Eutelsat 7A was manoeuvred off station at 7°E 
February 5 and is drifting to the east.

2005-015A Spaceway 1 was decommissioned February 14.
2006-018A  GOES 13 was relocated at 61.5°E February 17 to be 

operated on behalf of the USAF as DOD 1.

2006-020B  Thaicom 5 service interrupted January 17 by an 
unspecified anomaly and satellite moved off station 
at 78.5°E February 24 and into a westward drift 
retirement orbit.

2007-007A  Insat 4B was manoeuvred off station at 83°E February 
14 and was relocated at 85.5°E February 18.

2012-039A Kanopus-V1 was decommissioned February 15.
2014-058A  Luch (Olimp-K) was manoeuvred off station at 70.6°E 

February 10 and is drifting to the west.
2015-007A  DSCOVR attitude control problem resolved with 

software modification and camera returned to 
operation February 12.

2016-055A  OSIRIS-REx descended to 620 m to observe reserve 

ADDITIONS AND UPDATES
DESIGNATION COMMENTS DESIGNATION COMMENTS



SATELLITE DIGEST

42 Vol 62 May 2020 SpaceFlight

INTERNATIONAL SPACE STATION ACTIVITY 

There were no orbital manoeuvres of ISS during February.

End-of-February orbital data: 
  Feb 29.80 51.64° 92.85 min 415 km 423 km

RECENTLY DETAILED ORBITAL DECAYS
International Object name Decay
Designation

2019-022J Aerocube 10 probe 1 Feb 12
2019-029M Starlink 46 Feb 20
2019-036H TEPCE Feb 1

touchdown site February 11, but a laser altimeter 
failed.

2016-058B-E  SkySats 4, 5, 6 and 7 have begun lowering their orbits 
for better image resolution.

2018-099AR,AW  SkySats 14 and 15 have begun lowering their orbits 
for better image resolution.

2019-003A  RAPIS 1 has been carrying out small orbit-raising 
manoeuvres. Add orbit:

 Feb 2.58 97.25° 95.47 min 540 km 546 km
2019-022D  Aerocube 10A deployed a second drag probe, also 

named Gangestad after a team member, about 
February 12. Add object and orbit:

 Aerocube 10A probe 2  2019-022L
 Feb 13.01 51.64° 94.02 min 469 km 483 km
2019-027A  Beidou DW45 (G8) was manoeuvred off station at 

80°E February 28 and is drifting rapidly to the east.
2019-029  Starlink 22, 41 and 75 halted descent at 450 km for 

a few days early February before continuing down 
February 12. Starlink 34 and 62 also halted descent 
at 450 km February 18 and Starlink 58 February 25. 
Starlink 28, 33, 55 and 66 moved down to 405 km about 
February 1 to 18. Starlink 29 began manoeuvring 
down again February 3. Starlink 42 moved down to 
400 km about February 4 to 25. Starlink 64 halted at 
455 km February 25.

2019-041A  Soyuz MS-13 crewed by Skvortsov, Parmitano and 
Koch undocked from the ISS/Poisk port February 6.24 
and landed near Zhezkazgan in Kazakhstan February 
6.38.

2019-067A  Eutelsat 5 West B EGNOS navigation payload was 
declared operational February 14.

2019-067B  MEV 1 has manoeuvred to rendezvous with Intelsat 
901 and docked February 25.30. Add orbit:

 Feb 25.56 1.64° 1,451.51 min 36,081 km 36,098 km
2019-071A  The Lynk payload remains attached to the Cygnus, 

leaving one of the Cubesats deployed February 1 
unidentified. Five Cubesats were deployed from ISS via 
the Kibo airlock February 19. Add objects and orbits:

