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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

We are particularly pleased this 
month to have two features which 
cover the spectrum of 
astronautical activities. Nick Spall 
gives us his critical assessment of 
both winged and blunt-body 
re-entry vehicles for human space 
flight and Alan Stern reports on his 
research at the very edge of the 
connected solar system – the 
Kuiper Belt. 

We think of the internet and 
how it helps us communicate and 
stay in touch, especially in these 
times of difficulty. But the fact that 
in less than a lifetime we have 
gone from a tiny bleeping ball in 
the sky to an emissary of Earth 
now nearly 7 billion kilometres 
away is awe-inspiring. It tells us of 
what we are capable and it must 
be an inspiration for us all in these 
unusual times.

Remember, you can see 
recorded and streaming videos of 
seminal talks by being a member 
of the BIS and, by the way, Vix 
Southgate wants to hear from you 
about ideas for World Space 
Week. See Society News. 

David Baker
david.baker@bis-space.com
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BEHIND THE NEWS

Just seven months into the job, amid mounting pressure from the White 
House to land astronauts on the Moon in 2024, NASA human space flight 
boss Jim Loverro has quit the agency.
IN A SHOCK MOVE on 18 May, NASA human space 
flight boss Jim Loverro resigned from office, vacating 
the most important position at the agency for getting 
astronauts back on the Moon by the end of 2024. His 
departure comes three weeks after NASA had 
selected three teams to work toward a spacecraft 
which will carry humans to the lunar surface under 
the Artemis programme, and seven months after 
Loverro was named as successor to long-time boss 
Bill Gerstenmaier. It is believed that Loverro stood 
down after reportedly stepping beyond boundaries 
helping a contractor achieve an optimum proposal by 
sharing proprietary information, not for personal gain 
but for speeding the process.

Capping several decades heading up NASA’s 
human flight activities including the Shuttle, the ISS, 
Orion and several applications of deep-space goals to 
date, in July 2019 Bill Gerstenmaier was replaced in a 
bid to push the Trump Administration’s goal of 
fast-tracking astronauts back to the Moon. Deputy 
human flight boss and former astronaut Ken 
Bowersox stood in for Gerstenmaier until Loverro 
was appointed as his successor. Gerstenmaier is 
now with SpaceX.

The departure of Loverro could not have come at a 

worse time for NASA, his departure just days before 
the final flight readiness review for the first Crew 
Dragon to carry astronauts, scheduled to lift off on 27 
May as this issue went to press. Once again, 
Bowersox is standing in for Loverro until NASA sorts 
out a replacement in what is becoming a bizarre 
“game of chairs” for what is arguably the most 
important position at the agency’s flagship, highly 
publicised Artemis programme. 

A CRYING SHAME
The problems at NASA’s human space flight 
programme began when President Trump gave the 
agency the order to head for the lunar surface by 
2024, Gerstenmaier’s sacking being predicated on the 
belief (fostered at the White House) that NASA was 
not moving with sufficient pace to make that happen. 
Gerstenmaier is highly respected as a competent 
engineer, a good manager and a trusted hand at the 
rudder of international human space flight activity. On 
hearing of his sacking, colleagues say that he was 
devastated and reduced to tears. While Loverro is 
also a highly respected professional, the sacking of 
Bill Gerstenmaier may be the one move that dooms 
NASA never to make the Moon by 2024. SF

NASA 
LOSES 
MOON 
BOSS
Douglas Loverro has gone – his replacement unknown. 
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ON 30 APRIL NASA selected three 
teams to continue advanced studies 
on development of the lunar landing 
vehicle with which it is planned to put 
astronauts on the Moon. Award 
leaders are Blue Origin, Dynetics and 
SpaceX, each with a particular 
approach to the technical challenge. 
Contracts for initial evaluation of 
requirements under the NextSTEP 
programme resulted in a formal 
request for proposals in May 2019 with 
the selection of eleven contenders.

The initial concept was to conduct a 
demonstration mission in 2024 and 
establish a sustainable presence on 
the Moon by 2028. Worth a total $45.5 
million, the six-month contracts 
resulted in a September 2019 call for 
industry to submit proposals for a 
human landing system. The three 
winners have access to a total $967 
million for the ten month study. The 
team ready first will get the job of 
putting the “next man and the first 
woman” on the Moon in 2024, 

followed by the second contender for 
a landing in 2025. This entire structure 
is new to NASA, demolishing 
administrative practices and speeding 
assessment of contractor data. 

The Blue Origin team groups 
together Lockheed Martin, Northrop 
Grumman and Draper and is a three-
stage Integrated Lander Vehicle (ILV) 
based on a descent element built 
around the Blue Moon concept and 
the BE-7, liquid hydrogen/oxygen 
rocket motor. The ascent element, or 
crew cabin, comes from Lockheed 
Martin’s Orion experience while 
Northrop Grumman will use its 
Cygnus experience for a transfer 
element and Draper covers guidance 
and navigation equipment and 
software.

Dynetics has a different approach 
and requires either the Space Launch 
System Block 1B or the United Launch 
Alliance Vulcan rocket, neither of 
which has yet flown to get it to the 
Moon. The concept supports routine 

flights for up to four crewmembers to 
and from lunar orbit and for stays of 
up to about a week on the surface. 
Despite the low-slung crew cabin 
affording step-off access to the 
surface, overall it is more technically 
challenging than the Blue Origin 
concept.

SpaceX seems the most difficult, 
using technology from the Falcon 
Heavy and the single-stage Starship, 
only the first of which has yet flown. 
Musk claims that Starship could put 
80,000 kg on the Moon. This appears 
to have excited NASA Administrator 
Jim Bridenstine who holds fast to the 
notion that the SLS might not be used 
for sending the lander to lunar orbit 
from where it would support surface 
operations with crew delivered by 
SLS/Orion. The three contracts end in 
February 2021, after which NASA will 
select one to prioritise. But even with 
a single-minded approach, is there 
time to land humans on the surface by 
the end of 2024? The clock is ticking. SF

Project Artemis: triple lander line-up

NASA IS EXAMINING the possibility of launching two prime Gateway modules 
together on a Falcon Heavy instead of flying them on separate rockets. The Gateway 
will be a set of modules assembled in an elliptical lunar orbit with a period of 14 days 
and a periapsis of 1,600 km. The single launch involves two components: the Power 
and Propulsion Element (PPE) and the Habitation and Logistics Outpost (HALO). Built 
by Maxar, the PPE will support large solar arrays for electrical power with solar-electric 
thrusters by Aerojet Rocketdyne. The HALO is built by Northrop Grumman for limited 
crew accessibility on their way to lunar landings. 

It had not been thought possible to launch the PPE and HALO together because no 
payload shroud existed that could contain them both. However, SpaceX has designed 
an oversize shroud for a classified military payload to fly on a Falcon Heavy; NASA 
could use this rocket to fly a single mission, preventing the need for complex 
autonomous rendezvous and docking systems for separate elements delivered to 
lunar orbit. Payload shrouds are very expensive and this move would save money, 
eliminating one launch and the need for a more complex operation in lunar orbit. SF

Blue Origin has done a full lander concept. Dynetics’ proposal is a more radical departure. SpaceX is pitching all on its Starship concept.

REVAMPED PLANS FOR LUNAR GATEWAY  

Falcon Heavy with oversized payload shroud.
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Briefing

BONUS PAY  
British company OneWeb has filed for 
bankruptcy but may be baled out by the US 
Department of Defense to prevent it falling 
into Chinese hands. The company had 
secured an agreement from the new US 
Space Force to provide Internet services 
across the Arctic regions after securing 
more than $3 billion in financing which came 
primarily from Japan’s SoftBank. 

GALACTIC SALE
Claiming that he has no money “sitting as 
cash in a bank”, Richard Branson is selling 
approximately 50% of his Virgin Galactic 
space tourism company to raise money for 
his ailing “leisure, holiday and travel” 
businesses. Hoping to raise a potential $1 
billion, Branson has already laid off 3,000 
workers and suspended operations from 
Gatwick following Virgin Australia going into 
liquidation. V
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THE UK’S SPACE RACE is 
heating up! Skyrora has 
effectively given the nation the 
capability to launch rockets into 
space after a team from the 
company built a mobile launch 
complex and completed a 
successful static test firing of its 
Skylark-L rocket – in just five 
days. Skyrora’s combined 

achievement also marks the first 
static test of a full-size launch 
vehicle in the UK since the Black 
Arrow Programme, which came 
to an end 50 years ago.

 The Skylark L rocket could be 
ready to launch from a British 
spaceport as early as spring 
2021, with the inaugural launch 
of the more sophisticated low 
Earth orbital (LEO) Skyrora-XL to 
follow by 2023.  

The ground test took place in 
May at Skyrora’s mobile launch 
complex, located on the 
Kildemorie Estate in northern 
Scotland. During the course of 
the test, the rocket ran through 
all the functions of an actual 
launch while being tethered to 
the ground to prevent it from 
lifting off.

Skylark-L is Skyrora’s first full 
size rocket, and is designed to 
reach a a sub-orbital altitude of  
100 km – just on the Kármán line 
– while carrying a payload of up 
to 60 kg. Like its predecessor, 
Black Arrow, developed in the 
1960s as the UK’s independently 
developed satellite launcher, the 
regeneratively cooled engine 
employs a propellent combination 
of “high test” hydrogen peroxide 

Skyrora gets ready for lift-off. 

SpaceShipTwo: destined for new ownership or a place in a space museum?

OneWeb: calling in the cavalry.

Stand by for…
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ANNIE GLENN, the wife 
of astronaut John Glenn, 
the first American to 
orbit the Earth, died on 
19 May from COVID-19 
complications while in 
residence at a nursing 
home near St Paul, 
Minnesota. She was 100. 

Characterised as being 
a “lifelong love story”, 
the two were married 
for 73 years until John 
passed away in 2016. 
Fighting a speech 
impediment, Annie 
became an advocate for 
those with speech and hearing disorders and spent her life helping the 
disadvantaged. The Glenn’s were known for their devotion to each other 
and other members of the “Mercury 7” astronaut group frequently 
commented on how dedicated John was to their relationship, to the point 
where it precluded his participation in several activities few resisted at the 
time when these flights took place almost 60 years ago. Ohio governor 
Mike Dewine noted that “it is impossible to imagine John Glenn without 
Annie, and Annie without John”. John flew the Mercury 7 spacecraft on 20 
February 1962, retired from NASA in 1963 and became a four-term Senator 
from 1974 to 1999, returning to space aboard the Shuttle in 1998. SF

and RP-1 kerosene that is 
pressure-fed into the 30 kN 
combustion chamber. The engine 
underwent three “hot fire”tests 
“on the stand” before it was 
integrated in the launch vehicle 
for the full scale static test. In 
time, Skyrora plans to replace 
the RP-1 kerosene propellant 
with its own more sustainable 
“Ecosene”, which is derived from 
non-recyclable plastic waste. All 
being well, the new fuel will be 
flight-proven by the time orbital 
flights begin in 2023. SF

Annie Glenn: in memoriam

Annie Glenn during a graveside interment ceremony at Arlington National Cemetery on 6 April 2017, 
the day on which Glenn and his wife Annie were married in 1943. 

Annie and John Glenn pose with a slightly puzzled welcoming 
party, Schiphol Airport, Amsterdam, 1965.

Skyrora gets ready for lift-off. 

Stand by for… action!



SLUG

6 Vol 62 July 2020 SpaceFlight

T I M E  TO  R E F L E C T ?
Opinion

BARRING DELAYS, BY THE TIME YOU READ THIS the first flight of US astronauts 
from American soil since 2011 should have taken place from the launch pad 
used by most Apollo and Shuttle missions since 1967. Amid the global array of 
space vehicles capable of sending humans into space, is this a sign that 
humanity is poised to break “the surly bonds of Earth” (John Magee) and head 
for the cosmos? Probably not. 

Nobody can deny the magnetic attraction and associated drama of a crewed 
launch; sending frail humans beyond the atmosphere is a mighty achievement 
and will remain so, irrespective of the number of times it is accomplished. It 
touches the core imperative in human expansion: first down from the trees, 
then “out of Africa”, across the continental divides, across oceans and now on 
to the “ocean of space”, to quote the late President John F. Kennedy, sailing 

“WE’VE BEEN RACING against 
time in terms of getting everything 
ready and now we have the 
coronavirus issue, which is the 
straw that broke the camel’s back.” 
So said David Parker, head of 
European Space Agency’s human 
and robotic exploration 
programmes, when explaining why 
the Rosalind Franklin rover (above) 
would not fly until 2022. Now that 
additional time is being put to good 
use – fixing problems that loomed 
large toward the end of 2019 and 
threatened to cause a two-year 
postponement even without the 

COVID-19 pandemic.  
Driven by Kepler’s laws of orbital 

mechanics, flights to Mars maximise 
the capabilities of the launch vehicle 
and minimse the energy required to 
place the spacecraft on a trans-Mars 
trajectory. That defines the launch 
window, which for Mars come 
around once every two years or so, 
which means that missing the 
mid-2020 window sets the flight 
back until the next opportunity in 
August-October 2022. Launching in 
that period would allow a landing on 
Mars in April-May 2023. Which 
means we have nearly three years 

A Shuttle main engine, from which the new RS-25 
has been developed. 

MORE PLEASE!
Rocket engine specialist Aerojet 
Rocketdyne is to build 18 more cryogenic 
RS-25 engines for the Space Launch 
System, raising the contract value from 
$1.71 billion to $3.5 billion when the 
existing contract for 16 engines 
supporting the first four SLS flights is 
included. The new contract will run for 
nine years. SF

Rosalind gets a makeover
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Briefing
5G CHALLENGE
A major effort is underway to prevent 5G 
deployment as the frequencies are shown to 
“bleed” across those employed by satellite 
navigation GPS signals. The US military is 
concerned that the latest technology 
development may blind GPS receivers. 5G is 
at the forefront of potential applications for 
the retail and consumer industry. 

U
SA

F

Is this a sign that humanity is poised to break 
“the surly bonds of Earth” (John Magee) and head 

for the cosmos? Probably not.

inexorably toward the future. 
The haste with which humans rush to populate the margins of potential 

catastrophe by launching into space is perhaps a metaphor for our age. In 
racing for the stars, have we too readily assumed that we are pre-destined by 
genetic programming to expand throughout the galaxy? 

We as humans are frail indeed, as the recent pandemic shows. Can we hope 
to populate the solar system until we have mastered the very real threats that 
challenge us daily – whether they be a virus, an approaching asteroid, 
environmental destruction or some other folly of our own making? The answer 
lies in having courage to ask the right question. SF                  David Baker

to wait to see if Rosalind can 
make it to the surface on the Red 
Planet. 

At present, the Rosalind Franklin 
rover is at Thales Alenia in Turin, 
Italy, where it is undergoing 
routine maintenance and to 
maintain carefully controlled 
biological contamination 
constraints, conforming to 
planetary protection agreements. 
But there are plans to perhaps 
replace the secondary electronics 
box on the Mars Organic Molecule 
Analyser (MOMA), which was 
installed to detect organic 
molecules. New retaining 
fasteners are also being attached 
to the solar panel interface where 
the holding brackets are attached, 
which showed some cracking 
during tests earlier this year. And 
while it remains dormant, 
engineers could well replace the 
infrared spectrometer (ISEM) with 
a spare which exhibited better 
performance. The close-up imager 
too is getting a better software 
package. 

PERSISTENT PROBLEMS
As reported extensively in 
previous issues of SpaceFlight, 
persistent problems with the 
parachute deployment system 
gave grounds for concern about 
their ability to operate effectively 
during the descent phase prior to 
landing. ExoMars has two 
parachutes, 15 m and 35 m in 
diameter, and each has a pilot-
chute to extract it efficiently. The 
whole process occurs within two 
minutes of landing. During tests in 
August 2019 the deployment 
ended in failure due to a release 

mechanism inside the protective 
bags in which they are packed. 
Packing the bags takes time, the 
second main parachute requiring 
three days to get it properly 
compressed and inserted. 

  The larger of the two 
parachutes is the biggest canopy 
by area ever deployed for a Mars 
lander. NASA’s 1975 Viking lander 
and the 2011 Curiosity rover each 
had main disc-gap-band 
hypersonic parachutes about 16 m 
in diameter. NASA’s 1996 
Pathfinder/Sojourner parachute 
had a diameter of 12.7 m while 
the 2003-launched Spirit and 
Opportunity rovers each had a 15 
m parachute. The 2007 Mars 
Phoenix polar lander and the 2016 
InSight mission employed an 11.7 
m diameter parachute, reduced in 
size from 13.4 m to reduce loads 
imparted to the lander. 

Between November 2019 and 
January 2020, the Jet Propulsion 
Laboratory (JPL) was able to 
conduct six ground tests 
displaying a successful extraction 
but further tests that were to have 
taken place have been delayed 
from May to September. The 
revised design has eased 
extraction lines and risers and a 
modified way in which the canopy 
leaves the bag. Only when JPL 
conducts a high altitude test from 
a height of 30 km will the 
parachute system be flight 
qualified. 

In related news, the Russian 
lander Kazachok has also had its 
problems, one of the electronics 
boxes having to be sent back to 
Russia and replaced – when the 
COVID-19 lockdown eases. SF 

POWER TO THE PEOPLE
The US Air Force/Boeing X-37B has returned 
to orbit carrying a small solar array panel 
connected to a device for testing how 
microwave energy beamed to rectennas on 
the ground could supply electrical power for 
domestic use. The idea is not new, having 
been actively pursued by the inventor Nikola 
Tesla shortly before his death in 1943. Even 
so, this is a “first” for the ubiquitous little 
spaceplane, which in the past has been 
used to clandestinely deliver undeclared 
satellites into orbit.

X-37B spaceplane soars again. 
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THE START OF APRIL MARKED the ten-year 
anniversary of the creation of the UK Space Agency 
and the Space Innovation Growth Strategy target to 
capture £40bn of the world’s commercial space 
revenues by 2030. UKspace Chair, Graham Peters, 
identified the challenges facing the space sector 
during the COVID-19 crisis, and highlights the 
importance of maintaining the UK’s sovereign space 
capabilities so we can protect Britain’s way of life. 
Over the last decade, this objective has provided a 
rallying point for the sector and brought political 
interest over four successive governments. More 
recently, an official report published in January 2019 
provided evidence that space infrastructures also 
provide wider economic benefits to the UK economy 
by underpinning £300bn or 15% of UK GDP.

