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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

Ever wanted to keep a secret and 
found it hard? Now you know how 
I feel! Readers are asked to watch 
for news in the November issue, 
which could be just what you 
wanted to hear. Right now I can’t 
tell you more.

Meanwhile, in this issue we 
cover the latest amazing mission 
to an asteroid, check in on the 
latest news and analysis regarding 
the bid to get humans back on the 
Moon, reflect on the origins of 
Mission Control and review 
options for UK space projects 
after the dreaded “B” cliff. An 
eclectic mix. But lurking in the 
general news is optimism about 
Cornwall’s plan to mount satellite 
flights from Newquay and a little 
more insight on the capabilities of 
the super-secret Air Force 
spaceplane. But then, as I said, 
secrets abound right now!

For those who only see 
SpaceFlight occasionally, stay 
with us because next month we 
celebrate the second landing on 
the Moon, a pin-point landing near 
the Surveyor spacecraft from 
which bits and pieces were 
retrieved. And we also look at the 
next exciting missions to Titan and 
Europa – plus all the latest 
in-depth news and views on 
everything to do with space.

 

 
 

David Baker
david.baker@bis-space.com
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NASA has a plan to bring Mars samples back to Earth – but it won't be 
happening any time soon. 
ACTIVITY IS WELL ADVANCED for the last US 
funded mission to Mars, an investment in 
committing Mars 2020 to caching samples for some 
time in the future when a return mission does get 
launched. Caching samples for return to Earth is the 
primary objective of NASA’s Mars 2020 mission and 
that comes with a requirement for very special 
equipment, including a bit-carousel which has just 
been installed on the Curiosity lookalike rover at 
NASA’s Jet Propulsion Laboratory. 

"The bit-carousel is at the heart of the sampling 
and caching subsystem", said Keith Rosette, Mars 
2020 sample handling delivery manager at JPL. "It 
contains all of the tools the coring drill uses to 
sample the Martian surface and is the gateway for 
the samples to move into the rover for assessment 
and processing."

Looking somewhat like an extraterrestrial version 
of a 1960s slide projector, Mars 2020's bit-carousel 
contains nine drill bits that facilitate sample 
acquisition and surface analysis: two for abrading, 
one for regolith (rock and soil) and six for coring. The 
coring and regolith bits are used to place Martian 
samples in a clean sample collection tube, while the 
abrader bit is used to scrape the top layers of rocks 
to expose unweathered surfaces for study.

When the rover team is ready to drill, the 
carousel is powered up. If, for instance, the goal is 
to abrade, the carousel manoeuvres the appropriate 
bit into position so that the drill at the end of the 
rover's robotic arm can extract it. Once the drilling's 
done, the bit goes back into the carousel.

For core sampling, a sample tube is inserted 
inside the appropriate bit before the carousel moves 

BEHIND 
THE NEWS

CACHE AND CARRY!
Engineers at JPL lift the Mars 2020 rover's bit carousel out of its storage container in the Spacecraft Assembly Facility's High Bay 1. 
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sample tube has been filled, the robotic arm returns 
the drill bit and tube to the carousel, where they 
wend their way to processing stations and storage 
inside the rover.

"The bit-carousel was the last piece of the Mars 
2020 rover's Sample Caching System to be 
installed", said JPL's John McNamee, project 
manager of Mars 2020. "And while the rover interior 
is essentially complete – a battery and a camera 
used during landing are planned in coming weeks – 
the assembly and test team will not be resting on 
their laurels. Months of evaluation and fine tuning lie 
ahead to make absolutely certain this rover is on the 
launch pad and ready to go on July 17, 2020." 

Mars 2020 will land on Jezero Crater on 18 
February 2021 but it could be a long time before any 
samples are retrieved. In fact, it is doubtful that the 
mission to get those samples to Earth will be a 
wholly NASA-funded operation. Increasingly, the US 
space agency is looking to international cooperation 
both to fund programmes and to share hardware 
development and mission operations. Such was the 
message coming out recently from a debate 
regarding how the next phase of Mars exploration 
might happen.

COOPERATION
In July, the Lunar and Planetary Institute hosted its 
ninth international conference on the exploration of 
Mars, a periodic gathering of scientists, engineers 
and planners summarising the present state of Mars 
exploration and planning for the future. For the first 
time, a detailed presentation was made of proposed 
hardware development from NASA and the 
European Space Agency (ESA) leading toward a 
collection of samples and their delivery to Earth 
within the next 15 years. These proposals were also 
endorsed at the 37th Mars Exploration Program 
Analysis Group (MEPAG) meeting on 26 July. 

It is proposed that NASA and ESA work together 
to produce hardware for the launch of an Earth 
Return Orbiter (ERO) and a Sample Retrieval Lander 
(SRL), the SRL also accommodating a small rover, 
both launched in 2026 in different months. The SRL 
would launch first in the July and take an extended 
Hohmann transfer path making 1.5 revolutions of the 
Sun to arrive at Mars in August 2028. The descent 
concept could adopt either a developed version of 
the platform used for the Phoenix and InSight 
missions or the Skycrane concept used by Curiosity 
and Mars 2020.

After landing on the surface at Jezero Crater, the 
rover would collect the cached samples and return 
them to the lander in an operation expected to take 
until February 2029, loading the samples into a 
spherical orbital module about the size of a 
basketball. As a contingency against a problem with 
the fetch-rover, Mars 2020 could deliver the samples 
directly to the lander, which would then depart the 
surface of Mars with a rocket mounted to the top 
deck and deliver them to a parking orbit. Enter the 
Earth Return Orbiter.

Launched in October 2026 on an Ariane 6, the 
ERO would arrive at Mars carrying an ion propulsion 
system powered by a solar array 40 m across and 

capable of producing 40 kW of power. Mars orbit 
insertion would utilise a chemical rocket motor to 
achieve a highly elliptical path, whereupon the 
chemical motor would be jettisoned to reduce 
weight and the ion propulsion system used to 
circularise the orbit over a period of about a year, 
completing this migration by about July 2028.

In spring 2029 the SRL would be back in orbit 
with its retrieved samples and the ERO would 
rendezvous with it to retrieve the Earth entry 
module and its contents. After jettisoning the 
capture mechanism the ERO will spend a further 
year slowly raising its orbit out of Mars capture 
using the ion system until reaching escape velocity, 
departing for Earth at the 2031 window. NASA has 
yet to designate a recovery spot, on this timeline 
scheduled for spring 2032, but it favours the Utah 
Test Range where the Genesis and Stardust 
containers landed. 

Planning for a sample return mission started with 
detailed negotiations between NASA and ESA in 
2016 and previous concepts were analysed, preferred 
options converged and a statement of intent issued 
in April 2018. ESA is especially enthusiastic for this 
cooperation and the budget for the ERO is to be 
presented for approval at the European Council of 
Ministers meeting this November. NASA has 
assigned work packages to various field centres and 
ESA has already commissioned two design studies 
on the ERO and two for the rover. Approval for the 
ESA project should be achieved in November and 
next year NASA is expected to make it a formal, 
funded line item. 

Obtaining samples from Mars is a high priority 
and while NASA has been cagey about asserting 
that any one of its previous landers or rovers has 
been sent looking for life, the possibility that life, or 
evidence of its former existence, may very well be 
found in samples returned to Earth is a powerful 
incentive. There is no possibility of landers carrying 
to Mars the sophisticated, laboratory-based tools 
for biological analysis and the age-old question 
about life on Mars can only be answered back on 
Earth. SF         David Baker

KEY DATES

2020
(17 July ) Mars 
2020 launched 
aboard an Atlas V 
booster

2021
(18 February ) The 
Mars 2020 rover 
lands on the Red 
Planet

2026
ESA's Earth 
Return Orbiter and 
NASA's launched 
towards Mars

2029
Both spacecraft 
act in unison to 
retrieve samples 
cached by Mars 
2020 and return 
them to Earth 

ESA’s concept for retrieving samples cached by Mars 2020.
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LESSONS FROM HISTORY
Opinion

WE ARE IN DANGER OF repeating history. The Apollo Moon programme was 
based on political objectives, about being “first”, showing the world the 
extraordinary expression of “Americanism”, blending “manifest destiny” with the 
dangerous concept of national “exceptionalism”. Many vowed it would not 
happen that way again, that we would do things because they were either a 
contribution to human good or leading to an advancement in the archive of human 
knowledge. But now history is in danger of repeating itself with those same 
intangible motives.

Science doesn‘t like intangibles. It works on context, experimentation, 
verification and interpretation. I have a favourite saying: science can explain 
nothing, but it can describe a lot. In other words, it can put a frame of reference to 
something it can weigh, measure or infer from experimentation; but it cannot 
explain why something “is” something, why life emerged on Earth, why the 
physical manifestation of the Big Bang was the way it was; we can only “know” 
that it was so because science describes it – but we cannot “explain” it in the 
context of understanding why it happened at the point source of its origin. 

In 21st century science we appear to have lost the reality that drove scientists 
and philosophers in the Enlightenment and which underpinned discovery and 
understanding from the 15th to the 20th centuries. In the 21st century we strive to 

in
Briefing
CORNISH SPACEPORT 
Spaceport Cornwall and Virgin Orbit have 
signed an agreement backed up with £12 
million from Cornwall Council and up to £7.85 
million from the UK Space Agency to launch 
small satellites, creating 150 jobs. 
Discussions are underway with US operators 
for horizontal launch opportunities. The US 
State Department has approved a Technical 
Assistance Agreement allowing the use of 
LauncherOne and the Cosmic Girl carrier 
aircraft from Newquay airport. Virgin Orbit is 
also investing around £2.5 million in the 
project and plans to move swiftly toward 
opening satellite launch facilities from 
Cornwall.

CURRYING FAVOUR 
Russia is to provide India with equipment to 
support its aspiration to put an astronaut in 
orbit by 2022. Research and Production 
Enterprise Zvezda is supporting India with 
equipment from its life support programme, 
of which it has considerable experience, and 
is expected to play a major role in systems 
development for India’s human space flight 
activity. In a national commitment expected 
to cost $1.51 billion, India and Russia have 
been working together as well as with ESA 
and the United States, with offices in those 
places expected to be established within a 
year or so to extend cooperation.
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MSFC gets the gig

LauncherOne under the Cosmic Girl carrier. 

India tests a crew capsule.

To a public relations fanfare involving NASA Administrator Jim 
Bridenstine, the Marshall Space Flight Center has been assigned 
responsibility for the Human Landing System (HLS) which aims 
to put astronauts back on the Moon by 2024. This cements the 
lander programme at MSFC and ensures a continuing role for this 
important facility. Down the road at the Michoud Assembly Facility, 
the core stage for the Space Launch System is coming together 
for the uncrewed Artemis 1 mission, the first flight of three flights 
involving the SLS and the Orion spacecraft, the last of which is 
expected to put humans on the Moon. Originally planned for 2020, 
that mission has now been put back to 2021 as NASA still works 
technical challenges with the super-heavy launcher. 
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achieve things either for conspicuous consumption or for gain – either personally, 
materially, nationally, militarily or politically. And we are in danger of repeating 
the reasons for doing deep-space exploration for either material or political gain. 
Time to change the record?

President Donald Trump gave NASA the “hurry-up” to get astronauts back on 
the Moon by 2024. Then he tweeted that he thought Mars was a greater priority, 
explaining later that he agreed that getting first to the Moon was a crucial part of 
the overall Mars strategy and an integral element in that architecture. But many 
unanswered questions remain regarding that challenge, and the characterisation 
of the planet itself is one essential prerequisite for getting science right. 

It is no longer sufficient justification to go because we can. Humanity should go 
to Mars when it is right to do so, armed with a much more comprehensive 
understanding of the planet, why we need to put humans there and, more 
pragmatically, where to land and for what reason. Are we in danger of repeating 
history? That phrase is usually associated with a portentous lack of 
understanding about why we did things the wrong way in the first place. I started 
this with an assertion; is it a question after all? SF       David Baker

It is no longer sufficient justification to go because we can. 
Humanity should go to Mars when it is right to do so, armed 

with a much more comprehensive understanding of the planet 

Briefing
MATTERS OF OPINION 

Asked whether they believe the United 
States is the world leader in space 
activities, 80% of 1,137 adults polled in 
America say not, although 64% believe it 
to be “among” the world leaders. Some 
17% believe the US is no longer a 
prominent player in space exploration. A 
quarter of those asked believed that 
sending people to Mars is important and 
around one-half said they would like to 
orbit the Earth. On the bid to get people 
back on the Moon by 2024, 58% either 
opposed or were ambivalent to the idea, 
which is about the level regarding Moon 
expeditions at the peak of Apollo. 
Interestingly, the strong majority believe 
the government should be leading space 
exploration and not private companies. 

BUILT TO BAFFLE 
Ex-Air Force Secretary Heather Wilson 
(below) says that the super-secret Boeing 
X-37B winged, reusable spaceplane will 
drive potential adversaries “nuts” trying 
to work out where it is at any given 
moment. For several years speculation 
about the capabilities for on-orbit 
changes in both eccentricity and plane 
has frustrated amateur space watchers 
keeping track of what the X-37B is doing. 
Watson now confirms that it "can do an 
orbit that looks like an egg and when it's 
close to the Earth, it's close enough to the 
atmosphere to turn where it is", using 
fractional aerodynamic lift to change the 
shape and inclination of its path. The fifth 
and most recent mission for the X-37B 
began on 7 September 2017. 
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ISS Report
9 July – 8 August 2019

The crew of Expedition 60 returned to six person operations in 
late July. The orbital outpost is commanded by Russian Alexei 
Ovchinin and his crew of flight engineers, Russian Alexander 
Skvortsov, Americans Nick Hague, Christina Koch and Drew 
Morgan and Italian Luca Parmitano.
Report by George Spiteri

O
n 9 July, Ovchinin, Hague and Koch 
continued with their scientific experiments 
and maintenance work which included 
biomedical research inside Kibo and a 
routine check of the life support system 

components in the station’s Russian segment.
Hague set up the hardware for three sessions of 

the Cerebral Autoregulation (CA) experiment on 10 
July, which measures blood flow changes caused by 
microgravity. Koch conducted an inventory of the 
emergency gear aboard the ISS including breathing 
masks and fire extinguishers, whilst Ovchinin 
devoted two days to working on two of several 
studies which are monitoring the variation in the 
radiation environment as the station orbits Earth 
and tested communications and electronics gear.

Koch and Hague worked with the Genes In 
Space-6 (GIS-6) investigation on 11 July which 
sequences DNA samples inside the Biomolecule 
Sequencer and observes the mutation and 

RIGHT
ISS barber and Expedition 
60 Flight Engineer Andrew 
Morgan trims the hair of 

Nick Hague.

LEFT
Alexander Skvortsov trains 

on the tele-robotically 
operated rendezvous unit 
(TORU) two days before 

the arrival of the Progress 
73 (73P) cargo ship, which 

docked on 31 July.  



ISS REPORT

SpaceFlight Vol 61 October 2019 9

molecular repair mechanisms. Hague also donned 
a Virtual Reality (VR) headset to respond to 
visual and audio cues to record himself exploring 
the hypothesis that astronauts working in space 
perceive time differently which affects mission 
performance. NASA said this is “something that has 
not been studied during long duration spaceflight”. 

The crew ended their working week by 
conducting more work with the Veg-04A 
experiment, which NASA explained is “looking 
at ways to supplement astronauts' diets with fresh 
foods grown in flight”. NASA reported on 12 July 
that “half the crops harvested this week will be 
returned to Earth for analysis with the crew getting 
some fresh additions to taste test on board”. Koch 
also set up the Astrobee free-flying robotic helper 
and monitored its flight test inside Kibo. Engineers 
were testing and calibrating Astrobee’s mobility for 
its potential to perform routine lab monitoring and 
station duties. Inside the Russian segment, Ovchinin 
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SA performed tasks to help scientists understand how 

microgravity affects a crewmember’s ability to pilot 
a spacecraft or remotely control a robotic vehicle on 
a planetary surface, as part of the ongoing Russian 
Pilot-T experiment.

The 13/14 July was a light-duty weekend for the 
crew who performed regular housekeeping chores, 
spoke to family and friends and conducted their 
daily two and half hours of exercise.

Ovchinin devoted most of 15 July to 
maintenance duties inside the Russian segment 
and inventoried medical equipment, medicines and 
dentistry gear. Hague and Koch continued with 
their on board robotics training for the imminent 
arrival of the next unmanned Dragon cargo 
spacecraft.

On 16 July, Koch stowed and relocated a pair 
of biology and botany facilities by powering 
down several rodent habitats and readying them 
for return to Earth aboard Dragon. She also 

NASA… is “looking 
at ways to 
supplement 

astronauts' diets 
with fresh foods 
grown in flight”
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relocated the Veggie facility to Columbus 
following the previous week’s lettuce harvest 
conducted inside Unity. Hague partnered Koch 
with body measurements for ESA’s Myotones 
muscle experiment and later set up and inspected a 
fluorescent microscope which can observe cellular 
changes in microgravity. Ovchinin set up a camera 
inside Zvezda that recorded the arrival of the 
next Soyuz crew and checked air and temperature 
sensors and swapped air filters on the Russian side 
of the orbital lab.

The following day, Koch installed the Hermes 
Cassette-1 facility researching the dynamics of 
asteroid and planetary surfaces with no atmosphere 
and later she checked out the Photobioreactor 
which explores microalgae as a means to support 
hybrid life support systems. Hague configured 
back-up software inside Kibo for the Japanese 
robotic arm and replaced gear in the Combustion 
Integration Rack (CIR) to support flame and fuel 
research in space.