 HARP  1998-067QZ
 Feb 21.65 51.64° 92.82 min 412 km 423 km
 SOCRATES  1998-067RC
 Feb 23.65 51.64° 92.82 min 412 km 422 km
 Phoenix  1998-067RD
 Feb 23.58 51.64° 92.81 min 411 km 422 km
 RadSat-u  1998-067RF
 Feb 23.65 51.64° 92.81 min 412 km 422 km
 MVP-Argus  1998-067RG
 Feb 21.84 51.64° 92.82 min 412 km 422 km
2019-074  Second Starlink batch reached operational 550 km 

orbit early February. Starlink 1047 briefly stopped 

manoeuvring, but resumed and reached 555 km 
about February 12, while Starlink 1027 and 1035 
manoeuvred to 570 km by February 15, presumably 
to drift back to correct plane. Starlink 1031 resumed 
moving more slowly up about February 12, reaching 
555 km February 29. Third batch (Starlink 1008-1010, 
1012, 1013, 1015-1017, 1019, 1021, 1023, 1025, 1026, 
1028, 1048, 1049 and 1051) began moving up February 
13, though Starlink 1010 halted ascent February 24 
and resumed March 2.

2019-083A  Four Cubesats were deployed from ISS via the Kibo 
airlock February 19. Add objects and orbits:

 AzTechSat 1  1998-067RA
 Feb 22.42 51.64° 92.81 min 412 km 423 km
 CryoCube 1  1998-067RB
 Feb 21.78 51.65° 92.82 min 413 km 421 km
 QARMAN  1998-067RE
 Feb 19.47 51.64° 92.80 min 411 km 422 km
 SORTIE  1998-067RH
 Feb 21.78 51.64° 92.82 min 413 km 423 km
2019-095A  Elektro-L 3 was located at 165.8°E February 3. Add 

orbit:
 Feb 3.74 0.48° 1,436.02 min 35,770 km 35,803 km
2019-096A-D  It is not clear which objects are the Gonets and 

which is the non-manoeuvring BLITS-M. All four 
satellites have manoeuvred with three already at the 
Gonets operational orbit. However, 096B and D are 
very close together rather than spaced as expected 
and may be the same object. 

2020-001  Starlink 1124 reached 350 km holding orbit February 
3. Starlink 1118 began manoeuvring down February 
5. First batch reached operational 550 km orbit from 
February 20, with some stragglers (Starlink 1084, 1113, 
1114, 1119 and 1130) going to 555 km, presumably 
because they had overshot correct plane. Second 
batch (Starlink 1071, 1072, 1078, 1079, 1082, 1083, 1091, 
1094, 1096, 1108-1110, 1116, 1117, 1122, 1124-1126) 
began moving up February 27.

2020-005A  GSAT 30 was manoeuvred off station at 81°E about 
February 1 and was relocated at 83°E, co-located 
with Insat 4B, GSAT 6, 10 and 12, by February 10.

2020-006  Starlink 1170 initially failed to manoeuvre, but began 
orbit raising February 23. Starlink 1149 halted at 339 
km February 22. 39 satellites reached 350 km holding 
orbit from February 13 to March 5 to drift to new 
planes. Remainder (Starlink 1120, 1129, 1131, 1134, 
1135, 1140, 1141, 1148, 1155-1159, 1162, 1165, 1166, 
1169, 1171, 1178 and 1190) are manoeuvring directly to 
operational 550 km orbit.

2020-007A  USA 294 has been detected by amateur trackers. Add 
orbit:

 Mar 7.78 69.99° 96.36 min 578 km 596 km

ADDITIONS AND UPDATES
DESIGNATION COMMENTS DESIGNATION COMMENTS
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ON 25 FEBRUARY Kelvin F. Long presented a talk 
titled “The Philosophy of Starship Physics: The 
Exploration of Interstellar and Intergalactic Space”. 
He began his talk with a title slide of the slower-
than-light sleeper ship Avalon from the film 
Passengers. He told us that this movie starship, 
capable of half lightspeed, was designed after a 
sycamore seed. He then went on to tell us of other 
types of conceptual starship, such as those using 
the (still-theoretical!) warp drive, and of more 
near-term ideas such as the BIS’s own Daedalus, 
and its successors from the Icarus project.