Britain ended 2019 with a record increase in 
subscriptions into the European Space Agency. On 
the back of strong interest in space from the Prime 
Minister, there were new announcements from 
government that the UK would create a new Space 
Command and set up a National Space Council. That 
trend continued: in March, Government stated its 
aim to negotiate a continued role for the UK in the 
EU’s Copernicus programme, and in the recent 
budget (on 11 March), the chancellor announced that 

TEN YEARS YOUNG

SPACE UK 

UKSA celebrates 10 successful years – but what does the future hold?
the government would establish an ambitious 
national space strategy and launch a new National 
Space Innovation Fund.

However, just as we all now have to adapt to 
working from home, COVID-19 provides a new set 
of challenges and opportunities for the rest of 2020 
and beyond to which the sector must respond. Over 
the next decade, raw economic targets on their own 
will not be enough to maintain political traction. The 
UK space sector could look very different after the 
economic shock caused by COVID-19; we have 
already seen the impact on the fortunes of high-
profile ventures like OneWeb, and others may well 
follow. The words Recovery and Bounce-back 
alongside Levelling-up are likely to overtake Growth 
as the key words in our vocabulary and the role of 
space in supporting the UK’s ambitions.

The fact that we are now in the midst of one of the 
largest health and economic crises in a generation 
brings to life the reality of risks that we face as a 
nation, and the fact that risk registers do not just live 
on the pages of documents. It brings home other 
lessons too: the importance of strong working 
practices between government and the private sector, 
information sharing internationally, and bold action by 
governments to support society and business.

The ability of space to underpin other sectors in 
the economy will therefore remain one of its key 
virtues, and that is particularly true of the role space 
infrastructures play in supporting national resilience. 
Indeed, the UK’s space companies are already 
supporting the response to COVID-19, including 
using satellite communications to support our health 
service and enabling hundreds of “pop up” GP 
surgeries. They are also providing positioning data 
for new smartphone apps being developed for the 
NHS to allow tracking and tracing of victims, as well 
as supporting logistics and distribution systems to 
maintain the flow of food and medicines.
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ON 15 FEBRUARY, the Cygnus NG-13 Commercial Resupply 
Mission to the ISS was launched aboard an Antares 230+ rocket 
from the MARS (Mid-Atlantic Regional Spaceport) of Virginia Space, 
at the NASA Wallops Flight Facility. It carried as part of its cargo the 
Columbus Ka-band (COLKa) Terminal, which will enable astronauts 
aboard the ISS to communicate with Europe via the Internet at 
speeds comparable with domestic broadband, getting experimental 
data to their colleagues on the ground almost instantaneously.

The European Space Agency Columbus module was designed 
when the Internet was much more primitive than it is today, and was 
added to the ISS in 2008. It uses the NASA ISS systems for 
communication with the Columbus Control Centre. The new terminal 
will make European researchers independent of NASA for Internet 
communications for research data and contact with friends and 
family on Earth, routing data through European Data Relay Satellites 
in geostationary orbit.

The COLKa Terminal has been designed and built by MDA Space 
and Robotics Limited at their facility at Harwell Space Cluster, in 
Didcot in Oxfordshire. It is partially funded by the UK Space Agency 
via the ESA Human Spaceflight programme, in which the UKSA has 
invested £40 million. “At the moment, the communications from 
Columbus go through the American data relay satellites, but those 
satellites are prioritised for US use. This gives Europe some 
independence”, said David Kenyon, Managing Director of MDA UK. 
“The COLKa programme has firmly established MDA in the UK as a 
leading provider of high quality space equipment, positioning us for 
continued business growth and new jobs in both communications 
and space sensor markets.” 

The experience gained from designing, building, and operating 
COLKa, to which a number of European companies contributed 
components, could well be applied to the ESA communications 

terminal for the Lunar Gateway station.
Libby Jackson, Human Exploration Programme Manager at UKSA, 

said the new terminal would be a boon to scientists. “The amount of 
science data that’s been able to come down has been quite limited”, 
she said, adding “Scientists have been having to wait months for all 
their images, all of the science data to arrive on hard disks – never 
mind ‘dial up speeds’. It’s like waiting for the old floppy disks to 
arrive in the post. This is going to really allow those scientists to get 
the data in real time.”

Dr Graham Turnock, Chief Executive Officer of UKSA, added: “This 
is the first major industrial contribution from the UK to the ISS and it 
will revolutionise the ability of scientists to access the results of 
experiments. It is yet another example of the UK economy benefiting, 
through investment, jobs and new skills, from our continued 
collaboration with the European Space Agency.” SF Griffith J. Ingram

ASTROSCALE HOLDINGS INC., a market leader in 
developing technology and services to remove space debris 
and secure long-term orbital sustainability, reports that it has 
signed a Memorandum of Understanding with Professor 
Chris Newman, Professor of Space Law and Policy at 
Northumbria University, Newcastle, to collaborate on 
investigating end-of-life standards and practices from various 
industries, such as oil and nuclear energy.

The project will highlight the need for shared knowledge 
from such decommissioning initiatives which can be applied 
to the satellite industry, encouraging responsible behaviour 
in space and improving space environmental protection. The 
oil and nuclear industries support various decommissioning 

policies and strategies. With the health and safety of people 
and the environment the primary concern, these strategies 
focus on returning the environment to its natural state. While 
no regulations or standardization for end-of-life practices 
currently exist in the satellite industry, there are lessons 
which can be learned and applied from these industries.

“This project is a call to action for collaboration across 
sectors and it is a natural fit for Astroscale to represent the 
satellite industry. As we are leading the market in the 
development of the innovative technology necessary for 
end-of-life solutions, we also want to lead the development 
of the other aspects required for a sustainable space 
ecosystem”, said Harriet Brettle, Head of Business Analysis 
at Astroscale. “Through this collaboration, we seek to 
identify innovative legal frameworks, policies and business 
models that can move the satellite industry towards a more 
sustainable future.”

Professor Chris Newman echoed the exciting nature of the 
collaboration: “The pioneering research and teaching in 
Space Law and Policy which is occurring at Northumbria 
University makes us an ideal institution to work with the 
world-leading team at Astroscale. This is an opportunity to 
change the way in which space is managed and to further 
embed sustainable practices in outer space activity.” The 
first working paper with Northumbria University is scheduled 
to be published later this year. SF

Broadband boost for ISS

Towards more sustainability in Earth orbit

To be launched in 2023, Astroscale’s ADRAS satellite  will conduct the first 
phase of a debris retrieval system in collaboration with Japan.

COLka nears final clearance for flight to the International Space Station.. 
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ISS Report
9 April – 8 May 2020

Expedition 63 is underway. After the safe return 
to Earth of Oleg Skripochka, Drew Morgan and 
Jessica Meir, the ISS is back to three-person 
operations under the command of American 
Chris Cassidy and his Russian flight engineers, 
Anatoly Ivanishin and Ivan Vagner. 
Report by George Spiteri

S
oyuz MS-16/62S was launched atop a Soyuz 
2.1a rocket from Baikonur’s Launch Site 31 
at 08:05 UTC (13:05 local time) on 9 April. 
This was the first crewed Soyuz to use the 
2.1a booster. Aboard Soyuz was spacecraft 

commander Russian Air Force Colonel (Ret) 
Anatoly Ivanishin (51), USN Captain and former 
USN SEAL Chris Cassidy (50), both on their 
third spaceflight and rookie Ivan Vagner (34) an 
engineer from RKK Energia.

Ivanishin and Vagner were part of the original 
back-up crew but replaced Nikolai Tikhonov 
and Andrey Babkin in February after Roscosmos 
reported that Tikhonov was dropped from the crew 
due to “medical reasons”. Tikhonov apparently 
suffered a freak injury when according to the 
Russian Vedomosti newspaper he “received an eye 
injury after accidentally bumping into a branch 
during a walk”. Keeping with standard Russian 
practice, Roscosmos decided to replace both 
Tikhonov and Babkin who will be re-cycled to 

fly later in the year. Cassidy however, retained his 
place on the prime crew and continued his training 
with Ivanishin and Vagner. Ivanishin told reporters 
during a pre-flight interview “of course it was a 
surprise” but added “any back-up crew is ready to 
become prime”.

Cassidy referred to the coronavirus pandemic 
gripping the entire globe and told reporters before 
launch the crew were confident that they would 
remain in good health aboard the station and had 
“maintained a strict quarantine for about a month” 
before flight. To minimise the risk of infection, the 
press were not invited to the launch but spoke to the 
crew via video conference on the eve of lift-off and 
the crew’s family and friends were also kept away.

ARRIVAL DAY
Soyuz docked to Poisk after four orbits and over six 
hours later at 14:13 UTC on 9 April as the complex 
flew 418.4 km above the North Atlantic Ocean. 
Coincidentally, Cassidy was aboard an earlier 

RIGHT
Soyuz MS-16 lifts off with 

Expedition 63 crewmembers 
Chris Cassidy, Anatoly 

Ivanishin and Ivan Vagner.

BELOW LEFT 
Ivanishin practices remote 

spacecraft manoeuvring 
techniques on the Tele-
Operated Robotics Unit 

(TORU) in the Zvezda 
service module.

BELOW RIGHT
Chris Cassidy cleans botany 

research hardware after 
growing lettuce and mizuna 
greens inside the Columbus 

module.
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Soyuz in 2013 which completed the first four orbit, 
six hour rendezvous profile to the ISS (SpaceFlight 
Vol 55 No 6 p 212). Two and a quarter hours later 
at 16:28 UTC the hatches were opened and the ISS 
returned to temporary six person operations. There 
followed an abbreviated welcoming ceremony 
inside Zvezda where the new arrivals spoke to 
Russian space officials and Mission Control, 
Houston. Ivanishin said he was “happy to have 
arrived…everything worked out well” and Cassidy 
told CapCom Jessica Watkins that it really meant “a 
lot to be back here”. 

On 10 April, Ivanishin’s crew spent part of the 
day familiarising themselves with their new orbital 
home. Russian President Vladimir Putin also 
spoke to all six crewmembers to commemorate 
the 59th anniversary of the flight of Yuri Gagarin 
on 12 April 1961. The three US astronauts took 
time out to answer questions from reporters 
and inevitably the majority of those related 
to the coronavirus pandemic. Meir took the 



SATELLITES

12 Vol 62 July 2020 SpaceFlight

opportunity to thank “the doctors, the nurses, 
all the medical personnel, police officers, fire 
fighters, really everybody that is on the front 
lines” fighting the disease. She added that it was 
going to be “difficult not to give hugs” to her 
family and friends after such a long time in space 
once she returned to Earth and said the whole 
thing was “quite surreal for us to see the whole 
situation unfolding below…The Earth still looks 
just as stunning as always from up here, so it’s 
difficult to believe all the changes that have taken 
place”. Morgan, who is also a US Army emergency 
physician said he was “proud to be a part of that 
profession” and advised people on Earth who were 
self-isolating to “live by routine…exercise” and 
take care of personal hygiene. Cassidy alluded to 
the fact that his crew “knew we were going to be 
in quarantine” before launch but added “we didn’t 
realise the whole world was going to join us”.

RIA Novosti reported on 11 April that the 
three Russian cosmonauts had “started printing 
inorganic components of rat bone tissue as part 
of an experiment devised by Russian company 
3D-bioprinting Solutions”. The samples are to be 
returned to Earth for scientists to analyse. The 
Russian news agency went on to explain that in 

future “this technology could be used to treat 
critical fractures, as well as to replace defects in 
bone tumours or surrounding soft tissues with 
bone metastases”. 

The cosmonauts appeared on Roscosmos TV 
on 12 April, spoke to veteran cosmonaut Fyodor 
Yurchikhin and answered questions from several 
Russian students in honour of Cosmonautics Day 
and Gagarin’s historic spaceflight. Vagner described 
his introduction to space flight as “probably the 
best roller coaster one could imagine…it’s so 
different from any mock-up or simulation” but 
conceded “it’s very hard to orient yourself at first”. 
Ivanishin told the students that they were “planning 
at the end of the day to have a celebratory dinner” 
with their US colleagues.

On 13 April, Cassidy put on virtual reality 
goggles for an experiment monitoring how he 
visually interprets motion, orientation and distance 
in microgravity. Ivanishin and Vagner conducted 
research on space biology and technology studies, 
whilst Meir and Cassidy answered questions from 
their home state of Maine, including two from their 
respective mothers! NASA proudly tweeted that 
this was the first time “two crew members on board 
are from the same state!”

ABOVE
Soyuz MS-15 lands in a 

remote area near the town 
of Zhezkazgan, Kazakhstan, 
carrying Expedition 62 crew 
members Jessica Meir and 

Drew Morgan of NASA 
and Oleg Skripochka of 

Roscosmos.

OPPOSITE PAGE 
Top: Andrew Morgan 
(left) Oleg Skripochka 

and Jessica Meir inside 
the their Soyuz MS-15 

spacecraft shortly after 
landing on 17 April 2020. 

Below: with Covid-19 
distancing in effect, Russian 

support personnel gather 
around the Soyuz MS-15 
following its successful 

landing. 
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Ivanishin and Vagner continued to deactivate 
their Soyuz spacecraft on 14 April, whilst Cassidy 
began the first of four sessions with the Myotones 
space biology investigation. Meir collected saliva 
samples for microbial analysis, Morgan cleaned and 
closed out life science hardware and Skripochka 
conducted further preparations for his crew’s 
return to Earth.

The crew collected blood, saliva and urine 
samples on 15 April before stowing them in a 
science freezer. Scientists on the ground will 
eventually analyse these samples for markers 
indicating the effects of microgravity on long-
duration missions. 

A NASA blog reported that the astronauts and 
cosmonauts also contributed to various “nutrition 
studies today to understand the crew’s appetite” for 
the station’s food menu and “the health impacts” 
of their diet in orbit. The day ended with the 

traditional Change of Command ceremony, when 
Skripochka handed over command of the station 
to Cassidy. The outgoing commander said the new 
crew would do a great job because “they are real 
professionals and I wish them from the bottom of 
my heart, good luck”.

VIRTUAL GREETINGS
The hatches between Zvezda and Soyuz MS-15/61S 
were closed at 22:44 UTC on 16 April. Spacecraft 
commander Skripochka, together with Morgan 
and Meir undocked Soyuz from the station at 
01:53 UTC on 17 April as the complex flew 423.25 
km above eastern Mongolia to signal the official 
start of Expedition 63. Soyuz performed a 4 min 
41 sec de-orbit burn nearly two and a half hours 
later at 04:22 UTC and the Descent module landed 
147 km south east of Dzhezkazgan, Kazakhstan 
approximately one hour later at 05:16 UTC (11:16 
local time) on 17 April to complete a mission of 
271 days 12 hr 48 min for Morgan, making this the 
fourth longest single space flight by a US astronaut. 

By an amazing coincidence, Morgan was 
launched on the fiftieth anniversary of Apollo 11’s 
Moon landing last July (SpaceFlight Vol 61 No. 
10 p 10) and landed on the fiftieth anniversary 
of Apollo 13’s splashdown in 1970. Skripochka 
and Meir logged 204 days 15 hr 19 min in space, 
making Skripochka the 17th most experienced 
space traveller with a cumulative time of over 536 
days in orbit on his three missions. 

There was no live TV coverage of the descent 
because of the limited number of personnel 
permitted due to the coronavirus pandemic, 
however there was live coverage at the landing site 
of the crew being extracted from their spaceship 
by search and rescue teams wearing face masks 
and gloves. Also due to the restrictions forced 
by the pandemic the crew were not taken to an 
inflatable medical tent as normal but instead 

There was no live 
TV coverage of the 
descent because of 
the limited number 

of personnel 
permitted due to 
the coronavirus 

pandemic
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were assisted into Russian All Terrain Vehicles 
(ATVs) and later flown by helicopters to Baikonur. 
At the cosmodrome, they were taken to Kyzlorda 
airport and from there Skripochka flew to Star 
City, Moscow, whilst Morgan and Meir were flown 
by NASA private jet to Ellington Field, Houston. 
Following her return to Earth, Meir tweeted the 
descent aboard Soyuz was “Quite a ride home…
We’ve returned to a different planet, but it remains 
a spectacular one”.

On 18 April the crew performed another session 
of the ISS Experience experiment which involves 
filming activities aboard the station for people on 
Earth to view and also worked with NASA’s Veggie 
Passive Orbital Nutrient Delivery System (PONDS) 
and Food Physiology investigations. 

 Zvezda’s KD-1 and KD-2 engines were fired 
for 58.5 sec at 05:09 UTC on 19 April to boost the 
station’s altitude by 1,500 metres and placed the 
complex in a 417.69 x 436.62 km orbit in readiness 
for the arrival of the next Progress vehicle. 

Cassidy worked with the Space Automated 
Bioproduct Laboratory (SABL) facility on 20 April. 
He also checked out the Electrostatic Levitation 
Furnace (ELF) physics experiment inside Kibo. ELF 
heats samples to ultra-high temperatures to observe 
thermophysical properties difficult to measure in 
Earth’s gravity. Ivanishin and Vagner tested the 
Russian TORU teleoperated docking system which 
acts as a manual back up in the event of the Kurs 
automatic docking system failing ahead of the 
arrival of Progress 75. The cosmonauts also worked 
with the Russian Algometriya and Korrektsiya 
biological investigations before examining how 
future space travellers may control spacecraft with 
the Pilot-T experiment. 

Ivanishin and Vagner performed routine 
maintenance inside the station’s Russian segment 
on 21 April and conducted further research with 
the Korrektsiya experiment. Cassidy worked inside 
Kibo and later swapped computer parts inside 
NASA’s Fluids and Combustion Facility (FCF) in 
Destiny.

On 22 April, Ivanishin and Vagner continued 
to prepare for the arrival of Progress 75, whilst 
Cassidy resumed packing Cygnus with unwanted 
items prior to its scheduled departure in mid-
May. Cassidy also spoke to ABC News in honour 
of Earth Day, which was celebrating its 50th 
anniversary. He described Earth as “a spaceship 
for all of us…the onus is on all of us to treat our 
spaceship well” and in a response to a NASA social 
question added that Earth Day was a time to reflect 
“how important Earth is to all of us”.

