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From the editor
THIS, MY PENULTIMATE ISSUE as editor of Space Chronicle, contains four 
widely differing papers.

The first is a brief biography of Marshall Tukhachevsky, a military man, who was 
also influential in the development of Russian rocketry in the 1930s before he met 
an untimely end in the Stalin purges. This is authored by two Russian historians 
and is a new venture for Chronicle, reaching out beyond the normal sources..

The second paper – authored by David Baker, editor of the BIS’s SpaceFlight 
magazine – is the story of his work on the Apollo programme. It is, as the author 
says, “a summary of one person’s experience of what it was like for a British born 
in that great adventure”.

The third, authored by Phillip Clark, a pioneer in documenting Soviet and 
Chinese space activities, looks at the mission of the Chinese orbiting laboratory - 
Tiangong 2 – during 2018 and 2019 until its planned de-orbit in July 2019.

The fourth paper describes the British experience with Stilleto – the British name 
for the rocket-powered, American-produced supersonic aerial target drone, the 
AQM37 series. The British involvement began in the mid-1960s and the target was 
used extensively from bases such as Llanbedr in Wales. 
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Mikhail Nikolayevich Tukhachevsky  
– his life and contribution to the Soviet rocket and space industry

A.V. GLUSHKO AND N.I. SHILO

Mikhail Tukhachevsky was a high-ranking Russian military of-
ficer who is probably best known for the part he played in the 
modernisation of the Red Army during the nineteen twenties 
and thirties. However, of equal importance to many historians 
is the fact that he was one of the very first people to understand 
the potential value of modern rocketry for military purposes.

Tukhachevsky could be ruthless and he understood the ne-
cessity for power politics but, judging by his career, he was also 
an “ideas man”. It is this, more imaginative, side of his character 
that allowed him to identify many new initiatives of which missile 
technology was just one. 

It is also important to bear in mind that being a very power-
ful voice in the Russian military put him in an ideal position to 
lay the foundations for the future Soviet missile and space pro-
grammes. Therefore, to fully appreciate Tukhachevsky’s life, we 
need to study, not just his contribution to rocketry, but also his 
military career as well.

Tukhachevsky’s Military Career: the Commander

Mikhail Nikolayevich Tukhachevsky was born on 4 February 
1893 near Smolensk, on the estate of a nobleman named Aleksan-
drovskoye in the Dorogobuzhsky District. In 1914 he graduated 
from the prestigious Alexandrovskoye Military School in the top 
ten of the best graduates and was enlisted in the Semenovsky Life 
Guard Regiment. He fought in the First World War with the rank 
of lieutenant and repeatedly won awards for personal courage. In 
February 1915, during the Prasnysh operation on the Northwest-
ern Front, he was captured near Lomza but in August 1917, after 
repeated unsuccessful attempts, he escaped and fled from Germa-
ny to Russia. Upon his return from captivity he was promoted to 
the rank of captain.

After the 1917 October Bolshevik coup, Tukhachevsky crossed 
over to the Soviets and joined the Red Guard, becoming one of 
their best military specialists. From March 1918 he worked in 
the military department of the Central Executive Committee and 
in April 1918 he joined the Bolshevik Party. From May 1918 he 
was Military Commissar of Defence of the Moscow region and in 
June and December 1918, he commanded the First Army of the 
Eastern front in the Volga region, which was his first regular con-
nection with the Red Army. In December 1918 he was made an 
assistant commander of the Southern front and in January 1919 
he was commander of the 8th Army until March.

On November 25th 1919, Tukhachevsky was commander of 
the Fifth Army of the Red Eastern front which took part in the 
spring offensive against the Western and Siberian armies of Ad-
miral A.V. Kolchak [the White Armies]. This offensive led to the 

Fig. 1 Red Army commander M.N. Tukhachevsky, 1923.

defeat of Kolchak in April 1919 and the liberation of the Volga, 
the Urals and Western Siberia. During the Omsk operation of No-
vember 1919, part of Tukhachevsky’s Fifth Army, the 27th Rifle 
Division, was the first to occupy Kolchak’s capital. For his success-
ful command of the Fifth Army Tukhachevsky was awarded the 
Order of the “Red Flag” in August 1919.

 
Between February and April 1920, Tukhachevsky was the 

commander of the Caucasian front and under his leadership, the 
Tenth and First Cavalry Armies struck at the junction between 
the Don and Kuban Armies. The great significance of this action 
was that it frustrated the plans of another White commander, 
General Denikin, and brought about the complete rout of the 
White Army in the south of Russia.



80

Further adventures followed. In April to August 1920 during 
the Soviet-Polish war, he commanded the Western front. This 
conflict was a disaster for the new Red Army and at the time many 
reasons were given by the Soviets for this debacle. In fact the Rus-
sian defeat happened because Polish intelligence deciphered the 
Red Army codes and thus the Poles were able to predict the inten-
tions of the Soviet commanders at the front. 

In March 1921 Tukhachevsky made an emphatic demonstra-
tion of his commitment to the revolution when he commanded 
the storming of the rebellious Kronstadt naval garrison where 
the sailors of the Baltic fleet had risen up against the communist 
monopoly of power. From May to July 1921 Tukhachevsky was 
appointed commander of the troops of the Tambov province and 
again showed his loyalty to the cause by enforcing the final liqui-
dation of the anti-Bolshevik uprising [known as “antonovschina”]. 

Further promotion followed when in January 1922 to April 
1924 he was commander of the Western front and from July 1925 
to May 1928 he was a Chief of Staff of the Red Army and took an 
active part in the military reforms of 1924-1925

Tukhachevsky continued to make significant contributions 
to the technical re-equipment of the Soviet army including the 
development of new types of troops, aviation, and mechanized 
and airborne troops. Probably his most important input was in 
1930 when he proposed a new approach for army modernisation. 
He argued that instead of building huge new plants for military 
production use should be made of peacetime industry to work in 
parallel.

However Tukhachevsky’s ideas were met with some lack of 
enthusiasm among the higher military and political leadership 
who considered them unrealistic. Fortunately after a detailed 
study, and bearing in mind the changed military-political situ-
ation in the Far East and on the Western border of the USSR, 
Tukhachevsky’s thesis was adopted. Stalin himself apologised for 

Fig. 2  M.N. Tukhachevsky, commander of the Western front, taking a parade of the front troops, 1920.

the intransigence, and asked Tukhachevsky “not to scold “. Ac-
cordingly Tukhachevsky was relocated from Leningrad and ap-
pointed deputy chairman of the Revolutionary Military Council 
of the USSR and the People’s Commissar of Defence.

Tukhachevsky and Rocketry

It was in May 1928 whilst he was the commander of the troops 
of the Leningrad Military District that Tukhachevsky first became 
aware of the potential of rocketry. His attention was drawn to the 
rocket organisations of Leningrad which included the Gas Dynam-
ic Laboratory [GDL] and the Leningrad Group for the Study of Re-
active Motion [LenGIRD]. LenGIRD was the Leningrad branch of 
a much larger national group of enthusiasts called Reaction Motors 
or the GIRD Rocket Society; the other, main Branch, was in Mos-
cow which was called MosGIRD. He became a frequent visitor to 
the GDL which was under the management of N.I. Tikhomirov. 
Tukhachevsky very quickly understood the importance of the work 
carried out by the Laboratory and to ensure that this continued he 
assigned his assistant N.Y. Ilyin to the modern equivalent of its 
Chief Executive Officer [CEO]. When Tukhachevsky later left for a 
new position, he promoted him as the head of the GDL. In addition 
the rooms of the GDL Office were placed two floors below his own 
apartment not only to provide a dedicated workplace for the organ-
isation but also to enable him to communicate with its leadership 
almost daily. This interaction was very important and gave the Lab-
oratory special privileges in supplying and providing equipment, 
and information. Until his departure Tukhachevsky was present at 
the tests of many missiles and engines.