Kelvin made the point that a starship is not just a 
technological issue, but a social one as well, and 
told us of the Interstellar Research Centre, 
headquartered in Gloucestershire, of which he is 
Research Director, and of his book, The Stars in 
Our Times, one of a number of his works on 
interstellar travel.

Kelvin said that Voyager was currently the nearest 

thing to a starship, from its distance out into 
interstellar space, but the International Space 
Station is the nearest yet to a crew-carrying starship, 
although one could not simply attach engines to the 
ISS and go off into interstellar space! He then 
classified works on starflight into “eras”, beginning 
with the “Foundation Age”, 1950-73, with the early 
speculations of Sanger, and the “Orion Drive” of 
Dyson, which eventually led to the BIS’s own 
Daedalus, and BIS Fellow Les Shepherd’s paper 
“Interstellar Flight”, published in the Journal of the 
British Interplanetary Society in 1952. 

The Daedalus study, between 1973 and 1978, 
asked the important question: “When will starships 
be affordable?” Other starship concepts of this era 
included the Bussard “ramscoop” and the Enzmann 
starship. Carl Sagan pointed out that relativistic time 
dilation made it possible to visit the centre of the 
galaxy in twenty years or so of shipboard time.

The next period was the “Golden Age” from 1973 

Ex-JBIS editor and driving force behind research 
into interstellar travel Kelvin F. Long goes boldly

STARSHIP TROUPER
Kelvin F. Long provided a packed house at BIS HQ  with an energetic and inspiring account of a starship vision.
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to 1991, in which such concepts as huge worldships 
(with on-board oceans!) were mooted, as well as  
laser-pushed photon sailships. Most audacious of all 
was the Quantum Ramjet, deriving its power from 
the vacuum energy of empty space!

1991 to 2019 marked the “Consolidation Age”, with 
such proposals as the TAU (Thousand Astronomical 
Unit) interstellar precursor mission and the 
Alcubierre warp drive, as well as the Casimir Ring, 
which breaks the known laws of physics!

1996 to 1997 saw the NASA Breakthrough 
Propulsion Physics project. Daedalus was revisited, 
and Project Icarus, its successor, conceived, with a 
flight time of 100 years for a mission to take up orbit 
about Alpha Centauri, rather than a 50 year flyby of 
Barnard’s Star. Many starship concepts have 
blossomed, including Pegasus, which will be 
published by the end of 2020, the Black Hole Drive, 
presaged in Sir Arthur C Clarke’s Imperial Earth, and 
in the motion picture Event Horizon, and a roadmap 
for progress to interstellar flight has been drawn up.

Kelvin gave us a vision of what starflight could be 
in the centuries ahead. His talk will be available on 
the members’ portal on the BIS website (www.
bis-space.com). SF         Griffith Ingram

IT IS PERHAPS a serendipitous 
occurrence, but if the young Heather 
Couper had not seen a “green 
meteor” in the back garden of her 
parent’s house in Ruislip, she may 
not have been prompted to take an 
interest in astronomy. So a few years 
later she might not have written to a 
certain Patrick Moore asking, “Can 
I make a living as an astronomer?” 
adding, “PS I’m a girl”. Patrick 
replied in the affirmative, adding 
that “she would need maths”, which 
didn’t go down too well. 

So it was that Heather kept the 
small telescopes her parents had 
bought her but ended up as trainee 
at Top Shop. But at the age of 19, 
realising she did not want to be 
“in retail in her 30s”, she decided 
to return to astronomy and took a 
low-paid job analysing data at the 
Cambridge Observatory. While there 
she also studied for, and eventually 
got, her maths A level.    