As part of the crew’s Periodic Health Exam, 
Cassidy checked his blood pressure, heart rate, 
pulse and respiratory rate on 23 April before 
turning to physics research and explored 
techniques future astronauts may use to develop 
advanced building materials in space. Ivanishin 
and Vagner conducted further research with the 
Korrektsiya experiment and worked with the 
Russian Neiroimmunitet investigation which 
examines how space flight impacts a crewmember’s 
immune system.

On 24 April, the crew worked with NASA’s 

Combustion Integrated Rack (CIR) and the Global 
Ecosystem Dynamics Investigation (GEDI) which 
is conducting high resolution laser ranging of 
Earth’s forests and topography from the ISS.

SPEEDY PROGRESS
Progress MS-14/75P was launched from Baikonur’s 
Launch Site 31 atop a Soyuz 2.1a rocket at 01:51 
UTC (06:51 local time) on 25 April. The rocket had 
adorned on its payload fairing and third stage an 
insignia commemorating the 75th anniversary of 
the Soviet victory in World War Two to which the 
launch was dedicated.

Two orbits and nearly three and a half hours 
later Progress docked to Zvezda’s aft docking port 
at 05:12 UTC as the complex flew 418.4 km above 
north west China, south of the Mongolian border 

ABOVE
Expedition 63 commander 

Chris Cassidy connects 
water umbilicals and 

checks for leaks in the 
research device that 

enables safe fuel, flame and 
soot studies in microgravity. 
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and delivered a total of 700 kg of propellant and 
gases, 1,350 kg of dry cargo, spare parts, food, 
clothing and scientific hardware, 46 kg of oxygen 
and 429 litres of water. This was the fourth Progress 
craft to adopt the fast track rendezvous profile 
to the ISS. After initially encountering some 
minor problems in opening the hatch to Progress, 
Ivanishin radioed to the ground at around 08:47 
UTC on 25 April “it is open” and he and Vagner 
began transferring cargo to the station. Vagner later 
tweeted the craft “brought us fresh fruit among 
many other things. Big thanks go to the Earth for 
that, as they are of big value here and taste even 
better”.

The following day the crew enjoyed a light-duty 
day, conducting regular housekeeping chores and 
talking to their families and friends. Ivanishin and 
Vagner resumed unloading cargo from Progress 
on 27 April, whilst Cassidy worked on NASA’s 
Space Fibres physics experiment inside Destiny 
and conducted an annual maintenance on the 
COLBERT T2 treadmill, checking its components, 
tightening belts and lubricating the treadmill’s axles.

The Quetzal-1 Guatemalan CubeSat was ejected 
from the Japanese Experiment Module Airlock 
(JEMAL) Small Satellite Deployer-13 (J-SSOD-13). 
J-SSOD-13 was extracted from Kibo’s airlock by 
the JEM Remote Manipulator System (RMS) and 
the CubeSat was deployed “at around 15:20 UTC” 
on 28 April according to space analyst Jonathan 
McDowell. A second Japanese CubeSat was 
expected to be deployed but McDowell tweeted: 
“perhaps its deployment was been cancelled or 
postponed? It was a promotional project associated 
with the now-postponed 2020 Olympics.” JAXA’s 
website mentioned the deployment of the 
Guatemalan CubeSat but made no reference to the 
Japanese satellite.

Ivanishin and Vagner conducted further 
Progress cargo operations on 28 April. Cassidy 
worked with the CIR and logged his meals for a 
nutrition study. He later told NASA interns during 
an interview that as a result of the coronavirus 
lockdown he had noticed “a few less airplane 
contrails” when looking at Earth from orbit.

On 29 April, Cassidy performed maintenance 
work to a pair of US Extravehicular Mobility Unit 
(EMU) EVA suits (Nos. 3006 and 3008) inside 
Quest and later swapped batteries in one of NASA’s 
Astrobee free flying robots. Ivanishin and Vagner 
conducted Earth observation studies and worked 
with the Russian Biocard cardiac investigation.

Cassidy worked with one of the Astrobee 
robots on 30 April and cleaned the Cell Biology 
Experiment Facility-L (CBEF-L), whilst Ivanishin 
and Vagner resumed Progress cargo operations and 
conducted another day’s work with the Biocard 
experiment.

The crew conducted more work with the 
CIR on 1 May and continued loading Cygnus 
with unwanted items. The following day, Vagner 
tweeted he was operating the long running Russian 
Uragan (Hurricane) experiment whose main aim 
he explained “is to monitor the environment, 
exploring natural resources, detecting and 
predicting manmade and natural disasters”.

3 May was another light-duty day for the crew, 
the next day Cassidy set up the small SlingShot 
satellite deployer that was installed on Cygnus’ 
hatch. Ivanishin and Vagner worked with the 
Russian IMPACT experiment which explores ways 
of preventing science investigations or degraded 
Station hardware from potentially damaging the 
station’s atmosphere. The cosmonauts also joined 
Cassidy to review their roles in the event of a 
medical emergency aboard the facility.

Cassidy conducted maintenance activities to 
two EMU suits (Nos. 3006 and 3009) on 5 May, 
whilst Ivanishin worked inside Zarya and Pirs and 
Vagner returned to the Pilot-T investigation. The 
following day, Vagner tweeted that he and Ivanishin 
“commenced the Matryoshka-R” experiment and 
explained they used bubble detectors to “register 
heavy space radiation particles”.

Ivanishin and Vagner worked with two Russian 
Earth observation experiments on 7 May, Cassidy 
continued Cygnus cargo operations and performed 
further research with the Astrobee robots.

On 8 May, the crew worked with the Canadian 
Radi-N2 radiation measuring experiment and 
Cassidy began preparations for the arrival of the 
next Japanese unmanned cargo spacecraft. SF 

ABOVE
Chris Cassidy continues his 
lengthy task list by carrying 

out routine maintenance  
on the Combustion  
Integrated Rack.

BELOW 
The ISS Maintenance Work 
Area (MWA) is similar to a 

work bench on Earth except 
that it can host high-flying 

experiments and advanced 
space hardware for 

servicing. 
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T
he origin of the acronym goes back to 2005, 
when Congress designated “the US segment 
of the ISS as a national laboratory”, directed 
the Administrator “to seek to increase the 
utilization of the ISS by other federal entities 

and the private sector” and allowed, but did not require, 
the Administrator to contract with a nongovernmental 
entity to operate the new national laboratory. From 
the moment the bill was signed into law, the entire US 
segment of the space station was designated National 
Laboratory, which NASA managed directly from 2005 
until 2011.

In the NASA Authorization Act of 2010, Congress 
directed NASA to enter into a cooperative agreement 
with a not-for-profit entity to manage the ISSNL. This 
direction was realized in 2011 when NASA entered into 
a 10-year cooperative agreement with the Center for the 
Advancement of Science in Space (CASIS). In July 2017, 
NASA extended this cooperative agreement with CASIS 
to September 2024. 

Last year, as NASA was approaching the 10th year of 
this cooperative agreement, NASA Administrator Jim 
Bridenstine directed an external review of the ISSNL, 
managed by CASIS, and engaged an Independent 
Review Team (IRT). The IRT delivered its resulting final 
report to NASA in February, and the agency has just 
reviewed the team’s findings and recommendations on 
an organisation which has received more than its fair 
share of criticism. The detailed critique of CASIS and 
the role of the ISSNL in the overall management of the 
station is predicated largely on the basis that there are 
other, international elements of the station which do not 
come under the authorization act of 2010. 

The International Space Station has come under 
extensive analysis as successive political administrations 

Multiple 
stations 
PLEDGE
Get used to a new acronym, a real 
tongue-twister: ISSNL, which stands for 
the International Space Station National 
Laboratory. 
by David Baker

wrestle with the sustained funding of a major 
component of NASA’s overall activity and the funding 
that its evacuation would release for other agency-
wide operations. Moreover, the changing landscape of 
government versus commercial operations has been 
a disruptive influence on ISS operations, imposing 
a transformative influence on the way the National 
Laboratory is managed and operated. The review body 
has found that the management model has become 
inflexible and “needs to respond to the changing 
landscape of ISS utilization”.

On the one hand, NASA manages, supports and 
pursues a significant growth in the commercial space 
industry with individual companies now attracting 
their own customers, while simultaneously encouraging 
shared strategies with those companies to pursue its 
own long-term goals and responsibilities. Insofar as 
the station is concerned, it has established the Division 

ABOVE
Italian astronaut 
Luca Parmitano 

with a new 
thermal pump 
system for the 

Alpha Magnetic 
Spectrometer on 

the ISS. 

BELOW
British astronaut 

Tom Peake 
performs an 

Ocular Health 
Fundoscope 

experiment aboard 
the ISS.  
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of Space Life and Physical Sciences Research and 
Applications within the directorate responsible for both 
the ISS and deep-space human space flight initiatives. 
Because of this, there is confusion within CASIS over the 
role it should perform. 

From 2011 when NASA entered agreement 
with CASIS, there was confusion over how it could 
accommodate future requirements while retaining 
adherence to its rigidly imposed mandate and that 
uncertainty has only got worse with the expended 
commercialisation of space operations and the 
requirement for the ISS to increasingly support future 
human space flight programmes. But only now is NASA, 
with CASIS, redefining the management of the station’s 
science tasks and looking for input from the user 
community about how it would like to see any shift in 
emphasis, or redirection of purpose. 

To no small degree this shift is made possible, and 
clearer to the customer, by NASA’s reaffirmation that 
it intends to “maintain continuous human spaceflight 
capabilities in low-Earth orbit and therefore expects 
to operate the ISS until new commercial habitable 
platform(s) are available and can support the Agency’s 
needs as one of many customers”. In addition, and with 
an eye on the future, “NASA will study the viability 
of establishing a low-Earth orbit National Laboratory 
that would acquire services from at least one new space 
station, and which would be operated in a manner 
similar to a traditional national laboratory”.

NASA has also asserted that this approach provides 
a new focus for the management of the ISS as part of 
its plan for commercial development of the low-Earth 
orbit economy of the future. But it does believe that there 
are too many conflicting elements at work here; some 
working for and some against the mandate to operate a 

National Laboratory. 
The report states: “The selection criteria for funding 

ISS investigations appear to place considerable 
importance upon social aspects of ISS projects and 
insufficient value on commercialization and progressive 
improvement of scientific knowledge. The process being 
used by CASIS for project selection is opaque. It involves 
their own staff, supplemented by several outside ‘experts’ 
using a dubious economic graph tool. This methodology 
is unlike that of other major funds-granting agencies 
and does not appear to be well understood by NASA, 
the Implementation Partners, or the awardees. NASA 
has never taken full ownership of understanding and 
approving these methods. This lack of transparency has 
been tolerated throughout the life of CASIS resulting in 
an insular board which has been allowed to take a far too 
granular role in managing the operations of the entity.” 

GRANULARITY
This is arguably one of the most important aspects of 
the way science is conducted on the ISS and the present 
situation leaves a lot to be desired. A significant restraint 
on options is the crew complement of only six at most. 
During the formative years of the station’s inception 
more than 35 years ago, NASA Administrator Jim Beggs 
(see following pages) believed that science at the facility 
would be only a “wish-list” of possibilities with crew 
complements of less than seven or eight. This was based 
on the requirement for at least three crewmembers to be 
dedicated daily to “housekeeping” duties and that with 
one astronaut on rotation that would leave only two to 
conduct experiments. These assessments were made as 
a result of experience with Skylab and have since been 
validated by 20 years of fully crewed operations. 

A major obstacle has been the inability to get 
across the preserve of science-based allocations from 
external sources so that NASA itself, together with its 
international partners, can more effectively use station 
time for their own respective agency needs. It assesses 
that the independent review identifies appropriately 
that that there is insufficient granularity in the way 
experiments are selected and assigned crew time. The 
report is damning in its assessment and logical in its 
conclusions:

“NASA must recognize that the definition of success 
for CASIS has shifted as the Nation’s goals for the ISS 
and LEO Commercialization have shifted. The value of 
access to the ISS is unparalleled and can result in a great 
deal of excellent research. Commercialization is a long 
game and partners are willing to play, but as commercial 
activities increase in value, the ‘voice of the user’ 
becomes increasingly important. 

“The 50% resource allocation has been interpreted 
and managed holistically, rather than the resource level, 
meaning that some assets potentially critical to NASA’s 
needs were completely unavailable due to the allocation 
entirely to CASIS. The limiting factor of access to crew 
time needs to be acknowledged and managed at the 
outset of every partnership/agreement. Only recently has 
CASIS assigned a portion of the ISSNL portfolio to 
‘programmes, not projects’, with an eye toward the 
longer-term optimization of industrial and 
manufacturing processes in LEO that might have future 
commercial value, and it is unclear what (beyond a 
desire to get in front of this very review) motivated this 
shift in portfolio allocation.” SF 
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B
orn in Pittsburgh, Pennsylvania, on 9 January 
1926, James Montgomery Beggs graduated 
from the US Naval Academy at the age of 21 
and spent seven years with the US Navy before 
earning a Master of Business Administration 

degree from Harvard in 1955. From there he joined 
Westinghouse, a company heavily involved in the 
nascent electronic industry and a lot of emphasis on 
defence and aerospace work.

Jim remained in Baltimore from 1956 to 1968, when 
he took up a personal invitation from then NASA 
Administrator James Webb to join the agency as head 
of the Office of Advanced Research and Technology. 
Beggs had been recommended by Frank Godsey, whom 
he had known while he was at Westinghouse and 
Webb was quite used to “collecting” people as he went 
the rounds! People who were highly effective in the 
positions for which they were nominated by Webb and 
so it was with Jim Beggs. But it was to be a brief period 
at NASA. By the end of 1968, Webb and President 
Johnson had gone and Richard Nixon was within 

ABOVE
Jim Beggs in his 

official NASA 
portrait.

weeks of entering the White House. But now Beggs and 
his family were in Washington, DC, and this coincided 
with Webb appointing himself chief recruiting officer 
for the new Administration.

For many exceptionally good reasons, senior 
managers at NASA were highly sought after and 
figured high on the lists kept by recruiting agencies in 
the nation’s capital. Thus it was that, when the Webb-
inspired recruiters came looking for highly effective 
management people, Beggs was offered several highly 
attractive positions with the new Nixon government. 
Of all those offered, he chose one closest to his zone 
of familiarity and became Undersecretary at the 
Department of Transportation. In fact, John Volpe 
wanted him as his deputy so much that he instructed 
Beggs that God himself had been lobbied to favour his 
selection, saying “I went to church this morning and 
prayed to my God that you would not turn this down. 
And therefore you can’t turn it down!” 

But Jim saw it as a stepping stone and was sure 
that he would move on within a year or two. It was 

ISS 
As we approach the 20th anniversary of the first occupation of the International 
Space Station, the Editor reflects on the life of former NASA Administrator Jim 
Beggs – arguably the man most responsible for bringing the ISS to fruition. 
by David Baker
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as much a surprise to him that he worked out the 
duration of Nixon‘s first four-year term. There were 
many challenging projects, including the Supersonic 
Transport aircraft – the SST – which was set up by the 
Kennedy Administration as a counter to the Anglo-
French Concorde project. Jim Webb had been asked 
to head the US SST project but refused and Najeeb 
Halaby took the job. Jim Beggs worked with Halaby to 
push it as strongly as possible but the environmentalist 
lobby had a powerful presence in America – this was 
the age of an anti-technology movement which saw 
big-spending space projects such as Apollo and the 
Vietnam War come under attack. 

In late January 1969 Beggs was appointed to head 
up a committee at Nixon’s behest to get to the bottom 
of just what was implied – either way – by a decision 
to approve or cancel the SST. Beggs impressed the 
Washington elite with the way he managed the work, 
delegating specific tasks to special panels and focusing 
the work of each to converge at a specific judgement 
brought to conclusion at the committee level. But there 

was a lacklustre response – only two members turning 
up at the second meeting – so a determined message 
went out throughout the Beltway and henceforth there 
was a full attendance. But this was the way with Beggs 
– firm but courteous and always a gentleman. Plain 
speaking, succinct but purposeful and polite.

A NEW CHALLENGE
Jim left the Department of Transportation in 1973 
to join Summa, the California holding company for 
Howard Hughes and his many business interests. 
Hughes lived on the top two floors of the Inn on the 
Park hotel in London and refused to move out until 
they purchased a hotel in the Bahamas where he could 
live. Beggs found it difficult to work for the man and 
had to accommodate his eccentric ways, including 
buying him an aircraft of his own. When he refused to 
have his picture taken for a passport it fell to Jim Beggs 
to manipulate the legalities and effect a very backdoor 
way of moving Hughes out of England!

With his background at NASA, Jim Beggs knew 
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Mike Collins of Apollo 11 fame quite well and 
negotiated the transfer of all Hughes’ private collection 
of historic aircraft to the National Air and Space 
Museum. All except the Hercules H-4 Spruce Goose – 
the biggest aircraft in the world – which was too big 
to go in the museum and which Collins had wanted 
to cut up to keep key parts such as the deck staircase 
and flight deck as a visitor attraction. Despite Jim’s 
best persuasive efforts, Hughes would have none of it 
and so the Spruce Goose sat in its hangar right next to 
the Queen Mary down at Long Beach, California. Of 
course, since 1993 it has been at the Evergreen Aviation 
and Space Museum, Oregon.

A bigger role in management activities came in 1974 
with an appointment to General Dynamics where he 
become an executive Vice President. The company’s 
name emerged in 1952 out of “Electric Boat” after its 
work increasingly shifted toward aircraft, enlarged even 
more so with the acquisition of Convair (renamed from 
Consolidated Aircraft) the following year. GD had a 
central hold on many aerospace projects of the period 
and the company was responsible for a wide range of 
projects and programmes at the very core of defence 
spending. A year before Beggs joined the company, 
Convair had received the contract to build the mid-
fuselage section of the Shuttle. He would remain with 
the company until called to higher duties.

Shortly after the Reagan Administration entered 
office in January 1981, Jim Beggs was called by a White 
House aide and asked if he would consider the post 
of NASA Administrator, an offer which sent him and 
his wife to Washington again where he met Ronald 
Reagan and heard how enamoured the President was 
with the agency and what it had already accomplished. 
At this date, in February of 1981 the first Shuttle flight 
was only weeks away and was hot on the agenda for 
politicos in DC – some expected failure while others 
were mindful of how close it had come under Jimmy 
Carter to being cancelled outright when technical 
problems burgeoned during his tenure at the White 
House. Reagan had no feel for the technology, openly 
admitting in good humour how it left him “awe-struck” 
but nonplussed, but he had the political savvy to see a 
winner and he was willing to capitalise on that.