In April 1929, Ilyin gave Tukhachevsky a paper named “Met-
al as an explosive substance”, written by a fourth-year student at 
the Leningrad State University called Valentin Petrovich Glushko. 
After reading this work, he contacted Professor M.V. Shuleikin in 
Moscow and Tikhomirov in Leningrad with a request to assess 

A.V. Glushko and N.I. Shilo
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the usefulness of the work. Their response was very positive and 
this encouraged Tukhachevsky to pursue further the future role of 
rocketry for the Red Army. 

By 1932 Tukhachevsky had become head of armaments of the 
Red Army and it was in this capacity that he took decisive action 
to create a unified organisation which led to the USSR acquir-
ing the talented individuals who were to become the cornerstone 
of the Russian space programme, including Korolev. This came 
about in 1932, by which time he had also met with the leaders of 
MosGIRD as well as LenGIRD. Before he became acquainted with 
the MosGIRD Tukhachevsky had decided to merge the LenGIRD 
society with the GDL but his appraisal of MosGIRD led him to 
reconsider this decision. 

The two most active members of MosGIRD were Fredrikh 
Tsander and Sergei Korolev and their society had built and tested 
the first liquid propellant motors in the USSR. It was clear that 
the successes of MosGIRD had made them the most important 
faction in rocket research and this led him to begin proceedings 
to merge the GDL with MosGIRD instead of with LenGIRD. This 
also brought about a change of location for the future institute 
and also in its composition. On 3 March 1932, a historic meeting 
took place in Tukhachevsky’s office which was to determine the 
course of the development of Soviet missile technology. It met 
not only to consider the merger between the GDL and MosGIRD, 
but also to redeploy the GDL to Moscow and, as a result, create 
the first Reactive Scientific Research Institute [RNII]. The core 
of the personnel that were to make up the RNII originated from 
the GDL. Interestingly an agreement was made between two em-
ployees of the GDL, G.E Langemak and Glushko never, under any 
circumstances, to leave Korolev.

This initial meeting in March, significant as it was, represented 
only the beginning of a course of action which was to take almost 
a year in order to achieve the sanction of the new rocket organisa-
tion. The Soviet bureaucracy had to be respected.

The first step was to arrange a meeting in May 1932 whereby 
Tukhachevsky submitted a report to V.M. Molotov recommend-
ing the creation of the Reactive Institute and calling for:-

  “The prompt and complete resolution of the reactive problem 
with regard to its practical application to military equipment.” 

He added:-
 “The reactive institute should be organised on the basis of the 
latest achievements of science and technology on the reactive is-
sue with the use of the best staff of the GDL and GIRD. It should 
be equipped with the best scientific and engineering and tech-
nical forces working in the Union on issues of reactive action. “

At this time Tukhachevsky was also searching for a candidate 
to administer the merger of the two organisations into one and 
had settled on I.T. Kleimenov, who had recently returned from 
Germany. However, the matter was delayed for six months and 
only the direct intervention of Tukhachevsky enabled Kleimenov 
to be appointed in December 1932.

At least at ground level things were beginning to move. In the 
summer of 1932 and the winter of 1933 the employees of MosGIRD 
visited the GDL and were able to become acquainted with the work 
of the Laboratory and to get to know their future colleagues.

On February 25th 1933, another meeting occurred to progress 
the unification process. It took place in the Office of Military In-
ventions of the Technical Staff of the Red Army with the partici-
pation of the employees of both the GDL and MosGIRD. Both the 

chief engineer of the GDL, B.S. Petropavlovsky, and the head of 
MosGIRD, Korolev, supported the merger of both organisations 
into one. In their opinion, this would significantly improve the 
efficiency on all the work regarding developing rocket technology 
in the USSR.

The result of the meeting was a confidential note, compiled by 
Y.M. Terentyev and with the consent of Tukhachevsky and sent 
to the Central Committee. The note reported on the practical 
achievements of both organisations and substantiated the impor-
tance of creating the RNII. A few days after this, Tukhachevsky 
and the Deputy Commissar of Heavy Industry I.P. Pavlunovsky 
were summoned to meet Stalin, where it was finally decided to 
officially create the new institute.

Two further steps were required to finalise the procedure. A 
draft list of the staffing was required for the new organisation and 
this was duly compiled by Kleimenov. Also a location had to be 
found for the new group and after a long search it was decided 
that the Institute of Agricultural Machinery in Likhobory would 
be ideal as the premises for the RNII. At the same time, there was 
one more serious problem to resolve. This was to explain to the 
People`s Commissar of Defence, K.E. Voroshilov, the importance 
of creating this new organisation. His position was contrary to 
that of Stalin, and he believed that the USSR did not need this 
new technology because of its premature nature and complexity. 
However it appears that he did eventually agree to the proposals.

When all these difficulties had been overcome, on 21 Septem-
ber 1933, Tukhachevsky signed the order No. 0113 on the organ-
ization of the RNII in the Red Army. The head of the GDL, Klei-
menov, was appointed as chief of the RNII. His deputy was the 
head of MosGIRD, Korolev.

Further progress was made when Tukhachevsky created the 
Sofrinsky Polygon, a test site. He believed that such a large insti-
tution as the RNII should have its own training ground and on 
which the RNII workshops could be located. Since 1934, this site 
tested many rockets including Korolev’s cruise missile and Glush-
ko’s OPM-65 engine.

Tukhachevsky also attempted to obtain funding from Voroshilov. 
However in this he was unsuccessful, probably because the RNII did 
not come under the latter’s jurisdiction. However he managed to 
reach an agreement with G.K. Ordzhonikidze, one of his military 
comrades, who had become the People’s Commissar of Heavy In-
dustry. This agreement enabled the transfer of the RNII into Vo-
roshilov’s control on 31 October 1933. This was the Decree of the 
Council of Labour and Defence No. 104ss. As a result, the RNII be-
gan to receive virtually everything it needed for its financing. 

Tukhachevsky: the Educator and Theorist

Besides his more practical propositions for military reform 
Tukhachevsky was also very busy in the areas of military educa-
tion and military theory.

In August 1920, he was appointed head of the Academy of the 
General Staff, where he carried out educational and administra-
tive reforms aimed at streamlining the management system of the 
Academy.

Besides these management reforms Tukhachevsky also made 
significant contributions to military education, Soviet military 
science and the popularisation of military knowledge. He imple-

Mikhail Nikolayevich Tukhachevsky – his life and contribution to the Soviet rocket and space industry
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mented a project to create courses for the improvement of higher 
command staff for the Red Army and lectured on the conduct 
of operations, and the history of the Civil War. He was also set 
up a number of higher military educational institutions, in par-
ticular the Military Academy of the General Staff in 1936. At the 
suggestion of Tukhachevsky in 1925, the Staff of the Red Army 
formed the Office for Research and Use of War Experience, relat-
ed to military-scientific work in the Red Army. He also took part 
in the work of the commission that made military input for the 
production of the Great Soviet Encyclopaedia.

He was also a prominent military theorist and the author of over 
120 books, articles and publications. Amongst these was a consid-
eration of the Red Army’s combat operations during the Civil War, 
which was published in 1921 and aroused a lively response and 
heated debate in the pages of the military-scientific press. He also 
proposed theories relating to a “ramming strategy” and “successive 
operations” based on combat experience gained on the Eastern and 
Caucasian fronts of the Civil War, as well as the Polish campaign of 
1920. As a military leader and theoretician he paid a great deal of 
attention to predicting the nature of the future war and the devel-
opment of the military doctrine of the Soviet Union.

The Demise of Tukhachevsky

Throughout most of his life Tukhachevsky had managed to strike 
a delicate balance between what was possible without incurring 
the wrath of the Soviet political machine. Although he usually 
was able to find a path through the paranoia of officialdom, re-
grettably, on a number of occasions this did not prevent him from 
falling foul of the system and, perhaps inevitably, he finally mis-
calculated and was arrested on 22 May 1937 and charged with 
being an enemy of the people.

Fig. 3  Marshal of the Soviet Union M.N. Tukhachevsky, 1936.

Fig. 4 M.N. Tukhachevsky as a representative of the USSR on his way to the funeral  
of King George V. Warsaw, January 25, 1936.