After studying astrophysics at 
Leicester University, then Linacre 
College, Oxford, she joined the 
Greenwich Observatory as Director 
of the Planetarium – which is where 
we first met. I was working on “The 
Comet is Coming” about the return of 
Halley’s Comet in 1986. It was part-
filmed at the Observatory, though for 
some reason, five years early in 1981. 

Heather had met her lifetime 
business and writing partner, 
Nigel Henbest while at Leicester, 
and they lived in a tiny two-up/
two-down cottage in Greenwich, 
down the hill from the Observatory. 
This is where the first of the annual 
“Summer Solstice” parties were 
held (on the nearest Sunday to 
21 June). Here, groups of friends 
would join “Hencoup” (as the 
partnership was both officially and 
unofficially known) and catch up on 
the news of the past year. The venue 
changed when the pair moved to 
a much larger house near Princes 
Risborough. Here, even more people 
could spread themselves around the 
much larger garden, talk of anything 
and everything, and splash around in 
the swimming pool!

Heather’s main aim in life – aside 
from living it to the full – was to 
popularise astronomy. Mostly with 
Nigel, she wrote over 40 books on 

all topics of space and astronomy, 
including; Exploring Space, The 
Restless Universe and the annual 
Philip’s Stargazing. Although she 
had dropped out of her doctorate 
at Oxford, she was awarded an 
honorary one from Loughborough 
in 1991. She was also appointed 
a CBE in 2007 for her work for the 
Millennium Commission.

Heather was the first woman to 
become President of the British 
Astronomical Association and later 
was appointed to the Gresham Chair 
of Astronomy. She regularly appeared 
on TV and radio, including The Sky at 
Night and Blue Peter, her own series 
Heavens Above for Yorkshire TV, and 
as presenter of The Planets and The 
Stars for Channel 4. With Nigel she 
also appeared on Celebrity Pointless 
and University Challenge. She and I 
even did a joint appearance on Open 
Air in May 1989.  

We are all going to miss the 
vivacious and bubbly personality that 
was Heather Couper. But look up at 
the night’s sky and she will be there 
– in the shape of an asteroid named 
for her, 3922 Heather. SF      Mat Irvine

Dr Heather Couper, CBE
FInstP, FRAS (1949-2020) 

Heather with writing partner Nigel Henbest.
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IT WAS A MILD SPRING AFTERNOON in 
Droitwich on 14 March for the last BIS West 
Midlands event until the autumn. Twenty people 
attended for an afternoon of entertaining and 
inspiring talks.

Before the official talks began, we were pleased 
to have Paul Williams, director of Black Arrow 
Technologies, share a brief video of his company and 
explain his aim to create a UK based launcher, sent 
aloft from a ship in the Irish Sea. You can learn more 
and see the video on blackarrow-space.uk.

Next up, Ian Cash, chief engineer of International 
Electric (internationalelectric.com) began his talk on 
Cassiopeia, also starting with a video. Cassiopeia is 
an ingenious helical design for a solar collector 
satellite to beam energy to Earth, 24 hours a day. It 
is a solid state design with no moving parts and can 
direct the beam based on a pilot signal from its 
target solar array on the ground.

Watching the video felt like we were witnessing 
an Arthur Clark novel come to life as the simulated 
satellite unfolded to create the helical structure 
which provides more efficiency than any other 
current solar collector design.

He then reviewed the existing state of the art of 
energy storage techniques from hydro-electric to 
Tesla storage farms and extrapolated to compare the 
ground area requirements to replace a single Didcot 

sized power station. He convinced us that the 
chemical synthesis of ammonia would be the most 
land-economic method, and perhaps the only 
practical method, offering 40% efficiency.

Coupling Cassiopeia with solar farms and 
ammonia storage, we witnessed a deeply thought 
out solution to the UKs energy needs. Incidentally, 
the UK Space Agency is conducting a study on this 
later in the year following an introduction made by 
Reaction Engines.