Impressed by the President’s candour, exuberance 
and strong support for NASA, Beggs accepted and, 
after the usual grilling from Congress, received 
formal approval. On 10 July 1981 he became the fifth 
NASA Administrator and immediately confronted 
the high challenge of stemming the downward trend 
in the agency budget, sorting out cost escalation on 
the Hubble Space Telescope and getting the Shuttle 
operational. Columbia had already flown once and 
survived numerous technical problems and some very 
disquieting uncertainties over its performance – none 
of which were beyond correction – but for Beggs the 
big challenge was ramping up flights, getting payloads 
on board and providing a high level of confidence in its 
operability. But he had bigger objectives in mind.

When he joined NASA, he had been lobbied by 
groups within the agency that wanted more, to push 
ahead with building a permanent presence in space 
through the assembly of a large orbiting laboratory – a 
space station. To expand the general acceptability of the 
station as a concept, Beggs reeled in the President by 
appealing to his boyish enthusiasm and having him out 

at Edwards Air Force Base, California, for the landing 
of the fourth Shuttle flight on 4 July 1982. It was the 
last of four research and development missions and 
would be followed by what was somewhat prematurely 
regarded as the first “operational” flight. But the 
President thoroughly enjoyed that day and never forgot 
the impression it made on him. For Jim Beggs it was 
time to roll out the “big one” for the newly recruited 
“space cadet”.

GETTING IT THROUGH THE GATE
The story of how Jim Beggs gave NASA what was at 
first called “Freedom” and which would became the 
International Space Station, has been told before. On a 
working basis and later as a friend, I came to know Jim 
Beggs well and frequently saw how he was committed 
to the spirit of international cooperation in space in 
a way few perceived at the time, a policy that not all 
supported. Jim Beggs has been quoted often on his 
striving to get the ISS approved but in a personal letter 
to me some time ago he mused over that genesis:

“When we made the station proposal the President 
was taken with the fact that the station would be 
visible from Mother Earth as a morning and evening 
star, and was much in favour of inviting international 
collaboration. He felt the name Freedom was very 
appropriate. The programme was approved in 1983 
and recommended to Congress in his 1984 State of the 
Union address.

“After preliminary design calculations, we made a 
round-the-world trip with a letter of introduction from 
President Reagan to invite Canada, the ESA countries 
and Japan to join in the design and construction and so 
it is that the station is in…orbit today and has attained 
maturity as the International Space Station with 15 
Nations participating. As with all high technology 
programmes, financial problems and Administration 
changes resulted in much redesign and downsizing. My 
long experience with redesign and downsizing is that 
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it rarely results in much cost reduction. But it is quite 
significant that in this period of restricted budgets and 
with frequent changes, not one of these nations has left 
the programme nor have any reduced its commitment.

“As with all large space enterprises much has been 
written about the high cost of the ISS, but if just half 
of our objectives are met we will have been amply 
repaid. Moreover, the educational value for the coming 
generation is incalculable.

“We are now living and working routinely in 
space, over the coming decade or more we will be 
accumulating knowledge and experience to extend 
our reach to further exploration, perhaps to a Moon 
base and then to a visit to Mars. All great civilizations 
have an imperative to explore in spite of impediments. 
For as Shakespeare wrote ‘Our doubts are traitors, and 
make us lose the good we oft might win by fearing to 
attempt’.”

An avid anglophile, Jim Beggs was fond of quoting 
Shakespeare, as per this highly appropriate reflection 
of his own philosophy regarding our future in space: 
“There is no telling where our vision and imagination 
will lead us once we have the space station. As 
Shakespeare put it, ‘Thoughts are but dreams ‘till their 
effects be tried’. ”

In reality, Jim Beggs was responsible for a wide 
range of improvements to progammes already under 
way when he took office, including an insistence on 
the modularisation of systems on the Hubble Space 
Telescope so that astronauts could replace or upgrade 
various elements. This “plug-and-play” approach saved 
a flawed mirror and allowed subsequent upgrades 
and timely replacement of scientific modules which 
were facilitated by the ease of access built in as a direct 
result of pressure on the design teams from Jim Beggs 
himself. But the international programmes were of 
great interest to him, as well as the broader applications 
of space activity such as the applications satellites 
covering Earth science and remote sensing. 

Throughout his tenure, Beggs was adamant 
about setting up a competent administrative 
control, especially on the big programmes such as 
the station. For what became the ISS, he pulled in 
Phil Culbertson and Englishman John Hodge, both 
experienced through involvement in the early days of 
the space programme, to manage integration with the 
various NASA field centres and create a task force to 
define the magnitude of the effort required through 
contractor studies and consultation with managers 
of former major programmes. That worked very well 
with the station and allowed a degree of flexibility as 
it rode a very rocky ride through the congressional 
hearings, the budget committees and the changing 
priorities of three US presidents before the launch of 
the first element in 1998.

On 4 December 1985, Jim Beggs took indefinite 
leave after being indicted by the Justice Department 
on allegations of fraudulently overcharging the 
government while he was with General Dynamics. He 
resigned from office on 26 February 1986 to spend all 
his time fighting the charges but those were dropped 
in June 1987. The Justice Department found that no 
laws had been violated and the Attorney General 
Edwin Meese III took the unusual step of sending a 
letter to Beggs, apologizing for the prosecution. “I 
wish to offer you a profound apology on behalf of the 

federal government and the Department of Justice”, 
Meese wrote, saying the indictment was based on 
“an inaccurate understanding and assessment of 
the underlying facts. Your fellow citizens should 
now be more aware than ever that your character is 
untarnished and your behaviour unblemished”.

Jim Beggs was not only a great Administrator 
of NASA, leaving his mark on so many space 
programmes, not least for having carefully ensured 
the approval and continued development of the space 
station, but as a magnanimous human being. I had 
known Jim Beggs a long time when, about 16 years 
ago, he gladly accepted a request I made to spend 
an evening with a group of students I had taken 
on a “Space Coast” tour of NASA centres from the 
Department of Extra-mural Studies, Nottingham 
University. We met up in a boisterous Georgetown 
restaurant and Jim entertained the students with tales 
of the great days during which he was at the helm. 

He always felt that what had been achieved within 
the ISS was itself, as a programme, an exemplar for 
the finest in human endeavour. Always supporting 
the collegiate gathering of nations around a common 
purpose, he had lived his life as one who saw the 
future and had the power and the position to make it 
so. One of his last reflections to me came in a private 
correspondence as a result of concerns over the loose 
direction of future possibilities within the space 
programme. I would like the final word to go to Jim 
Beggs himself, raised as comments on shared thoughts 
about the Shuttle and its legacy in the ISS: 

“It was indeed a very productive period in the space 
programme’s history, my only regret is that it ended. 
We will see what the future holds. The station has been 
a struggle but well worth the effort, unfortunately the 
future of manned exploration is a bit foggy right now 
but I trust it will clear in a few years. Many thanks and 
all good wishes. Jim.”

Pre-deceased by his wife Mary and a daughter, Jim 
Beggs died on 23 April 2020 at his home in Bethesda, 
Maryland, leaving four children. SF 
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F
or some time now I have wanted to examine the 
spaceplane versus capsule issue. Considering 
the work of the UK’s Reaction Engines Inc and 
Bristol Spaceplanes Ltd, I have also wondered 
why there are no crewed orbital spaceplanes out 

there for the near future. Is this a technological choice, a 
financial one, or is there some underlying limit to what 
is possible?

From the 1950s onwards it was fully expected that 
by the late 20th century, regular flights to orbit would 
be occurring using spaceplanes seen in the film 2001: 
A Space Odyssey. Vividly displayed in Stanley Kubrick’s 
1968 movie, Arthur C Clarke’s famous titanium 
clad double-delta winged spaceplane seemed fully 
appropriate for the future. Designed in detail by Harry 
Lange and, ironically, called Orion III, it became an 
iconic goal for aerospace engineers and space agency 
operational planners to pursue. 

Based on the winged concept from his 1947 novel 
Prelude to Space, Clarke’s conceptual rail-launched 30 
passenger rocket-plane would, many expected, be part 
of a new era of reusable spaceplanes that could open 

up orbital access and liberate near space, eventually 
allowing for future human settlements on the Moon, 
Mars and beyond. 

In the late 1960s, the world fully expected 
commercially viable spaceplanes with “Pan American” 
logos on the fuselage and regular operations, just at a 
time when the newly developed Boeing 747 was then 
starting to enable mass air travel to cross international 
distances at affordable prices.

The drive in the 1970s for NASA and the then Soviet 
Union to develop reusable spaceplanes, with precise 
runway landings and airliner style-operations, resulted 
in the reusable Space Shuttle orbiter designed by the 
then North American Rockwell company and the Soviet 
Buran, first launching in 1981 and 1988 respectively. 
Both spaceplanes required disposable or partially 
reusable launcher rockets and the Buran would only 
achieve one uncrewed automatic flight and landing 
before it was abandoned in 1993 following the break-up 
of the Soviet Union.

After 135 flights, the Shuttle was retired in 2011. 
Despite its excellent achievements as a deployer of 

New spacecraft should be entering service this year. But do cone-shaped 
capsules that rely on parachutes and cannot return precisely to spaceports 
provide the best answer for human space flight operations? 
by Nick Spall FBIS
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satellites and space-probes, as a Hubble Space Telescope 
servicing vehicle and International Space Station (ISS) 
assembly truck, the loss of the Challenger orbiter in 1986 
and then Columbia in 2003 revealed its relatively fragile 
operational reliability and poor level of safety.

BACK TO THE FUTURE
Following the spaceplane hopes of the early years of 
space flight, the reality now is that for the foreseeable 
future only 1960s-style cone shaped capsules will fly 
astronauts to orbit and beyond. No precision landings 
on runways will be possible and the reliance on a 60 
year-old parachute approach for recoveries will still be 
needed, as used from 1961 for the Vostok, Voskhod, 
Soyuz, Mercury, Gemini and Apollo crew vehicles.

As well as the Starliner and Crew Dragon spacecraft 
for orbital access, deep-space flights will also be capsule-
based for the near future. Lockheed Martin’s/ADS’s 
Orion craft – once referred to by NASA administrator 
Mike Griffin as “Apollo on steroids” – will travel to the 
Moon for Project Artemis and possibly on to Mars in 
the future and will itself rely on parachutes and ocean 
landings. Partly reusable, the 4-6 seat spacecraft is 
planned to operate in an uncrewed mode for the 2022 
Artemis 1 mission orbiting Moon and the first crewed 
flight, Artemis 2, completing a subsequent lunar fly-by a 
year later.

Despite the successful though small uncrewed 
Lockheed X-37B Orbital Test Vehicle (OTV) lifting-
body reusable spaceplane currently operating for 
the US Space Force, and SNC’s Dream Chaser cargo 
vehicle spaceplane which will soon help service the ISS 
in uncrewed mode, plus Space X’s “Starship” vertical 
landing concept, future space agency human-rated 
spacecraft are all to be capsule-based.

In India for example, ISRO is developing the 
Gaganyaan spacecraft, a 3-crew, Soyuz-style design for 
orbital operations, whilst China’s future replacement for 
the Shenzou spacecraft is a partly reusable deep-space 
capsule design using air-bags for solid surface landings 
and replaceable heat resistant panels for the exterior. 
Roscomos’s Soyuz MS replacement, known as PTK NP 
or “Orel”, will be a 4-6 seat Orion-type partly reusable 
capsule, although it has been rumoured that this may 
be able to use rocket landing abilities, rather than a 
parachute recovery.

China’s emerging next-generation deep-space crew 
spacecraft is adhering to the Orion/Starliner capsule 
concept. Whilst it is intended to be partly reusable, this 
3-crew ship that will access the future Chinese Tianhe 
space-station and one day allow for flights to the Moon 
takes the “safe” approach. With an expendable launcher 

and parachute returns, it has an air-bag for soft landing.
These cone and bell-shaped space vehicles do provide 

a relatively safe and well-tried solution for human access 
to space, as they can make use of pad abort rockets and, 
because they possess stable shapes, they can survive 
near-vertical ballistic re-entry return profiles. For 
example, Soyuz MS-10 survived a staging failure of its 
Soyuz FG launcher in October 2018, with the launch 
escape system successfully pulling the capsule clear at 
high altitude. The Shuttle and the Buran spaceplanes did 
not have this type of abort capability, though elaborate 
plans for a crew bale-out system were adopted for the 
Shuttle after the 1986 Challenger loss.

RISK ASSESSMENT
So, are spaceplane approaches both viable and 
realistic? Many spaceplane engineers would argue that 
spaceplanes can be made to operate safely, provided 
their thermal protection systems are made to function 
more simply and reliably. The two Shuttle losses for 
example were both due to the winged orbiter vehicle 
being stacked up against the launcher, with its delicate 
thermal protection materials exposed to damage and 
with little early abort separation capability as a result of 
that design.

Safety and re-entry stability is a key to spaceplane 
operations. The emerging SpaceShipTwo (SS2) 
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reusable spaceplane of Virgin Galactic, intended for 
sub-orbital operations covering both space participant 
and microgravity research activity, is an example. 
Derived from Burt Rutan’s 2004 X-prize winner 
SpaceShipOne, it provides wing-feathering to stabilise it 
during re-entry and provide safe low g-load operations. 
Even this unique design requires a careful safety focus 
of course, with Virgin Galactic currently considering the 
provision of crew and passenger parachutes for extreme 
emergencies during launch or return vehicle failures.

It should be noted that competing with Virgin 
for sub-orbital access is Blue Origin’s reusable rocket 
launched capsule approach, New Shepard. This offers 
a rocket flight experience, zero-g freedom at 100 km 
altitude, with parachute recovery of the capsule and no 
precise landing at the spaceport; it does have the positive 
characteristics of an abort capability and relatively 
simple operational requirements.

Many spacecraft engineers focus on spaceplane 
reusability and the spaceflight “holy grail” for launchers, 
a “Single Stage To Orbit” (SSTO) capability. Tsiolkovsky’s 
famous “rocket equation” essentially means that current 
technology cannot easily provide SSTO vehicles with a 
useful payload, as the weight of the O2 oxidiser needed 
to be carried is too great – “staging” is therefore normally 
required for human-rated spaceplanes. 

So, is SSTO an achievable approach for spaceplanes? 
The reality is that simple turnaround space launcher 
SSTO designs are still awaited and the project 
development costs and challenges are great. 

The high-speed sub-orbital and orbital National 
Aerospace Plane (NASP) spaceplane, Rockwell’s X-30 and 
Lockheed Martin’s X-33 and VentureStar were attempts at 
this goal. Both X-33 and VentureStar were abandoned by 
NASA in 2001 for reasons of technical difficulty, with fuel 
tank design problems, engine issues and huge thermal 
protection challenges, costs and weight.

The UK’s Reaction Engines Inc company and the 
hoped for “Skylon” SSTO spaceplane is an encouraging 
possibility for both high-speed intercontinental travel 
(the A2 design) and automated orbital flight. Its 
innovative air-breathing Sabre engine was designed and 
pushed forward by Alan Bond, Richard Varvill and John 
Scott-Scott of Reaction Engines since the company’s 

formation in 1989. If it becomes operational as a fully 
reusable launcher, it could be a game -changer for 
space flight, initially halving current launcher costs and 
progressively reducing them even further over its service 
lifetime.

Now receiving US-led investment, with UK Space 
Agency and BAe Systems backing, SSTO may be possible 
for Skylon, with the air-breathing Sabre engine now 
being tested on the ground to a simulated Mach 5 and 
a flight demonstrator vehicle being planned. The full 
future development costs are expected to be heavy, 
approximately £12 billion plus, though this is less than 
the Airbus A380 level of project investment which was 
estimated at £20 billion in 2016.

Alan Bond sums up the appeal and revolutionary 
nature of the Sabre engine concept for the future with 
the simple: “The world really needs Skylon.”

MADE IN BRITAIN
David Ashford of Bristol Spaceplanes Ltd. has been 
studying spaceplane design for over 45 years and is a key 
proponent of winged spacecraft design for Earth orbit 
operations. He points out that sub-orbital access could 
have been developed and achieved in the late 1950s via 
the enhancement of the UK’s Saunders Roe SR.53 and 
the US Lockheed NF-104 Starfighter rocket powered/jet 
aircraft.

Ashford believes that using relatively cheap, off-
the-shelf parts and technology of that era, sub-orbital 
tourism flights via the small “Ascender” vehicle, a 
two-person Mach 3 jet/rocket powered runway take-off 
spaceplane, is viable. 

Gradual investment would occur in Ashford’s concept 
to develop the two-stage reuseable “Spacecab” and then 
the much larger “Spacebus” designs for orbital access. 
Getting to orbit requires about 25 times more energy 
than achieving sub-orbit altitudes. 

The complex SSTO goal is not one that Bristol 
Spaceplanes would strive for. With Bristol Spaceplanes’ 
approach, the Spacecab lower stage, the carrier aircraft, 
uses jet engines in the existing Rolls-Royce Olympus 
class up to Mach 2. It includes enlarged developments 
of the Armstrong Siddeley Stentor rocket engine to 
accelerate from Mach 2 to Mach 4. The upper stage 
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(orbiter) uses rocket engines in the Vinci class to 
accelerate from Mach 4 to orbit. 

The smaller Ascender suborbital demonstrator 
for Spacecab uses two jet engines in the J-85 class 
to accelerate to Mach 1.8 and then a single reverse-
engineered Bristol Siddeley BS 605 rocket engine to 
accelerate to Mach 3.2 in a steep climb to achieve sub-
orbital altitudes.

Ashford’s spaceplane design thoughts are appealing. 
Ascender would re-enter at Mach 3.6 and take about one 
minute to slow down to subsonic speed. He notes that 
the Shuttle re-entered at about Mach 25 and took about 
20 minutes to slow down. The thermal load affecting 
Ascender on re-entry is therefore far less and it needs 
at most a thin layer of insulation on its nose and wing 
leading edges. However, it can be used to test the more 
advanced system needed for the Spacecab orbiter.

Bristol Spaceplanes makes a comparison with the 
Space Shuttle, pointing out that the Spacecab orbiter 
needs less thermal protection because it carries its 
propellant internally, which leads to a lower wing 
loading and hence a re-entry at higher altitude in thinner 
air, where the heating is less intense. Ashford notes that 
the Shuttle thermal protection system was designed 
some 50 years ago and that considerable research has 
occurred since then, with viable replacement heat-
resistant panels being more possible now.