On 18 July, the crew conducted further 
research with the Hermes Cassette-1 experiment 
and worked with NASA’s Standard Measures 
biomedical investigation and ESA’s Kubik mini life 

science lab housed inside Columbus. 
Ovchinin joined Hague and Koch on 19 July 

in reviewing procedures for the arrival of Soyuz, 
whilst his US crewmates also conducted extensive 
biomedical experiments and loaded new software 
on a science laptop and replaced components in the 
Waste and Hygiene Compartment.

APOLLO ANNIVERSARY
Soyuz MS-13/59S was launched from Baikonur’s 
Site 1 atop a Soyuz-FG rocket at 16:28 UTC (21:28 
local time) on 20 July. Aboard Soyuz was retired 
Russian Air Force Colonel Alexander Skvortsov 
(53) in command of the spacecraft and on his third 
spaceflight, US Army Colonel and physician Drew 
Morgan (43) a space rookie and Italian Air Force 
Lieutenant Colonel Luca Parmitano (42) on his 
second space mission. The launch took place on the 
50th anniversary of the first manned lunar landing 
and Morgan told a pre-flight press conference it was 
“a huge honour to be launching on the anniversary 
of Apollo 11” and he was “flying an Apollo 11 patch 
that came from the Smithsonian”.  

Aboard the station, Koch and Hague paid their 
own tribute to commemorate the anniversary by 
sending a message down to Earth. Koch asked 
viewers to “remember the drive and sacrifice by the 
flight teams, engineers, astronauts and many others” 
and Hague said the legacy of the Moon landings 
was that “we’ve learned how to build laboratories in 
space, we’ve learned how to live in space, paving the 
road for deep space exploration”.

Soyuz docked to Zvezda’s aft port after four 
orbits and 6 hr 20 min later at 22:48 UTC on 20 
July as the complex flew 408.7 km above southern 
Russia. The hatches were opened at 01:04 UTC on 
21 July with the station returning to a six person 
complement. The new arrivals spoke to family and 
friends during the traditional welcoming ceremony 
inside Zvezda, during which Morgan described the 
launch as an “incredible ride”. This was immediately 
followed by Ovchinin taking Skvortsov’s crew 
through a routine safety briefing which is 
mandatory for newly arrived crewmembers.

On 22 July, Hague, Koch and Parmitano teamed 
up to service the US Extravehicular Mobility Unit 
(EMU) suits ahead of a planned EVA scheduled 
in late-August. Ovchinin photographed the 
interior condition of Zvezda whilst Skvortsov 
inventoried gear delivered by Soyuz and later the 
two cosmonauts answered questions from Russian 
school pupils and university students.

The crew had a relatively light-duty day 23 
July ahead of the arrival of Dragon with the 
Station’s new occupants continuing to familiarise 
themselves with their orbital home and reviewed 
their roles and responsibilities in the event of 
an emergency. Morgan tweeted during his first 
week aboard the station that his crewmates were 
teaching him “all the finer points of life…how to 
eat, use the bathroom, find your toothbrush when 
it floats off…and how to float around without 
crashing into things!”

The highlight of 24 July was the visit of Apollo 11 
Command Module Pilot Mike Collins to Mission 
Control Houston on the 50th anniversary of Apollo 

ABOVE
Morgan participating in 

the ESA GRIP study, which 
observes how microgravity 

affects the abilities of 
astronauts to regulate 
grip force and upper 

limb trajectories when 
manipulating objects. 

 Morgan told a 
pre-flight press 

conference he was 
“flying an Apollo 11 

patch from the 
Smithsonian”
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ABOVE
Koch pictures dinner in Russia's 

Zvezda module, where a pizza 
floats above the galley. 

BELOW
The departing crewmembers.

 “We’ve learned 
how to build 

laboratories in 
space, we’ve 

learned how to live 
in space, paving 
the road for deep 

space exploration”

11’s splashdown. Collins spoke to the United States 
Orbital Segment (USOS) crew and remarked that 
Mission Control “was a lot fancier than it used to 
be in my time but the function is the same”. Hague 
responded by expressing his thanks to Collins for 
“the legacy” of the Apollo programme.

NO HDEV
NASA stated on 24 July that the High Definition 
Earth-Viewing (HDEV) experiment on the station 
had “experienced a loss of data, and ground 
computers are no longer receiving communications 
from the payload”. Engineers were reviewing 
the status of HDEV “to identify what may have 
occurred”.

All six crewmembers began 25 July measuring 
their body mass using the Space Linear Acceleration 
Mass Measurement Device (SLAMMD) inside 
Destiny. Ovchinin and Skvortsov later conducted 
medical and physics experiments, whilst Hague 
performed maintenance work in Tranquility and 
Koch measured the airflow throughout the station’s 
US segment. Morgan and Parmitano explored how 
living in space impacts their visual perception and 
spatial orientation courtesy of Canada’s Vection 
experiment by taking turns wearing VR goggles to 
test how they evaluate motion and distance while 
free-floating.

Hague, Koch and Morgan also devoted two 

further days to on board robotics training in 
readiness for Dragon’s capture by Canadarm2.

Following a one day delay due to poor weather 
SpaceX launched its latest Dragon spacecraft on 
the Commercial Resupply Services-18 (CRS-18) 
mission atop a Falcon 9 rocket at 22:01 UTC (18:01 
local time) on 25 July from Space Launch Complex 
40 at Cape Canaveral Air Force Station. This was 
the first time a Dragon spacecraft had flown for a 
third mission to the ISS, having visited the ISS on 
the CRS-6 (SpaceFlight Vol 57 No. 6 p 212) and 
CRS-13 (SpaceFlight Vol 60 No. 3 p 10) missions 
respectively. Approximately 8 minutes after launch 
the rocket’s first stage landed successfully at Landing 
Zone 1 at Cape Canaveral. This was also a re-flown 
first stage, having been used for the CRS-17 mission 
(SpaceFlight Vol 61 No. 7 p 10).

With Hague at the controls of the robotic 
arm inside the Cupola, Dragon was grappled by 
Canadarm2 49 min ahead of schedule at 13:11 UTC 
on 27 July as the complex flew 429.6 km above 
southern Chile. Hague radioed mission control that 
Dragon appeared “pretty looking out the window…
the mission continues”.  Nearly three hours later at 
16:01 UTC robotics officers in Houston installed 
Dragon onto Harmony’s Earth facing port. Dragon 
delivered 2,312 kg of supplies and scientific 
experiments including the new BioFabrication 
Facility (BFF) to test the ability to print cells 
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in microgravity and the Biorock investigation 
which according to Professor Charles Cockell of 
the University of Edinburgh will examine “how 
microbes interact with bacteria in microgravity”. 

Housed in Dragon’s unpressurised trunk was 
the International Docking Adapter-3 (IDA-3). 
IDA Project Manager Jason August described 
IDA-3 as “critical in our path” to allowing future 
commercial crews and spacecraft to dock to ISS 
and was the second such docking adapter received 
by the ISS following IDA-2 in 2016 (SpaceFlight 
Vol 58 No. 10 p 368). IDA-1 was lost during the 
CRS-7 launch mishap in 2015 (SpaceFlight Vol 57 
No. 9 p 332 and p 337).

Hague opened the hatches to Dragon on 28 
July and together with Koch and Morgan began 
unloading critical research samples and devoted 
several days to stowing them in the station’s science 
freezers and incubators for analysis.

PROGRESS TRAFFIC
At 10:44 UTC on 29 July, Progress MS-11/72P 
undocked from Pirs. Over three hours later at 
13:50 UTC Progress performed a de-orbit burn 
and according to the Novosti Kosmonavtiki 
website impacted the “non-navigable waters of the 
Pacific Ocean” 42 min later at 14:32 UTC. Hague 
tweeted a spectacular photo he took of Progress 
during re-entry and described it as resembling 
“a big firework that lasted minutes – flickering, 
sparking, and pulsing with brightness before it 
faded into the darkness”.

Ovchinin and Skvortsov spent most of 29 
July inside Zvezda practicing with the Russian 
Telerobotically Operated Rendezvous Unit (TORU) 
for the imminent arrival of the next unmanned 
Progress spacecraft. The cosmonauts would use 
TORU to execute a manual docking of Progress had 
the Kurs automatic system failed.

Progress MS-12/73P was launched atop a 
Soyuz-2.1a rocket from Baikonur’s Site 31 at 12:10 
UTC (17:10 local time) on 31 July. The rocket 
featured a new digital guidance system and other 
upgrades which allowed Progress to carry several 
hundred kilogrammes more cargo into orbit. 
Progress docked to Pirs after 3 hr 19 min, some 
6 min ahead of schedule following an accelerated 
two orbit profile at 15:29 UTC as the complex flew 
416.8 km above north western China. It delivered 
1,184.5 kg of dry cargo, spare parts and scientific 
equipment, of which 18 kg were supplies for the 
USOS crew, 800 kg of fuel, 420 kg of water and 50 
kg of oxygen. 

This marked the third successful docking of 
a Progress after two orbits and was according to 
space analyst Jonathan McDowell “the fastest ever 
from Earth to ISS”. The Russian News Agency TASS 
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reported in late June that Russian space officials 
would make a decision on attempting a similar two 
orbit/three hour rendezvous using a manned Soyuz 
following the Progress docking. Following leak 
checks, Ovchinin and Skvortsov opened the hatches 
to Progress later the same day and began unloading 
its cargo.

On 1 August, Koch and Hague tended to the 
mice delivered by Dragon for ongoing biological 
research, courtesy of the Rodent Research-17 (RR-
17) experiment. The crew also worked with ESA’s 
GRASP investigation where crewmembers don 
VR glasses to map the link between what they feel 
and what they observe through their other sensors, 
such as eyes, muscles and vestibular organs. The 
two Russian cosmonauts continued with Progress 
transfers and their USOS colleagues conducted 
further Dragon cargo operations.

Morgan and Parmitano continued to work with 
ESA’s GRIP experiment on 2 August which Morgan 
described in a tweet “studies how microgravity 
impacts our nervous system and movement 
control”. Hague and Koch conducted final on 
board training for the upcoming departure of the 
unmanned Cygnus cargo spacecraft. Hague also 
worked with the Cell Science-02 (CS-02) bone 
healing and tissue regeneration study, whilst Koch 
activated the BFF and Ovchinin and Skvortsov 
off loaded more cargo from Progress and serviced 
Russian science hardware and life support systems.

The crew performed further work with the BFF 
and CS-02 experiments during their light-duty 
weekend 3/4 August which Morgan continued with 
on 5 August, whilst Ovchinin and Skvortsov studied 

how microgravity affects pain sensation, as part of 
the Russian Algometriya experiment.

FAREWELL CYGNUS
Packed with approximately 2,449.3 kg of unwanted 
cargo, the Cygnus Northrop Grumman-11 (NG-
11) spacecraft was unberthed from the Earth 
facing port of Unity at 11:30 UTC on 6 August 
and released by Canadarm2 nearly five hours 
later at 16:15 UTC as the complex flew 418.4 
km above the Pacific Ocean. Named in honour 
of Apollo 1 astronaut Roger Chaffee, Cygnus 
would deploy four CubeSats using the Slingshot 
Cubesat Deployer System which the crew installed 
before hatch closure on 5 August. The deployer 
can accommodate up to 18 CubeSats. Northrop 
Grumman plan to keep Cygnus in orbit until mid-
December to conduct various engineering tests 
before it is de-orbited.

Koch conducted further tests with the BFF 
on 7 August, whilst Parmitano examined protein 
samples for amyloid formation that differs from 
samples observed on Earth. Morgan devoted a 
second day inside Kibo to setting up the basketball 
sized Synchronised Position Hold, Reorient, 
Experimental Satellites-Zero Robotics (SPHERES-
ZR) satellites controlled by middle-school student 
written algorithms, who are practicing rendezvous 
and docking techniques.

On 8 August, the crew worked with the 
Repository biological experiment for a second day, 
restocked the RR-17 facility and performed a regular 
ISS Ham pass as part of the Amateur Radio on the 
International Space Station (ARISS) programme. SF 
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W
ith Brexit looming and NASA embarking 
on the fast-track Project Artemis in 
a return to the Moon, what is likely 
to happen for the UK in the medium 
and long term for human spaceflight 

activities? Crucial to UK plans will be decisions 
made at the forthcoming ESA Ministerial meeting in 
November and new links with NASA. 

In July this year it was announced that the UK’s 
only professional astronaut, Tim Peake, has decided 
to take a two-year sabbatical from the European 
Space Agency (ESA), returning to the UK in October 
2019 to carry out varied work that will include STEM 

outreach activities on behalf of the UK Space Agency 
(SpaceFlight Vol. 61 No 9, p 2).

Since Tim’s astronaut selection by ESA in 2009 and 
his highly successful six-month “Principia” mission on 
board the International Space Station (ISS) in 2015/16, 
he has been busy working as Astronaut Operations 
Team Lead at the European Astronauts Centre (EAC) 
in Cologne, Germany.

  Such a break from the EAC is not unusual for ESA 
astronauts. Thomas Reiter and Pedro Duque undertook 
similar sabbaticals in their careers. For his planned 
time away, Tim will keep in close contact with the 
EAC. A STEM Ambassador, a Scout ambassador and 

What does the future hold for Britain's burgeoning space industry post-Brexit? 
And will human space flight have a role to play? 
by Nick Spall FBIS
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a supporter of the Prince’s Trust, his work for the UK 
Space Agency will include interfacing with Sue Horne 
and Libby Jackson, who focus on UK human space 
flight and exploration activities.

BACK TO THE ISS?
A second flight to the ISS by 2023/4 remains possible 
for Tim Peake. In 2016, ESA Director General Jan 
Woerner stated his intention that all astronauts in the 
“class of 2009” will fly twice by 2024. Tim will return 
to the EAC in 2021, hopeful for a mission assignment; 
after his return from the “Principia” mission, he said 

that he would accept a new flight slot “in a heartbeat”.
The ISS flight sequence for ESA astronauts and 

human spaceflight plans depend on the outcome of the 
November 2019 ESA Ministerial meeting. The current 
mission of Luca Parmitano will extend through until 
early 2020 – he will be the ISS commander during his 
tenure. After then, successive ESA astronauts should 
rotate.

ESA and, via its human space flight linkages, the 
UK is committed to supporting the continuation of the 
ISS to at least 2024. In view of its commitment over the 
last 25 years, ESA will most likely wish to maintain a 
presence on the station, with crews accessing it through 
the 2020s with science research and maintenance 
work continuing on board. Structurally, the station 
appears to be in good shape, additional modules can be 
attached and degraded solar panels and cabling can be 
replaced incrementally as required.

Despite concerns from Congress, for some time 
NASA had been keen to “commercialise” the ISS, 
saving a considerable $3 billion expenditure each year 
and freeing money for deep-space exploration. If it 
should happen there will be technical and procedural 
agreements with NASA, ESA, Russia’s Roscosmos, 
Japan’s JAXA and Canada’s CNSA to avoid difficulties. 
New short-duration 30-day missions will become 
more common. Technical issues such as CO2 scrubber 
replacement timing and safety checks will need 
adjusting accordingly. Matters concerning ITAR 
regulations can probably be sorted in time.

The new US-led crewed vehicles, the 7-seat 
Boeing CST-100 Starliner and Space-X Crew Dragon 
spacecraft, will eventually access the ISS, hopefully 
from 2020 working in tandem with the venerable 
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Russian 3-seat Soyuz. Over the same period, Dragon, 
Dream Chaser, Cygnus and Japanese HTV freighters 
will resupply consumables and boost the station’s 
altitude. It could be that Parmitano’s Soyuz MS-13 
mission that launched on 20 July was the final Soyuz 
flight for ESA astronauts for a while.

A positive aspect of note is that ESA’s spaceflight 
funding comes under the Human and Robotic 
Exploration Directorate and ESA’s Exploration 
Envelope Programme (E3P). The UK is a major 
contributor to this programme since robotics, such as 
Exomars and the Rosalind Franklin rover, are vital to 
the UK space industry. Hopefully therefore, UK human 
space flight funding for Tim Peake should not be an 
issue for the medium future. The UK Space Agency is 
currently supportive of the science and outreach work 
from human space flight and the ISS.

PROJECT ARTEMIS AND THE UK
ESA is providing the Service Module for the deep-
space, 4-place Orion spacecraft that will travel to the 
Moon and back. The first Module has been delivered 
this year to the US and several more are under 
construction in Germany and elsewhere. This will 
enable ESA astronauts to have a chance of joining 
NASA crews on Moon missions as part of Artemis, 
which hopes to land astronauts on the Moon again 
during the mid to late 2020s. 

The Gateway lunar orbital space station providing 
limited habitation, support systems and berthing points 
for spacecraft powered by electric propulsion as well as 
a solar-electric propulsion module, is a key component. 
Here, ESA is looking at providing future modules 
such as the ESPRIT unit that will dock onto the core 
elements, plus the International Habitation Module. 

Can the UK contribute and thus provide a role for 
future UK astronauts in this human lunar programme?

In July it was reported that the UK’s SSTL 
satellite manufacturer based in Guildford will lead 
a lunar Gateway communications equipment bid, 
which is being supported by the UKSA, to provide 
communications systems between astronauts on 
the lunar surface and surface rovers to the Gateway 
and Earth. Sue Horne, the UKSA’s Head of Space 
Exploration, was quoted as saying that a bid was also 

going ahead for refuelling features of the Gateway.
The UK is highly experienced at 

telecommunications work and in terms of human-
robotic operations for lunar projects and the UK 
also now has expertise developed from the Stevenage 
Exomars rover technology. Tim Peake completed a test 
on this as part of his “Principia” mission with tele-links 
to the test rover in Stevenage from orbit. For future 
Martian robotic operations, this is something the UK 
could provide, particularly for the Mars Sample Return 
(MSR) project that would need a “sample-fetch rover” 
capability.

Closer links between NASA and the UK are 
evolving. The UK Space Agency and NASA signed a 
“Statement of Intent” on 16 July to pave the way for UK 
commercial satellite communications and navigation 
services to be used for NASA missions to the Moon. 