A.V. Glushko and N.I. Shilo
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At this time the USSR was using terror on an escalating scale in 
order to remove institutions and individuals which did not con-
form to the dogma of the state. Essentially this stemmed from 
Stalin’s increasing intolerance to policies which differed from his 
own. Unfortunately Tukhachevsky’s ideas for a more adventurous 
military strategy for the USSR were deemed enough for him to 
be arrested. He was beaten into confessing that he was planning a 
coup d’etat and was shot on 12 June 1937. 

He was pardoned on 1 January 1957.

An unfortunate fall out from all this was the arrest of four 
members of the RNII, Kleimenov, Langemak, Glushko and 
Korolev for “association” with Tukhachevsky. The reasons for 
this action are not clear. The records of Tukhachevsky’s inter-
rogation show no mention of the Reactive Institute and there is 
not a word about the four arrested members of the RNII. Most 
of the issues covered in Kleimenov’s case were connected with 
his work in the Berlin Trade Mission and questions relating to 
Langemak, Glushko and Korolev were connected exclusively 
with the RNII. 

Fig. 5  M.N. Tukhachevsky [first on the left in the bottom row] at the May Day parade in 1937.
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DAVID BAKER

An event of the magnitude of the Apollo programme will have 
significance across the centuries as the first time humans lib-
erated themselves from Earth and journeyed to another world 
in the solar system. But for many of us it was a very personal 
journey. 

This is a summary of one person’s experience with the Apollo 
programme, a personal testimony of what it was like for a Brit-
ish-born participant in that great adventure. To place it in context 
I will ask the reader’s forbearance as I provide background and the 
reasons why this particular individual decided to make the space 
programme his profession and why it came to have such a pro-
found impact on his life. I trust it does not sound like an indul-
gence, rather an explanation of motivations from a very different 
age and a completely different time.

To a young man growing up in post-War Britain there were 
limited opportunities for achieving bold ambitions in aeronau-
tical science, engineering or technology. Which on reflection is 
perhaps rather surprising. Leaf through the trade journals of the 
1950s and there were plenty of exciting projects under way. Built 
on the research and development surge of wartime Britain, avia-
tion in particular was in its heyday and there was a plethora of new 
types, frequently broken speed and altitude records and the very 
real prospect of supersonic flight for all. 

Even looking back at 1950s issues of Jane’s All The World’s Air-
craft, the barometer of aeronautical progress, the British aviation 
industry was in relatively rude health – or so it seemed. Aircraft 
manufacturers were rising to the challenge posed by an accelerat-
ing pace of technological development in the United States, where 
supersonic combat aircraft were coming into service, and the Brit-
ish were breaking American speed records contradicting expecta-
tions of this economically wounded nation struggling to come to 
terms with a shrinking influence in the world. It did not seem that 
we were demeaned. At least on the face of it.

This writer had turned 10 years of age when the last vestiges of 
rationing ended but food stocks were depressed for several years 
and many of the items current on European and American tables 
were absent from British homes. This parlous situation influenced 
many young men to engage with opportunities for living and 
working abroad and when trans-Atlantic schemes were launched 
to give British school leavers the chance to move to the United 
States and engage with their contemporaries in North America it 
was a gift from the gods. Of course there was a reason. Ideological 
competition flared quickly after the end of the Second World War 
in the wake of a Cold War made bitter through proxy conflicts 
around the globe. Britain and America were allies joined ideo-
logically and through a defence and intelligence partnership that 
made many Americans a little in awe of what the British people 
had survived in six years of war. 

ON DAYS WITH APOLLO   
– remembering and reflecting

Offered as a means of opening the doors on non-US partic-
ipation, several conduits were laid for British people to take up 
offers of opportunity through member-countries in the North 
Atlantic Treaty Organisation (NATO) in a deal orchestrated and 
administered by Senator Clinton Anderson. As chair of the Sen-
ate Committee on Aeronautical and Space Sciences, Sen Anderson 
was a staunch advocate of the space programme and worked hard 
to promote its mission and its vital role in supporting US interests. 
He was very keen on nuclear energy and the use of the atom to 
power interplanetary probes. On one of the very rare occurrences 
he met with us he once asked me about the work of Dr. Shepherd, 
a BIS notary who advocated the use of nuclear propulsion systems. 
He had done his homework!

But that’s getting ahead of events. My own induction to the US 
space programme came largely as a result of the Apollo goal and 
the opportunities it presented, both to a group of us (I was the only 
one from the UK) who felt the need to support this US national 
goal and to serve as a springboard to more exciting possibilities 
for the future. I was ten days away from my seventeenth birth-
day when President Kennedy made the announcement on 25 May 

Fig. 1  The author at 12 years of age during a lapse in flying a Tiger Moth.
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1961 to send men to the Moon. 

I was attending an independent American school in Hertford-
shire, an idyll of learning and scholarship, bestowing service to 
country and a commitment to high standards of personal duty 
and a loyalty to individual fulfilment. Hard work and a sense of 
responsibility gave us a strong drive and our lives were full of what 
the world had to offer. I learned the piano and the violin (skills that 
would serve me well several years later during evenings at George-
town University) and I had a passion for speed; for a very brief 
period I raced bikes and then motorcycles in days before Lycra and 
safety helmets and I rode horses, rowed boats, inherited my grand-
father’s skill with a rifle (he had been a Bisley champion before 
becoming a sniper in the First World War) and ran cross-country 
races. All in all, a pretty normal life as I saw it!

I had been born in 1944 to an RAF family – my father joined 
up in 1932 and had five years of war in the Middle East before 
returning to the UK just in time for World War Two. There was a 
strong sense that during those years of Cold War tensions we, as 
youngsters, needed to do something to suppress what we felt was a 
more general threat against freedom, democracy and liberal values 
that had stood this country steadfast against totalitarian forces that 
had overrun the continent of Europe. 

And at the time we saw that threat from the Soviet Union and 
wanted to do our “bit” to stem the tide of communism and a new 
brand of totalitarianism. That was a strong motive and I had at-
tempted to join the RAF to become a fighter pilot, only to be told 
that I had a middle ear prone to rupture (which I had) and that 
the best I could do was to become an airline pilot. Now that really 
didn‘t sound too exciting to this teenager and it was while I was 
applying for a scholarship to join an airline as a trainee pilot that I 
was presented with an offer to go to the United States under Clin-
ton Anderson’s new pipeline to America.

I had never really been interested in science fiction but in-
stead was locked in to developments in aviation and in high per-
formance aircraft, my home in Hertfordshire placing me well for 
getting access to local airfields and to sites where air displays and 
shows were displaying the latest and the best in modern aircraft 
technology. The new generation of air-to-air missiles fascinated 
me and I was particularly taken with the interactive aero-perfor-
mance of a missile departing from its carrier and the flow across 
the wing to which it was attached. That led me to a wondrous fasci-
nation with what happened to the aerodynamics of staging within 
the atmosphere when rockets departed for space. 

I had a telescope and was fascinated by the visual spectacle of the 
galaxy but it was the Moon that drew me and the connection be-
tween aviation and the dawning era of space research only fuelled 
that intrigue. In fact, I had first been smitten by the photographs 
of the Earth from cameras lofted on Bumper-WAC ballistic flights, 
with pages of such pictures from the Illustrated London News care-
fully filed! It brought home to me the reality that humans could 
soon be going into space. Sputnik 1 came as a rallying call to arms 
and the impetus was memorable. At the time I was completely un-
aware of the British Interplanetary Society; for no specific reason I 
saw the United States as the lead nation for taking us to the planets. 

So began a blitzing of US aviation companies for anything and 
everything that they could send. I was 15 when McDonnell got the 
contract to build the Mercury spacecraft and that was a clear target 
for my attention! On reflection there was no reason for this level of 
attention to a British boy on the other side of the Atlantic but even 
at that age it contrasted blissfully with a previous only cursory re-

sponse from British manufacturers about their aircraft types. On 
balance, there was no need for a manufacturer from any country to 
have given the attention that the US manufacturers did but it was 
a trend that was to continue and to increase as my involvement 
deepened. About which more later.