Also emerging to compete with possible spaceplanes 

for the longer term is Elon Musk’s huge two-stage Space 
X Starship concept, currently being developed in South 
Texas. This spacecraft combination is intended to land 
vertically, but with precision at worldwide spaceports. In 
an early stage of design and testing, the 100 seat Starship 
will of course require a massive investment, but Musk 
claims that it will one day replace Space X’s successful 
but only part-expendable Falcon rockets and become a 
fully reusable system. 

Reusable spaceplanes will always be the attractive 
alternative to traditional capsules designs that rely on 
parachute landings, provided airline-quality goals for 
safety and reliability can be established. In a resource-
challenged world of the near future of course, funding 
such technology will be the key challenge to address. SF 
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D
uring the first year of his presidency, on 11 
December 2017 Donald Trump signed into 
law Space Policy Directive 1 to send humans 
back to the Moon by the end of 2024. It was to 
be a US-led enterprise involving commercial 

and international partners. Previously, NASA had been 
working toward a return visit to the lunar surface around 
2028 but had been given the hurry-up in a White House 
intervention that disrupted NASA planning in a big way.

It was intriguingly reminiscent of another White 
House disruption when President John F. Kennedy, also 
in the first year of his incumbency, dragged Apollo up 
front and centre to NASA plans for human space flight 
as they existed at the time. Like the Orion spacecraft of 
today, Apollo was intended as a next-generation human 
space flight vehicle enabling a general expansion into 
deep-space exploration, eventually supporting lunar 
landings. Back in the 1960s it took eight years and two 
months – almost to the day – to get to the lunar surface 
after that historic announcement on 25 May 1961. 

NASA has little more than half that time – a mere 
four years six months – to fulfil the President’s pledge. 
But the parallels are stark. Apollo was an untried 
vehicle riding an untested rocket – so is Orion and its 
dependency on the Space Launch System. Apollo was 
launched with the goal of getting to the surface in a 
hurry – so is Artemis. And Apollo was intended as the 
flagship for a sustained presence on the lunar surface. It 
never happened back in the heyday of Apollo euphoria. 
Can it be realised by Artemis?

DEFINITION OF PURPOSE
On 20 August 2019, the US National Space Council 
directed NASA to submit a plan “for sustainable 
lunar surface exploration and development, including 
necessary technologies and capabilities to enable initial 
human exploration of Mars”. It has only just been 
delivered.

In its response NASA asserts some surprising 
motivational reasons for the Artemis programme, 
justifying it as a means to “extend the nation’s geo-
strategic and economic sphere to encompass the Moon”, 
and to do that with its commercial and international 
partners. Nothing there about science, the establishment 

But is Artemis really the new Base Camp?
by David Baker

of a research base for the purposes of exploration, rather 
a means by which the United States can “establish a 
predictable and safe process for the extraction and use 
of space resources”. Does that mean that the US reserves 
the right to “manage” the international partnership in 
its “leadership” role and to use the agreement to limit 
non-US initiatives in lunar resource extraction? Well, yes 
– but don’t worry.

In accepting US leadership in these endeavours, 
the international partners assign their own financial, 
manpower and manufacturing resources to a single 
programme which absorbs funds that could otherwise 
be used for an independent, more competitive stance 
on deep-space exploration. Yet by participating, the 
international partners are honing skills and capabilities 
valuable for space operations above and beyond those 
currently available to them. It has been that way for a 
very long time; the Spacelab programme, which gave 
NASA an early start on extended space-science activity 
during the 1980s, bequeathed in its legacy the Columbus 
laboratory as a permanently installed workspace at 
the International Space Station. And from those came 
the Multi-Purpose Logistics Module, the Automated 
Transfer Vehicle and the Orion Service Module.

NASA’s new strategy is to conduct what it terms a 
set of Zero Level Goals, effectively a roadmap of steps 
required to get from low-Earth orbit to human Mars 
missions. It begins with the transition of LEO activities 
to full commercial operations (see page 16) and to the 
use of the ISS as a test-bed for more advanced, deep-
space capabilities. It moves to expanded uncrewed 
operations on the lunar surface involving government 
and commercial activities and surface operations. From 
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there, the first return flight putting “the first woman and 
the next man” back on the Moon by the end of 2024 and 
the demonstration of a Mars-forward architecture built 
around the Gateway supporting lunar orbit and surface 
operations.

APLHABET CAMP
After the initial landing, which NASA still claims it 
can achieve in 2024, the Gateway will receive priority 
with development of a lunar terrain vehicle (LTV), a 
lunar mobile habitat (LMH) and a lunar foundation 
surface habitat (FSH) in parallel. Also developed in this 
post-2024 period will be expanded human habitation 
of the Gateway. Developed as a focus for establishing 
the hardware, the operational management and the 
experience of an infrastructure that can replicate a 
Mars mission, with robotic systems in full support, the 
Artemis Base Camp (ABC) is the next goal. A location 
close to the South Pole where stays of up to two months 
would become routine. It is here that new technologies 
will be tried, tested and evaluated – much as a wide 
spectrum of science is the focus of work at the ISS.

At this camp, the LTV will be used for moving 
people and instruments, scientific equipment and 
logistical supplies, around the vicinity, establishing an 
operating perimeter for concentrated work. The LMH 
will take mobility to another level, transporting crew 
and provisions tens of kilometres across the surface and 
supporting stays of up to 45 days. A seminal task will be 
to find the appropriate location for the FSH which will 
support four-person crews for short periods far from the 
initial landing place.

The FSH is to be capable of growing over time to 

have independent communications systems (probably 
via lunar-orbit communications satellites), power 
supplies, radiation shielding, landings pads, waste 
disposal facilities and storage planning. These two 
elements of the surface infrastructure will be locations 
for numerous visits over the following decades, where 
science will play a part but characterisation of lunar 
resource utilisation will take on a new level of cislunar 
industrial development; places forming the focus for 
extracting materials and establishing commercial mining 
capabilities. The growth and expansion of the satellite 
base will depend upon the level of resource provided but 
locations such as candidate sites near Shackleton Crater 
are being considered.

Meanwhile, NASA intends to develop the Gateway 
into a fully-fledged Mars-simulation station. Here, four 
crewmembers arriving from Earth would spend a period 
in lunar orbit equal in duration to a Mars trip, followed 
by a descent to the lunar surface for a period simulating 
a Mars expedition. The four-person crew would return 
to the Gateway for another stay equal to a trip from Mars 
back to Earth. The plan is to simultaneously develop 
the Moon for resource utilisation while developing and 
accomplishing a crewed flight to Mars, perhaps as early 
as the mid-2030s. 

But that will need a lot of money and a great degree of 
luck, which if not acquired in equal measure will see the 
aspirations of the Apollo era repeated again, where 
dreams of lunar surface bases and human flights to Mars 
disperse like mists so frequently reported in lunar craters 
and within canyons on the Red Planet. SF 
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New Horizons is performing perfectly as it flies deeper and deeper into the 
Solar System’s debris-strewn Kuiper Belt. 
by Alan Stern, Southwest Research Institute, New Horizons Principal Investigator

Probing further in the
Kuiper Belt

R
ecently we conducted an engineering review 
of the spacecraft to “trend” how it was 
working compared to when it was launched. 
The result was amazing. Every system and 
science instrument aboard New Horizons is 

working as well as it did when we lifted off, more than 
14 years and almost eight billion kilometres ago. As 
mission principal investigator I could not be prouder 
– the men and women who designed, built and 
tested New Horizons literally created a masterpiece 
of American workmanship that will likely be able to 
perform and explore for many more years and many 
more miles!

Before I update you on mission news, I want to 

highlight something cool on our mission website, 
http://pluto.jhuapl.edu/. There’s a crazy amount of 
detail there for anyone interested in knowing more 
about the New Horizons mission and our scientific 
discoveries, but we’ve also posted a file to create 3D 
spacecraft models. With this file anyone with access 
to a 3D printer can create their own New Horizons to 
have at home or at work!

Now for some mission happenings, starting with 
a cool public engagement project we’ve been doing. 
As I mentioned, New Horizons is almost eight billion 
kilometres from Earth. That is so far away, that the very 
closest stars appear in different positions in the sky 
than they do from Earth. This is due to the different 
perspective New Horizons has of these stars from its 
far away perch. On 22 and 23 April, New Horizons 
imaged two of the closest stars, Proxima Centauri and 
Wolfe 359. Here on Earth, astronomical observatories 
and amateur observers simultaneously took images 
of the same stars. Using software to combine imagery 
from the spacecraft and the ground, we were able to 
produce stereo images of these star fields showing each 
star “popping out” because of the “parallax”, or changed 
perspective, between Earth and New Horizons.

Nothing like this has ever been accomplished 
before! We released these 3D images in May, so stay 
tuned. 

OPPORTUNITY KNOCKS
My first mission news update is that this summer, 
we’ll be using a trio of the largest telescopes on Earth, 
specifically, the Japanese Subaru telescope, and the US 
Gemini and Keck telescopes to discover new Kuiper 
Belt Objects (KBOs) for New Horizons to study. We 
expect to literally find hundreds of new KBOs! Most of 
these will be too far to study from New Horizons, but 
a few dozen will be close enough for the spacecraft to 
image. Although the objects will just be points of light 
in the distance, millions or even tens of millions of 
kilometres from our spacecraft, New Horizons images 
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THE SWAP INSTRUMENT aboard NASA’s New Horizons spacecraft has confirmed 
that the solar wind slows as it travels further from the Sun. This schematic of the 
heliosphere shows the solar wind begins slowing at approximately 4 AU radial 
distance from the Sun and continues to slow as it moves toward the outer solar 
system and picks up interstellar material. Current extrapolations reveal the 
termination shock may currently be closer than found by the Voyager spacecraft. 
However, increasing solar activity will soon expand the heliosphere and push the 
termination shock further out, possibly to the 84-94 AU range encountered by the 
Voyager spacecraft. SF 

SLOW LIGHT

Refined detail on the velocity of the heliosphere comes from the SWAP instrument .

will be valuable for studying their surface properties, 
their satellite systems, their shapes and their rotations 
in ways that cannot be accomplished from Earth – 
owing to their great distance and our limited viewing 
angles from the inner solar system.

New Horizons has been conducting studies of KBOs 
like this since 2016, but we’ve only been able to find 
and study about 20 so far. With discoveries from the 
Gemini, Subaru and Keck telescopes, we hope to triple 
or even quadruple that number, greatly enhancing our 
scientific return from the Kuiper Belt.

We will also scour the set of newly discovered KBOs 
for any that New Horizons might be able to fly by, as we 
did with the KBO Arrokoth early last year. Computer 
models indicate the probability of finding another close 
fly-by target is small, because we have so little fuel on 
board to divert toward such a fly-by – but that won’t 
stop us from looking! Our fondest hope is that we get 
lucky and have the opportunity for one more close fly-
by of a KBO. After all, no other spacecraft is exploring 
(or ever has explored) the Kuiper Belt, and none are 
on the drawing board to do so. This is humankind’s 
best chance to get such a close up of another KBO for 
decades to come!

I also want to update you on another cool 
development for the mission: We are looking at how to 
increase the capabilities of New Horizons’ instrument 
payload through software upgrades. The team is 
evaluating several cost and capability-increase options 
for six of the seven instruments, and we expect to 
decide which ones to implement in May. By about this 
time next year, these “flight software” changes will be 
made, tested and sent to New Horizons for us to begin 
using those new capabilities. Later this year, once 
we’ve selected which enhancements to implement, I’ll 
describe each of them.
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MEANWHILE…
I’ll close with some scientific news. First, I want to 
announce the forthcoming publication late this year 
or early next of a 1,000-plus page technical research 
volume called “The Pluto System After New Horizons”. 
This book, to be published in the distinguished 
University of Arizona Space Science Series, will contain 
24 chapters detailing essentially every aspect of what 
was learned about Pluto and its moons from the 
historic first-ever fly-by exploration of Pluto, which 
New Horizons conducted in July 2015. All 24 chapters 
are now written, each by a team of scientific experts. 
Some have already completed review by other scientists 
to improve them, while others are undergoing that 
step. By May or June, we expect all 24 chapters to be in 
production for publication. The book should then be 
published about six months later.

The other science news I want to relay is about a 
blockbuster discovery this mission made as a result 
of its close fly-by of Arrokoth. We published the 
first indications of this discovery in the esteemed 
research journal Science in 2019; a much deeper 
analysis confirming the early results was published 
in Science this February. The discovery is about how 
Arrokoth, and by inference most other primordial 
“planetesimals” (or planetary building blocks), came 
into existence.

For many years, two competing mathematical 
models of planetesimal formation existed. The data 
from New Horizons shows, definitely, that only one 
of these models – variously called the “streaming 
instability” or “pebble cloud collapse” model – can 
produce an object like Arrokoth. Our evidence? The 

detailed shape, geology and alignment of the two 
halves, or “lobes” of Arrokoth. The New Horizons 
images, compositional spectra, and colour data on 
Arrokoth all point to this model being how Arrokoth 
formed. We summarized this discovery in a 13 
February press release. This may be the single most 
impactful discovery of the entire New Horizons 
mission so far, pointing to how planets got their start 
while settling what has literally been a decades-long 
computer modelling duel between competing theories.

  And with that big news, I’ll conclude this report. 
I’ll write again this summer. Meanwhile, I hope you’ll 
keep on exploring – just as we do! SF 
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B
etter known as S. Fred Singer, or simply “Fred” 
Singer, Dr Siegfried Fred Singer was born in 
Vienna of a Jewish family on 27 September 
1924. Upon the annexation of Austria by Nazi 
Germany on 12 March 1938, known as the 

Anschluss, his family fled their homeland; he first 
wound up in Northumberland, England, at age 14. 
Later his family emigrated to America and settled in 
Ohio. He became a US citizen in 1944. Fred obtained 
a Bachelor’s degree in Electrical Engineering in 1943 
from Ohio State University in Columbus and then, 
while serving in the US Navy, he did post-graduate 
work at Princeton University in New Jersey.

He began teaching classes in the Physics Department 
while working towards his Master’s in physics. Singer 
received his degree in 1944 and obtained a Ph.D. from 
the same University in 1948. Fom 1945 to 1946 he was 
assigned to the Naval Ordnance Laboratory at White 
Oak, Maryland, where he undertook research on 
underwater mines and countermeasures. Here, he also 
created the arithmetic element of a digital computer and 
worked out its coding system.

Singer gained his first experiences with rocketry 
between 1946 and 1950. Upon his discharge from the 
Navy in 1946, he began employment as a research 
physicist with the Upper Atmospheric Rocket Program 
of the Applied Physics Laboratory (APL) of Johns 
Hopkins University in Silver Springs, Maryland. As a 
junior member of the team, he focused upon gathering 
scientific data on cosmic rays and ozone levels in the 
upper atmosphere with sounding rockets. Besides 
rockets, some of this work entailed balloons carrying 
the scientific instruments. The APL team was headed 
by Dr. James A. Van Allen who became an even more 
prominent pioneer of the Space Age.  

During this period, captured and modified V-2 
rockets were fired from the Army’s White Sands 
Proving Grounds, in south central New Mexico.  Much 

Dr. S. “Fred” Singer     
(1924-2020)

REMEMBERING

The brains behind the early 
1950s MOUSE proposal and the 
record-breaking Project Farside, 
which sent a balloon-launched 
rocket up to 6,400 km into space 
just two weeks after Sputnik 1, 
Dr Siegfried Singer was in every 
sense a true space pioneer. 
by Frank H. Winter

ABOVE
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Space Age, who 
died in April.

smaller and much cheaper solid boosted, liquid fuelled 
Aerobee sounding rockets were also launched, including 
shipboard firings in the Arctic and at the equator.  

It was on one of those missions, during March 1949, 
while aboard the USS Norton Sound, that Singer, Van 
Allen, Lieutenant Morton Lee Lewis, and Commander 
George Halverson conceived of launching a sounding 
rocket suspended from a balloon at high altitude, 
which they dubbed the “Rockoon”. This plan was not 
immediately adopted since they also determined that 
the balloon could not be steered and rockets could 
be lost. Nevertheless, on 28 August 1952 Van Allen’s 
team launched the first successful Rockoon from the 
US Coast Guard cutter Eastward off Greenland. The 
far more economical all-solid-propellant Deacon 
was readily adapted to this task, lofted by a large 
plastic balloon. Subsequently, Rockoons became 
highly popular and many were launched during the 
International Geophysical Year (IGY) of 1957-1958.

Meanwhile, in 1950, Singer left Johns Hopkins to 
serve as a scientific liaison officer with the Office of 
Naval Research. He was assigned to the Naval Attaché 
at the American Embassy in London. In this capacity, 
he visited and reported on laboratories engaged in 
upper atmosphere physics, particularly on cosmic 
rays, besides radio astronomy and astrophysics. It 
was also during this time, in 1952, that he conducted 
calculations of cosmic ray effects on meteorites.  

In the meantime, Singer was one of the small group 
of top scientists who had met on 5 April 1950 in Van 
Allen’s living room that conceived the idea of what 
became the IGY. And when the IGY was eventually 
approved, Singer was one of those who helped lobby 
for the inclusion of a satellite.

In 1953 Singer became Associate Professor of Physics 
at the University of Maryland at College Park; he became 
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a full professor there in 1959. Besides teaching, he 
continued his researches on the origin of cosmic rays, 
the age of meteorites, and the exploration of the upper 
atmosphere with small rockets that eventually led to the 
development of the Terrapin two-stage solid-propellant 
sounding rocket and later the Oriole rocket.

MIGHTY MOUSE
It was on 3 August 1953 at the Fourth International 
Astronautical Congress at Zürich, Switzerland, that 
Singer received perhaps his greatest acclaim when 
he introduced his paper MOUSE (Minimum Orbital 
Unmanned Satellite Earth). He appears to have 
originated this concept in 1951 while at the 2nd 
Congress, held in London when he lived there. Singer 
was particularly taken wth the paper “Minimum 
Satellite Vehicles” by Kenneth W Gatland, mentioned 
below. At any rate, Willy Ley, the well-known historian 
of rocketry and space flight, called Singer’s concept 
“the first artificial satellite (design) in the modern 
sense”, containing microelectronic instruments to 
gather scientific data about the space environment and 
how this data could be transmitted back to Earth; the 
original configuration was spherical but this was soon 
switched to a cylindrical design. MOUSE was spin-
stabilized, weighed about 45 kg, and was to be launched 
by a three-stage rocket to a 305 km circumpolar orbit. 
Solar energy was to power the transmitter. 