UK Science Minister Chris Skidmore confirmed 
that the UK and NASA would establish a joint working 
group to coordinate integrated science work and 
other opportunities. Graham Turnock, the CEO of the 
UK Space Agency, noted that joint work was already 
occurring for the Mars Insight lander and more US/
UK cooperation was to come. Turnock is also quoted as 
firmly supporting a future mission possibility for Tim 
Peake, in the wider ESA/NASA ISS context.

POST BREXIT POSSIBILITIES
Many in the UK space industry are cautious about 
the uncertain post-Brexit world and its consequences. 
However, although about a third of ESA project 
funding comes from EU sources and projects like 
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Galileo and Copernicus may be affected, this is less 
of an issue for ESA and the UK. It will no doubt be 
discussed at the ESA Ministerial meeting in November 
this year.

Concerns have been expressed by UK astronomers 
over the potential loss of space science funding 
from the EU and the free movement of international 
scientists is also a concern. However, many 
believe these issues are relatively easily resolved. 
Yet government enthusiasm for space is certainly 
continuing. Under the tenure of the new Prime 
Minister Boris Johnson, immediate announcements 
on space science support have been made. Much is 
positive in UK space news. 

The UK appears determined to be ahead of the 
rest of Europe for spaceports for example, with a 
Scottish vertical launch site for small satellites and 
Cornish horizontal launch site for both satellites and 
spaceplanes emerging. Virgin are in an agreement now 
with Spaceport Cornwall for horizontal small satellite 
launcher facilities and the UKSA is putting grant 
finance into these development projects.

This enthusiasm for “home-grown” facilities 
contrasts with the negative attitude to launcher and 
HSF activity that dominated UK governments from 
the 1970s until the late 2000s. UK astronaut support 
funding did not occur in the UK until the UK Science 
Minister Lord Drayson gave backing to ISS activities 
with the then head of ESA Jean Jacques Dordain 
in 2007/8. Drayson of course helped to set up the 
UK Space Agency. His successor, David Willetts, 
accepted the new UK human space flight situation 
and supported the UK Space Agency and Tim Peake’s 
“Principia” mission of 2015/16.

THE FUTURE IS BRIGHT
Across decades of indifference from UK governments 
of all political persuasion, the British Interplanetary 
Society itself worked hard to accelerate the new attitude 
to getting British astronauts in orbit via its “UK Human 
Spaceflight” campaign, commencing in 2005. This 
continues. The BIS supports the enlargement of UK 
human space flight activities and notes the successful 
“Canadian model” of joint activity in this field with 
its small “corps” of astronauts. The UK could link 
both to ESA and to NASA in this way, with several 
UK astronauts available to take part in ISS and lunar 
Gateway/surface missions for the future.

ESA is likely to undertake a new round programme 
of astronaut selection beyond 2021, if only to refresh 
its crew resources for the new lunar exploration 
plans. Could the UK support another two to three 
astronauts to work jointly with Tim Peake for future 
mission possibilities? The national STEM outreach and 
technical benefits of this would appear strong.

Bilateral agreements for human space flight with 
NASA could be arranged for the UK to operate in 
parallel with ESA – this has already occurred for Italy 
in the past, for example. Perhaps this arrangement 
for UK human space flight might come out of a new 
enhanced “international” linkage attitude for the UK in 
a post Brexit world.

It should be noted that Germany, France, Italy and 
Canada have not just one but several astronauts. As the 
fifth largest economy in the world, many would say that 
it is appropriate that the UK plans to enlarge its human 
space flight activities and sustain its interest in the 
future of human Earth orbit, lunar and, for the long 
term, Mars exploration. The future is bright. SF 
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A
s the world celebrated the 50th 
anniversary of the first Moon landing by 
humans on 20 July 1969, comparisons 
were made between Project Artemis, 
NASA’s bid to get boots back on the 

Moon within the next decade, to that programme, 
citing it as an Apollo re-run. But this is no Apollo 
on steroids and is as different as it can be from that 
great national endeavour set by President Kennedy 
more than 58 years ago. 

Sure, the shape of the spacecraft is vaguely 
similar to Apollo – but even here there are 
significant differences – but the functional 
capabilities represent a design approach very 
different to that taken with Apollo. And while the 
launch vehicle carries out largely the same function 
as the Saturn V, which last flew more than 46 
years back, it is a legacy derivative of the Shuttle 
programme and far removed from the design of the 
original super-heavy lifter.

But this time around too, the programme 
is going to be framed by national goals and 
objectives, commercial contributions on a 
leasing and use basis and through a broad range 
of international agreements with hardware 
contributions from  three continents – nothing 
Apollo-like here! But in requiring NASA to go 
faster back to the Moon the White House is 
pushing the integration of these elements and that 
in itself is proving to be a great incentive for space 
agencies eager to follow the US lead.

The big question is: does the hardware and 
programme orientation favour a sustainable 
presence on the lunar surface, exploiting it first as a 
place of scientific interest and maybe, at some point 

Is the rush to get back on the Moon with Project Artemis a new drive toward a 
sustainable lunar presence or is it masking deep flaws? 
by David Baker

in the future, a place for resource utilisation, or is 
it a spectacular stunt to raise a prestige project in 
the same vein as the technological virility symbol 
that underpinned the first phase of landings half a 
century back? Only by long-term goal orientation 
driving programme architecture can the right 
specifications generate the appropriate designs 
sought from commercial companies and the 
aerospace industry. 

DECISION TIME
One of the fundamental core decisions regarding 
Artemis is the kind of integration between the 
Gateway lunar orbit outpost and the establishment 
of surface sites which may, or may not, evolve 
and grow into permanent science stations. There 
is much to learn from the Moon and the desire is 
strong to return to visit some of the more exciting 
geologic zones where post-Apollo reconnaissance 
has revealed the possibility of large quantities of ice, 
perhaps even water beneath the surface. After all, 
only two Apollo missions took astronauts to places 
outside the zone 10º north or south of the Moon’s 
geographic equator: Apollo 15 to the eastern mare 
deposits of the Mare Imbrium and Apollo 17 to 
the eastern shores of similar basaltic flow on the 
eastern edge of the Mare Serenitatis. 

And then there is the far side, where accessibility 
during Apollo was impossible due to the absence 
of a communications relay network in lunar orbit 
to ensure sustainable voice communications and 
telemetry – no real problem in the current age 
of telecommunications and with the ease with 
which lunar orbit data satellites could be put in 
place, a capability easily accommodated. Far side 
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SISTER ACT or near side, sustainable and widespread surface 
reconnaissance expeditions will be essential 
prerequisites to full resource inventorying and to 
detailed analysis of mineralogical and petrological 
properties across large areas of the surface. 
Whether that will be conducted by humans or 
remotely controlled vehicles, the availability of 
a Gateway will be essential to the sustainable 
presence NASA and its international partners seek 
for both scientific and commercial purposes. 

Central to both human and robotic exploration 
of the Moon, the Gateway is key and its orbit 
is crucial to affording flexibility, maintaining a 
broad range of options for mission design and 
programme architecture. Along with colleagues 
in NASA, the ESA Operations Centre (ESOC) 
has recently decided on the type of orbit for 
the Gateway. Instead of using a near-circular 
path around the Moon, where spacecraft are 
vulnerable to the continual push and pull of mass 
concentrations in the Moon’s mantle (MASCONS), 
the Gateway will be assembled in an eccentric path, 
or Near-Rectilinear Halo Orbit (NRHO) which also 
has the advantage of minimising the number of 
eclipses so that the solar-powered station will have 
less time in the Moon’s shadow.

The orbit will approach to within 3,000 km 
of the surface at pericynthion and no closer 
than 70,000 km at its most distant point, or 
apocynthion. This path will have an orbital period 
of seven days, making four revolutions in each 
lunar “day”. Due to the gravitational interaction 
with the Earth-Moon system, it will rotate along 
with its acquired parent so that it appears to 
prescribe a halo around the Moon when viewed 
from Earth. Markus Landgraf, the ESA analyst 
of the lunar orbit architecture, cautions that “If 
you want to stay there for several years, the near 
rectilinear halo orbit is slightly unstable and objects 
in this orbit do have a tendency of drifting away”.  
For this reason small incremental propulsive orbit-
keeping manoeuvres will be necessary to maintain 
the path. 

Above the discriminating aspects of this orbit 
which will have made it valuable, the big advantage 
is that it is accessible to several launch vehicles, 
including Ariane 6. ESOC’s Florian Renk, a mission 
analyst at ESOC, says: “In human spaceflight 
we don’t fly one single, monolithic spacecraft. 

Central to both human and robotic 
exploration of the Moon, the Gateway is key 
and its orbit is crucial to affording flexibility
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Instead we fly bits and pieces, putting parts 
together in space and soon on the surface of the 
Moon. Some parts we leave behind, some we bring 
back – the structures are forever evolving.” 

The NRHO path provides a staging post where 
the bulk spacecraft carried from Earth can “stage” 
into smaller elements destined to go to the surface, 
leaving the smaller lander elements to make it 
down with least mass and minimal propellant 
requirement for braking and for returning to the 
Gateway. Unlike Apollo, however, landing windows 
will only open every seven days when the Gateway 
is at pericynthion. Moreover, where an optimum 
lift-off opportunity for Apollo occurred every two 

hours so that the Lunar Module Ascent Stage could 
rendezvous and dock with the Command/Service 
Modules, launch windows for crewed lunar surface 
missions will also come around every seven days.

GATEWAY TO WHERE?
The design of the small habitable station in its 
highly elliptical orbit around the Moon will serve 
many purposes, many clients and consist of 
separate elements assembled by several countries 
and launched on different rockets. But the Gateway 
is not all about putting humans on the surface of 
the Moon. It will also support robotic missions 
and these constraints will apply to those as well if 
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minimum energy transfer is to be attained and the 
maximum mass per propulsive capability utilised 
for productive work at the surface. 

Toward that end, ESA is working with its 
Canadian and Japanese partners on the Heracles 
ascent vehicle to support uncrewed exploratory 
missions to the surface by the mid-2020s. It is 
possible that Heracles could be the fastest way 
to get lunar samples back to Earth in an Orion 
spacecraft. Heracles would weigh no more than 
1,800 kg and carry a small rover which would be 
monitored and controlled from the Gateway and 
be capable of retrieving surface samples. An ascent 
element would retrieve the samples and return 

them to the Gateway for transfer to a waiting 
Orion spacecraft and delivery to Earth. This would 
be accomplished through the robotic arm on the 
Gateway delivering the sample container to the 
airlock and from there the astronauts would move 
it into Orion. 

But Heracles is being designed with an even 
more ambitious role in mind. While initially 
being employed to develop the technologies 
for completing a round-trip to the surface, a 
more evolved derivative could be used to send 
astronauts down, using a pressurised roving vehicle 
before returning to the ascent stage for return to 
the Gateway. In this application the Gateway 
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duplicates the function performed by the Apollo 
CSM but with a permanent presence in lunar orbit 
leaving the return journey to Orion – or perhaps to 
any one of several derivative crewed vehicles now 
under development for sending astronauts to the 
International Space Station. 

The basic design of the Gateway envisages 
a cluster of separate modules with a total mass 
of 40,000 kg, comprising a service module, a 
communications module, a connecting node, an 
airlock for spacewalks, a habitable module and 
operations station with robotic arms and perhaps 
integrated with multiple roving vehicles on the 
lunar surface. It is not just about humans but it will 
have a design requirement to support astronauts 
for 90-day stays. 

In several respects, communications are the 
key to maximising the opportunity provided by 
the Gateway. It must provide high-speed networks 
with satellites providing links to operate rovers and 
landers and for supporting the data flow for human 
visits to the surface in an integrated spectrum of 
capabilities shared between humans and robots. 
This may require a completely different way of 
operating multiple space vehicles around the Moon 
and on its surface and NASA is refreshing the GPS 
concept for satellite-based navigation in deep space 
(see Digital Journeys, p 21).

But ESA is not the only organisation working 
lunar landers. The prestigious Draper laboratories, 
which played such a seminal role in getting humans 
to the Moon during Apollo is standing up to the 
challenge in the age of Artemis. Already working 
fault-tolerant computers and software for the Space 
Launch System, Draper is now turning its talents to 
competing for the next level of Commercial Lunar 
Payload Services (CLPS) contracts in the next 
couple of months. Partnered with Japan’s ispace, 
which is developing lunar landers which will be 
built by General Atomics, Draper wants a big part 
of the coming action. 

Draper also wants a piece of the potential 
market for vision-aided inertial navigation systems 

for astronauts on the surface in places that have 
never seen sunlight and for access to which would 
require night landings. With contracts already 
going out for crewed and uncrewed landers there is 
a rich set of requirements which will need a broad 
range of skills and capabilities as well sophisticated, 
front-end technology applications. 

THE RIGHT DIRECTION
The ultimate objective is to send humans to Mars 
and this is where the Gateway is not only a vital 
part of the Artemis programme but in preparation 
for the most distant journey which NASA and its 
international partners want to take one day with 
an expedition to the Red Planet. It is a research 
laboratory and a proving-ground for technologies 
which are today in their infancy and for spacecraft 
that could support life for up to three years without 
replenishment, essential for a return trip to Mars. 
But to achieve that, the sustainable and financially 
sound plan is to plot a measured course and not be 
deflected by political interference – from either the 
White House or Congress.

In several worrying places, the Artemis 
programme is showing signs of satisfying a political 
objective driven by hubris – from both Congress 
and the White House. It is surely unreasonable to 
switch from a sound engineering, technological 
and scientific programme involving national 
government agencies and commercial contenders 
in harmony, and drive the imperative away from 
sustainability and on to a decidedly partisan agenda 
propelled by nothing but national pride. 

President Trump wants Americans back on the 
Moon within five years. But can it be that a 
fast-track to a crewed landing at a destination 
close to the Moon’s South Pole is synonymous with 
a measured pace, where progress is defined by a 
step-by-step evolution from initial landings to 
semi-permanent stations and, eventually habitable 
bases from where scientific expeditions can be 
planned and supported? The commercial 
programme must be in lockstep with these 
longer-term goals and objectives but will the dash 
to the surface by 2024 compromise the work, 
already under way throughout the league of 
international partners for a permanent 
exoplanetary presence on the surface of another 
world? The real danger is that it just might. SF

BELOW
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GPS, a satellite-based navigation system used 
by an estimated four billion people worldwide 
to figure out where they are on Earth at any 
moment, could be used to pilot in and around 
lunar orbit during future Artemis missions.

A team at NASA is developing a special 
receiver that would be able to pick up location 
signals provided by the 24 to 32 operational 
Global Positioning System satellites. GPS is 
operated by the US military about 20,200 km 
above Earth’s surface, and is open to anyone 
with a GPS receiver. These same GPS signals 
provide location data used in vehicle navigation 
systems, interactive maps, and tracking devices 
of all types, among many other applications.

Such a capability could soon also provide 
navigational solutions to astronauts and ground 
controllers operating the Orion spacecraft, the 
Gateway in orbit around the Moon, and lunar 
surface missions.

GPS is a system made up of three parts: 
satellites, ground stations, and receivers. The 
ground stations monitor the satellites, and a 
receiver, like those found in a telephone or 
car, is constantly listening for a signal from 
those satellites. The receiver calculates its 
distance from four or more satellites to pinpoint 
a location. Instead of navigating streets on 
Earth, a spacecraft equipped with an advanced 
GPS receiver may soon be paired with precise 
mapping data to help astronauts track their 
locations in space between the Earth and the 
Moon, or across the lunar surface.

Navigation services near the Moon 
have historically been provided by NASA’s 

communications networks. The GPS network, 
which has more satellites and can better 
accommodate additional users, could help ease 
the load on NASA’s networks, thereby freeing 
up that bandwidth for other data transmission. 
NASA has been working to extend GPS-based 
navigation to high altitudes, above the orbit of 
the GPS satellites, for more than a decade and 
now believes its use at the Moon, which is about 
400,000 km from Earth, can be done.

 “We’re using infrastructure that was built 
for surface navigation on Earth for applications 
beyond Earth,” said Jason Mitchell, chief 
technologist for Goddard’s Mission Engineering 
and Systems Analysis Division. “Its use for 
higher-altitude navigation has now been firmly 
established with the success of missions like 
Magnetospheric Multiscale mission (MMS) and 
the Geostationary Operational Environmental 
Satellites (GOES). In fact, with MMS, we’re 
already nearly half way to the Moon.”

The lunar GPS receiver is based on the 
Goddard-developed Navigator GPS, which 
engineers began developing in the early 2000s 
specifically for NASA’s MMS mission, the 
first-ever mission to study how the magnetic 
fields of the Sun and the Earth connect and 
disconnect. The goal was to build a spacecraft-
based receiver and associated algorithms that 
could quickly acquire and track GPS radio waves 
even in weak-signal areas. Navigator is now 
considered an enabling technology for MMS.

Without Navigator GPS, the four identically 
equipped MMS spacecraft could not fly in their 
tight formation in an orbit that reaches as far 

as 185,000 km from Earth’s centre, far above 
the GPS constellation and about halfway to the 
Moon. Extending the use of GPS to the Moon 
will require some enhancements over MMS’s 
on-board GPS system, including a high-gain 
antenna, an enhanced clock, and updated 
electronics.

 “Goddard’s IRAD (Internal Research and 
Development) programme has positioned us 
to solve some of the problems associated with 
using GPS in and around the Moon”, Mitchell 
said, adding that a smaller, more robust GPS 
receiver could also support the navigational 
needs of SmallSats, including a new SmallSat 
platform Goddard engineers are now developing.