 
The parting of the waters

The country I found myself in was far different from my expec-
tations and I was greatly surprised at the welcome. There was a 
palpable sense of urgency and of inclusiveness, as though it didn’t 
matter at all that I was British among a sea of Americans. It was 
1963 and the agency was building big and building fast, the NASA 
budget doubling every year and a peak nowhere in sight. They 
wanted anybody and everybody. 

First, I was bundled off to Florida to meet some German rocket 
scientists which, at the time seemed a perfectly normal thing to do. 
I was undergoing courses in lunar studies and was looking toward 
to eventually doing a Ph.D on lunar morphology. So why was a sci-
entist-in-the-making being sent to look at V-2 motors? It was my 
own fault. I had expressed the view that I felt more at home with 
the technology than the results it would provide and that I wanted 
to get some experience with integrated systems. That was not sci-
ence but engineering. As I saw it, the creative parallel to my love 
of writing, fostered at school and maintained throughout my life. 

The V-2 provided what I regard as one of the first examples of 
what later would be known as “systems engineering” – the inte-
gration of propulsion, structures, guidance and electrical power; 
all the separate functional elements of a ballistic missile but not 
yet the separable warhead which would characterise the missiles 
already in deployment. I took a train ride to Orlando and then a 
car to Cape Canaveral, that bit being my first experience of driving 
on the wrong side of the road.

On days with Apollo – remembering and reflecting

Fig. 2  Senator Clinton Anderson who pioneered a scholarship programme 
for boys from NATO countries to conduct multinational education courses 
for participation in the aviation and space industries. 
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My future involvement with the space programme had been set 
in my mind several years before, when I had nursed a fascination 
with high-speed flight and the outstanding accomplishments of 
the X-series research aircraft. The latest development had been the 
North American X-15, the first true aeroplane to break through 
hypersonic flight and at altitudes outside the sensible atmosphere. 
I really believed this to be the connecting project between high-
speed flight and space flight. It was an exhilarating time and I had 
bombarded my schoolteachers with all manner of questions. At 
school we were encouraged to give talks to our year on a subject of 
choice. It was no surprise that I chose to inform my fellow students 
about the coming future of a discipline that would very soon be 
known as “aerospace”. Nods all round!

In connecting with some of the engineers who had worked on 
both the V-2 and the Bumper-WAC projects I was taken by their 
interest in British rocket development during the Second World 
War. They appeared much more fascinated in that work, especial-
ly British experience with HTP propellant, but I was an abysmal 

source, knowing hardly anything about which they spoke! I was, 
however, able to get to speak to some of them about the activi-
ty by von Braun at Peenemunde, about his enthusiasm for space 
travel and about the accusations by the Gestapo that he had been 
working on space flight plans to the detriment of the ballistic rock-
et programme. I was told that von Braun was known within the 
group, that his passion for space travel certainly outweighed his 
enthusiasm for the regime that provided his pay cheque, and that 
they had quietly set up a cordon sanitaire round him so as to de-
flect any snooping by the secret police. I never knew if that was 
known to him and perhaps we never will know. 

I think it was while I was on those sort of activities and as-
signments that I began to realise that a lot was slipping inexora-
bly into the past and that unless we did something positive to set 
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Fig. 3  The US Air Force Academy where the author spent considerable 
time and from where he would begin a sustained involvement with military 
aviation whenever his space-based day job would allow! US
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it down and remember it, the “hack” writers who would pick up 
these stories would write them with self-induced drama to make 
their epistles more appealing! And was it not ever so! I was furi-
ous with those within the programme who felt it beneath them to 
devote time to writing down their experiences, that somehow it 
demeaned their commitment as engineers. But I did meet a few 
who had a different view and wanted to commit a small portion of 
their time, like me, to writing up the historic events.

The reader must bear with me (again) as I digress for an exam-
ple of how I came to realise that there were others who thought 
this way. Fast forward to the late 1980s, fascinated still by the his-
tory of aviation in the Second World War I spent some time at the 
home of Adolf Galland, the youngest General in the German mil-
itary, preparing to write his authorised biography. I was regaled by 
him with an infectious enthusiasm for the history of his units and 
their equipment insofar as it could add measurably to understand-
ing the vector of engineering developments with his aircraft and 
in measuring the trajectory of performance given specific variants 
or upgrades. 

Galland told me how he required historians to be attached to 
every unit he commanded and had in fact been “retained” by the 
allies immediately after the war, writing up the history of the Jag-
dwaffe! Here was an engineering imperative for being an integral 
part of recording the projects and programmes from personal ex-
perience. It reinforced my own thoughts, albeit almost three dec-
ades after I had decided that this was the way to go and it was 
an engaging devotion to the history of our respective fields that 
forged an unsuspected bond between us. 

After V-2s in Florida and deliberations over wartime experi-
ences with former Peenemunde engineers, it was full tilt on studies 
of the Moon and that led me to understand the other half of the 
Apollo programme – the science that would drive the later devel-

opments that we were able to achieve with the J-series missions 
where three full working days on the Moon became standard prac-
tice. It also displayed to me that there were two co-orbiting worlds 
in this solar system: the engineers had their day for most of the 
programme but the scientists were always there nibbling against 
the “test-first” mentality that pervaded the programme, at least 
until 1970 when it visibly opened up to science applications.

My own activity chain went through my Moon-thesis path to 
my Gemini period and then in to Apollo. Lunar studies took me 
to some very interesting people, Ewen Whitaker being for me one 
of the most outstanding over-performers in the entire spectrum of 
lunar scientists I met, barring Gene Shoemaker of course. Ewen 
had been involved in the PLUTO project after D-Day in June 1944 
and being a couple of decades my senior he was a valuable source 
of discriminating advice between preceding studies, which to 
avoid and which to engage with. Born in Britain, Whitaker had 
been schooled by one of my heroes, Gerard Kuiper and became 
part of his lunar photographic project before the opening of the 
Space Age spurred the founding of the Lunar and Planetary Labo-
ratory at the University of Arizona. 

It was while discussing with him possibilities for lunar explora-
tion that I felt my own incentive to shift laterally into engineering 
and take up an option, already offered, for me to start migrating 
to space systems design and analysis. I was determined that we 
could do a whole lot more with the Lunar Module. Mistakenly, I 
felt the “stretch” opportunity for the Command and Service Mod-
ules (CSMs) was limited but that the LM had infinite possibilities. 
And not surprisingly, given the other contracts coming to CSM 
manufacturer North American Aviation it was Grumman that got 
hungry. I managed to get some air tickets paid to visit both man-
ufacturers and got excited over the possibilities I saw. Engineers at 
NAA were smarting still under having lost the job of putting men 
directly on to the lunar surface, pointing out to me that the specifi-

Fig. 4  A guiding influence in the author’s life, British-born Ewen Whitaker (left) with his colleagues at the University 
of Arizona and a model of the Ranger spacecraft. .
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cation had been compromised to some extent by the requirement 
for that which had subsequently been denied by the decision for 
Lunar Orbit Rendezvous (LOR).

For their part, Grumman was eager to point to the potential for 
a change in systems selection to open the possibility of a switch 
from batteries to fuel cell technology for electrical energy and as-
sociated benefits for cooling and weight reduction. I was asked to 
do a distinctly unscientific analysis but one which would at least 
point us in the right direction. I took that back to NASA and while 
completing my work for my thesis on lunar morphology I turned 
a corner that day and decided that I really wanted to help design 
the machines of Apollo – or at least those that had the potential 
for stretch and expanded capabilities. It was going to be the long-
term run for that switch but with NASA beginning to seriously 
build through the Apollo X period to the Apollo Extension Sys-
tem/Apollo Application Program this was a unique opportunity to 
be in at the ground floor of something big.