The idea of artificial satellites has a far longer history 
than is generally realized. Arguably it first appeared 
in 1687 in Sir Isaac Newton’s A Treatise on the System 
of the World in which he described a hypothetical 
cannonball that could be put into Earth orbit to 
demonstrate that the force of gravity is universal 
and a key force in planetary motion. The Russian 
Konstantin Tsiolkovsky, in his seminal article in May 
1903, “The Exploration of Outer Space by Means of 
Reactive Devices”, calculated the minimum speed for 
an orbital rocket. In February 1945, the late Sir Arthur 
C. Clarke first publicly suggested in a letter to the 
editor of Wireless World that V-2 technology could 
put an “artificial satellite” in a geostationary orbit. The 
use of three such “stations” could be used to better 
radio communications around the world. He followed 
this up with his now classic article in the October 
1945 issue, “Extra-terrestrial Relays – Can Rocket 
Stations Give Worldwide Radio Coverage?” Another 
milestone in the history of the artificial satellite was 
the paper “Minimum Satellite Vehicles” by the British 
Interplanetary Society’s Kenneth W. Gatland, with 
Anthony M. Kunesch amd Alan E. Dixon, which was 
MOUSE presented at the 2nd IAF Congress in 1951. It, 
too, was based on the use of the V-2 as a launch vehicle, 
an idea strongly favoured by Singer. 

Professor Singer spoke about MOUSE again at 
the Third Hayden Planetarium Symposium on Space 
Travel on 4 May 1954 and emphasized that rather than 
a project of the distant future, his satellite was then 
entirely feasible technologically, although by this point 
there were now several other satellite proposals. 

Indeed, during the same period, the Space-Flight 
Committee of the American Rocket Society (ARS) 
worked out their own suggestion for a satellite and were 
proceeding to go through various channels. Besides 
this, the Office of Naval Research pursued their own 
plans, initially with Wernher von Braun who had led the 

development of the German V-2 and was now Technical 
Director of the US Army’s missile development centre at 
Redstone Arsenal, in Huntsville, Alabama.  

Von Braun had already been vigorously promoting 
his futuristic visualizations of spaceflight since the late 
1940s, notably a very large, human mission to Mars. 
Beginning in 1952, his visions got national attention 
in the famous Collier’s magazine series on space flight, 
with von Braun writing the principal pieces. Yet in 
1954, von Braun began taking note of the more modest 
space exploration proposals by unmanned artificial 
satellites – the most prominent being Singer’s MOUSE 
– to increase our scientific knowledge of the space 
environment beyond Earth’s upper atmosphere. These 
could be more realizable in the near term. 

Von Braun’s Redstone ballistic missile had first been 
successfully tested that January and with a few of his 
team members at Huntsville they diligently worked out 
an unofficial engineering plan to modify the Redstone 
to launch a small satellite payload. By that May, these 
members had already worked a plan to utilize clusters 
of solid-propellant Loki anti-aircraft rockets as the 
two upper stages and a single Loki to boost the small 
satellite into orbit.  According to another account, von 
Braun may have actually considered using the Redstone 
as a potential launch vehicle earlier, in 1952 or 1953.   

PROJECT ORBITER
In mid-June 1954, von Braun’s friend, Frederick C. 
Durant, III, President of the International Astronautical 
Federation, while working covertly for the scientific 
intelligence section of the Central Intelligence Agency 
in Washington, DC, hastily arranged an important 
meeting with von Braun who was to make an official 
visit to Washington later in the month. Lieutenant-
Commander George W. Hoover of the Office of Naval 
Research was also willing to support a national satellite 
project. Fred Singer and Hoover were therefore among 
the key people invited to meet at the ONR’s offices on 
25 June, along with Durant, who was a naval reserve 
officer.  Afterwards, this was called Project Orbiter.  

While Fred Singer’s MOUSE was well conceived, 
however, the Orbiter committee never considered 
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payload of 1.4-2.2 kg and essentially consisting of 
Singer’s special, miniaturized Geiger counter, besides 
a magnetometer and transmitter, was to penetrate as 
much as 3,200-6,400 km beyond Earth. 

Harvie evolved into a project of the US Air Force’s 
Office of Scientific Research and was renamed Project 
Farside. Six vehicles were built and utilized Singer’s 
original suggestions of specific models of rocket 
motors and his Geiger counter. However, the first 
four Farside attempts failed while the fifth and sixth 
attempts, made from Eniwetok Atoll in the Pacific 
on 20 and 22 October 1957, partly succeeded. Their 
transmitters failed although it is believed the fifth one 
fired on the 20th reached as far as the maximum of 
6,400 km. Today, visitors to the National Air and Space 
Museum’s Steven F. Udvar-Hazy Center at Chantilly, 
Virginia, may see a representation (with authentic 
motors) of the Farside vehicle donated in 1965 by their 
original contractor, the Aeronutronics Division of the 
Ford Motor Co. 

By 1962, Professor Singer had left the University of 
Maryland to become the first Director of the National 
Operational Meteorological Satellite System of the US 
Weather Bureau, now part of the National Oceanic and 
Atmospheric Administration (NOAA). In succeeding 
years, he was to hold a variety of other leading positions. 
In 1969 he mentioned in a Time magazine interview 
that he enjoyed moving around since this always gave 
him “new perspectives”.  Professor Singer finally retired 
in 2000 although he came to serve as a consultant 
for several government agencies, besides private 
organizations and companies, on an untold number of 
projects. He was also a highly prolific writer and speaker 
on many subjects and garnered numerous honours. 

However, this writer would be remiss if he did not 
add that Singer was a complex man and during the 
latter part of his life he was a well-known climate 
change sceptic.  But I have chosen to focus this 
obituary upon some of his many achievements in the 
areas of rocketry and space flight. Fred Singer passed 
away on 6 April 2020 at a nursing home in Rockville, 
Maryland, USA, age 95. SF 

it as it was much too heavy for von Braun’s rocket. 
Subsequently, the Eisenhower Administration chose 
the Naval Research Laboratory’s Project Vanguard 
instead as the first US satellite project. Project Orbiter 
thus was “pushed into the background”, in Willy Ley’s 
words – and “the rest is history”.

In 1955, while attending the 6th IAF Congress in 
Copenhagen that August, Singer conceived of Project 
Harvie – for “High Altitude Research Vehicle, Earth” 
– to investigate trapped particles in possible radiation 
belts around Earth, subsequently confirmed in 1958 
when instruments on the Explorer I and III spacecraft 
detected what became known as the Van Allen Belts. 
This four-stage rocket was to be a sort of a “super 
Rockoon” built from off-the-shelf solid-propellant 
rocket motors, most of the stages in clusters, and 
launched from a polyethylene balloon at 30,000 m. The 
uppermost rocket, albeit carrying a very small scientific 
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Space spinners   

Sir: The invaluable article by Dr Brett Gooden, “A 
Matter of Survival” (SpaceFlight Vol 62 No 5 p26), 
asserts in effect that without the development of 
artificial gravity space vehicles there is no prospect 
of successful deep space exploration with human 
participation. This has become increasingly obvious 
over the years but there has been total reluctance 
to acknowledge it, possibly because it implies long 
and expensive development followed by operational 
experience initially in Earth orbit. This is not to the 
liking of those who want quick achievements and glory. 
But until we get on with it we shall not get either, only 
the prospect of a ghastly tragedy.

This outlook applies equally to all three major space 
powers, America, Russia and China. None of them has 
announced interest in artificial gravity. Their current 
programmes do not include any moves to explore it. A 
change in attitude cannot be excluded but it would be 
a surprise in view of the long silence that has settled in 
on the subject. It is hardly to be expected in the near 
future, with the virus epidemic threatening the world 
with a bombed-out economic and financial landscape. 

In the circumstances the best option at present might 
be for space societies and organisations, such as the BIS, 
to encourage articles and seminars, even competitions, 
devoted to proposals for the design, construction and 
trial of artificial gravity vehicles. This is a very wide 
and challenging field. The way ahead is not obvious. 
The possibilities are very numerous and technically 
fascinating. But if the discussion got started and 
gathered momentum it would bring the subject back 
into the awareness of the public, the space companies 
and finally the all-important political leaders. 

Tony Devereux  FBIS 
(via email)

Imagination to Reality     

Sir: The image shown below was taken by the Juno 
spacecraft presently in an elliptical orbit around Jupiter 
since the summer of 2016.

LETTERS TO 
THE EDITOR

Whilst the shadow of all four of the Jupiter’s 
Galilean moons can be imaged by amateur astronomers 
on Earth, what makes this image of Io’s shadow on 
Jupiter’s upper atmosphere so striking is because it was 
taken a mere 4,440 miles above Jupiter’s atmosphere 
and well below the 240,000 mile radius of Io’s orbit.

This is a wonderful example of the imagination 
of Arthur C Clarke meeting reality as in the closing 
chapters of Clarke’s book 2010: Odyssey Two (the 1982 
sequel to 2001: A Space Odyssey) the crew of the Alexei 
Leonov hurry to leave Jupiter’s orbit as a mysterious 
dark spot begins to spread across Jupiter’s atmosphere. 
This “Great Black Spot” is created by vast quantities 
of the famous black monolith ‘replicating’ at an 
exponential rate, ‘devouring’ Jupiter and increasing its 
mass, ultimately sending Jupiter Supernova. 

Fortunately, the crew are able to depart Jupiter’s orbit 
and return safely to an Earth that now has two suns.

The link with unmanned probes and science fiction 
does not stop there as we have an interesting footnote – 
Arthur C Clarke had used the tantalising images of the 
Jovian system from the Voyager probes to help inform 
his descriptions in 2010: Odyssey Two. 

Mark Yates FBIS
(via email)

Charlie Brown on tour   
Sir: I have finally got around to downloading this 
month’s SpaceFlight (Vol 62, No 6 p 48) and read with 
interest the item on the Apollo 10 Command Module 
“Charlie Brown” touring the UK. I saw the Apollo 10 
CM packaged up on the back of a low loader being 
taken out of Birmingham, presumably on the way to 
the M5. Now my memory might be a little vague here 
but I think that was in April 1973, as I was home on 
leave from the Royal Marines.

Then later that month (I recall) I saw the CM in 
Worcester or Hereford – not sure where. The CM was 
accompanied by a Moonrock sample from Apollo 11. 
I am afraid that the images are not the best quality. In 
1973 camera technology was not at the forefront of my 
mind considering I was in the middle of Commando 
training! I tried to get some of the surface texture and 
inside shots, but there was a barrier around the CM 
and lighting conditions in the tent were not the best.

ABOVE
NASA studies 

included a 
possible artificial 

gravity station, 
never developed.

BELOW
The Juno 

spacecraft, 
currently in orbit 
around Jupiter,  

transforms 
imagination into 

reality. 

“I saw the CM 
in Worcester 
or Hereford 
– not sure 
where” 
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Dave Shayler FBIS Editor, Space Chronicle
(Via email

Prime movers     

Sir: With regard to the article, “Places to Go” (SpaceFlight 
Vol 62 No 5 p18), and the reference to science fiction, 
and its effect on public support for space travel, I am 
reminded of a commentator who once suggested that 
the Quatermass serials were responsible for frightening 
people away from the idea of space travel! American 
critics have suggested that British SF writers have 
always tended to be “darker” in their themes than their 
American counterparts – 1984, Brave New World, The 
Day of the Triffids, and so on.

I was somewhat annoyed, when accessing the “Space 
Review” website, to come across a contributor who 
referred to science fiction as making space travel seem 
unreal. I have always considered that one of the purposes 
of science fiction is to make what is possible imaginable, 
as with trips to the Moon.

The American commentator and SF writer, Jerry 
Pournelle, once described how he first became interested 
in space travel through watching Buck Rogers; on the 
other hand, one of his lecturers criticised him for being 
interested in “this Buck Rogers nonsense” – swings and 
roundabouts.

Talking of public support, the reference to Prospero 
reminded me that this country has the unenviable 
distinction of being the only one to have developed a 
satellite launch facility and then to have abandoned it. 
I seem to remember an account of the project which 
claimed that none of the members of the scientific 
committee that recommended the ending of the project 
were actually “space scientists”.

Carl Sagan, in his series, Cosmos, suggests that 
Ancient Greece failed to achieve an “Industrial 
Revolution” because “experimentation” was frowned 
on – “science” was “natural philosophy”, purely a matter 
of intellect, not something supposed to yield practical 
results.

The idea of British scientists coming up with a 
revolutionary concept that is then turned into a practical 
commercial success by other – foreign – companies is 
something of a cliché, but one with considerable truth. I 
remember reading Profiles of the Future, by the Japanese/
American scientist, Professor Michio Kaku (he has 
appeared on a number of BBC documentaries). In the 
book, he outlines a number of scientific areas likely to 
be of importance over the next fifty years – one of them 
being space travel. 

Towards the end of the book he considers the 

question of which countries/societies will embrace the 
new technologies and so prosper, and those which won’t 
and will decline. He recalled an interview he once had 
with Dr Lee Kwan Yew, the former Prime Minister of 
Singapore, in the course of which he asked Dr Lee how 
he had improved the status of Singapore so effectively. 
Dr Lee replied that he considered his most effective 
reform to be in the area of education. He had believed 
that the Singaporean educational system, although 
good enough for the ordinary student, was inadequate 
for the very brightest. He therefore made a point of 
instructing every educational institution to make a point 
of identifying their brightest students, and ensuring that 
they were given the support necessary to allow them to 
develop at their own speed, in their own way.

If we wish for our own astronaut corps, our own 
presence in space, we may have to follow the example 
of Singapore. What the chances of that are, given the 
opposition of so much of the educational establishment 
to “elitism”, we can only guess? Those who learn nothing 
from history may be condemned to repeat it – or simply 
condemned.

Peter Davey
(via email)

Modelling the future      

Sir: I saw the item about the Mercury Atlas model 
in SpaceFlight Vol 72, No 4, p 38. I built the original 
Revell model of John Glenn’s Friendship 7 Mercury 
Atlas model in ca. 1964. It was the only specimen of its 
kind to reach Adelaide as far as I know. I had to go to 
the warehouse to find it. I also built the original Revell 
models of Ed White during his spacewalk and the 
detailed Gemini capsule with the two astronauts.

Brett Gooden FBIS
(Via email)

(We have received many compliments on the space-
related modelling articles by Mat Irvine FBIS, known to 
many for his seminal model-building skills on many TV 
and film projects. We are delighted to have Mat on the 
team and on behalf of all those who have written in to 
say much they appreciate his column, I would like to take 
this opportunity to express our appreciation. Ed)

LEFT
Charlie Brown on 

tour somewhere in 
the west Midlands.

BELOW
Dr Gooden’s early 
modelling skills on 

display. 

“Those who 
learn nothing 
from history 

may be 
condemned to 
repeat it – or 

simply 
condemned”
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MULTI-MEDIA
The latest books, films, TV, models and 
games for space enthusiasts of all ages

SPACE MODELS

T his month, a subject from the dawn of the 
Space Age, the U.S. Moon Ship. In 1:96 scale, 
the kit dates from 1958 and is one of four 
produced by one of the very early American 
model kit companies, Lindberg. The 1950s 

were full of proposals for space travel, and were echoed 
in models from many of the kit companies of the time 
including Revell, Monogram, Hawk and Strombecker. 

The design of the ship is not directly credited, but 
is based on artwork by Chesley Bonestell that had 
appeared in Collier’s magazine in 1952. Bonestell’s 
“Moon Ship” was an orbiter rather than a lander. 
Lindberg added landing legs on the logical assumption 
that a spaceship that could reach the lunar surface was 
far more exciting to young modellers than one which 
simply flew around it – inviting comparisons between 
Apollo 8’s lunar orbital flight and the Apollo 11 landing.

The design is classic for its era. From the base up, 
you get the engine section, then two spherical fuel 
tanks, one on top of the other, and finally a crew cabin 
at the very top. All these sections are held together by 
spindly girder-like beams that terminate as the landing 
legs. Add a few antennas and a power generator in 
the form a solar boiler (popular in the 1950s) and you 
have that archetypal look of spacecraft design from 
that era. By then designs were moving away from the 
streamlined V-2 look of the forties and early fifties, to 

As It Should 
Have Been? the more non-streamlined “bits and pieces” approach 

that would become apparent in the craft featured the 
movie 2001:A Space Odyssey and of course with the 
actual Apollo Lunar Module itself.

The kit has been most recently reissued by 
Lindberg’s new owners, Round 2. Considering that the 
tooling is now over half a century old, it has survived 
remarkably well. However, there is a little “flash”, the 
result of old tooling wearing and where the two halves 
now do not quite fit as precisely as they did when it 
was brand new. The pressure of the “injecting” can 
push thin slivers of styrene in between the steel halves 
that appears as “flash”. It is apparent around some of 
the parts here, but a modelling knife and a set of small 
files or sanding sticks will soon clean these up.

Otherwise this is an easy build, with the assembly 
of the central sections, and the four legs easily glued 
around them. Fit the two square support struts by the 
legs, and that’s about it. Three figures are included, 
which tend to dictate the scale. This has varied over 
the years, initially reckoned to be 1:70, but this 
has now changed to 1:96, which, on reflection, is 
probably closer.

The main parts are moulded in white plastic, but 
the colours of the windows and engine bells can vary. 
In some issues these are produced in transparent red, 
some in solid opaque red, and some in transparent 
clear. Leave this for the windows, but the engine bells 
are likely better in some silvery metallic shade. 

Incidentally if you want to build an original 
Bonestell “Round the Moon” version, 
there’s a section on this in the author’s 
space modelling book, Scale Spacecraft 
Modelling from The Crowood Press.

This is actually the fifth issue of this 
kit. Lindberg itself issued it three times. 
First in 1958 as this, the US Moon 
Ship. Next in 1970 as the Mars 
Probe Landing Module and 
then in 1979 as the Star Probe 
Space Shuttle. Glencoe 
Models also issued it 
in 1993 as the Lunar 
Lander. This fifth 
issue brings back the 
original Lindberg 
name, and although 
the box is larger than 

RIGHT
Bonestell’s “Moon Ship”.