The team’s current lunar GPS receiver 
concept is based on NavCube, a new capability 
developed from the merger of MMS’s Navigator 
GPS and SpaceCube, a reconfigurable, very fast 
flight computer platform. The more powerful 
NavCube, developed with IRAD support, was 
recently launched to the International Space 
Station where it is expected to employ its 
enhanced ability to process GPS signals as part 
of a demonstration of X-ray communications in 
space.

The GPS processing power of NavCube 
combined with a receiver for lunar distances 
should provide the capabilities needed to use 
GPS at the Moon. Earlier this year, the team 
simulated the performance of the lunar GPS 
receiver and found promising results. By the 
end of this year, the team plans to complete the 
lunar NavCube hardware prototype and explore 
options for a flight demonstration.

BY GPS TO THE MOON
The NavCube developed by NASA's Goddard Space Flight Center for potential applications to lunar missions with robots and astronauts. 
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On 22 July the architect of NASA’s flight planning and management concept 
died, leaving a legacy that will endure long into the future.
by David Baker

O
ne of the most important individuals 
throughout the entire history of US human 
space flight from the Mercury programme to 
the present, Christopher C Kraft Jr was the 
consummate engineer, pragmatic, forthright 

and direct. He built the concept of mission control 
being located firmly on the ground through a team 
of highly competent controllers managing every part 
of a flight. It was gifted to Kraft to design an entire 
architecture and for that he is remembered above all his 
other achievements, which were considerable. 

Human space flight stands on the success of 
five distinct segments: programme management; 
technical design and systems development; 
mission management; astronaut performance; and 
communications, tracking and data handling. Chris 
Kraft was both the architect and the scriptwriter for 
mission management, a functional component of 
programme success that almost singlehandedly he was 
to design and develop.

Born in Phoebus, Virginia, on 28 February 1924 to 
a father from which he inherited his full name, Kraft Jr 
was a second-generation American from an immigrant 
family that left Bavaria, Germany for a new life in 
the USA. Kraft Jr was a talented baseball player and 
played a mean bugle, becoming State champion, but he 
chose engineering for a career and enrolled at Virginia 
Polytechnic. His application for enlistment in the Navy 
in 1942 was turned down due to a damaged right hand. 
Instead, he fast-tracked his degree and graduated in 

The man who made

MISSION
CONTROL

December 1944 with a BSc in aeronautical engineering.
Kraft was fascinated by the aero-engineering 

challenges of the mid-1940s and applied for a job 
with Chance Vought, an aircraft manufacturer in 
Connecticut, and with the government National 
Advisory Committee for Aeronautics (NACA). 
Fortunately, when his first day at Chance Vought 
stalled because he failed to bring his birth certificate, 
he changed his mind and went to the NACA; fortuitous 
because the NACA would metamorphose into NASA in 
1958 after Sputnik 1 and give Kraft the chance of his life.

At first Kraft felt a little out of his depth and took 
a while to absorb the ethos at the NACA where 
direct confrontation with industry was avoided at 
all costs and where there was an air of secrecy due 
to the classified nature of a lot of the research which 
tackled front-end problems in aeronautical science 
rather than engineering. In the 1950s the science of 
flight was arguably of greater importance than the 
engineering and design phases because new science 
was being discovered all the time and its influence on 
technical design was profound. The NACA’s Robert 
(Bob) Gilruth, a determined but diplomatic man, had 
written the bible on the “Satisfactory Flying Qualities 
of Airplanes” as a NACA Technical Report and this 
stimulated Kraft to dig deeper into related issues.

Using the NACA as a learning post and as a stimulus 
for preparing equations on the motion of aircraft in 
flight, conducting tests on half-amplitude damping 
and on the dynamics of high-speed flight, Kraft 
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learned a wide range of skills directly on the job. 
The NACA was full of this, with the High Speed Flight 
Research Station at Edwards Air Force Base, California, 
formerly known as the Muroc Army Airfield. But it 
was the comparison tests between static and dynamic 
measurements that kept Kraft busy to begin with and 
then with the introduction of telemetry used first on 
full scale models of real aircraft and, from results out of 
John Stack’s throated wind tunnel, the mathematics of 
transonic air flow could be written. 

Kraft was there when the transition from vocal 
reports to the emerging era of electronic in-flight data 
began, an increasingly important tool for determining 
vital aspects of an aircraft’s performance and one which 
provided major steps forward during the high-speed/
high-altitude research flights. The evolution from 
reports generated by test pilots to conclusions derived 
from in-flight data through real-time telemetry began 
a shift that did not suit all pilots. Now, they were 
given increasingly restrictive schedules driven by the 
more formal Test Objectives (TOs) and Detailed Test 

Objectives (DTOs), a transition which would pervade 
the more advanced flight operations such as those with 
the hypersonic North American X-15. 

Kraft always believed that the role of an engineer 
was to learn how to write reports, how to put down 
succinctly and with evidence the conclusions drawn 
following a series of test activities, be they in the air or 
in wind tunnels under static or dynamic conditions. 
He always believed that it was his uncompromising 
criticism of other people’s work when the facts clearly 
indicated errors or incorrect conclusions that brought 
results. It was within this environment, frequently 
exchanging highly controversial opinions with other 
departments in the NACA that Kraft got a reputation 
for being outspoken, uncompromising and not in the 
least bit politically correct! But it served him well – 
right to the top of his career.

It was during this activity that Kraft learned the art 
of compiling a detailed technical report which was 
then substantiated with data and the results written 
up, integrated with graphs and higher mathematical 
equations. These were the days before the introduction 
of the first analogue computers – the famous 
Reeves device, from which Kraft and his colleagues 
learned a new language of interpretation, analysis 
and application. It was a far cry from the Marchant 
machine and the Friden calculator, which preceded and 
sometimes stood in for the Reeves and provided hand-
cranked data! 

The Friden machine was the product of a buy-out 
of the Commercial Control Corporation of Rochester, 
New York, and this provided the company with 
the Flexowriter which led to the first transistorised 
electronic desk calculator. The Marchant calculators 
were sophisticated, arguably over-engineered and 
probably more cumbersome than some of their 
European equivalents, yet they proved highly 
valuable in some complex applications because 
they incorporated a variable speed proportional to 
the range of the digit (a “6” travelling faster than a 
“2”, for instance to provide equivalent, zero-lapse 
computations). Eventually, Marchant was taken over 
by Smith Corona and its fortunes collapsed. When 
Kraft did eventually get his hands on a Reeves machine 
he taught himself how to use it – with the aid of a 
technician – and eventually the technology improved. 

From there, with help from others trained from the 
Massachusetts of Technology (MIT), Kraft learned 
how to integrate many of these technologies and by 
the end of 1957, after the launch of Sputnik, the NACA 
was tipped solidly toward orbital mechanics. From 
their work on aircraft, it formed a solid part of the 
organisation’s activity out of the Langley Memorial 
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Born on 24 February 1924, Chris Kraft 
rose rapidly through the evolving and 
expanding NASA to take on lead roles 
in the development of the Mission 
Control concept, serving as Flight 
Director and personally selecting those 
he wanted under him. He participated 
in many of the major decisions involving 
all manned space flight programmes up 
to and including the Shuttle. 

After the Apollo fire of 1967 he 
was required at higher levels of 
management and in 1969 became 
Deputy Director of the Manned 
Spacecraft Center and Director in 
January 1972. Widely regarded as 

one of the most capable and decisive 
managers of the era, Kraft retired from 
NASA in late 1982, moving into senior 
consultancy with Rockwell and IBM, 
two companies with whom he had high 
regard and with whom he did much 
business while at NASA.

Kraft married Betty Anne Turnbull in 
1950 and they had two children. A lay 
Episcopalian reader, Kraft taught Bible 
school but his interpretive approach 
chafed with fundamentalists and he 
never felt he delivered the message he 
desired. Recipient of numerous awards 
and honours, Chris Kraft died on 22 July 
2019 at the age of 95.

CHRISTOPHER C. KRAFT JR 1924-2019

Aeronautical Laboratory. Within a year the NACA had 
been remodelled into NASA and given responsibility 
for space operations. This field was an alien concept to 
Kraft but he quickly got involved, largely at the behest 
of Bob Gilruth and Charles W. (Chuck) Mathews, 
both of whom were the architects of the early human 
space flight programme. It was Gilruth who specifically 
recruited Kraft.

Because Kraft had worked extensively on aircraft 
– the NACA always received the third airframe off 
the line – the new relationship would shift NASA 
toward a more contractual relationship with industry 
and the planemakers who would be building the first 
spacecraft, manned or otherwise. His experience 
was invaluable, especially when writing requests 
for proposals. But at first there was no discernible 
difference when NASA opened for business on 1 
October 1958, except that a transformation was on 
the cards as increasing numbers of projects coalesced 
around the new agency. Very soon, matters alien to the 
NACA were gathering traction in the nascent NASA: 
global communications networks, the exclusive use 
of telemetry on unmanned aircraft, spacecraft and 
satellites and operational planning involving a wide 
range of agencies. Kraft had found his home.

GROUNDED
Uncompromising, sometimes acerbic, Kraft “kept 
his powder dry but fired from the hip”, according to 

Mercury astronaut Deke Slayton in conversation with 
this writer and that is a good summation! Intolerant 
of incompetence and lacking many of the diplomatic 
skills of more senior managers, early on Kraft saw a 
requirement for a different form of flight operation, 
one which involved the ground in primary control. But 
to that he brought the open honesty that had caused 
others to caution his forthright and frank criticism 
when he saw manufacturers attempting to hide 
imperfections and gloss over shoddy work. The fight 
against poor design, a lack of performance and the 
obfuscation that ensued would be his mission over the 
next several decades.

This attitude would permeate his private and 
domestic life. Seeing flaws in the way houses were 
built, Kraft designed his own, studied how a chimney 
flue worked and then designed a better one, hiring 
contractors to do the physical build. When they built 
it the way they always did, ignoring his drawings, he 
had them tear it all down and start again – using his 
own blueprints! It typified the way Kraft thought about 
the management of anything – if it doesn’t work as 
efficiently as it should, tear it down and start again. 
It was with that uncompromising determination that 
Kraft approached his first self-imposed assignment, 
endorsed fully by Gilruth and Mathews: the 
development of the mission control concept.

Instead of having a flight controller liaise with the 
pilot of an aircraft, for space flight Kraft saw the flaw in 
a direct copy of fixed-wing testing. Spacecraft had a lot 
of systems which, when integrated, were untried in the 
environment for which they were designed. It was very 
different to evaluating a new shape or aerodynamic 
design based on proven principles. With the Mercury 
programme a priority within the first weeks of NASA, 
something radical would have to replace the old way 
of testing aircraft. With a lot of recruited help, he took 
over the planning and the procedures for managing a 
space mission involving astronauts, who were largely 
recruited from a pool of highly qualified, egotistical test 
pilots who believed they alone could solve unexpected 
problems encountered during their flight. 

That approach would never work. With a wide range 
of TOs and DTOs, and with a broad range of systems 
and subsystems unique to space flight, no one pilot or 
crewmember could handle everything and achieve a 
high probability of success. While electronic computers 
were beginning to play their part in systems 
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management and operational control of multiple 
subsystems, there was insufficient computing power 
for that to be contained within the spacecraft itself. 
Telemetry and real-time data handled by mainframes 
on the ground would crunch data and provide better 
solutions.

It was an approach endorsed by Wernher von Braun 
when he contested the ability of an astronaut to control 
the operational cycles of a launch vehicle between 
ignition on the pad and orbital insertion. Von Braun 
recognised that if fully automated, the several separate 
steps in the control and operation of a rocket would 
be more reliable with the pilot riding as a passenger, 
whereas very early studies into “piloted” rockets had 
extended the concept adopted for the hypersonic X-15, 
where ignition and throttle settings were handled 
manually on board. Von Braun fought hard against 
this and succeeded in getting the pilot as a passenger 
until shutdown of the terminal stage, the only caveat 
being the incorporation of an abort handle in case 
of malfunction and loss of communications with the 
ground. 

That left the determination of on-board orbital 
activity as to whether it should be under the control of 
the pilot or through a rigid flight plan prepared before 
the mission and prosecuted by the astronaut with 
only limited authority to deviate. Given that in orbital 
flight only a small amount of time would be within 
communication range of globally dispersed tracking 
stations, there was a greater argument for on-board 
autonomy. Chris Kraft recognised the need to ground 
the pilot in systems-led decision-making while out of 
radio contact, a concept based on survivability and 
priority for equipment vital for returning to Earth. 
In practice, this meant a pre-programmed set of TOs 
and DTOs fulfilled through a prepared flight plan but 
with limitations set, for instance, on the amount of 
propellant consumed for a test objective while out of 
contact. We will come to that later.

Kraft was given carte blanche to hire-and-fire 
personnel for his flight control team with brutal 
requirements: to fail once proved a lack of experience; 
to fail twice was unacceptable to remaining with the 
team. In setting up the Mission Control structure, 
initially in a building at Cape Canaveral, Kraft laid 
down rigid instructions about how his team was to 
operate. He chose individuals no less compromising 
than himself but who could self-discipline themselves 
into performing primarily for the team’s objective, 
exhibiting the ethic that to fail the team was a greater 
indignity than to fail oneself.

Kraft set about selecting key leaders who he 
felt could command a mission on a quasi-lateral 
management structure: overall control would be 
in the authority of the Flight Director (FD) while 
flight controllers, specialised in a specific system or 
procedures, would advise the FD and be allowed the 
final recommendation. Kraft also enforced the concept 
of a fellow astronaut remaining in sole contact with the 
pilot – Capcom, or capsule communicator. Capcom 
would have to be an astronaut, since he would be the 
closest to the man in the spacecraft during training and 
simulation in the weeks and months preceding launch. 
So it was that the Mercury astronauts were dispatched 
to various tracking sites around the world to maintain 
that role locally. 

But long before it was known as Mission Control, 
there was another group of people, in addition to the 
astronauts, that came through the gates: a group of 
English and Canadian engineers from the cancelled 
Avro Canada CF-105 Arrow, a world-class interceptor 
designed for defence of Canadian airspace but 
redundant when the US sold cheaper Bomarc anti-
aircraft missiles to Canada instead. The jobs with 
NASA were a circumstantial compensation for lost 
work. 

Most of the work designing and putting together the 
worldwide communications net was the responsibility 
of Bell Laboratories but Kraft played a hand in 
redirecting the work of the control centre to Philco 
Aerospace Division and this proved to be an inspired 
move. When it came to moving over to Houston and 
purpose-built facilities for Gemini and Apollo the 
layout operating as the Mercury Control Center at 
Cape Canaveral would stand as the template. In the 
due process of getting it ready for flight operations, 
Kraft began to select flight directors to cover different 
missions and to build a group of people who could 
support flights lasting for up to two weeks. After the 
Moon decision of May 1961 (up to which time there 
was no approved successor to Mercury) such expanded 
requirements were inevitable.  

WINGLESS FLIGHT
Chris Kraft forged a professional and social bond with 
Deke Slayton and it was easy to see why. Both loved 
the finer libations and culinary pursuits of life and 
Kraft learned a lot from the astronaut relaxing after 
meeting with contractors in California. But it was Walt 
Williams, his former boss at the NACA and now his 
new boss on the Mercury programme with whom he 
worked to forge a new way of running flights. Kraft 
played hard-ball with the contractors and with industry 
in general but got the credentials to carry through his 
demands when Williams made him Mercury Flight 
Director in 1960.  

Kraft invaded every element of the Mercury 
programme, constantly asking questions and pushing 
for solutions to potential problems, learning to press 
manufacturers to anticipate pending trouble and 
testing to find out first what those were and how to deal 
with them. This approach touched every element of 
the design and layout of the launch vehicles and their 
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payloads, a left-over from the day when a tiny blip on 
the curve required intense scrutiny and explanation. 
This philosophy of anticipating unexpected 
“unknowns” was to make the difference in getting 
people back alive. 

Kraft found the Canadians and an increasing 
influx from the UK, courtesy of a NATO exchange 
programme, supportive of his tough and 
uncompromising demands. James Chamberlain in 
particular was a natural leader and, later, John Hodge 
would become one of the chosen few to sit at Kraft’s 
side and adopt the ways of the wise. To their ranks 
would come new recruits including Arnold Aldrich, 
Glynn Lunney, Gene Kranz and von Ehrenfried, most 
of those from what was now the Langley Research 
Center with little or no knowledge of space flight. 

On through the unmanned Mercury test flights 
the Mission Control concept cut its operational teeth, 
learning, correcting, improving and building on the 
experience of old hands at former flight test operations, 
a new group of neo-elites honing skills for testing 
times to come. Kraft presided over the writing of flight 
plans, the sparky Gene Kranz taking that job under 
his wing, while others perfected the tracking system 
and worked closely with the astronauts on systems and 
subsystems; all these functions would have job-tags as 
flight controller assignments. The real test came with 
the two brief suborbital hops into space conducted by 
Shepard and Grissom in 1961, followed by the first 
manned orbital flight when John Glenn began a four-
orbit mission on 20 February 1962.

On that most important of all Mercury flights, ten 
months after the flight of Yuri Gagarin, things began to 

go wrong and the Mission Control concept got its first 
challenge. Systems controller Don Arabian reported a 
persistent yaw with the Mercury spacecraft and Kraft 
ordered the Capcom to inform Glenn to turn off those 
relevant thrusters – mission management was working. 
Cape Canaveral could see the total system and Arabian 
knew the call to make. But when another emergency 
warning came that a telemetry signal indicated that the 
heat shield had been deployed to its lowered position, 
which was only to occur after re-entry to provide a 
cushioning effect on impact, Kraft believed it was a 
sensor failure. 

If it had deployed the spacecraft would burn up 
because the heat shield would tear away on entry. If the 
retro-pack below the shield was left on after burning 
to slow the spacecraft for re-entry, that protruding 
drum-shaped can could unsettle the shock wave 
and bring about the same result, compromising the 
build-up of heat on the underside of the spacecraft and 
destroying it in the process. Kraft opted to ignore the 
sensor reading. He had seen these before in flight tests 
with aircraft and was disinclined to opt for the riskier 
procedure. Behind the scenes, however, others had 
different ideas.