Grumman felt that the original specification for the LM had 
been too limiting with mass/power curves for a 35-hour stay on 
the lunar surface being too short to justify abandoning batteries 
for fuel cells. Both NAA and Grumman always felt that the con-
figuration of the assembly should never have relegated the lander 
to be a “Module” in parallel to the Command Service “Modules”. 
Even the Apollo CSM contractor understood the logic of sepa-
rating the LM from its appendage-link to the mother-ship. It also 
skewed expansion of the LM’s operating envelope and established 
a mind-set which was alien to the political leadership and the 
bean-counters in Congress. This was also a time in which I be-
came convinced that whatever we imagined could be developed 
would only really happen if was justified on the same basis that the 
Apollo programme itself had been approved. Sadly, that was pure-
ly on the basis of Cold War politics and a single-shot aim fulfilling 
a Cold War challenge. 

The work I did (quite informally and totally without any official 
or directed requirement), put my own lunar studies into parallel 
with expanded capabilities on the surface and would set me on a 
track that would bring me closer to the Apollo Applications Pro-
gramme and the J-series missions (eventually Apollo 15, 16 and 
17). I think everybody liked the idea of putting fuel cells into the 
LM and doing that would unify the requirements by integrating 
oxygen, cooling system and offloading the heavy batteries which 
by themselves weighed 358 kg. I calculated that even in an extend-
ed LM we would up the total battery mass to 420 kg (which we did 
for the J-series by adding a fifth Descent Stage battery) for extend-
ed surface stay time. To give the LM truly long-duration capability 
would require a significant shift in the way the entire balance of 
consumables was designed.

This intrigued me and I decided to do a spot of moonlighting, 
using accessible contacts to bring up the possibility of transferring 
the fuel cells designed for the CSM into a derivative Lunar Mod-
ule. In planning power sources for manned space vehicles there 
is only one deciding factor – the mass/power curve I referred to 
earlier. It pointed to a logical shift from batteries at a stay time of 
around 100 hours; below that, batteries were workable but above 
that duration something else was required, given the “head” time 
required to power-up, land and then, after the stay, to lift off and 
factor in an abort or a protracted orbit dwell time waiting for the 
CSM to effect a rendezvous and docking. Solar cells were out; with 
all the dynamic manoeuvring required by the Lunar Module they 
were, at the time, too fragile to risk.

This work demonstrated that we could use fuel cells to provide 

water for cooling and drinking, for merging separate requirements 
for oxygen and power and for sustaining life on the surface. It 
quickly became apparent that we could use advanced technolo-
gy to reduce the weight of those batteries in the Ascent Stage and 
provide surface power for the Ascent Stage as well. But we also 
looked further. By this time I was joined by a couple of engineers 
from Lockheed and Pratt & Whitney who helped me design in a 
further extension of capability so that fuel cell technology could 
be the enabling system to give the LM a permanent presence on 
the lunar surface by extending the stay time to 720 hours, or one 
calendar month. 

We even looked at a hybrid solution in which an unmanned LM 
would offload the Ascent Stage in favour of a logistics pod on top 
of the Descent Stage that would deliver to the surface a deployable 
solar array system, significantly reducing the operational demand 
on the fuel cells but supplying them with supplementary quantities 
of cryogenic oxygen and hydrogen. That led me to speculate on 
the sustaining of life to provide dwell-time awaiting a rescue from 
Earth should the Ascent Stage not be able to leave the Moon and 
carry the crew back to orbit. And from there I looked at the possi-
bility of analysing rescue modes that favoured two possible means 
of crew retrieval. If the Ascent Stage were stranded, along with the 
crew, what would it take to keep them alive until an Apollo res-
cue ship could be launched from Earth? Could an unmanned LM 
component land automatically, enabling the stranded astronauts 
to rejoin their original mission sequence: rendezvous and docking 
with Apollo followed by a return to Earth. 

We worked out that it would be possible for a one-man CSM/
LM combination to deliver a rescue LM but with some significant 
upgrades to the LM guidance and navigation system and with some 
changes to the way the two spacecraft were operated. It was all get-
ting a bit out of hand but our rationale was to close the loop and 
enable a full rescue capability for expanded mission opportunities. 
The lack of a rescue mode had always been the weakest link in the 
mission chain and the deliberations that went on in the 1963-1964 
period were an important start to the later concepts which perme-
ated the end product of the Apollo Applications Program – Sky-
lab. But of course running lunar rescue modes would be infinitely 
easier if we had an orbital station where a rescue lander could be 
parked ready for use. Seeding those thoughts through AAP led to a 
shelved decision about lifeboats and after the Apollo 13 experience 
it was taken off the shelf and applied to thinking about orbiting 
space stations which, in 1970, were still being considered as large 
12-person facilities. That would result in the lifeboat concept now 
active at the International Space Station.

Back to Apollo and my immediate transfer to the Gemini pro-
gramme. My work on rescue operations put me close to the ren-
dezvous and docking activities in that two-man interim develop-
ment programme and the Gemini V mission which was the first 
to build in to the flight plan a full target separation, rendezvous 
and re-rendezvous schedule. Known as the Radar Evaluation Pod 
(REP) and carried into orbit by the Gemini V spacecraft for de-
ployment, this device would contain a transponder of the type 
which would be fitted to later Agena target vehicles. This mission, 
in August 1965, was a good way of learning how effectively that 
operation could be performed, and (what mattered most to me) 
how the thrusters held up and the quantity of manoeuvring pro-
pellant which would be consumed on specific rendezvous opera-
tions. This was a new deal for NASA. The preceding two manned 
Gemini missions had conducted orbital changes but rendezvous 
and docking was a completely new ball game and it felt so!

So it was that I came to Apollo via Gemini and thrust myself 

David Baker



89

into a full-up learning curve, blagging time in the simulators when 
they were empty and trying out all manner of activities never in-
tended in the design of the spacecraft. Others did that too and 
more effectively than I could. But the summed totality of that ex-
perience was that we had probably under-designed spacecraft ca-
pabilities and that was the case too with the Apollo CSM and LM. 
It was a highly motivational factor in helping bring some formality 
to plans for the Applications Program. I found most engineers on 
the Apollo mission plans were focused so tightly on their specific 
flight objectives that there was little time to ponder the long-term 
implications. And if they had, there was little scope for implement-
ing these until the primary goal of Apollo had been accomplished. 

People of Apollo

During the next several years activity was influenced strongly by 
two seminal moments of change within both NASA and the pro-
gramme. In 1963 there had been significant levels of uncertainty. 
More than most, I studied the messages that had then been com-
ing out of Washington DC regarding the pace of approval for the 
manned lunar landing attempt and in 1965 that was flagging; the 
President too was sending messages of doubt and it was becoming 
clear that despite the rhetoric and the passionate speeches (peak-
ing at Rice University in 1962), even Kennedy back in 1963 had 
been drawing further away from Apollo as the linchpin of a bur-
geoning space programme. The second seminal moment was the 
Apollo fire of 27 January 1967.

In 1963 the management of NASA ran into serious trouble and 
it was becoming apparent that the medium and senior level man-
agement tiers were probably incapable of getting us to the Moon. 
For me, as a relative bystander back then, it was disarming to learn 
that these changes had taken place so recently and that the pros-
pect if it becoming unstitched was still a haunting nightmare. I 
became an avid reader of Aviation Week, the US trade journal for 
the aviation and space industry, and there were plenty of signs that 
things were still not getting better. I learned that two years before 
I had arrived with the Gemini programme deep uncertainties had 
begun to surface regarding some of the technical challenges. And 
those challenges were everywhere.

In 1965 some technical problems were affecting the develop-
ment of the F-1 engine for the Saturn V, with the cryogenic S-II 
Saturn V second stage, with the Apollo spacecraft and with the 
Lunar module, the latter of which was continually beset with 
weight issues. The management problem of 1963 had been solved 
by bringing in a wide range of senior US Force officers schooled in 
the dark arts of systems management – a category I came to love 
and virtually worship! We saw the cutting edge of the future scythe 
through old practices, the transformation it brought to testing and 
the lightning acceleration in possible flight manifesting which had 
previously threatened to choke off any chance at all of getting to 
the Moon by the end of the decade.