BELOW
The original Lindberg box-

art from 1958 and below 
it the box for the rare “5 

Space Ships of the Future” 
kit, which includes all four 
“factual futuristic” designs 
issued by Lindberg in the 

1950s. The Flying Saucer of 
1954 is the first all-plastic 

space kit ever made. 
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NASA IS MAKING SIGNIFICANT 
PROGRESS with its Artemis programme, 
intended to return humans to the Moon by 
2024. Arguably, the most important part of 
the whole mission architecture is the 
lander vehicle designed to ferry people and 
cargo to and from lunar orbit. Now that the 
agency has made a selection of three 
contenders for this critical piece of 
hardware, we have a wide variety of 
configurations for what a next-generation 
lunar lander might look like. Let’s take a 
look at these three proposals, with a touch 
of Kerbal Space Program on the side! 

 First of the three companies selected 
for further study of a Human Landing 
System is Dynetics. Their design includes 
eight individual rocket motors, a low-slung 
cabin, and the ability to mount two 
detachable “drop tanks” to increase its 
delta-V. I have used a similar approach when building landers in KSP, so all I 
can say is... it works in Kerbal Space Program! The animation the company 
made for this proposal shows it being launched on SLS Block IB, but the ULA 
Vulcan rocket is probably a viable alternative. 

 The second company is SpaceX, who are offering a modified version of 
Starship, their fully reusable system designed around the company’s goal of 
making life multiplanetary. The vehicle proposed is a stripped-down version 
without a heat shield or fins, intended to operate solely in the vicinity of the 
Moon. Just like the standard variant of Starship, it is intended to launch atop 
the reusable Falcon Super Heavy, and refuel in low earth orbit before 
continuing to lunar orbit. NASA considers Starship to be a high-risk but 
potentially high-reward system that may not be ready in time for the 2024 
landing. I found Starship to be the most interesting of these three proposals so I 
built a version of it in KSP, with (mostly) successful results. 

 The final lander is being built by a “National Team” of a number of 
companies, the most notable being Blue Origin and Lockheed Martin. Their 
lander is a three-stage design, including a descent stage, an ascent stage, and 
a transfer stage. The transfer stage is meant to be used to move the lander 
between high and low lunar orbit, with a new descent stage shipped out to the 
Moon for each landing. 

 Each of these landers is in a varying level of development, with Starship 
being the only vehicle with full prototypes already testing. While we all may 
have a favourite lander, the important thing to remember is that no matter which 
one is ultimately selected we will see humans back on the Moon in just a few 
years. Exciting times, for us and for the Kerbals!

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

Kerbalising Artemis

in 1958, the artwork is the same.
There a peculiarity with the number of parts as 

listed on the box. The first issue (in 1958) had 40, this 
new version claims to have 41. But the kit actually has 
in total 43, including 1 spare (you get 10 red windows; 
you only need nine, so a spare if you drop one and 
loose it in the carpet pile!). So to actually build the kit 
you require the classic “meaning of life”, the number 
42. But that doesn’t quite answer where the 40 or 41 
come from! SF                Mat Irvine FBIS

Kerbal’s Artemis (above) and the 
the shortlisted proposals (below).

The finished kit (above) complete with landing legs, base 
and three astronauts; and (below) the author’s conversion 
to Chesley Bonestell’s orginal “Moon Ship” lunar orbiter.
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Satellite Digest is SpaceFlight’s regular listing of world space launches using orbital  
data from the United States Strategic Command space-track.org website. 

Compiled by Geoff Richards

Satellite Digest 570

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

Soyuz MS-16 2020-023A Apr 9.34 Baykonur Soyuz-2.1a 7,400? Apr 9.60 51.65 92.88 418 423 [1]

Nusantaru Dua  Apr 9.49 Xichang Chang Zheng 3B 5,550 Failed to reach orbit     [2]

Nour 1 2020-024A Apr 22.17 Shahroud Qased  10? Apr 23.26 59.81 93.13 426 436 [3]

Starlink 1329  2020-025A Apr 22.79 KSC Falcon 9FT 260 Apr 29.67 53.01 90.94 288 363 [4]

Starlink 1338 2020-025B     260 Apr 29.67 53.01 90.94 286 364 [4]

Starlink 1339 2020-025C     260 Apr 29.67 53.01 90.95 289 363 [4]

Starlink 1341 2020-025D     260 Apr 29.67 53.01 90.95 289 363 [4]

Starlink 1350 2020-025E     260 Apr 29.67 53.01 90.96 289 364 [4]

Starlink 1352 2020-025F     260 Apr 29.67 53.01 90.96 289 364 [4]

Starlink 1353 2020-025G     260 Apr 29.67 53.01 90.96 289 364 [4]

Starlink 1362 2020-025H     260 Apr 29.67 53.01 90.94 288 363 [4]

Starlink 1367 2020-025J     260 Apr 29.67 53.01 90.37 239 355 [4]

Starlink 1368 2020-025K     260 Apr 29.67 53.01 90.97 290 364 [4]

Starlink 1369 2020-025L     260 Apr 29.67 53.01 90.97 289 364 [4]

Starlink 1371 2020-025M     260 Apr 29.67 53.01 90.95 287 365 [4]

Starlink 1372 2020-025N     260 Apr 29.67 53.01 90.96 289 364 [4]

Starlink 1373 2020-025P     260 Apr 29.67 53.01 90.94 286 364 [4]

Starlink 1374 2020-025Q     260 Apr 29.67 53.01 90.94 288 364 [4]

Starlink 1375 2020-025R     260 Apr 29.67 53.01 90.96 289 364 [4]

Starlink 1377 2020-025S     260 Apr 29.67 53.01 90.96 289 364 [4]

Starlink 1378 2020-025T     260 Apr 29.67 53.01 90.96 289 364 [4]

Starlink 1379 2020-025U     260 Apr 29.67 53.01 90.97 291 363 [4]

Starlink 1390 2020-025V     260 Apr 29.67 53.01 90.95 286 365 [4]

Starlink 1294 2020-025W     260 Apr 29.67 53.01 90.51 256 353 [4]

Starlink 1322 2020-025X     260 Apr 29.67 53.01 90.51 256 352 [4]

Starlink 1323 2020-025Y     260 Apr 29.67 53.01 90.52 257 353 [4]

Starlink 1325 2020-025Z     260 Apr 29.67 53.01 90.51 256 352 [4]

Starlink 1327 2020-025AA     260 Apr 29.67 53.01 90.53 258 353 [4]

Starlink 1334 2020-025AB     260 Apr 29.67 53.01 90.52 257 353 [4]

Starlink 1336 2020-025AC     260 Apr 29.67 53.01 90.52 257 353 [4]

Starlink 1342 2020-025AD     260 Apr 29.67 53.01 90.55 258 354 [4]

Starlink 1344 2020-025AE     260 Apr 29.67 53.01 90.52 257 353 [4]

Starlink 1346 2020-025AF     260 Apr 29.67 53.01 90.53 257 353 [4]

Starlink 1348 2020-025AG     260 Apr 29.67 53.01 90.54 258 354 [4]

Starlink 1354 2020-025AH     260 Apr 29.67 53.01 90.53 257 353 [4]

Starlink 1355 2020-025AJ     260 Apr 29.67 53.01 90.54 258 354 [4]

Starlink 1356 2020-025AK     260 Apr 29.67 53.01 90.54 259 352 [4]

Starlink 1357 2020-025AL     260 Apr 29.67 53.01 90.53 257 353 [4]
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Starlink 1358 2020-025AM     260 Apr 29.67 53.01 90.54 258 354 [4]

Starlink 1361 2020-025AN     260 Apr 29.67 53.01 90.56 259 354 [4]

Starlink 1363 2020-025AP     260 Apr 29.67 53.01 90.55 258 354 [4]

Starlink 1366 2020-025AQ     260 Apr 29.67 53.01 90.56 259 354 [4]

Starlink 1376 2020-025AR     260 Apr 29.67 53.01 90.55 259 353 [4]

Starlink 1261 2020-025AS     260 Apr 29.67 53.01 90.51 256 352 [4]

Starlink 1320 2020-025AT     260 Apr 29.67 53.01 90.51 256 352 [4]

Starlink 1321 2020-025AU     260 Apr 29.67 53.01 90.54 259 353 [4]

Starlink 1324 2020-025AV     260 Apr 29.67 53.01 90.51 256 353 [4]

Starlink 1326 2020-025AW     260 Apr 29.67 53.01 90.52 256 353 [4]

Starlink 1328 2020-025AX     260 Apr 29.67 53.01 90.53 257 353 [4]

Starlink 1330 2020-025AY     260 Apr 29.67 53.01 90.54 258 353 [4]

Starlink 1331 2020-025AZ     260 Apr 29.67 53.01 90.52 257 352 [4]

Starlink 1332 2020-025BA     260 Apr 29.67 53.01 90.65 265 357 [4]

Starlink 1333 2020-025BB     260 Apr 29.67 53.01 90.51 256 353 [4]

Starlink 1335 2020-025BC     260 Apr 29.67 53.01 90.53 258 353 [4]

Starlink 1337 2020-025BD     260 Apr 29.67 53.01 90.55 258 354 [4]

Starlink 1340 2020-025BE     260 Apr 29.67 53.01 90.53 257 354 [4]

Starlink 1343 2020-025BF     260 Apr 29.67 53.01 90.52 257 353 [4]

Starlink 1345 2020-025BG     260 Apr 29.67 53.01 90.54 258 353 [4]

Starlink 1347 2020-025BH     260 Apr 29.67 53.01 90.53 258 353 [4]

Starlink 1349 2020-025BJ     260 Apr 29.67 53.01 90.52 257 352 [4]

Starlink 1320 2020-025BK     260 Apr 29.67 53.01 90.55 259 354 [4]

Starlink 1364 2020-025BL     260 Apr 29.67 53.01 90.55 259 354 [4]

Starlink 1365 2020-025BM     260 Apr 29.67 53.01 90.56 259 354 [4]

Progress MS-14 2020-026A Apr 25.08 Baykonur Soyuz-2.1a 7,400? Apr 25.53 51.64 92.85 418 420 [5]

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

1.  Spacecraft with three-man crew launched to the International 
Space Station, mission ISS-62S. Crew comprises Anatoli Ivanishin 
(Soyuz Commander, ISS flight engineer), Ivan Vagner (Soyuz/ISS 
flight engineer) and Christopher Cassidy (Soyuz/ISS flight engineer, 
NASA astronaut, ISS Expedition 63 Commander). Spacecraft 
docked with ISS/Poisk port April 9.59. Crew are to be part of ISS 
Expeditions 62 and 63.

2.  Nusantaru Dua (Archipelago Two), also known as Palapa N1, was 
a direct broadcasting and telecommunications satellite, built by 
CAST for Palapa Satelit Nusantara Sejahtera (PSNS, a joint venture 
of Indosat and PSN) using a DFH-4E bus. Mass given is at launch. 
Launch vehicle third stage failed. Planned orbit was geostationary 
over Indonesia at 113°E.

3.  Nour means Light. Military satellite for the IRGC (Islamic 
Revolutionary Guard Corps), possibly a 6U Cubesat carrying 

cameras for Earth imaging. New IRGC Qased (Messenger) launch 
vehicle is a three-stage vehicle apparently based on a Shahab-
type missile, like Safir, but with a solid second stage and liquid 
third stage. Launch was from a mobile launcher at Shahroud 
missile test site in Semnan province.

4.  Set of sixty communication satellites built by SpaceX, each carrying 
transponders for communications and an autonomous collision 
avoidance system. Seventh batch in planned Starlink broadband 
system. Satellites are manoeuvring up to either a 550 km operational 
orbit or a 380 km holding orbit which allows drift to other planes. 
First stage, that previously flown on fourth Starlink launch, landed 
on the Of Course I Still Love You barge 629 km downrange.

5.  Unmanned freighter mission to the International Space Station, 
mission ISS-75P, with 2,500 kg of cargo. Spacecraft docked at ISS/
Zvezda port April 25.22.
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1993-068A  Navstar 35 (USA 96, SVN 34), a decommissioned 
satellite, was moved to retirement orbit about April 12.

2001-039A  Intelsat 902 was relocated at 50°W, co-located with 
Intelsat 9 and replacing failed Intelsat 29e, April 30.

2002-015A JCSat 8 was relocated at 82°E April 12.
2002-016A  Intelsat 903 was manoeuvred off station at 31.5°W 

April 22 and is drifting to the west. It appears to have 
been retired.

2002-057A NSS 6 was relocated at 169.5°W April 29.
2002-062A  Nimiq 2 was manoeuvred off station at 146°E April 25 

and is drifting to the west.
2005-046B  Spaceway 2 was relocated at 139°W, replacing the 

failed Spaceway 1, April 18.
2010-007B  Kosmos 2461 (Uragan-M 735) was transferred to 

reserve status April 10.
2010-065A  HYLAS 1 was manoeuvred off station at 79°W April 6 

and is drifting to the west.
2014-058A  Luch (Olimp-K) was manoeuvred off station at 21.5°E 

April 27 and is drifting to the west.
2016-052B  GSSAP 4 (USA 271) was relocated at 109°E by early 

April, then manoeuvred to eastward drift about April 
15.

2016-055A  OSIRIS-REx carried out a rehearsal of its asteroid 
surface sampling sequence April 14, descending to 65 
m above Bennu and deploying sampler arm.

2016-058B-E  SkySat 4, 6 and 7 have completed manoeuvres to new 
lower orbit. SkySat 5 has remained in original orbit and 
has probably failed.

2016-065A  Shijian 17 was manoeuvred off station at 115.3°E April 
8 and relocated at 163.2°E April 25.

2018-020B,C  Tintin A and B began manoeuvring to lower orbits 
about March 29.

2018-080A  BepiColombo carried out an Earth fly-by April 10.18, 
using gravity assist to put on course for Venus fly-by 
October 15.

2018-085A  Beidou DW 41 (3G1Q) was declared operational 
February 17. It manoeuvred off station at 144°E April 10 
and relocated at 140°E, co-located with Beidou DW3 
(G1), April 13.

2019-007B  GSAT 31 was manoeuvred off station at 83°E March 5 
and was relocated back at 48°E, co-located with Insat 
4CR and GSAT 19, March 31.

2019-022D  Aerocube 10A deployed a third drag probe, also 
named Fuller after a team member, about April 21. Add 
object and orbit:

 Aerocube 10A probe 3   2019-022M
 Apr 21.86 51.65° 93.99 min 468 km 481 km.
2019-029 Starlink 34, 58 and 62 reached 390 km about April 9.
2019-038A Meteor-M 2-2 resumed full operation April 22.
2019-056A  Navstar 75 (USA 293, SVN 75) was declared 

operational in new slot D6 April 1, replacing Navstar 49 
(USA 168, SVN 45) in slot D3.

2019-064A  Soyuz MS-15 crewed by Skripochka, Meir and Morgan 
undocked from the ISS/Zvezda port April 17.08 and 
landed near Zhezkazgan in Kazakhstan April 17.22.

2019-074  Starlink 1031 moved up from 555 km to 570 km by April 
5. Starlink 1014 reached operational 550 km orbit April 
15. Starlink 1007 and 1027 moved down to operational 
orbit by April 21.

2019-079A  Kosmos 2542 manoeuvred from April 22 to lower 
perigee. Add orbit:

 Apr 26.58 97.80° 96.79 min 304 km 910 km.

2019-080B Inmarsat GX5 was relocated at 28°W April 24.
2019-095A Elektro-L 3 was declared operational April 28.
2019-096D,E  BLITS-M reportedly failed to separate from launch 

vehicle final stage, 2019-096E. A decay notice has 
been issued for April 10 for 2019-096D and there had 
been no orbital data issued for some time before then, 
reinforcing the idea that it was a duplicate of 096B. 
A further payload was initially intended to separate 
from the final stage, but this was changed before 
launch to remaining attached. This was Radio 2017, an 
educational and technology development satellite built 
using an NT-50 (Yubileiny) bus by ISS Reshetnev with 
Siberian State University (SibGU, formerly SibGAU). It 
has a mass of about 70 kg and carries the RS-44 radio 
amateur VHF receiver/UHF transmitter, an adapter 
to launch BLITS-M with the correct orientation and 
spin and systems for performance test. RS-44 was 
switched on April 29. Delete the entry “BLITS-M, 
2019-096D” and add new entry – Radio 2017/BLITS-M, 
2019-096E, mass 1,700? kg and orbit:

 Dec 27.42 82.52° 112.49 min 1,182 km 1,503 km

2019-097A  Shijian 20 was manoeuvred off its test station at 
115.2°E April 5, relocated at 125.4°E, co-located with 
Zhongxing 6A, April 10 and declared operational April 
23.

2020-001  Remainder of second batch of Starlink satellites 
reached operational 550 km orbit by April 4. Starlink 
1087 moved down from 380 km to 350 km April 19 to 23. 
Remainder of third batch began moving up from 380 
km holding orbit April 20.

2020-003 Identities of payloads are confirmed.
2020-005A  GSAT 30 remains at 83°E. Report of manoeuvre in 

Satellite Digest 569 was a result of confusion with 
GSAT 31.

2020-006  Starlink 1175 began manoeuvring down from 380 km 
holding orbit April 12. Starlink 1157 began manoeuvring 
down from 555 km orbit to below operational orbit April 
18. Second batch reached 550 km operational orbit 
April 19 to 26. Remaining satellites at 555 km moved 
down to operational orbit April 25 to 26.

2020-008  Following OneWeb entry into bankruptcy protection, 
satellites stopped manoeuvring about April 6 and 
remain in holding orbits at around 600 to 700 km, apart 
from OneWeb 0013 which continues to manoeuvre 
upwards.

2020-012  First batch straggler Starlink 1203 reached 560 km 
orbit April 6. Starlink 1209 halted briefly at 350 km and 
Starlink 1234 at 365 km, then both moved up to 380 km 
holding orbit by April 9. Starlink 1228 moved up from 
340 km to 380 km April 5 to 18. Second batch (Starlink 
1154, 1197 to 1199, 1204 to 1206, 1208, 1210, 1211, 1218, 
1219, 1231 to 1233, 1238, 1245, 1254 and 1271) began 
moving up from 380 km April 15, followed by Starlink 
1201 from 400 km April 23. 