Unknown to Kraft, Williams had called a top 
level meeting including Mercury design engineer 
Max Faget and John Yardley, the contractor chief 
engineer. Approaching Kraft at his console, they 
expressed their concern and after other checks were 
made with inconclusive results, Kraft was instructed 
to advise Glenn to leave the retro-pack on thereby 
insuring it would hold the shield flush against the 
base of the spacecraft. Kraft believed that if there 
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was any residual solid propellant left in the retro-
rockets it could explode under the heat of re-entry and 
destroy the spacecraft. After successful recovery it was 
determined that it had been a faulty signal all along and 
that in keeping the retro-pack on and gambling in it 
burning itself away a greater risk had been incurred.

Kraft always regarded this as a turning point – he 
resolved from that day on that nobody would have 
terminal influence on what the Flight Director decided 
and that decisions about the mission would be made by 
him, in that room and nowhere else. It was a philosophy 
of operation respected by every senior manager from 
that day forth and it would stand NASA in good stead, 
ensuring decisions would be made by flight control 
teams who had lived and breathed the systems and the 
procedures they presided over. But it became apparent 
that Kraft would have greater influence than he had 
perhaps imagined when he first set up the mission 
control concept – and that was brought home with 
NASA’s second manned orbital flight.

The role of Mission Control began when the flight 
crew’s flight plan was drafted, working with full flight 
simulations involving the astronauts selected to rehearse 
and familiarise all crew and controllers with the 
working nuances of the team operating as a cohesive 
unit. Mission Control was a learning tank where 
intonation of voice, vocal expressions and insinuation 
in conversation were all part of a closely integrated 
unit of interpretation. In that regard and from what 
he saw in training, from the outset Kraft had concerns 
about Malcolm Scott Carpenter, an independent-
minded astronaut who tended to float his own agenda 
and conform only as long as it got him to that point of 
converging on the overall plan. So it was in flight. 

Launched on 24 May 1962, Carpenter was to have 
repeated the Glenn mission but with a complete set of 
tests and experiments carefully orchestrated so as to 
provide ample time for completing assignments and 
evaluation of the separate attitude control systems. 
As back-up to Glenn, Slayton should have flown 
this mission. Concerns about a mild heart murmur 
grounded him on an over conservative assessment of 
how he might react in space and removed him from 
the roster.

During the troubled mission, Carpenter persistently 
failed to keep to the flight plan and was easily 
distracted by the magnificent views of Earth through 
the window. Lacking discipline and persistence to the 
pre-planned routines, Carpenter ran into technical 
issues, lacked focus and failed to conserve attitude 
propellant to the point where he became obsessed 
with rewriting the mission script and came close to 
running out of propellant, essential for maintaining 
the correct attitude for re-entry. Late on aligning the 
spacecraft and late on manual retrofire, Carpenter did 
run out of fuel during descent and splashed down 400 
km downrange. Kraft vowed Carpenter would never fly 
again and he did not.

EXPANSION
Kraft’s team played a significant role in helping to 
decide the lunar landing mode, seeing severe problems 
with the Direct Ascent method if only because crew 
operability was compromised by the size of the crew 
element that would have to back down on to the lunar 
surface. There was great difficulty in finding a stable 
configuration with its high centre of mass strictly 
limiting the permissible tilt angle to an astonishingly 
narrow +/- 10º from vertical. Moreover, the Saturn 
C-8/Nova rocket required for that mode had not 
been designed yet. Neither did Kraft’s people like 
the multiple launches and rendezvous and docking 
operations for Earth Orbit Rendezvous (EOR), which 
still left a massive lander identical to the Direct Ascent 
method and its stability problem. 

The Lunar Orbit Rendezvous (LOR) mode 
eventually selected was elegantly refined by William 
Michael who took ideas from John Houbolt and 
Clint Brown and made them work, utilising the 
mathematical elegance of rocket staging by doing the 
same to spacecraft – separating each element in the 
string of mission phases by discharging, in turn, the 
Lunar Module Descent Stage followed by the Ascent 
Stage and the Apollo Service Module, leaving only 
the five tonne Command Module to return the crew 
through the atmosphere. It was this phasing that 
convinced Kraft and his team that it was a balanced 
sequence with time between each phase to correct 
errors or solve anomalies. And the lander would have a 
stability margin of +/- 40º.

History books deny Kraft the input he had to the 
LOR decision but it was crucial and the triggers for 
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discarding Direct Ascent and EOR are as much to do 
with mission operations as they are to the hardware 
selection or cost (which are frequently and incorrectly 
held responsible for the decision). The importance 
of the Mission Control concept had already been 
driven home by the Carpenter incident to raise Kraft’s 
influence measurably by the time the decision on 
LOR was made – a point missed by a lot of armchair 
historians.

Nobody wanted to string out the Mercury flights 
and a potential final one-man mission was cancelled. 
Kraft’s people had been working the two-man Gemini 
for eighteen months when Gordon Cooper flew the 
final Mercury mission in May 1963. But it was nearly 
two more years before the first manned Gemini 
mission took place, a period in which Kraft and his 
team were busy setting up the Manned Spacecraft 
Center outside Houston, Texas. In addition, for a year 
up to Cooper’s flight, Kraft was active in supporting 
flight operations and procedures development input 
on four spacecraft: Mercury, Gemini, Apollo and the 
Lunar Module. 

Largely an unsung element in flight operations 
activity, from the outset a new spacecraft programme 
involved Kraft’s people helping the evolution of mission 
design and the architecture of what was required for 
the Mission Operations Control Room, or MOCR 
(pronounced moker). Each programme had its unique 
requirements and the evolution of the MOCR is a study 
in itself. Suffice here to say that flexibility built in by 
Kraft’s protégé’s such as Gene Kranz, Glynn Lunney, 
Gerry Griffin, Cliff Charlesworth, Milt Windler and 
others helped reshape the physical configuration of the 
rooms and rewire the requirements of individual flight 
controllers for different programme objectives.  

Gemini was the big leap forward, bringing a 
complexity of new technologies which drove an 
expansion of controller positions, inviting an influx 
of recruits to the programme which gave neophytes 
a chance to sit at the feet of experts and learn their 
craft. Simulations provided a chance to see how each 
controller operated, absorbing the way the individual 
worked and how he coordinated with other controllers. 
The balance between assertiveness and consensus 
agreement was the prerogative of the Flight Director; 
controllers were unashamed, unequalled, specialists 

who were sufficiently dogmatic to fly on their instincts. 
And that made all the difference. 

But there were times when Kraft would intervene, 
such as when he broke in on the communication 
during the first US spacewalk in June 1965 during the 
second Gemini mission. Somewhat overwhelmed with 
the experience, Ed White stayed outside longer than 
scheduled. With the spacecraft heading for orbital 
sunset and drifting toward eventual loss of signal 
with ground stations, Kraft had to personally order 
Ed White to get back in when the communication 
configuration prevented him from hearing the ground.

Lessons from Mercury showed up in Gemini but the 
original astronauts and the new recruits danced to a 
different drumbeat, conformists to a greater extent and 
operating more as an integrated team, synergistically 
binding orbital and ground activities. Two examples 
show the product of that. When troubles beset Gemini 
V in August 1965 the integrated solution involved both 
Mission Control and Cooper and Conrad, together 
nursing failing fuel cells for electrical power and 
cooling and saving the full duration of the mission. It 
also displayed confidence from senior management to 
let the flight controllers make the decisions and not to 
interfere with the command cycle.

A second example of where Mission Control led the 
way to save a flight followed the failure of an Atlas-
Agena rocket to place the docking target for Gemini VI 
in orbit. Kraft’s people had, amid much disagreement, 
worked the possibility of flying the last Gemini with the 
first Apollo mission, when it was believed that three-
man spacecraft could be flying before the end of 1966. 
Begun eighteen months after Apollo, development 
of the Lunar Module chased it in the schedules and 
would not be ready when the first Block I Command 
and Service Modules flew. Following the failure with 
the Gemini VI target, the call came to fly both Gemini 
VI-A and VII simultaneously against staggered launch 
dates, an activity made possible by the 14-day objective 
for Gemini VII. The Gemini/Apollo plan was 
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superimposed over the current missions and a very 
successful rendezvous occurred, manifestation of the 
maturity in flight operations planning.

LEGACY
During this maturing evolution, Kraft masterminded 
the transition from Mercury through Apollo by way of 
Gemini, designing in to the new Manned Spacecraft 
Center two Mission Control rooms, one to conduct 
flight operations while the second developed the next 
flight along. Then there was the Real Time Computer 
Complex (RTCC) which would handle the greatly 
expanded requirements. Both IBM and UNIVAC 
competed to provide the computers for this central 
hub. IBM received the contract while Philco got the job 
of building the Mission Control Center (MCC) – each 
being Kraft’s choice and primary recommendation to 
NASA Administrator Jim Webb.

The two flight control rooms were worked hard 
over the 10 manned Gemini flights and were already 
straining hard preparing for the first couple of Apollo 
missions when tragedy befell the programme. On 27 
January 1967, Grissom, White and Chaffee lost their 
lives in a fire on Launch Complex 34. Kranz’s Flight 
Operations Division had come a long way since the 
Mercury programme and Kraft was now finding 
himself in a managerial role, first directing the layout, 

design and construction of the Manned Spacecraft 
Center and then through the advanced planning 
for Apollo. NASA had grown enormously and a lot 
of young men and a few women were entering the 
programme. 

Lateral battles were taking place and threatening the 
smooth running of the new Houston facility, expanded 
from 36 people known as the Space Task Group at the 
Langley Research Center and now numbering several 
thousand NASA employees and contractors. Kraft had 
already been driven higher up the management tree 
by virtue of the agency’s expansion, being appointed 
head of the Flight Operations Directorate with John 
Hodge running flight control operations; John Mayer 
ran the Mission Planning and Analysis Division; Bob 
Thompson got Recovery and Operations; Deke Slayton 
ran the astronauts. 

After the Apollo fire Kraft worked with colleagues 
to impose a more stringent set of risk-mitigation steps 
which included the significant improvement in quality 
control but in the ensuing months Kraft assumed a 
more elevated role and his judgement and guidance 
was sought on a wide range of issues. Kraft played a 
pivotal part in the decision to fly Apollo 8 to lunar orbit 
before Christmas 1968, representing for many the peak 
of the programme. It was a highly emotional moment 
and the significance of that seminal event was not lost 
on Kraft, who shared a characteristically unlikely loss 
of voice with Bob Gilruth as they shook hands.

The Mission Control Center had matured to a fully 
developed flight management facility and would serve 
as the template for other, similar facilities in other 
countries and at the renamed Johnson Space Center 
right through to the present. But it is distinctively 
unique in that it was shaped by evolution driven by 
outstanding and unexpected challenges managed by 
men and women with outstanding abilities. One of 
its greatest tributes comes from Gene Kranz, a man 
defined by Kraft’s organisation:

 “We knew the triumph of high achievement, and 
when we failed, at least we failed while daring greatly. 
Our place will never be with those cold and timid souls 
who neither knew victory or defeat.” SF
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HAYABUSA
hits the spot

After a 4.5-year journey, Japan’s Hayabusa2 asteroid probe touched down on 
the surface of distant Ryugu and sampled the subsurface for the first time.
by David Baker

I
n a masterclass of delicate orbital manoeuvring 
executing intricate orbital trajectories and 
surviving more than its fair share of problems, 
Japan’s asteroid-hunter has gathered material from 
beneath the surface of an asteroid for the first time. 

All this was done under the intensive mission planning 
and management of the Hayabusa2 spacecraft, a 
sample-return mission launched on 3 December 2014 
by H-IIA from the beautiful beachside LA-Y launch 
site on the idyllic island of Tanegashima.

Second of two spacecraft launched by Japan to 
an asteroid, Hayabusa2 rendezvoused with asteroid 
162173 Ryugu on 27 June 2018 where it entered an 
orbit of this C-type, carbonaceous, potato-shaped 
body about 1 km in diameter. One of the potentially 
hazardous Apollo group which orbit the Sun between 
Mars and just inside the Earth’s orbit, Ryugu was the 
target for an ambitious attempt to put down four 
landers, mistakenly defined as rovers, capable of 
hopping around on the surface using torque from 

rotating masses inside each tiny lander.
Japan has for long had an interest in the exploration 

of asteroids. Launched on 9 May 2003, the first 
Hayabusa sample-return mission successfully 
retrieved material from the S-type asteroid 25143 
Itokawa returned to Earth on 13 June 2010 to a site 
near Woomera, Australia. But a mini-lander named 
MINERVA and weighing a mere 591 g failed to reach 
the surface, frustrating plans to put down the first 
hopping rover. Problems with the spacecraft itself 
prevented the planned retrieval process and the 
material gathered was believed to be thrown up by 
a soft impact with the surface itself releasing clouds 
of material which were, nevertheless, successfully 
encapsulated.

SUCCESS
Carried by Hayabusa2, MINERVA-II consisted of 
hopping “rovers” in two containers. Initial images 
of the asteroid revealed it to be considerably more 
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rugged and debris-strewn than had previously 
been believed and a major review of the mission 
was essential for adapting the mission plan to the 
conditions. On 21 September 2018 the first container 
deployed rovers named Hibou and Owl from a 
height of 55 m. With stereo cameras, thermometer 
and accelerometer, each is cylindrical in shape and 
measures 18 cm in diameter by 7 cm high and weighs 
1 kg. With solar cells and an automated device 
designed to cause them to hop each time the power 
source was charged, they worked perfectly, the first 
devices to move around on the surface of an asteroid. 

The difficulties in finding a suitable location to 
deploy the next package were encountered when 
the boulder-strewn surface of Ryugu posed serious 
problems for planning specific landing sites; it was 
hard to find a place sufficiently clear to send down 
the MASCOT (Mobile Asteroid Surface Scout) but 
eventually a spot was located and the descent to the 
surface was made on 3 October 2018. MASCOT is 
a cooperative venture with Germany and France, 
consisting of a box measuring 29.5 cm x 27.5 cm x 
19.5 cm and with a weight of 9.6 kg. It contains a 
non-rechargeable battery designed to last 16 hours 
but which was exceeded in duration by one hour, 
collecting data on the composition and temperature of 
the surface, a device also allowing it to flip itself over 
for additional data.

The plan was to land Hyabusa2 directly on the 
surface but here too it was difficult to locate a safe 
spot, an area only 6 m wide eventually being selected 
as the only place where such a touchdown was 
possible. To pinpoint its own autonomous landing 
spot, mission control had to programme the spacecraft 
to approach within a predictable ellipse and then to 
conduct its own descent, finally reaching the surface 
on 22 February 2019. At the point of contact a 5 g 
tantalum “bullet” was fired to the surface from inside 
the sample retrieval horn to throw up material and 
deposit it inside the spacecraft’s recovery capsule. But 
this was only the first objective. Next was to obtain 
material from beneath the surface.

EXCAVATION
It was important to get subsurface material unaffected 
by several billion years of interaction with galactic 

and solar radiation, pristine material unchanged since 
the formation of this asteroid. This was, after all, the 
real purpose of the Hayabusa2 mission: not merely 
to sample an asteroid but to obtain material from a 
celestial body which had accompanied the evolution of 
the solar system itself and so provide material which 
had undergone space weathering to compare that 
with samples from a primordial source. It was a time 
capsule in waiting.

On 5 April 2019, Hayabusa2 fired a 2 kg copper 
projectile from an altitude of 300 m which struck the 
surface at 2 km/sec, digging a crater and releasing an 
ejecta blanket of material from beneath the surface. 
Known as the Small Carry-on Impactor (SCI), the 
projectile caused a crater 10 m in diameter with the 
ejecta gradually settling down around the rim and 
beyond; the rim of a crater is comprised of material 
from the deepest part. The spacecraft itself had been 
manoeuvred to a safe place around the opposite side 
of the asteroid and only moved back in when, quite 
literally, the dust had settled.

The most dangerous part lay ahead: collecting 
that excavated material as a second sampling set, 
one of primordial material. There are three sample 
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chambers in the return capsule so there was a further 
chance to secure a unique retrieval. That descent was 
conducted on 11 July after a reflective target marker 
had been sent to the surface on 4 June to precisely 
pin-point the place where the crater was located and 
from exactly the spot where the excavated material 
had been deposited. At the point of contact, some 20 
m from the centre of the crater, the “docked” assembly 
of Hayabusa2 and Ryugu were 300 million kilometres 
from Earth.

Jubilation and congratulations erupted across the 
mission control room where engineers, scientists 
and managers allowed themselves brief respite from 

the tension to acknowledge this outstanding success. 
“We've collected a part of the solar system's history", 
said the project manager Yuichi Tsuda only a few 
hours after the successful landing had been confirmed. 
“We have never gathered sub-surface material from a 
celestial body further away than the Moon,” he added. 
“We did it and we succeeded in a world first.”

CONTEXT
It is hard to exaggerate the importance of this 
mission, the first time material has been obtained for 
comparative analysis and placing the investigation in 
that most essential elements of the scientific process: 
context. Asteroids are the potential harbingers of 
doom and Near Earth Asteroids (NEOs) have received 
much dramatic coverage in both the popular and 
the specialist press. But in reality, while the danger 
of a life-threatening impact is real, these objects are 
not exclusively the denizens of disaster portrayed as 
such by scaremongers and in Hollywood blockbuster 
disaster movies.  

We need to understand the probability of a 
destructive encounter with an asteroid but we also 
need to explore them, to retrieve samples, to better 
define the part they played in the evolution of the 
solar system and to recognise that, just like the 
more publicised dramas of Moon landers and Mars 
rovers, asteroid missions are among some of the most 
important things we do in space.