But the people of Apollo had become hardened, ingrained with 
the intensity of a work effort brought in by the arch-architect of 
the entire edifice, George E, Mueller, boss of NASA’s manned space 
flight operations since September 1963. He had cleared out the cob-
webs and there was no appetite for going back to the conservative 
days of cautionary development, an evolving manifest over popu-
lated with unnecessary test flights. Resisting very little, von Braun 
had been brought round and the entire programme was slimmer. 

Once, when I went to the Marshall Space Flight Center, there 
was a marked decline in enthusiasm for pressing ahead with the 
existing, thinned-down, test programme for the S-II, explained 

when I discovered that there had been a projected test schedule 
that could have cleared the stage a lot quicker. Usually associated 
with launches, “go-fever” was spreading everywhere.

By 1966 I was fully up to speed on Apollo but still floundering 
with some of the guidance work until I chanced upon the opportu-
nity to visit the Daper Laboratories, where the guidance and nav-
igation concept had been developed by Dr. Charles Stark Draper. 
It was Draper himself who had been the architect of the simple 
layout, beginning with the underpinning principle of it all – that all 
the primary tasks of guidance and navigation would be performed 
on the ground and not in the spacecraft, only sufficient technology 
being built in to the spacecraft to allow the crew to navigate them-
selves home in the event that communications was lost. But this 
had been a somewhat crude bypass, avoiding the problem of what 
to do if all communications had been lost. 

I remember taking this conundrum to some of the people at 
North American and they were strongly of the opinion that the 
Moon landing function of Apollo, tagged on to a programme 
already in being when Kennedy announced the goal, was not 
thought of as the start of a new sequence of missions but rather 
a single-shot affair which might not be repeated, let alone given 
a third chance. All that had changed but it explained a lot to me 
and it was a difficult learning curve: many of the engineers that 
influenced my thinking harboured really serious concerns for as-
tronauts flying later missions, in fact the entire rationale in Mueller 
bringing in the lean test programme, cutting out many manned 
flights along the way to the final goal, was so as to reduce the risk 
of losing a crew; the fewer the flights the fewer the risks 

This fear would return to haunt Washington from the time 
Richard Nixon became President in January 1969; fear is infectious 
and these concerns got to the White House, significantly influenc-
ing his decision to cut out Apollo 18 and 19. All that was to come 
but when it happened it was no surprise to me. Very few had orig-
inally expected it to be the start of a permanent activity. Even sen-
ior management, quite unknown to me at the time, had digested 
a deeply unsettling concern that there were vulnerabilities in the 
entire mission plan for that first landing and knotted stomachs be-
gan to grow in frequency as we neared that day when the Descent 
Stage engine would light up for the first Moon landing.

Fig. 5  An impressive leader, Christopher C. Kraft was the architect of the 
mission control concept, the father of modern day flight direction. 
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It was the people of Apollo that made it happen and I felt that 
I was a spectator – highly privileged and deeply in awe of what 
I saw around me daily. It was around 1966 that I began to take 
notes, to record diary observations of things I knew would never 
make it into officially documented history. They are with me to 
this day, notes of things not written in the history books – which 
are largely chronicles by others representing the victors of their 
own accomplishments, seasoned with a tinge of uncertainty as if 
to convince the reader that it was never easy and so elevate the 
heights of their accomplishment. Those never did need artificially 
elevating because it was very hard – from start to finish. But we all 
knew that already. I knew what the history books would say and 
I wanted to make my own observations so that I would add those 
little nuances.

There was a strong emotional attachment to what was going on. 
In 1966 there were so many successful achievements that a sense 
of euphoria set in, as though the learning curve was building and 
we could dispense with some of the uncertainties. Despite the pure 
oxygen environment, some light bulbs shattered in Gemini space-
craft, with all the potential consequences of that. After all, with-
out convection (due to weightlessness) and with such a low cabin 
pressure, the risk of fire was thought to be very low. And some 
switches got broken due to the close proximity of flailing arms, and 
in some instances circuits had begun to pack in with an increasing 
risk of losing those fly-by-wire systems. But it was alright, nothing 
life-threatening and we were battling through. There was no jin-
goism but there was a decided sense of gung-ho and it got worse 
as the missions ticked pre-loaded boxes and we moved inexorably 
closer to the transfer of mission activity to another spacecraft, to 
the Apollo Command and Service modules about which I knew 
more than I should have done according to my work assignment. 

As noted above, I had availed myself of opportunities to visit the 
Apollo CSM and LM contractors but strangely, even to this day, I 
feel a greater affection for Gemini than anything I ever would for 
Apollo. And I had experienced the simulator and seen for myself 
that the CSM was a big lumber of a ship, although the LM, espe-
cially after staging, was a little bit more like a light-plane cavorting 
around the sky. As for Gemini, with its forward facing seats, its 
forward-facing windows and its forward-facing nose cone, per-
haps to me it was the fighter I had never had the medical clearance 
to learn to fly during my teenage years, experiencing repeated ear 
infections as I did. Perhaps the reason is “lost in the noise” but 
Gemini for me was the spacecraft of the age. 

I had the great good fortune to get to know some very impor-
tant people and for me Deke Slayton was of a special category all 
his own. I never felt quite the same about Al Shepard, although 
truth be told I didn‘t really know him. But I liked Deke’s can-do 
spirit. I recall that a couple of decades later when having lunch 
with him in a Houston diner he proudly repeated how while jog-
ging he had outrun his son, more than 30 years his junior, and 
would shower and change before he got home! Little things like 
that mattered to Deke – always trying to overtake the car in front! 
I could relate to that and it returned me to the racetrack back in 
England, head down, leaning into the corners and riding on the 
edge. We could each relate to his story. I think of that often and 
even today miss him for the life model he was for me. 

It was very easy to see the difference between the “Mercury 7” 
and those who came after. There was something special about the 
original group selected to fly the one-man spacecraft. Sadly, only 
four got to experience it in orbit and one not at all – that being 
Deke, who of course got to fly on the Apollo Soyuz Test Project in 
1975. But those who came after had three spacecraft lined up for 

candidate seats and the attitude was less of a pioneering approach 
to an operational test slot. Nevertheless, the Mercury astronauts 
held a special niche within that profession although there were 
some acerbic and abrasive conflicts nonetheless. Most of which 
was apparent when the commercial agreement with Life magazine 
caused some disagreement as to lot-sharing!

Two-man test

It was the Gemini programme that turned attitudes in general and 
that was clear for us all to see. As said, the assumption that some 
of the uncertainties and constraints were essential had evaporated 
and there was a very real sense of momentum. But only on the 
surface, for the technical problems with Apollo were becoming 
all too apparent. Now a matter of public record, the concerns ex-
pressed were supressed to some extent and for insidious reasons. 
I had this particular fascination with the way we “sold” the space 
programme to the press and to the politicians who paid the bills. 
Public support for the manned programme was waning and there 
was a feeling that, with the burst of success through Gemini, the 
race had already been won and why continue to spend increasing 
sums of money to go further?

Unlike a lot of my contemporaries, I kept a very close watch on 
the budget process in Congress and kept (still have) all the tran-
scripts of the NASA hearings substantiating budget requests – all 
in neatly printed books which are very hard to find today, outside 
the Library of Congress that is. The waning interest and the soar-
ing budget had already taken its toll. The annual increase (roughly 
doubling every year) had brought concerns to the politicians and 
had peaked the year before Gemini began manned flights. Pro-
jections were that it was going to go down, inexorably every year, 
and while that was acceptable for Apollo (as all the major spend 
had been in the years 1961-1964) it was a very bad portent for the 
future and that was what worried me. 

I began talking openly about this to my peers and raised dis-
cussion with some of the contractor middle management peo-
ple who were looking to extend their work orders, keep alive the 
hand-build production flow and propose further developments 
for sustained mission manifests. Obviously, being contractors they 
wanted to continue with paid work and to have their existing in-
vestment grow into additional projects but there was a genuine 
worry that all this could grind to a halt. You don’t see this in the 
history books now but it was a real concern among all the people 
I spoke to. President Kennedy had never taken up the notion that 
the space programme was a permanent fixture in human activity 
and that was reflected in the way he championed the Moon goal 
but fought NASA over parallel growth in space applications. 