During questions at the end of his talk, Ian 
discussed smaller scale applications for the 
Cassiopeia design, firstly on blimps to increase solar 
farm efficiency, and then wider on supplying energy 
remotely and directly to the internet of things 
including mobile phones from within shopping 
centres.

Our final talk of the day was from Dr. Rochelle 
Velho, Flight Surgeon to the Austrian Space Forum. 
Following on from Rochelle’s demonstration of 
space medicine at our last Space Day event in 
Worcester, Rochelle described her participation in 
the AMADEE15 (arctic) and AMADEE18 (desert) 
Mars analogue environment programmes.

In each case, the response time for (minor) 
medical requirements was delayed by 20 minutes in 
each direction to simulate Earth-Mars 
communications delay, although major incidents had 

Droitwich to Mars (almost)
West Midlands BIS hear about the challenges 
of staying fit in a frozen Mars analogue

The BIS group who attended the West Midlands event to learn about future space-based energy systems and Mars analogue tests.
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an immediate response.
As flight surgeon, Rochelle was involved in 

astronaut selection, preparatory weekends that 
were used to practice using the suits, practice 
experiments such as horticulture, and the monitoring 
of the biological, physiological, and sociological 
impacts on the Mars analogue mission itself. During 
the mission the “astronauts” performed a series of 
activities including drilling and horticulture, in an 
isolated environment with time delayed 
communications to simulate distance.

Medical telemetry was not real-time but 
quantized in the same way as intensive care data is 
collected here on Earth. Telemetry included in-suit 
carbon dioxide level, temperature and fan speed, 
while a video showed the astronaut’s face and their 
field of view.

These experiments found a number of issues to 
address before astronauts can venture to Mars. 
Dust from the suits when inhaled by the crew after 
un-suiting can be harmful. The heat stress can be 
significant, with one astronaut fainting within his 
suit. Heat stress is not obvious to an astronaut, and 
can lead to early onset of a heart attack. Rochelle 
took the telemetry data and using a novel approach 
used it to create a chart of heat stress to look for 
predictive trends to advise the astronauts within the 
constraints of the time delay.

Additionally, the mission identified that there was 
weight on astronaut shoulders causing nerve 
compression, and even swelling of the hands.

When reviewing the missions, it could be seen 
that the impact of major incidents is much greater 

when the astronauts are isolated. For example in 
simulating rover incidents, quad-bike accidents and 
the resulting potential musculoskeletal injuries as 
observed during the analogue mission would be 
difficult to manage on Mars.

Rochelle concluded the talk with lessons learned. 
She described how In Situ Resource Utilisation 
(ISRU) needs to be expanded to include medical 
aspects, for example sterile glucose for drips, high 
intensity oxygen, and intravenous magnesium. 
Mission planning and governance also needs to 
have medical doctors involved from the outset, and 
not least the astronaut teams will need medical 
officers. Rochelle has a paper on the above topic to 
be published soon in JBIS. SF           Bob Stanton

“Landing” day for the Mars simulation team on AMADEE-15 (above) and a group of junior researchers (below)

A video 
showed the 
astronaut’s 

face and their 
field of view
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APOLLO 13: SURVIVAL IN SPACE
POSTPONED

VENUE: BIS, 27/29 South Lambeth Road, London SW8 1SZ
After the first manned landing on the Moon, followed by 
a pinpoint landing within walking distance of Surveyor 3, 
the ill-fated Apollo 13 was intended to up the scientific 
return. Continuing his popular series on the Apollo 
missions, Jerry Stone picks up the story…

MANUALS THAT SAVED APOLLO 13 
POSTPONED

VENUE: BIS, 27/29 South Lambeth Road, London SW8 1SZ
Dr Michael Warner, British owner of a declared private 
collection of Apollo artefacts, will present the story of 
two mission manuals that helped rescue the crew of 
Apollo 13. The manuals will be on display throughout, and 
the talk illustrated with audio recordings of Charlie Duke 
(CapCom) reading up their procedures to Jim Lovell. 