The study of asteroids and the material retrieved 
from them will also help planners understand the way 
in which resources can be exploited on Earth in the 
future. SF
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MULTI-MEDIA

W
hen the Voyager space probes were 
launched, they were reckoned to have a 
life-time of five years. That was well over 
40 years ago and they are still going. 
Between them, they have visited all four 

of the Gas Giant planets, sending back a wealth of data, 
including the first detailed images. Both probes were 
launched in 1977 aboard Titan IIIE Centaur rockets – 
and remember, this was around the same time as the 
very first Star Wars movie was playing in cinemas, long 
before it was renamed ‘A New Hope’!

Exactly what prompted Japanese company 
Hasegawa in 2012 to suddenly produce a kit of the 
Voyager space probe is a mystery. The scale chosen, 
1:48, is a good compromise in that the models are 
reasonably large: the HGA (High Gain Antenna) 
dish is 75 mm in diameter, while the magnetometer 
boom, which is the primary dictator of scale in this 
case, stretches to just over 250 mm. (The author built 
a Voyager to 1/16th scale for TV use when the probes 
were first launched, and here the HGA dish was 
230 mm in diameter and the magnetometer boom 
stretched to nearly a metre.)

 The kit contains 84 parts in black and white 
styrene, plus two in simulated gold plating, and a 
two-part stand. Considering its complexity, Hasegawa 
has done a good job of splitting up the assembly into 
manageable sections. The majority of the craft is 
coloured black, mostly thermal coverings, although 
the HGA and its associated truss-work holding the 

The latest books, films, TV, models and 
games for space enthusiasts of all ages

SPACE MODELS

Now, Voyager

transmitters and receivers is bright white.
The HGA sits on the main bus (the central or 

main section of any spacecraft) and from the bus 
stretch three booms. Two are for instruments, the 
third carries the power source. Because of the distance 
travelled away from the Sun, solar panels would have 
been useless so instead the boom carries three small 
radioactive generators (RTGs). 

The second appendage is the Science Instrument 
Boom (in the kit described as the “Meter Unit Mast 
Assembly”). This supports the three charged particle 
detectors, plus the end-mounted Scan Platform 
holding the TV camera. In reality it can be turned and 
rotated over wide angles, though not in the kit.

The third protrusion, the Magnetometer Boom, 
is 13 metres (43 feet) long in reality and even at 1/48 
scale is by far the longest object in the kit. In reality the 
boom was “wound up” in an aluminium container for 
launch, then deployed once the spacecraft separated 
from its final stage unwinding to form a triangular 
prism or very thin “Toblerone” structure. 

Even at 1:1 scale this structure is thin and delicate; 
at 1:48 scale it is virtually impossible to reproduce in 
injection-styrene. Consequently Hasegawa has had 
to make a compromise and the boom is moulded 
solid in four sections, with the pattern raised on the 
outer surfaces. The only way to reproduce even an 
approximation of the look is to paint the whole boom 
matt black, then carefully dry-brush a light gold or 
brass over the “ribs”. 

Interestingly, the relatively recent growth of 3D 
printing makes it possible to create a more authentic 
boom. A more traditional solution is to use photo-
etched brass, which is the method employed by 
specialist model suppliers LMV Studios in The 
Netherlands, run by Leon von Munster. LMV was 
quick off the mark to produce a PE set for the Voyager 
kit in 2012, including both the long Magnetometer 
Boom, and the shorter Science Instrument Boom.

The Magnetometer Boom is noteworthy in that 
the one in the Hasegawa kit reveals a pronounced 
twist along its length. This is not an error, but is how 

ABOVE
Top: the black and white main 

parts plus stand, and the 
small gold-plated runner with 
“gold disc” and “alien”. The 
LVM Studios plans (above) 
give full instructions for its 
photo-etched brass booms.

RIGHT
The basic Hasegawa kit (far 

right) and with the LVM Studio 
parts (left), along with the 
author’s scratch-built 1:16 
scale Voyager model that 
has appeared on many TV 

programmes – including The 
Sky at Night, Horizon and an 
Omnibus on the sounds and 
music carried on the disc.  



REVIEWS

SpaceFlight Vol 61 October 2019 37

Recently, SpaceX has been pushing forward with 
their Starship programme, with the ultimate goal 
of creating a permanent human presence on 
Mars. Part of this is the Starhopper, a flying 
testbed for the company’s Raptor engine (the 
first full-flow staged combustion methalox 
engine to fly), and a low-altitude, low-velocity 
prototype to practice the propulsive landings 
that the spacecraft will eventually need to 
perform. 

For the purposes of this month’s article, I built 
my own Starhopper in Kerbal Space Program. 
One of the two accompanying images shows the 
real Starhopper, and the other shows my KSP 
recreation, for comparison. Luckily, KSP’s 
realistic (for the most part) physics simulation 
meant that it was rather easy to hop up and 
down, just as the real deal has. The trouble I ran 
into was recreating the specifics of the craft. 
Many add-ons for KSP include useful parts for 
this, but in the stock game I was using there are 
no stainless-steel fuel tanks, meaning that my 
replica didn’t really look the part. And while the 
real Starhopper uses the methane-fuelled Raptor 
engine, there are no methalox engines in KSP by 
default, meaning that the best suited engine I 
could use was the RS-25 analogue! 

Starhopper originally had a nose cone, but it 
was damaged in a storm which hit its 
construction site in January 2019, and SpaceX 
stated that they would not rebuild it, as it was 
not necessary for the first few test flights. For 
this reason, I decided not to add a nose cone to 
my KSP replica. While my craft may not 
necessarily look exactly like the real thing, it’s a 
functional replica of the vehicle that I’m sure will 
really shake up the international space industry 
in the months and years to come.

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
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E the boom was in reality. The PE parts don’t have this 
twist built in, so to reproduce it you need to take 
hold of each end of the assembled boom and twist it 
anticlockwise through 120 degrees, after which it will 
spring back to the required amount. 

Paint finish for the spacecraft is primarily satin 
black – the colour of the thermal coverings. Hasegawa’s 
painting instructions are mostly correct, except for 
the largest-diameter instrument on the Scan Platform 
– the Infrared Spectrometer – which is specified as 
white in the plans. Some early illustrations of the probe 
do actually show this scheme, but by the time of its 
launch the colour was black, the only exception being 
the receptor, (part C11), which is copper. LVM Studios 
state that both booms are left in their natural brass 
colour, whereas the Science Instrument Boom should 
be painted the same black as the rest of the craft. 

For final assembly, the RTG boom is cemented in 
place and the Science Boom fitted to the extended pin 
on the struts. The two thin antennae, parts C1 and 
C2, are painted gold and are fitted just below the RTG 
boom. Note that they are handed, which gives them 
their correct angle. 

The base that comes with the kit was originally 
made for Hasegawa’s Eggcraft kits. The outline on the 
globe is for the Earth but with judicial painting can be 
turned into one of the planets the Voyagers visited. The 
base pictured here depicts the greenish hues of Uranus.

The final addition is the tiny gold LP record fitted to 
the side of the main bus and Hasegawa have supplied 
on the same runner a gold alien figure. Maybe one 
day one or both of the Voyagers will come across such 
a creature, or perhaps the encounter will become the 
theme for another Star Trek movie…

My thanks to Hobby Link Japan for the review 
kits (www.hlj.com) and to Leon von Munster of LVM 
Studios for the PE set. Unfortunately Leon has stopped 
making his kits for the time being, necessitating a 
trawl of the online auction sites. Hasegawa has recently 
reissued the Voyager kit, this time with a photo-etched 
brass sheet featuring three sizes of the famous disc.

 Mat Irvine FBIS
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O
wen Kay Garriott was selected by NASA as 
a scientist astronaut and had several notable 
achievements. Firstly, he served as one of 
the CapComs during the Apollo 11 Moon 
landing, then as a crewman on the first US 

space station Skylab, where he made three spacewalks. 
He completed his astronaut career on Spacelab-1, the 
laboratory module carried inside the cargo bay of 
Shuttle Columbia in 1983.

Owen Kay Garriott was born on 22 November 1930 
at Enid, Oklahoma, where he grew up. His father was 
also Owen Garriott and his mother Mary Catherine 
Garriott (née Mellick). Owen junior's unusual middle 
name was said to be based on his mother's middle 
name.

He graduated with a BSc in Electrical Engineering 
from the University of Oklahoma in 1953, then spent 
three years as an electronics officer in the US Navy 
before going on to Stanford University, California. There 
he earned an MSc in 1957 and a doctorate in electrical 
engineering in 1960.

He stayed on at Stanford as a professor, specialising 
in ionospheric physics until 1965, and authored over 
several dozen papers in physics. Intent on joining 
NASA, he passed a one-year USAF training course as a 
jet pilot and became one of six men selected to become 
scientist-astronauts in June that year, the first selected 
on the basis of their academic qualifications rather than 
their experience as pilots.

His first public NASA profile was as a CapCom on 
Apollo 11 in 1969. With the lunar module Eagle still 
sitting on the lunar surface, he took over as the voice of 
Houston from Bruce McCandless who had handled 
the Moonwalk. Garriott mediated a discussion 
with Armstrong and Aldrin about their geologic 
sampling and clues to where they had landed, 
the precise location being uncertain at the time. 
He then closed down communications for 
the night while the crew tried to rest, helped 
monitor systems during the sleep period, and 
relinquished the CapCom role to Ron Evans 
(later of Apollo 17) for the wake-up call seven 
hours later.

Garriott spent more than 59 days in orbit on his 

Owen Kay Garriott    
(1930-2019)

REMEMBERING

The distinguished American 
aerospace engineer who 
took over management of the 
troubled Apollo CSM project and 
steered it to success. 
by Ken MacTaggart FBIS
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first space mission in 1973. He flew as Science Pilot 
aboard NASA's first space station, Skylab, alongside 
Commander Alan Bean and Pilot Jack Lousma. Skylab 
was the world’s first station to demonstrate reusability 
with different crews. Their confusingly-numbered 
mission, Skylab II, was the second manned flight to 
Skylab, as the launch of the empty station had been 
labelled Skylab 1. The numbering resulted in the 
mission patch bearing the logo Skylab II because 
Hindu-Arabic numerals were used for Skylab launches 
(SL-1, SL-2, SL-3 and SL-4) while Roman numerals 
were used for the crewed missions (I, II and III). 

The Skylab programme had set out with the aim 
of conducting three crewed missions, one of 28 days 
followed by two of 56 days duration. Up until that point, 
the longest human spaceflight had been the 23 days of 
Soyuz 11/Salyut 1, but that had resulted in the death of 
the crew during their return to Earth, and there were 
real fears about the human body's ability to adapt to 
extended weightlessness.

The first Skylab crew successfully met their 28-day 
target, and Garriott and his crewmates were confidently 

targeted for 56 days. During the flight the crew 
successfully deployed a sunshade over the interim 

parasol installed by the first crew after problems 
during ascent ripped the thermal protection 
from the hull of the workshop.

With the exercise regime proceeding 
well, almost four extra days were added to 
the mission. Upon splashdown off the coast 

of California, they had more than doubled 
the human spaceflight endurance record. “We 

learned the importance of exercise”, Garriott 
recalled in a NASA Oral History interview in 2000. “If 

BELOW
The mission 

badge for Skylab 
II, the second 

crewed mission 
to the world’s first 

revisited space 
station. 
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you have the appropriate amount of exercise, namely 
one to two hours a day, then you're going to come back 
in essentially as good a condition as when you left. And 
it is possible to work for very long periods.”

Garriott undertook much vital work on Skylab, 
including the crew's 305 hours of solar observations 
and 333 medical experiments evaluating the effects of 
micro-gravity. He spent 13 hours 43 minutes on three 
separate spacewalks outside the pressurised modules.

The Skylab II mission also became known for 
the “stowaway prank”. One day, mission controllers 
in Houston heard a woman's voice broadcasting 
from the station. She seductively addressed capsule 
communicator Bob Crippen by name, and said: “The 
boys haven't had a home-cooked meal in so long, I 
thought I'd bring one up.”

She described seeing forest fires and sunrises from 
space before concluding: “Uh-oh, I have to cut off now. 
I think the boys are floating up here toward the (Apollo) 
Command Module and I'm not supposed to be talking 
to you.” Garriott later revealed the trick, that he had 
recorded his wife Helen in a private transmission the 
previous night.

Garriott returned to space in 1983 when he spent 
10 days on STS-9, which carried the European-built 
Spacelab-1 laboratory aboard Space Shuttle Columbia. 
He helped carry out more than 70 experiments in six 
disciplines, aiming to demonstrate Spacelab's suitability 
for research.

Having an early interest in amateur radio and 
possessing an operator's licence, he also took into space 
on STS-9 a portable radio transmitter and an aerial 
which he could mount by a window. He thus became 
the first radio ham in space, operating radio station 
W5LFL, which was subsequently rolled out on to 
Soviet space station Mir and the present International 
Space Station.

Owen Garriott was distinguished as being probably 
the first space flyer to sport a moustache in official 

photographs, and retained it for his flight, where he 
grew the sides downwards in the drooping Mexican 
style. The strictly shaved heads of earlier US pilot-
astronauts had already been usurped by Rusty 
Schweickart of Apollo 9 in his official NASA portrait. 
Mike Collins had a “Moon moustache”, but grew it in 
flight, not for launch. They are now fairly common, e.g. 
Chris Hadfield, and Russians, but I think Owen was the 
first ever. 

Garriott later recalled that his Skylab mission 
changed his thinking about the Earth's environment. 
“There's something called the Overview Effect,” he 
said. “Up there you really realise: Yeah, of course we are 
polluting the Earth. Of course CO2 is a problem. Of 
course particulate matter is a problem. How could you 
possibly doubt it when we can see it so self-evidently?”

Garriott left NASA in 1986 and worked as a 
consultant for aerospace companies and as vice 
president of space programmes at Teledyne Brown 
Engineering. He was also a professor in the Laboratory 
for Structural Biology at the University of Alabama, 
researching new microbes from extreme environments 
such as heavily alkaline lakes and deep-sea 
hydrothermal vents. He visited Antarctica three times, 
bringing back meteorites for study.

Among Garriott's many awards and honours were 
the National Science Foundation Fellowship, NASA's 
Distinguished Service Medal and the NASA Space 
Flight Medal. He co-wrote Homesteading Space, a 
history of the Skylab programme, and Introduction to 
Ionospheric Physics as well as contributing a foreword to 
the book NASA's Scientist-Astronauts by British space 
author and BIS Fellow David Shayler.

Garriott married Helen Mary Walker, his high school 
sweetheart, in 1952 and they had sons Randall, Robert 
and Richard, and daughter Linda. They later divorced 
and he married again, to Evelyn. She survives him along 
with his children and three stepchildren.

In 2008 his son Richard, creator of the best-selling 
Ultima role-playing computer game, became a space 
tourist to the ISS on the flight of Soyuz TMA-13, 
making him only the second person to follow a parent 
into space. Owen Garriott was in mission control in 
Kazakhstan for the launch and was waiting on the 
ground when his son landed twelve days later.

Owen Garriott died on 15 April. Family members 
said he fell and broke his neck at home in Huntsville 
two days earlier and died of a heart attack. SF

ABOVE
Providing 

continuous blood 
pressure readings, 
Garriott performs 
a respiration and 
exhalation test. 
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Garriott conducts 
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Apollo Telescope 
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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 561

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

Meteor-M 2-2 2019-038A Jul 5.24 Vostochny Soyuz-2.1b-Fregat-M 2,750 Jul 5.40 98.57 101.14 812 816 [1]

MTCube 2019-038B     1 Jul 5.90 97.68 96.22 565 594 [2]

ICEYE X5 2019-038C     90? Jul 5.97 97.68 96.19 564 592 [3]

ICEYE X4 2019-038D     90? Jul 5.39 97.68 96.19 564 592 [3]

CarboNIX 2019-038E     30 Jul 5.97 97.68 96.19 564 592 [4]

JAISAT 2019-038F     3? Jul 6.90 97.49 95.19 515 544 [5]

VDNKh-80 2019-038G     3 Jul 6.31 97.49 95.19 515 544 [6]

LightSat 2019-038H     4 Jul 7.22 97.49 95.20 516 544 [7]

AmurSat 2019-038J     3 Jul 6.97 97.49 95.20 516 544 [8]

NSLSat 1 2019-038K     10? Jul 9.82 97.48 95.23 514 548 [9]

Lemur 2 LillyJo 2019-038L     5 Jul 7.88 97.49 95.22 515 547 [10]

Koit 2019-038M     1 Jul 7.55 97.49 95.23 515 548 [11]

MOVE 2b 2019-038N     1 Jul 8.87 97.49 95.23 515 548 [12]

DoT 1 2019-038P     20 Jul 9.82 97.49 95.23 515 548 [13]

SONATE 2019-038Q     3? Jul 7.04 97.49 95.23 515 548 [14]

SEAM 2.0 2019-038R     5 Jul 7.55 97.49 95.22 515 547 [15]

Lemur 2 WanLi 2019-038S     5 Jul 7.88 97.49 95.22 515 547 [10]

Lemur 2 Morag 2019-038T     5 Jul 7.15 97.49 95.22 516 546 [10]

Lemur 2 Yndrd 2019-038U     5 Jul 7.22 97.49 95.21 514 547 [10]

Lucky 7 2019-038V     1 Jul 7.44 97.49 95.21 515 547 [16]

Lemur 2 

DustInTheWind 2019-038W     5 Jul 7.55 97.49 95.22 515 547 [10]

Lemur 2 

Alex-Maddy 2019-038X     5 Jul 7.44 97.49 95.22 515 547 [10]

El Camino Real 2019-038Y     20? Jul 7.96 97.48 95.21 515 546 [17]

Lemur 2 EJatta 2019-038Z     5 Jul 7.70 97.49 95.21 514 547 [10]

Sokrat 2019-038AA     3 Jul 7.70 97.49 95.21 516 545 [18]

Lemur 2 

GregRobinson 2019-038AB     5 Jul 8.94 97.49 95.22 516 547 [10]

BEESat 9 2019-038AC     1 Jul 8.94 97.49 95.22 516 546 [19]

Exoconnect 2019-038AD     4 Jul 18.80 97.49 95.21 515 547 [7]

Ecuador-UTE 2019-038AE     4 Jul 17.54 97.49 95.21 515 547 [20]

Kosmos 2535 2019-039A Jul 10.72 Plesetsk Soyuz-2.1v 1000? Jul 24.48 97.88 96.98 609 623 [21]

Kosmos 2537 2019-039B     50? Jul 12.43 97.87 97.00 611 622 [21]

Kosmos 2538 2019-039C     50? Jul 12.66 97.89 97.02 612 624 [21]

Kosmos 2536 2019-039D     50? Jul 30.41 97.88 96.98 609 623 [21]

KestrelEye 1  Jul 11.08 CSG Vega  1,197 Failed to reach orbit     [22]

Spektr-RG 2019-040A Jul 13.52 Baykonur Proton-M-DM-03 2,704 Sun-Earth L2 transfer orbit    [23]

Soyuz MS-13 2019-041A Jul 20.69 Baykonur Soyuz-FG 7,220 Jul 20.88 51.64 92.75 409 418 [24]

Chandrayaan 2 2019-042A Jul 22.33 SHAR GSLV Mk 3 3,850 Jul 22.55 21.43 820.62 136 45,206 [25]

Bei Ligong 1B 2019-043A Jul 25.21 Jiuquan Shuang Quxian 1 3 Jul 25.65 42.72 90.19 280 299 [26]
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1.  Meteor-M meteorological satellite built by VNII EM for Roskosmos 
acting as agents for Roshydromet. Payload consisted of an MSU-MR 
multi-spectral scanning radiometer for day and night cloud-cover 
pictures, a KMSS multi-spectral system with three cameras for high-
resolution Earth images, an IKFS-2 spectrometer for atmospheric 
temperature and humidity sounding, an MTVZA scanning microwave 
radiometer for land and ocean surface conditions, an SSPD system 
for relaying data from remote weather stations, an electrostatic 
analyser and radiation monitor (GGAK-M) for low and high energy 
radiation and a SARSAT transponder for locating emergency 
beacons.