A couple of years later, on trips to the nation’s capital I ferreted 
around for details of the discussions Kennedy held between his 
own staffers and the Congressional leadership in the crucial peri-
od after Lyndon Johnson recommended a Moon landing goal in 
late April 1961 and the decision to proceed with such a challenge – 
finally verified after Alan Shepard’s flight on 5 May 1961, officially 
the first US space flight. Kennedy had promised David Bell, the 
head of the Bureau of the Budget that Apollo would not grow to be 
an entrenched claimant on the discretionary spending funds left 
over after the obligatory budget items had been taken out. During 
those meetings, during which I had the great good fortune to get 
the ear of Charles F. Ducander, the Executive Director and Chief 
Counsel of the House Committee on Science and Astronautics, I 
came to understand the depth of Kennedy’s limited view of space 
– as a political tool and nothing more. In fact, he hated the idea of 
a sustained confrontation with the USSR and right from the very 
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first day of his presidency had extended the hand of friendship and 
conciliation to Russia. 

Charles Ducander became a very dear friend and hosted me to 
several long lunches during which he was generous with his dis-
cussions on space policy and on one occasion provided me with 
some documentary evidence – all very much in the open – that 
agreement had been reached with senior Congressional leaders 
that they would go along with the President but only on the ba-
sis that Apollo was a one-shot challenge and would not become a 
permanent drain on the national budget. All this helped me to get 
behind the scenes and even as we were winding down Gemini, or 
at least well into the rendezvous and docking flights, I was pulled 
back to Houston because the idea of dual Gemini/Apollo missions 
was still in the offing. 

But before we get to that, I was introduced by Charles to Bar-
bara Luxemburg with the Congressional Research Service and was 
asked to do some reports which are there today in the documents. 
I learned later that the British Interplanetary Society was quite in-
volved with providing information to Dr Charles Sheldon, head of 
the Science Policy Research Division at the CRS. And apparently 
the information provided by several groups in the UK, including 
the BIS, were of great value to other government organisations too. 
I didn‘t know that at the time – we all had our little bubbles!

Back in Houston there was a frenzy to get the first manned 
Apollo up and I had several boomerang-trips (repetitively back 
and forth) between Houston and the West Coast checking in on 

NAA and their work on the CSM, which was causing significant 
problems. In my role as messenger and fire-fighter I was privy to 
some of the unprintable conversation. Under the tension of the 
time, there was not a little acerbic conversation between NAA, 
Houston and the Cape where hardware was arriving in an unfit 
state for flight. And it was getting to the astronauts too. 

Security was very tight in those days. Contractors were kept 
somewhat at arm’s length and there were passes of all kinds for 
many different places. For some inexplicable reason I had a little 
piece of paper (then a plastic-coated card) which usually kept the 
security guards at bay! Needless to say I took full advantage of that 
– doing my job but always with that fascination for the bigger pic-
ture and for the detail of what we were doing. And it was because 
of that dual drive on my efforts, I was fortunate to get close to that 
issue of combined flights of Gemini and Apollo and that entire 
study area behind the dual flights of Gemini VI-A/VII in Decem-
ber 1965. Only because the possibility of flying Gemini and Apollo 
together had been thoroughly studied could the December 1965 
rendezvous between two Gemini types became possible. Not a lot 
of people know that and a couple of decades later I asked Deke 
why it never seemed to appear in the history books – that link 
which enabled the plug-in mission option of the two spacecraft 
conducting a rendezvous. It was a surprise to him too! 

Delays to Apollo prevented that possibility and it never did re-
ally appear to have any advantage but the pace that Gemini was 
moving contrasted with the sluggish preparation for Apollo. There 
was a time toward the end of 1966 that it began to look as though 

Fig. 6  The author’s first mission assignment, the flight of Gemini V where fuel cell problems dogged the eight-
day flight. Here, Kraft (stroking chin) talks over options with astronaut Elliot See (arm down on console desk), 

Gene Kranz, to his left and British-born John Hodge to his right facing camera.
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the division into Block I/Block II would be largely irrelevant. In 
fact there had been a gathering opinion in early 1966 not to fly the 
Block I but to go straight to the fully equipped CSM. The Block 
I lacked docking, had some different systems lyouts, an interim 
hatch and some display and control configurations representing 
an earlier generation of design and layout, some of which repre-
sented the reduced capabilities of the Block I. All this meant that 
the operational tasks which could be built in to a mission flight 
plan were severely limited. But all that was debate of the past and 
irrelevant as we came up through 1966. 

One aspect of great concern was the performance of the com-
munications system and environmental control equipment but the 
one daunting prospect was the operability of the spacecraft with 
frequent changes to the test equipment being installed. It was al-
ready known that some of the wiring harnesses in the looms were 
redundant, beginning and ending in dead ends. The proliferation 
of changes and amendments to the installations created a blizzard 
of paperwork, not all of which was adhered to. As we came up to 
the first manned flight of the Apollo CSM there was a considerable 
amount of concern and while the broader issues were not gener-
ally known until after the fire, everyone realised that things were 
beginning to slacken, lacking the sharpness and the slick processes 
that characterised Gemini, not that the two-man programme was 
without its problems!

 
Fire in the cockpit!

None of us will ever forget where we were when we learned that 
Grissom, White and Chaffee had lost their lives in an accident on 
pad 34 at Cape Canaveral, 27 January 1967. It was a shock but not 
really the surprise it should have been. In the aftermath I found 

myself up at NASA HQ shortly thereafter and while playing much 
the role of an observer it was an opportunity to get inserted to the 
somewhat under-reported clash between Jim Webb and some of 
the upper echelons of management. Sam Phillips had the handle 
on the Apollo programme and had been engaged in some critical 
exchanges with North American that would catch Webb by sur-
prise when he first learned about that during hearings. There were 
some concerns about NAA on both major contracts they held: the 
CSM and the SII stage. The real problem that emerged focused 
on the management of both programmes although the Marshall 
Center had better control of that cryogenic stage.

The next several months are well known and brought signif-
icant change. This was the greatest shift in planning, scheduling 
and people performance that there had been to date within the 
NASA tent and it was the biggest change in strategy since the ad-
ministrative changes of 1963. The greatest upheaval affected the 
astronauts themselves and in the several management shuffles and 
personnel changes that drove an entirely new ethic into the way 
the programme was operated. North American were greatly re-
lieved that President Johnson allowed NASA to hold an internal 
enquiry rather than inject an external review board into the sys-
tem. That would have taken more time but perhaps more impor-
tant, could have resulted in a complete re-write of the next several 
steps. There was an immediate concern that NAA could either 
lose the contract but that was quickly dismissed. To have changed 
contractors would have ended the programme as we knew it but 
there was critical concern too about the lack of oversight and the 
opaque way in which the performance of the contractors had been 
handled prior to the fire. 

For a few weeks surrounding the Congressional hearings and 
the testimony from NASA managers there was deep uncertainty 
about the potential consequences. As already said, NASA’s budget 
was in decline and the hearings over this incident occurred at the 
same as the 1968 NASA budget was appearing before both Hous-
es. That budget would cover the year starting July 1967 and there 
were critical decisions pending regarding the Apollo Applications 
Program and all that “futures” planning we had been doing. As 
I watched closely, and close to, the changes which were coming 
through, on reflection I felt it was the turning point at which we 
lost the AAP trust bestowed by Congress and at a time when pres-
sure on the government budget had never been greater; the Viet-
nam war was escalating, Johnson’s Great Society programme was 
in need of big money and confidence in NASA, while not shattered 
had been severely shaken.

History books tell us that the great transformation that came 
about as a result of the fire was a seminal moment in the history 
of the Apollo programme and it is difficult not to agree. But I am 
not sure that this is correct. The basic, essential, ingredients for 
getting programme back on track was already there. Some people 
were brought in – just as they had been in 1963 – to reshape the 
programme for changing demands and different requirements. 
Several people got greater leverage on the decision ladder, Owen 
Maynard being one of them. 