2020-013A JCSat 17 was declared operational April 2.
2020-014 Identities of payloads are confirmed.
2020-016  Quetzal 1 and G-Satellite were deployed from ISS via 

the Kibo airlock April 28. Add objects and orbits:
 G-Satellite   1998-067RK
 Apr 30.57 51.64° 92.80 min 413 km 420 km

 Quetzal 1   1998-067RL
 Apr 30.57 51.65° 92.82 min 415 km 419 km

2020-018A  Kosmos 2545 (Uragan-M 760) manoeuvred to slot 24 
of the GLONASS constellation by mid April and was 

ADDITIONS AND UPDATES
DESIGNATION COMMENTS DESIGNATION COMMENTS
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INTERNATIONAL SPACE STATION ACTIVITY 

There was the following orbital two-burn manoeuvre of ISS during 
April, boosted by Progress MS-13, and a second manoeuvre by 
Zvezda.

Pre-manoeuvre orbit: Apr 2.25 51.65° 92.87 min 416 km 423 km
Post-manoeuvre orbit: Apr 2.89 51.64° 92.89 min 418 km 423 km

Pre-manoeuvre orbit: Apr 19.26 51.64° 92.88 min 418 km 423 km
Post-manoeuvre orbit: Apr 19.73 51.64° 92.85 min 418 km 420 km

End-of-April orbital data:
  Apr 30.77 51.65° 92.85 min 418 km 420 km

RECENTLY DETAILED ORBITAL DECAYS
International Object name Decay
Designation

1976-080A OPS 7940 (Quasar 2) Apr 18.57
2012-006B ALMASat 1 Apr 25
1998-067HT Diwata 1 Apr 6.98
1998-067MF nSIGHT 1 Apr 25
1998-067NH ASTERIA Apr 24
1998-067NY Radix Apr 7.42
1998-067PY TechEdSat 8 Apr 20
2019-064A Soyuz MS-15 Apr 17.22
2019-084E NOOR 1B Apr 7
2020-001AL Starlink 1118 Apr 2
2020-016A Dragon CRS 20 Apr 7.78

declared operational April 14. Add orbit:
 Apr 26.70 64.83° 675.70 min 19,115 km 19,144 km
2020-019  Most of the Starlink satellites reached 380 km holding 

orbit April 9, with four stragglers (Starlink 1279, 1301, 
1313 and 1317) following by April 15 and Starlink 1283 
on April 24. Starlink 1311 possibly failed shortly before 
reaching 380 km and Starlink 1255 halted at 372 
km before moving up to 380 km April 19. First batch 

(Starlink 1262, 1273, 1276, 1277, 1278, 1280, 1281, 1286 
to 1288, 1295, 1299, 1300, 1302, 1304 to 1306, 1308, 1310 
and 1319) are manoeuvring directly to operational 550 
km orbit.

2020-020  All of the OneWeb satellites had begun to manoeuvre 
upwards by April 25. The first few satellites to 
manoeuvre have now stopped in holding orbits at 
around 600 km. 

DESIGNATION COMMENTS DESIGNATION COMMENTS

Soyuz MS-16 prior to launch.
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IN HIS LIVE STREAMED PRESENTATION to a 
YouTube audience, Mark began by explaining the 
purpose of Scorpion (SpaceFlight Vol 62 No 4 p 30 
and JBIS, July 2019) to show what we could have 
had by now, if investment in developing technologies 
had continued after the Apollo era.

A Scorpion can leave Earth orbit, land on the 
Moon, deliver a cargo of 20 tons, and then take off 
and return to its original Earth orbit. With a refuelling 
base on the Moon, the Scorpion’s payload to the 
lunar surface rises to over 100 tons. As for Mars 
missions, the Scorpion needs a boost to leave Earth 
orbit, but it can carry a crew of six, with two landers. 

The Scorpion was conceived not to answer a 
question, but to ask one. Why, half a century after 
the Apollo missions, have we done so little to 
progress mankind’s destiny in space?

Mark’s talk, illustrated with some dramatic visuals, 
was followed by a Q&A session in which BIS 
members asked for clarification on a number of 
points about the Scorpion system. A summary of 
that discussion follows.
Q: In what timescale would you envisage a Moon 
mission being achievable?
A: I would guess seven to ten years but you do need 
a launch system with a rendezvous and docking 
capability.
Q: How much would the cost be compared to 
Shuttle and ISS, or Artemis? 
A: All are at about the same cost levels.

Q: How would Scorpion be refuelled? 
A: A tanker would dock at the central port then use a 
refuelling connection.
Q: What would the flight time for a Scorpion 
Mars mission be? 
A:The duration can vary; around three years. 
Q: Should a future Moon/Mars pioneer choose a 
Scorpion or a SpaceX Starship? 
A: The key point is that I think artificial gravity, solar 
storm protection, and a means to escape the vehicle 
are all essential, and as the Starship does not appear 
to have any of them I would have to say Scorpion! 
Q: Do you see any role for Falcon Heavy, or 
similar? 
A: The use of ELVs to build Scorpion would result in 
a higher cost per launch, but you would get your 
money back by making it easier to build things in 
space, because larger units could be launched. 
Q: Why fly the Serpent engine down to the lunar 
surface? 
A: Landers are expensive.The Scorpion’s chemical 
engines are controllable, and can raise Scorpion to 
50 km above the lunar surface before using the 
nuclear engine.
Q: Who do you share your designs with? 
A: The Scorpion has not been shared with anyone 
except through the medium of technical papers; the 
design is mainly to illustrate the gap between what 
we have and what we could have. SF 

Griffith J Ingram

On 6 May former BIS President Mark Hempsell 
gave an online presentation on his design study 
for a multipurpose spacecraft – Scorpion. 

NO STING IN THIS TALE! 
A practical and economic solution to deep-space exploration, Scorpion departing Earth.

SOCIETY NEWS
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IN LIGHT OF THIS PANDEMIC, World Space Week UK has decided 
to focus on encouraging the creation of virtual WSW2020 events. 
Online events can be pre-recorded, or streamed live, and they 
can happen regardless of the situation.

Also, if large-scale physical events are possible by 4-10 
October, the content created now can be used as part of your 
event!

Every year, WSW activities range from public events of 
hundreds and thousands; to small household gatherings and 
meet-ups. This year, we want to encourage many more of 
the small-scale events such as: Virtual space quizzes; On-line 
lectures; Meet-ups (on Zoom, Teams, GoogleMeet, Skype, 
FaceTime, etc); Space-related YouTube content showings; On-line 
cinemas; On-line Parties...and anything else you can think of!

The theme for WSW2020 is “Satellites Improve Life”.  We 
encourage organisers to utilise this theme, however, ANY space-
themed event held 4-10 October can be registered on the Global 
Calendar as an official WSW event at: www.worldspaceweek.org

Let’s stay safe while celebrating WSW2020! If you have an idea 
for a WSW2020 virtual event, we would love to hear about it!

My team and I are very conscious that this year has already 
been full of many challenges, especially for event organisers. We 
are here to help you to develop and create events, and to build a 
positive future, with many things to look forward to! 

There are still many challenges ahead and, whilst we hope the 
majority of us will be back to some kind of normality by October, 
there are many vulnerable people who may still be isolated or 
shielded, until there is a working vaccine. Therefore, we would 
like to encourage people to develop online events, or to include 
a virtual celebration of WSW2020 in their plans, to ensure no-one 
is left out of this year’s events. SF   

Vix Southgate, WSW UK Coordination Manager

Staying safe during WSW2020  

Scorpion is built around commonality and the economics that 
accrue from that.

Mission cost is critical - the recurring outlay for sustained 
operations.

Development costs for rocket engines can be unpredictable 
and are again constrained by commonality of use.

Relative performance capabilities of cryogenic, NERVA and 
Serpent-H systems. 

Skylon is the key to a low-cost access and enabler for the 
Scorpion concept.

Passengers aboard the Queen Mary 2 enjoy the show. Virtual space can work!

IM
A

G
E

S
: M

A
R

K
 H

E
M

P
S

E
LL

 / 
 S

C
R

E
E

N
G

R
A

B
S

: G
R

IF
FI

TH
 J

 IN
G

R
A

M

C
U

N
A

R
D

In view of the current situation regarding 
the COVID-19 virus and all the difficult 
circumstances that this has brought in 
its wake, please see the BIS website for 
details of changes to talk schedules and 
information about publications where a 
full update is provided by the President, 
Gerry Webb.

A Message from the BIS President
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DESPITE THE DISTRACTIONS of the current 
situation, the IAF Student Paper Competition again 
had a very good level of entries this year; our thanks 
are due to all the students and their supervisors who 
helped make this a very high-standard competition. 
The BIS would also like to extend its thanks to the IET 
for co-sponsorship and adjudication, and to UKSEDS 
and the Space Universities Network (SUN) for 
assisting with the judging. On 2 May, three 
undergraduates and three postgraduates faced this 
intimidating panel of judges in the UK final.

It will be immediately apparent that, this year, the 
final had to be an online event. Fortunately, the 
finalists coped admirably with the challenge of 
presenting, and answering questions, via Zoom.

In the undergraduate category, Harry Llamas 
described the potential use of Martian regolith as 
protection against radiation, and Leander Iven spoke 
eloquently about orbital lifetime prediction for 
cubesats, but in the judges’ opinion, James 
McKevitt’s presentation on Astraeus, a concept for an 
ambitious airborne vehicle capable of emulating a 
gannet and diving into the oceans of Titan, was the 
winner.

Turning to the postgraduate category, Aled Davies 
talked optimistically about spacecraft manufacture 
and assembly in orbit, and Andrea Bellome presented 
a significant amount of material on optimising 
trajectories between multiple targets in space during 
his 15-minute slot. But it was the judges’ unanimous 
view that Alexander Schwertheim’s research into a 
novel Hall-Effect thruster, which exploits water as the 
fuel, was the most compelling.

It is not yet clear when the two winners will have 
the opportunity to represent the UK in the 
International Final at the IAF Congress, but when they 
do, they will have an excellent chance of adding to 
the UK’s record of success in the competition. SF  
 Stuart Eves FBIS

IAF Student Paper Competition 2020

James McKevitt’s concept of a vehicle diving into Titan’s 
oceans (top) and Alexander Schwertheim’s Hall-Effect thruster.

The panel of judges – no less intimidating for being in conference online
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THE RESTRICTIONS IMPOSED by 
the ongoing pandemic situation 
have encouraged BIS-Italia to exploit 
modern tools of communication to 
conduct a series of lectures keeping 
branch members in touch and to 
satisfy the need to examine in depth 
engineering topics, to communicate 
various aspects of spacecraft design, 
and also to share work and career 
experiences.

To organise the lectures, we 
established a rough format of 45 
minutes of presentation and 15 
minutes of Q&A sessions, but both 
limits were often exceeded with the 
full approval of the audience. There 
is no special quality imposed to the 
presentations, or standard: the 
important thing is to convey a good 
message. This author often used a 
nice iPad application to build 
hand-drawn slides patching into 
them also snapshots from 
documents or photos: it has been a 
very quick way to assemble a 
presentation and deliver it without 
fancy animations or other eye-candy. 

Other people assembled 
collections of photos, others 

delivered more formal presentations. 
The date/time were quickly agreed 
using Doodle (an online service to 
select the time/date preferred by a 
large community of individuals) and 
the lecture delivered using Skype or 
Zoom. Some presentations have 
been recorded and these recordings, 
as well as with the presentation 
materials, when available, have been 
stored in a OneDrive folder 
accessible by members.

Straight engineering lectures 
covered specific aspects of 
spacecraft engineering to transfer 
personal experiences to the 
newcomers. ECSS standards related 
to Discrete Interfaces, MIL-STD-
1533B and ESA TC/TM Packet 
Utilisation Standard, were revealed 
in detail also with practical 
examples. Other engineering 
lectures were more systems-
oriented, like the ones on SAR 
radars, and on oceanic remote 
sensing, whilst others were basic, 
such as the ones on how to use the 
Python language for science 
applications, or on the introduction 
to Microchip microcontrollers. 

Overall, this level of education is 
rarely seen in the academic world 
and much less inside the industry.

Guest lectures, delivered by space 
sector VIPs, many already members 
of the BIS, have been one of the 
greatest successes and they are 
identified on the accompanying 
table. Other lectures, held by 
members, explored also topics of 
wider interest, like the one on 
Cosmology, with a short-form 
treatise on the topic, and the one 
with a wonderful explanation on 
quantum computing.

The Internet is one of the greatest 
technological achievements of our 
age, like radio was at the beginning 
of the previous century. We think that 
online informal lectures are one of 
the greatest ways to keep people 
interested in space and BIS activities 
and a key method to provide our 
members a return of their investment 
in the Society while also giving the 
engineer, the expert or even the 
enthusiast, the satisfaction to reveal 
his/her beloved topic to many, in the 
comfort of one’s home. SF 

  Fabrizio Bernardini FBIS

GUEST LECTURES
ESA Flight Operations (Paolo Ferri, MBIS, Dir. Mission Operations di ESA/
ESOC)
Aeolus Mission (T. Parrinello, Cryosat & Aeolus Mission Manager, ESA/
ESRIN)
Between Space and Cyberspace (S. Zatti, previous Head of ESA Security 
Office)
From Radar to SAR (R. Croci, MBIS, Chief Radar Engineer, TAS-I)
Space Careers! (Ray Stott, SpaceSpecialists Ltd)

PROFESSIONAL LECTURES
ESA Discrete TC/TM: ECSS-E-ST-50-14C (F. Bernardini, FBIS)
ESA MIL-STD-1553B: ECSS-E-ST-50-13C (F. Bernardini, FBIS)
ESA TM/TC Packet Utilisation Standard: ECSS-E-ST-70-41C (F. Bernardini, 
FBIS)
Space Software Design Engineering (F. Bernardini, FBIS)
Microchip Microcontroller and MPLAB (D. Kubler, MBIS, Microchip 
EMEA Manager)
Ocean Remote Sensing (M. Benincasa, CNR, now ESA/ESRIN)
Introduction to Python for Science (M. Benincasa, CNR, now ESA/ESRIN)
Incose Systems Engineering Certification (L. Pollice, MBIS)

OTHER LECTURES
Introduction to Cosmology (S. Aglieri Rinella, MBIS)
Introduction to Quantum Computing (D. Kubler, MBIS, Microchip EMEA 
Manager).

List of online lectures by BIS-Italia as of 30 May

Happier days: members of BIS-Italia and the BIS Council visit the 
ESA in Rome, May 2015. For now, online rules the day.

Space outreach online in Italy
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40TH SINO-RUSSIAN TECHNICAL FORUM
6 June POSTPONED

VENUE: BIS, 27/29 South Lambeth Road, London SW8 1SZ 

Coordinated once again by Dave Shayler, we have 
reluctantly postponed this popular two day Forum in 
what would have been its 40th year. A preliminary 
programme had been arranged and further details will be 
posted on our website when we are able to reschedule. 

ALCOHOL IN SPACE
10 June 7.00 pm– 8.30pm This talk will be livestreamed

VENUE: BIS, 27/29 South Lambeth Road, London SW8 1SZ

When humanity lives and works in space, will these 
space pioneers manufacture and consume alcohol? 
Chris Carberry is CEO and Co-Founder of Explore Mars, 
Inc. Chris served as Executive Director of The Mars Soci-
ety as well the Archivist of Modern Political Collections 
and Operations Manager at the Massachusetts 
Historical Society.

THE BIS VON KÁRMÁN LINE BUSTER
20 June 2:00pm-3:15pm  Streamed via Zoom

VENUE: West Midlands Branch

Presented by Ian Johnston, an introduction to the 
“OpenRocket” software package for predicting the 
trajectory of rockets in flights, followed by a Q&A 
session. To participate see the joining instructions on the 
BIS website or the Branch Facebook group search for 
(BIS - WM) British Interplanetary Society - West 
Midlands Branch.

INDIA’S FORGOTTEN ROCKET PIONEER
18 July 2:00pm-3:15pm  Streamed via Zoom

VENUE: West Midlands Branch 

Gurbir Singh will speak about his new book – India’s 
Forgotten Rocket Pioneer. It is an account of the work 
and life of Stephen H Smith, who was probably the BIS’s 
first member from India and who tested solid-fuel rockets 
in Calcutta during the 1930s and 1940s. 

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. Watch the website for updates as to its 
possible postponement due to COVID-19.

BIS LECTURES & MEETINGS MEMBERSHIP NEWS

THE COUNCIL OF THE BIS is pleased to announce Elizabeth Anderson 
as the replacement for outgoing Executive Secretary Gill Norman. The 
Council has also agreed that the role should have the more modern title 
of Chief Executive Officer. Elizabeth will be joining us on 1 June 2020 for 
a two-month handover period, with Gill leaving at the end of July. Please 
join us in welcoming Elizabeth to the Society!

Elizabeth has 15 years’ experience working in non-profit organisations. 
She began her career supporting the Director-General and Corporate 
Affairs team at the Confederation of British Industry. Following this, at 
The Aldridge Foundation – a charity using entrepreneurship to empower 
young people and their communities – she led the development of 
Kensington Aldridge Academy, as well as a number of schemes to 
develop the ambition of pupils living in deprived areas. 

Upon joining the Royal College of Surgeons of England in 2014, she 
oversaw a major overhaul of governance, transforming how the College 
had worked for over 200 years and supporting the Council’s development 
of a new four-year strategy. For six years she led a team focused on all 
aspects of governance, handling ceremonial matters and ensuring 
compliance in key areas across the College, whilst also leading a number 
of projects related to improving member experiences and services.

Elizabeth holds a BSc in International Relations from the University of 
London, and an MSc in Corporate Communication and Public Affairs from 
Robert Gordon University, Aberdeen. She also holds a Diploma in the 
Common Law, again from the University of London, as well as an 
Institute of Leadership and Management Diploma. In 2011, she was 
named Real Business Magazine’s Woman of the Future for Public 
Services at a ceremony hosted by HRH The Princess Royal.

Elizabeth has been fascinated by all things space since childhood and is 
excited to be joining the Society at this crucial time, with so many 
opportunities to build on its long history of success. Her focus will be on 
growing the BIS’s membership and public profile, whilst also building on 
the work of her predecessor. Outside work, Elizabeth enjoys travel and 
volunteering for charities that support education and environmentalism. SF 
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Welcome the new team leader! 

NEW MEMBERS
A total of 9 new members in April: 6 from the UK, 2 

from Italy and 1 from Australia. Welcome all!

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. 