2.  MTCube, Memory Test CubeSat or Robusta 1C, educational and 
technology development 1U Cubesat built by Université Montpellier 
2 (UM2) for ESA with COTS memory chips for effects of radiation 
(RES) and a deployable antenna. For some of the secondary payloads 
on this launch, it is not yet clear which satellite corresponds to 
which object and there are currently four fewer catalogued objects 
than satellites. 

3.  ICEYE are a pair of a technology and Earth survey satellites built 
using an S-class bus by York Space Systems for ICEYE and are each 
carrying an X-band synthetic aperture radar all-weather imager for 
Earth observation. 

4.  CarboNIX is a test payload with an Exolaunch CarboNIX shock-free 
separation system.

5.  Joint Academy for Intelligent Satellites for Amateur Radio of 
Thailand is a 3U Cubesat built by the Radio Society of Thailand 
and German Orbital Systems with a transponder for amateur 
communications.

6.  VDNKh-80 (named for the 80th anniversary of Vystavka Dostizheniy 
Narodnogo Khozyaystva or Exhibition of Achievements of National 
Economy) educational and scientific 3U Cubesat built by D. 
Skobeltsyn Nuclear Physics Institute of Moscow State University 
(NIIYaF MGU) and JSC VDNH with a detector for particle radiation 
and a transponder for amateur communications.

7.  LightSat and Exoconnect are D-Star One communications 3U 
Cubesats built by German Orbital Systems, with LightSat for iSky 
Technology, each carrying four D-Star UHF communications 
modules, two for amateur radio communications and two for 
telemetry. 

8.  AmurSat, or AmGU 1, educational and scientific 3U Cubesat built 
by Amur State University (AmGU) in partnership with NIIYaF MGU 
with a Foton-Amur detector for particle and γ-radiation, an ADS-B 
receiver to track air traffic and new systems for performance test.

9.  NSLSat 1 is a technology development 3U Cubesat built by ÅAC 
Clyde for NSLComm with a deployable 0.60 m dish antenna for use 
with a high-bandwith Ka-band communications system.

10.  Lemur 2 multi-mission 3U Cubesats built by Spire Global each 
carrying an AIS receiver (SENSE) to track shipping, an ADS-B 
receiver to track aircraft and a GPS receiver (STRATOS) for 

atmospheric data from occultation of GPS signals. Satellites are 
named after members of the Spire team. Two of the Lemurs carry a 
more powerful computer for performance test and are sponsored by 
the ESA ARTES Pioneer programme.

11.  Koit (Dawn) or TTÜ 101 (Tallinna Tehnikaülikool) is a 1U Cubesat 
for technology test built by Tallin University of Technology and 
carrying visual and infra-red cameras for Earth imaging, an X-band 
amateur-band transmitter and an optical communications system for 
performance test.

12.  Demonstration of Technology technology satellite built by SSTL 
carrying a camera and new avionics systems for performance test. 

13.  MOVE 2b, Munich Orbital Verification Experiment, technology 
development 1U Cubesat built by Munich Technical University for 
DLR and carrying Cubesat systems for performance test.

14.  SONATE (Solutus Nano Satellite) is a technology development 3U 
Cubesat built by Universität Würzburg for DLR with a camera for 
earth observation, autonomous systems for sensor event selection 
and failure diagnostics for performance test and a VHF transponder 
for amateur communications.

15.  SEAM 2.0, Small Explorer for Advanced Missions, is a geophysical 
science 3U Cubesat built by a five-nation, eight-company consortium 
led by KTH (Kungliga Tekniska högskolan, Royal Institute of 
Technology) for the EU carrying a fluxgate magnetometer and 
induction AC sensor for steady and varying components of the 
Earth's magnetic and electric fields for auroral currents and 
ionospheric waves. 

16.  Lucky 7 is a 1U Cubesat for technology test built by SkyFox Labs 
carrying COTS and radiation-resistant systems for performance 
test, a camera for Earth pictures and high-power LEDs to test power 
system.

17.  El Camino Real (Royal Road) or Momentus X1 technology 
development 16U Cubesat built by AstroDigital for Momentus 
Space carrying a microwave electrothermal thruster using water 
as propellant for performance test. Testing technology for planned 
Vigoride orbit transfer service. 

18.  MKA Sokrat (Socrates) educational and scientific 3U Cubesat built 
by NIIYaF MGU with detectors for particle and γ-radiation and an 
ADS-B receiver to track air traffic.

19.  Berlin Experimental and Educational Satellite 9 is a 1U Cubesat 
for technology test built by Technical University of Berlin for 
DLR carrying a micro-camera for Earth pictures, a fluid-dynamic 
actuator (pFDA) for performance test, a GNSS receiver and an 
experimental attitude control system. BEESat 10 to 13 were 
also launched, a quartet of technology development 0.3 kg 
0.25U Cubesats built by TUB, each carrying a UHF inter-satellite 
communications system and a GNSS receiver for relative 
navigation and retro-reflectors for laser tracking.

20.  Ecuador-UTE is an educational and science 3U Cubesat built by 
Universidad Tecnológica Equinoccial and YuZGU (SWSU) with a 
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Dragon CRS 18 2019-044A Jul 25.92 KSC Falcon 9FT 11,000? Jul 27.56 51.64 92.75 409 418 [27]

Yaogan 30-05 01 2019-045A Jul 26.16 Xichang Chang Zheng 2C 200? Jul 26.65 35.00 96.48 589 605 [28]

Yaogan 30-05 02 2019-045B     200? Jul 26.65 35.00 96.47 589 605 [28]

Yaogan 30-05 03 2019-045C     200? Jul 26.49 35.00 96.47 589 604 [28]

Meridian 8 2019-046A Jul 30.25 Plesetsk Soyuz-2.1a-Fregat-M 2,000? Aug 1.61 62.81 724.88 985 39,735 [29]

Progress MS-12 2019-047A Jul 31.51 Baykonur Soyuz-2.1a 7,430 Aug 1.29 51.64 92.74 410 418 [30]

Spacecraft International Date Launch Launch vehicle Mass Orbital Inclin.  Period Perigee Apogee Notes 
 designation   site    (kg) epoch (deg) (min) (km) (km)   
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magnetometer for the Earth's field. 

21.  Four satellites for MORF, stated to be for the study of the effects on 
spacecraft of artificial and natural factors of outer space and the 
alignment of the radar facilities of aerospace forces. Kosmos 2535 
is possibly a 14F150 satellite similar to Kosmos 2519 and carries 
detectors for space debris impacts, trapped radiation and cosmic 
radiation. Kosmos 2536 is possibly a 14F153 Nivelir inspector 
satellite similar to Kosmos 2521. It has manoeuvred to rendezvous 
with Kosmos 2535 August 1 and perform a servicing operation. The 
two remaining satellites probably include at least one calibration 
target like Kosmos 2512. It is not clear which payload corresponds 
to which object, though 2019-037A and D were the two objects 
involved in the rendezvous.

22.  Military Earth observation satellite built using an AstroSat-1000 bus 
by Airbus DS and Thales Alenia Space for the Armed Forces of the 
United Arab Emirates carrying a HiRI five-channel visible and infra-
red high-resolution push-broom scanner for Earth imaging. Second 
stage of launch vehicle failed.

23.  Spectrum-Röntgen-Gamma X-ray observatory satellite built using 
a Navigator bus by NPO Lavochkin for Roskosmos with two X-ray 
instruments, each an array of seven telescopes, comprising the low-
energy eROSITA, supplied by Germany, and the high-energy ART-XC. 
Observatory will conduct an all-sky survey and make observations 
of high-energy cosmic objects. Launched on transfer orbit to the 
Sun-Earth L2 point and will be injected into halo orbit.

24.  Spacecraft with three-man crew launched to the International 
Space Station, mission ISS-59S. Crew comprises Aleksandr 
Skvortsov (Soyuz Commander, ISS flight engineer), and Flight 
Engineers Luca Parmitano (Soyuz/ISS flight engineer, ISS Expedition 
61 Commander, ESA astronaut) and Andrew Morgan (Soyuz/ISS flight 
engineer, NASA astronaut). Spacecraft docked with ISS/Zvezda port 
July 20.94. Crew are to be part of ISS Expeditions 60 and 61, with 
Morgan continuing on to Expedition 62 and Parmitano performing 
the ESA Beyond mission.

25.  Chandrayaan 2 Lunar probe assembly built by ISRO using a modified 
I-3000 bus carrying the Vikram lander, two cameras (the high-
resolution OHRC and TMC 2) for Lunar topography, an L-band and 
S-band synthetic aperture radar (DFSAR) for polar mapping including 
sub-surface water, an X-ray spectrometer (CLASS) and an imaging 
infra-red spectrometer (IIRS) for surface composition and other 
properties, a detector (XSM) for Solar X-radiation, a quadrupole 
neutral mass spectrometer (ChACE 2) for surface volatiles produced 
by solar-wind and a dual-frequency transmitter (DFRS) for Lunar 
ionosphere. Vikram (named for Dr Vikram A. Sarabhai) is a 1,471 
kg Lunar lander carrying the Pragyan rover with a deployable 
ramp, a three-axis seismometer (ILSA) for Lunar activity, a thermal 
probe (CHaSTE) for surface thermal conductivity and temperature 
gradient and a Langmuir probe for Lunar ionosphere. Will also use 
radio occultation (RAMBHA) to measure total electron content near 
surface. Pragyan (Wisdom) is a 27 kg rover carrying an α-particle 
X-ray spectrometer (APXS) and a laser-induced breakdown 
spectroscope (LIBS) for surface elemental composition and laser 
retroreflectors (LRA, supplied by NASA) for tracking and Lunar 
motion. Raising orbit to reach Lunar distance and enter orbit August  
20, with Vikram landing planned for September.

26.  Bei Ligong (BIT) or BP 1B, is an educational 1.5U Cubesat built by 
Beijing Institute of Technology with a deployable sphere 0.50 m in 
diameter acting as an aerodynamic stabilisation device and two 
VHF/UHF transponders (CAS 7B, supplied by CAMSAT) for amateur 
communications. Given the Amsat name BIT Progress-Oscar 
102. First launch of new iSpace (Beijing Interstellar Glory Space 
Technology Co.) Shuang Quxian 1 (Hyperbola 1) vehicle, possibly 
a modified MRBM, with three solid stages and liquid fourth stage. 
Launched from a mobile transporter. Two other objects reportedly 
decayed July 25 without being catalogued. They were an unnamed 
payload, reportedly a balloon satellite, for Aerospace Science and 
Technology Space Engineering Development Co., Ltd and the fourth 
stage which carried five attached payloads: the Cube-X1 launch 
environment Cubesat for Watermelon Maker; HECATE 1 technology 
verification payload built by Beijing Zero G Lab for CCTV; Xingshidai 
6, possibly built by SpaceTy for ADASpace, and two promotional 
payloads for launch sponsors: a model car for Chang'an Automobile 
and a flask of wine for Beijing Jinliufu Wine.

27.  Dragon freighter spacecraft, ISS Mission SpX-18, built and 
launched by SpaceX as part of NASA’s CRS programme for transport 
to ISS with 1,778 kg of internal cargo including new experiments 
and the SEOPS 1 payload with Cubesats for transfer to Cygnus 
Roger Chaffee and 534 kg of unpressurised cargo: the IDA-3 
docking adapter. Launch vehicle first stage, previously flown on 
Dragon CRS 17, landed at LZ-1 back at the launch site. Spacecraft, 
including the return capsule from the Dragon CRS 6 and 13 
missions, captured by the ISS arm July 27.55 and docked at the ISS/
Harmony nadir port July 27.68. IDA-3 will be transferred to PMA-3. 
SEOPS 1 Cubesats are: RFTSat, Radio Frequency Tag Satellite, a 
technology development 3U Cubesat built by Northwest Nazarene 
University with an RFID reader and a deployable boom carrying a 
MOSFET radiation dosimeter, a temperature sensor, an ultraviolet 
photodiode and RFIDs to test use for gathering data wirelessly from 
deployed sensors; Quantum Radar 3, a passive target 3U Cubesat 
with reflectors for laser tracking built by Hypergiant SEOPS ; 
NARSScube 2, National Authority for Remote Sensing and Space 
Sciences Cubesat, a technology development 1 kg 1U CubeSat built 
by NARSS with a camera for Earth observation and systems for 
performance test and ORCA (possibly Optical RF Communications 
Adjunct), a communications technology 6U Cubesat built by 
Hypergiant SEOPS and Blue Canyon Technologies for DARPA with 
systems to demonstrate RF communications with other satellites.

28.  Yaogan 30 Group 05 set of satellites, also known as Chuangxin 
5-13 to 5-15, built by SECM for electromagnetic measurements 
and related technical tests, though suspected of having a military 
mission. Launched into new orbital plane for the Yaogan 30 
constellation.

29.  Meridian-M (18L) is a communications satellite built by ISS 
Reshetnev for dual military/civil coverage of Russian high-latitude 
regions including the Arctic, first of a new batch, apparently 
replacing Meridian 3. 

30.  Unmanned freighter mission to the International Space Station, 
mission ISS-73P, with 2,454 kg of cargo. Spacecraft docked at ISS/
Pirs port July 31.65.

1998-035A  Thor 3 was manoeuvred off station at 4.3°W about 
June 12 and is drifting to the west. It appears to have 
been retired.

1999-013A  PSN 5R2 (Asiasat 3S) was manoeuvred off station at 
146°E July 19 and relocated at 147.5°E July 26.

1999-071A  Galaxy 11 was relocated at 93.1°W, replacing Galaxy 
25, July 24.

2002-057A  NSS 6 was relocated at 86.8°W, co-located with SES 2, 
July 3.

ADDITIONS AND UPDATES
DESIGNATION COMMENTS DESIGNATION COMMENTS
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2003-053A  Yamal 202 was manoeuvred off station at 49°E July 25 
and is drifting to the east.

2004-024A  Telstar 18/APSTAR 5 has been retired and was 
switched off July 18.

2005-012A  APSTAR 6 was manoeuvred off station at 134°E July 17 
and is drifting to the east.

2006-018A  GOES 13 was manoeuvred off station at 60°W July 2 
and is drifting to the west.

2012-046B  Van Allen Probe B was shut down July 19 following 
exhaustion of its propellant for attitude control.

2014-037A  Meteor-M 2 lost attitude control June 26, but was 
recovered August 6.

2014-076A  Hayabusa 2 descended July 10 from its 20 km station 
for a second brief touchdown on Ryugu July 11.05 
close to new SCI crater and activated its sample 
collection mechanism. It returned to 20 km July 12.

2016-057A  Tiangong 2 carried out major orbit-lowering 
manoeuvre July 18.59 and a de-orbit burn July 19.52.

2017-014A  EchoStar 23 manoeuvred off station at 44.9°W July 2 
and is drifting to the west.

2017-082B  Tsubame manoeuvred to a 230 km orbit for its fourth 
period of using ion thrusters to counter drag from July 
4 to 12, then manoeuvred to 220 km orbit for fifth period 
from July 19.

2018-099AR,AW  SkySat 14 and 15 appear to have reached their 
operational orbits. Add orbits:

 Jun 29.15 97.40° 94.49 min 494 km 498 km

 May 18.20 97.41° 94.50 min 493 km 500 km

2018-110A Tongxin Jisshu SW3 was relocated at 173°E July 6.