ENGINEERING THE SCORPION BY MARK HEMPSELL 
POSTPONED

VENUE: BIS, 27/29 South Lambeth Road, London SW8 1SZ
Scorpion is the result of a study by Mark Hempsell into a 
large general-purpose spacecraft that can deliver crew 
and payload to high Earth orbits, the Moon and every-
where between Venus and Mars. The performance to 
achieve this comes from a nuclear engine, the Serpent. 
Call for papers

40TH SINO-RUSSIAN TECHNICAL FORUM
POSTPONED

VENUE: BIS, 27/29 South Lambeth Road, London SW8 1SZ 
In its 40th remarkable year and coordinated once again 
by Dave Shayler, a preliminary programme is online and 
further details will be posted as they develop.

ANNUAL GENERAL MEETING 
1 August 1.00 pm
VENUE: Aerospace Bristol, Hayes Way, Patchway, Bristol BS34 
5BZ 
The meeting will be followed by the Society’s Summer 
Get-Together, for which tickets can be purchased from 
the BIS website.

BIS LECTURES & MEETINGS MEMBERSHIP NEWS

THE DEATH AT AGE 88 has been announced of American astronaut 
Alfred M. Worden, who flew as Command Module Pilot on the Apollo 
15 lunar mission. An Honorary Fellow of the British Interplanetary 
Society, he was a true friend of our Society. 

His 12-day flight in 1971 was the first of NASA’s extended landing 
missions employing a wheeled two-seater roving vehicle for wide-
ranging surface exploration. While his colleagues Dave Scott and Jim 
Irwin landed at the Hadley-Apennine site in the Moon’s northern 
hemisphere, Worden orbited the Moon 74 times in the spacecraft 
Endeavour. He ran an extensive programme of scientific observations 
with mapping and panoramic cameras, gamma-ray and X-ray 
spectrometers and a laser altimeter.

When the lunar lander Falcon returned from the surface, Worden 
achieved a smooth docking to enable his crewmates and their priceless 
haul of Moon rocks to re-join him in the Command Module. They then 
continued Worden’s experiments in lunar orbit for a further two days 
and released a small scientific sub-satellite to study the lunar 
environment – its plasma, particle, and magnetic fields plus the lunar 
gravity field.  

The day after leaving the Moon, Worden made the first-ever 
spacewalk in deep space, almost 300,000 km from Earth. He floated 
out of the hatch and crawled down the hull of the Service Module to 
retrieve the data canisters from his scientific instruments. 

It was Worden’s only space flight, as he and his crewmates were 
made something of a scapegoat by NASA over some souvenirs they 
carried. His three days of solo travel in lunar orbit made a deep 
impression on Worden, stimulating a book of poetry entitled, Hello 
Earth. He followed that in 2011 with his memoir, “Falling to Earth”. 
Always known as Al, he was one of the friendliest and most 
approachable of the astronauts and made many public appearances in 
the UK and Europe in his later years.

Al Worden will be the subject of a full obituary in next month’s edition 
of SpaceFlight. SF                         Kenneth MacTaggart

48 Vol 62 May 2020 SpaceFlight

A jolly good Fellow
farewell Al Worden (1932-2020)

NEW MEMBERS
A total of 22 new members last month: 18 from the 

UK, 2 from Italy, 1 from the USA and 1 from Australia. 

N O T I C E  T O  M E M B E R S 

In response to the current difficult situation, the 
Society is postponing all group activities until 
further notice. New dates will be arranged as soon 
as possible. BIS publications will continued to 
be produced as normal, and will be printed and 
distributed as circumstances permit. In the event 
of further government restrictions they will still be 
available to download in PDF format. 
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https://www.bis-space.com/2020/03/18/24193/relaunch-of-space-chronicle
https://www.bis-space.com/eshop/products-page/publications/space-chronicle/