2018-112A  Yunhai 2-01 has manoeuvred to its operational orbit. 
Add orbit:

 Jul 22.22 50.01° 100.77 min 799 km 800 km

2019-007A SGS 1/Hellas Sat 4 was declared operational July 30.

2019-007B  GSAT 31 was manoeuvred off station at 48°E July 26 
and is drifting to the east.

2019-014A WGS 10 (USA 291) was declared operational July 10.

2019-019A  Progress MS-11 undocked from ISS/Pirs July 29.45 
and was de-orbited over the Pacific Ocean July 29.58.

2019-022  IOD-GEMS was deployed from ISS via the Kibo airlock 
July 3.42, KRAKSat and Światowid July 3.49, three VCC 
Cubesats July 3.62 and EntrySat July 3.68. Add objects 
with orbits:

 IOD-GEMS  1998-067QK

 Jul 4.24 51.64° 92.71 min 409 km 415 km

  

 Światowid  1998-067QL

 Jul 12.55 51.64° 92.71 min 409 km 415 km

 KRAKSat  1998-067QM

 Jul 12.36 51.64° 92.71 min 409 km 415 km

 VCC Aeternitas  1998-067QN

 Jul 12.36 51.64° 92.70 min 409 km 414 km

 EntrySat  1998-067QP

 Jul 12.61 51.64° 92.70 min 409 km 414 km

 VCC Ceres  1998-067QQ

 Jul 10.64 51.64° 92.70 min 409 km 414 km

 VCC Libertas  1998-067QR

 Jul 12.55 51.64° 92.70 min 409 km 414 km

2019-029  Starlink satellites are now distributed around the 
operational orbit. Most have reached their slot, 
though 2019-029B, 029AE and 029BD are still drifting. 
2019-029M and 029AA have manoeuvred down out of 
the operational orbit. 2019-029J has made some small 
manoeuvres, but remains near deployment orbit.

2019-031A  Yamal 601 was manoeuvred off its test station at 48.8°E 
July 4, relocated at 49°E, co-located with Yamal 202, 
July 5 and declared operational July 22. It uses a 
Spacebus 4000C4 bus, correcting Satellite Digest 559.

2019-034A  T-16 was manoeuvred off its test station at 134.8°W 
July 30 and is drifting to the east.

2019-036  Prometheus 2-06 is object 2019-036AB, so one of 
the objects listed in Satellite Digest 560 must be a 
piece of debris, probably a dummy Prometheus. The 
identifications of GPIM, ARMADILLO, Psat 2, BRICSat 
2, E-TBEx B and LEO are all confirmed. BRICSat 2 has 
been given the Amsat name Naval Academy-Oscar 
103 and Psat 2 is Naval Academy-Oscar 104. LightSail 
2 successfully deployed its solar sail July 23.78 and is 
using sail to change orbit. Orbit for 036AB is:

 Jul 4.62 28.53° 96.01 min 304 km 846 km

2019-037  Prometheus 2-07 is object 2019-037K, so one of the 
objects listed in Satellite Digest 560 must be the 
launch vehicle kick stage. Prometheus 2-09 is now 
assigned as object 037B, Global 3 as 037C, SpaceBEE 
9 as 037F and SpaceBEE 8 as 037G. The previously 
undisclosed payload is Painani 1, meaning an Aztec 
messenger, an educational 3 kg 3U Cubesat built by 
CICESE (Ensenada Centre for Scientific Research and 
Higher Education) for SEDENA (Mexican Secretariat 
of National Defence) with four cameras for Earth 
imaging. Orbit for 037K is:

 Jun 30.46 45.01° 93.56 min 448 km 461 km

DESIGNATION COMMENTS DESIGNATION COMMENTS

INTERNATIONAL SPACE STATION ACTIVITY 

There was the following orbital manoeuvre of ISS during July, 
boosted by Zvezda.

Pre-manoeuvre orbit: Jul 3.08 51.65° 92.73 min 407 km 419 km
Post-manoeuvre orbit: Jul 3.16 51.65° 92.75 min 409 km 419 km
End-of-July orbital data: 
  Jul 31.90 51.64° 92.74 min 410 km 418 km

RECENTLY DETAILED ORBITAL DECAYS
International Object name Decay
Designation

1998-018B Iridium 61 Jul 23.44
2016-057A Tiangong 2 Jul 19.55
2016-057H Banxing 2 Jul 15
1998-067MB NJUST 1 Jul 20
1998-067MQ Aoxiang 1 Jun 26
1998-067NA Tanyusha YuZGU 1 Jul 30
2018-045C Longjiang 2 Jul 31.60 (on Moon)
2019-006A Microsat-R Jul 23
2019-019A Progress MS-11 Jul 29.60

SATELLITE DIGEST
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THE DAY ON WHICH, half a century ago, Apollo 11 
reached the Moon was, of course, always going to 
be a day of celebration and reflection for members 
of the British Interplanetary Society. In fact, BIS 
members turned it into a double celebration, with an 
event for members on Saturday 20 July, and, on the 
21st, an Open Day at BIS HQ for the public, many of 
whom attended to enjoy guided tours of Arthur C 
Clarke House and to hear about the Society and the 
Moon landing.

On Saturday, thanks to the amazing efforts of 
Past President Alistair Scott and Steve Salmon, the 
“back yard” at HQ was transformed into a country 
house garden, with carpeting, tables and chairs with 
umbrellas, and a giant photographic backdrop to 
block off the view through the gates of the adjacent 
and highly urbanised Langley Lane! Members 
enjoyed tea and scones and sandwiches ably 
prepared by BIS staff member Mary Todd, in a 
thoroughly civilised setting!

Members, and their guests, who had not 
previously visited Arthur C Clarke House were given 

tours of the building, with commentaries and 
anecdotes on the artwork and artefacts which were 
on display. Fabrizio Bernardini, head of the Rome 
branch of the Society, and a party from that Branch, 
had brought over to the UK a number of impressive 
large-size technical drawings of the Apollo-Saturn 
hardware, along with their amazing Apollo lunar 
landing and docking simulators; the ever-popular 
Soyuz docking simulator was also in use and many 
people gained an insight into the tasks that pilot-
astronauts must perform, with certificates being 
issued for successful landings and dockings!

In the evening, Fabrizio gave a lecture on various 
aspects of Apollo, with a section on the history of the 
Moon landing proposals by the BIS. We then went to 
a “synchronised with fifty years ago” presentation of 
the landing of Apollo 11 – an eerily engrossing and 
exciting show, culminating with touchdown at the 
exact time that it happened in 1969!

On Sunday, we opened our doors to the public for 
a special day on which people were given a talk 
describing the Apollo 11 mission, plus a brief history 

THE BIS CELEBRATES…
A weekend of outdoor and indoor festivities to 
mark the 50th anniversary of Apollo 11.

Party time in a simulated rural scene courtesy of BIS HQ. Love the blue grass!

SOCIETY
NEWS
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of the BIS, again by Fabrizio, followed by site tours, 
in which our guests were shown the library and our 
collection of artwork, as well as BIS Italia’s collection 
of Apollo technical documentation. 

People were amazed by the prescient the vision 
of such early BIS luminaries as R. A. Smith and H. E. 
Ross, and were impressed with the historical 
artefacts that were on display.

Fabrizio would like to thank Davide Coco who 
accompanied him from Rome, and his partner Ivana 
together with his daughter Ginevra who pitched in 
with some welcome help when required. Davide is 
about to finish his master’s in aerospace engineering 
and we wish him well with his studies.

Thank you Gerry Webb, President of the BIS, and 
Mali for joining us for the evening and supplying the 
Jack Daniels to celebrate the landing in true style. 
Thanks also go to BIS staff and volunteers for their 
hard work in making sure that everything ran 
smoothly, and to our members from Italy for making 
the long trip to celebrate the anniversary with us. It 
was a truly amazing weekend! SF       Griffith J. Ingram

Show-and-tell: the BIS opens its doors to the public at Arthur C. Clarke House as part of a weekend of celebrations to mark the first Moon landing.

IM
A

G
E

S
: A

LI
ST

A
IR

 S
C

O
TT



SOCIETY NEWS

46 Vol 61 October 2019 SpaceFlight

IN ANOTHER CELEBRATION of the 50th 
anniversary of the first manned Moon landing by 
Apollo 11, SpaceFlight Editor David Baker 
represented the BIS at a gala evening held al fresco 
on a balmy summer evening at Henley-on-Thames. 
Organised by Dr Michael Warner it was supported by 
the Mayor, Councillor Ken Arlett and the Town 
Council, who worked with the police and staff to 
close off streets and relevant areas to make this a 
stunning event that lasted four hours from 6.00 pm.

Overall, almost 1,000 people gathered for the 
event, which had been planned for several months 
as an open-air activity to share with local people a 
small part of that historic landing. Right up until two 
days before, the Met Office forecast heavy showers 
and thunderstorms, all of which failed to materialise 
and left the weather perfect: sunny, cool and calm 
winds. Which was just as well. Michael had arranged 
for a large screen and extremely potent sound 
system to be set up in front of the Town Hall, on to 
which was played an almost continuous 
presentation, a tableau of historical events leading 
up to the landing itself.

As crowds began to gather, space music 
thundered across the square and down the street, 
from Holst’s The Planets to the Star Wars theme and 
Jeff Wayne’s War of the Worlds, narrated by the 
stentorian voice of Richard Burton booming out 
across the awe-struck audience. Captivated and agog 
with expectation, the crowds gathered as the music 

drew them in, filling seats provided and others they 
brought with them, celebrating with beverage from 
local hostelries that had equipped visitors with plastic 
cups for use outside in the square. 

It was an electric event, ripe with wonder and awe, 
denying those who say that interest in space is lost 
and buried in the past. Dramatic in content, the 
unfolding story of the Space Race was brought 
vividly to life by the scripted narrative unfolding to its 
peak moment when the landing occurred, at 9.17pm 
that Saturday evening. In a story provided by Michael 
and David, the audience took up the excitement and 
drama as it built toward the terminal point at 9.17 
pm. This provided an opportunity for the presenters 
to bounce commentary back and forth from opposing 
sides of the screen and to bring up people from the 
audience willing to share their own thoughts and 
sometimes recollections of where they were at the 
time historical event took place.

Many of those who came along were of a younger 
generation while those who could remember it came 
up to the front and gave personal reflections through 
the microphone. Everyone was highly supportive of 
what had been achieved during the Apollo era, 
almost reverent in their recall, evoking amazement 
and wonder as they relived their memories. 

A charity fund-raising event for the local Gillott’s 
School, staff and pupils had previously engaged with 
the 50th anniversary by organising a competition to 
propose a lunar lander design. David handed out 

…and so does Henley!
The Editor – with the professional notes he made at the time. A packed audience in Henley town square remember Apollo 11… 
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Haynes space books for the winner and the two 
runner’s up and the pupils each took the microphone 
to briefly explain their design choices and methods. 
Impressive and clearly aerospace scientists and 
engineers in the making, they demonstrated a 
commitment and a dedication to task that is both 
reassuring and admirable.

As the evening closed and dusk began to fall, right 
over the top of the town hall, the International Space 
Station slowly traversed the sky ending what had 
been a remarkable affirmation of the esteem with 
which the days of Apollo are held. Thanks to all those 
in the Henley-on-Thames Council for outstanding 
support for a memorable evening, to the volunteers 
who helped with keeping traffic flowing and to the 
staff of Gillott’s School who came along with buckets 
to raise funds for their school. And also to those 
many BIS members who came along to help 
celebrate the day. SF              David Baker

RECOGNISING THE WIDE 
public interest in space 
activities, Andrew Lound has set 
up for display at the Potteries 
Museum and Art Gallery a series 
of displays and presentations 
to support a range of lectures 
he has given beginning with a 
history rocketry on 23 March 
and continuing through to 2 
November and a talk about the 
future of space exploration. 
Readers might like to know 
that his penultimate talk in this 
series is on 14 September and 
will cover the story of Russian 
and American space stations 
covering Skylab, Salyut, Mir and 
the International Space Station.
Andrew’s previous talks had 
covered the British space 
programme, the world of the 
1960s relevant to space activity, 
the Gemini space programme and 
a two-hour special o the story of 
the Apollo programme. Planning 
for these talks and the display 
started in 2014 before being 
finalised in November 2017. The 
Planetary Society had been an 
early sponsor but pulled out in 
February this year as this US-
based organisation disbanded its 
global representation. 
Sponsored by the City of 

Stoke-on-Trent, the Potteries 
Museum and Art Gallery is to be 
congratulated on its prescient 
awareness of the widespread 
public interest that surrounded 
the 50th anniversary of the Apollo 
11 mission. Attendance has been 
high and public interest is once 
again shown to be exceptionally 
high in the UK. Events such as 
this prove valuable educational, 
informational and marketing 
possibilities that several BIS 
members and fellows are 
exploiting. The exhibition and 
displays close on 3 November 
this year. SF    DB

Rocket science 
exhibition comes   
to the Potteries…while the Editor pumps up the drama 

The exhibition (above) and an historical line-up of space rocketry (below).
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THE UK SPACE SCIENCE PROGRAMMES  
11 September 7:00pm
VENUE: BIS, 27/29 South Lambeth Road, London SW8 1SZ
In a golden age of European Space Science, nearly 
every European scientific mission carries UK-made 
instrumentation. Chris Lee will describe the narrative 
that lies behind these missions and offer insights into 
the people and processes that make it all happen. 

APOLLO 11 – MOON LANDING  
1 October 7.00pm (rescheduled from 17 July)
VENUE: BIS, 27/29 South Lambeth Road, London SW8 1SZ
Jerry Stone is happily on the road to recovery and will 
deliver his talk on Apollo 11 on this new date.

SPACE DAY  
5 October 2019
VENUE: The Hive, Sawmill Walk, The Butts, Worcester WR1 3PD
Call for exhibitors! Book a free stand at this popular BIS 
West Midlands event during World Space Week. Email 
west-midlands@bis-space.com. Attendance is also free 
and there’s no registration. Please join us if you can.

A PLANETARY TOUR  
30 October 7.00pm
VENUE: BIS, 27/29 South Lambeth Road, London SW8 1SZ
With David Angus, a planetary modeller.

BIS WEST MIDLANDS TALKS  
9 November 1.45 to 4.30pm
VENUE: The Gardeners Arms, Vines Lane, Droitwich, Worcester-
shire, WR9 8LU
Stuart Eves on Satellite Anatomy and Don Fossey on 
Composite Rocket Propellants.

APOLLO 12 – A PINPOINT LANDING
20 November 7.00pm
VENUE: BIS, 27/29 South Lambeth Road, London SW8 1SZ
Following the triumph of the first manned landing on the 
Moon, the next mission had a more specific goal – to 
recover parts of the unmanned Surveyor 3 which 
landed on the Moon in April 1967. 

ASTRONAUTS IN IMPOSSIBLE LOCATIONS
27 November 9.30am to 5.30pm (TBD)
VENUE: BIS, 27/29 South Lambeth Road, London SW8 1SZ
A one-day symposium to explore the limits of human 
exploration of the solar system and its challenges.

BIS LECTURES & MEETINGS MEMBERSHIP NEWS

IAF Student Paper 
Competition 2019

ON 4 MAY, SIX STUDENTS, (three under-graduates and three post-
graduates), travelled from around the country to the headquarters of the 
BIS to participate in the UK final of the IAF student paper competition. 
To reach this stage, the finalists had already seen off competition from a 
dozen other students, in what has proven to be the most hotly 
contested competition ever. 

Awaiting them in Vauxhall were representatives of the Institution of 
Engineering and Technology (IET) and the BIS, (the co-sponsors of the 
competition), who were ably supported by two further judges from the 
Space Universities Network (SUN), and UK SEDS who had generously 
helped to publicise the competition.

In the undergraduate category, the contributions by Adam Jagoe-
Williams from Huddersfield, (on analogues for perchlorates on Mars), and 
from Esme Hotson-Moore from Imperial, (on an extrasolar cubesat 
concept), were narrowly pipped by Eleonor Frost’s excellent description 
of her research into a facility for conducting surgery on orbit, which she 
has carried out at UCL. All three universities should feel suitably proud of 
the most professional way in which their students presented their work. 

The competition for the post-graduate slot was even closer. Thomas 
Cheyney of Northumbria prevailed with his presentation on the 
equitable distribution of resources in space, but he was run extremely 
close by Carlo Convenevole of Cranfield and Bea Baharier of St. 
Andrews, who described their research into lunar cubesats and the 
habitability of Mars respectively. In another year, both of the runners-up 
might easily have taken the top prize.

After they have represented the UK in the finals of the competition at 
the IAF Congress in Washington in October, the winners will both 
receive a prize of £1.000. We wish them both well.

For the first time this year, the proceedings were filmed, and the 
presentations will shortly be available via the IET TV website. The BIS 
will also be setting a precedent in 2019; due to the extraordinarily high 
quality of the presentations, we have invited the finalists to submit 
written papers for inclusion in a special issue of JBIS. 

We would like extend our sincere thanks to our co-sponsors at the 
IET; to all the participants who presented so eloquently; and to the 
judges who very kindly gave up their time, (and who probably didn’t 
expect to have to work so hard to select the winners!). SF                

NEW MEMBERS
An excellent total of 21 new members last month: 16 

from the UK, 2 from the USA and 1 apiece from  
Ireland, Germany and Australia.  Welcome all!
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ERRATA AND ADDENDUM 
In an article by Tony Errington about his experiences 
with Apollo, an error went unnoticed by the Editor. In 
the article (SpaceFlight Vol 61, No 9, 16), Tony wrote “…
that PDI had been postponed…” whereas he meant that 
the circularisation burn had been postponed. Moreover, 
in the box (which the Editor wrote for clarification of the 
technology) it said that the CSM started PDI when in fact it 
should have been the LM, and vice versa. We apologise and 
trust that readers will manually correct the error by using 
good old Apollo-era technology – a pen!
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