Already we had seen how Mueller and Philips had taken a 
scythe to the flight manifests which, in 1963 called for several 
manned Apollo flights on Saturn I, still more on Saturn IB and 
a delay to manned missions with Saturn V until several build-up 
flights had demonstrated total reliability. Before the changes in 
late 1963, Saturn V itself was to fly first with just the first stage, 
then as a two-stage rocket and only finally being released for orbit 
by adding the third stage. That had been completely overturned 
saving several years and large amounts of money in favour of the 

Fig. 7 Harnessed for a military flight, the author’s work took him into the 
air in a variety of exotic aircraft. 

DA
VI

D 
BA

KE
R

David Baker



93

all-up system approach brought in by those US Air Force officers 
trained on the schooling of Gen Bernard Schriever, master of the 
fast-track approach to testing, verification and qualification for the 
ballistic missile programme. 

Post-fire, there was a similar sequence of cultural and systemic 
changes which opened the possibility of reaching the Moon with 
five flights. At the time it seemed impossible. Here we were, with-
out a credible Lunar Module, still awaiting a complete reworked 
CSM for safety and vastly improved quality control and just about 
a year to go to the deadline. Suddenly, that became important 
again and there was a universal sense of accelerated effort. So 
much so that some of the planning was found wanting. The ac-
tivities for that first, all-important landing were lagging behind 
the technical preparations and chief architect Chris Kraft cracked 
the whip on some of those undecided elements of the mission. 
But it was not possible to prepare each upcoming development 
flight as a locked-down sequence. Each successive mission could 
only be completely closed based on the results of its predecessor. 
Which is why NASA engaged with the concept of concurrency, 
another little debated facet of mission management and revised 
programme planning.

Concurrency did not have a good reputation, yet it had been 
the hallmark of so many Air Force development projects. With 
time of the essence, without cutting corners, it seemed the only 
solution to so much additional tasks and in so little time, counting 
down to the end of the decade. I knew all about concurrency. As 
part of my training the Air Force had given me a week at Strategic 
Air Command (SAC) Headquarters at Omaha, Nebraska, bolted 
on to a refresher course for graduates from the USAF Academy 
at Colorado Springs, Colorado where I sat in on the concepts of 
concurrency. Suddenly, what NASA was now embracing made a 
lot of sense. 

Taking the all-up systems management approach a step further, 
concurrency meant running production and operational trials 
alongside testing and evaluation – concurrent development of 
the hardware while simultaneously engaging in the evolution of 
final systems design and development. This had, I thought, been 
the way NASA was working by splitting the precursor Block I and 
Block II approach, getting under way with astronauts obtaining 
flight experience on a basic vehicle before introducing the fully 
commissioned hardware which would come along on a staggered 
schedule. But that was not concurrency at all, I leaned from the 
course. Real concurrency was parallel development right along-
side flight operations. It was what would move us directly from an 
initial 10-day shakedown flight on a Saturn IB to a lunar orbit mis-
sion on only the third Saturn V flight, the second Apollo mission 
and the first for astronauts on this type of rocket. It was impressive 
– and I was impressed!

But there was high risk. A lot of the systems essential to the 
lunar mission were not ready by the time we started flying the 
manned spacecraft and some of the lessons learned were late in 
getting translated into modifications on the hardware. Witness, 
the toying around with the number of retro-rockets on the Saturn 
V which nearly brought disaster to at least one mission! And there 
were other instances too. 

We learned too late to make changes that there was a deadman 
zone previously unmapped in which if an outboard F-1 shut down 
early in the flight it would cause an adverse tension stress on the 
upper stack which would break it at the S-II/S-IVB level. As the 
ascending rocket split in two the upper section would nose over, 
fold like a Swiss army knife snapping shut and head straight for 
the Earth below. The Launch Escape System would be unable to 
save the crew. But the astronauts were not always told about feed-
back loops that provided data to counter predicted events in abort 

Fig. 8  Getting reacquainted with the Lockheed SR-71, a very different experience to the Tiger Moth! .
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and safety zones. Especially if there was no way around the prob-
lem and there were a few of those that surfaced as the missions 
provided greater actuarial spread of failure analysis trumping risk 
mitigation. 

This was another unwelcome feedback loop: as flights returned 
data it was apparent that there were some areas we should have 
gone back in to redesign the way key elements operated but there 
was no time for that and assessments had to be made about what 
to fly with and which to perform further work on. All this while 
flights were inexorably climbing up the capabilities-ladder laid 
down by Owen Maynard. It was he who had laid down the only 
logical way of getting men to the Moon by the end of the decade 
and there was no alternative but to press ahead. Today there is a 
tendency to express Apollo as a fine achievement because of what 
it accomplished; in reality the real achievement was the in-built 
flexibility to the human interaction between machine elements, 
designed by humans but devoid of full knowledge about the op-
erating conditions of each element or of the elements combined. 
Concurrency was abandoned much later, which is why it takes so 
long to achieve similar results today – and that aspect is hardly 
ever discussed (or even remembered?). 

Connected to the aftermath of the fire was a reminder of the 
emotional connection that the people of Apollo had to the task 
at hand. Very few were in it as a job – a means of getting a pay 
cheque. There was a sense of participation, of being part of some-
thing so big that it came around probably only once in a lifetime. 
The decision just to be part of it motivated a lot of us. There was 
little emotional connection to the drama of it all, or perhaps even 
the success; it was a feeling that there was a unique opportunity 
to participate because of the fulfilment it provided and about the 
contribution it was possible to make. There were very few prima 
donnas, no free riders, free loaders or “part-time” players. It was 
a total unremitting commitment and it was destroying family life, 
breaking up marriages and leaving domestic debris everywhere. I 
don’t think I personally knew anyone who didn’t suffer in one way 
or another.

But deep emotion was there all the same. Occasionally, em-
ployees would break down at their desks – one example at Grum-
man caused an entire culture-shift in corporate responsibility for 

employee welfare – while even the most hardened in the most 
gruelling of jobs had their moments. For many of us, very many, 
the lunar orbit flight of Apollo 8 was the pinnacle of Apollo. I re-
member Flight Director Gene Kranz, tough, resolute, champion 
of the “can-do” spirit – had to briefly absent himself from Mission 
Control, unable to hold back his tears of release. That flight drove 
fully home the reality of what was being accomplished and this 
flight did more than any other to shock the world into the reality 
of what was going on. For a lot of us, Apollo 8 was the peak within 
a spectrum of objectives leading toward the goal of landing on the 
surface. 

 
Tough challenge – rough ride

As I observed the working infrastructure that was destined to get 
us to the Moon, the differences between key installations and fa-
cilities became ever more distinct. The managerial approach of 
each was different to the others and the personnel were different, 
with different cultures of working and in the way they tackled 
problems. The Marshall Space Flight Center was arguably the 
more impressive. Built on a gathering of German rocket scientists 
and engineers, the “family” feel of what would blossom into one 
of NASA’s biggest assets was distinct. With von Braun recognis-
ably its head and managers at several levels below him fully sup-
portive of the way the field centre had evolved, there was a feeling 
of unified approaches. But it was clear that von Braun was the 
master in control by consent and not through rank or position. 
He brought with him such a weighty reputation that the work he 
did on the Saturn rocket was special and the Marshall Center was 
a very special place to visit.

Under the guidance of von Braun’s launch controller at Peene-
munde, Dr Kurt Debus had settled into American life while never 
forgetting his roots. His wife and family were charming and he 
always appeared to be in synergy with the teams that had so suc-
cessfully developed the V-2. He had gathered around him some 
of those who had worked on the German rocket projects during 
the war and he created that “little Germany” in Florida, but to a 
less noticeable degree than von Braun in Hunstville. During 1968 
I had the pleasure of talking at length with some of those who 
had joined Debus from post-war Germany. While for Germans 
the war was never really mentioned, it was clear that a new gen-
eration of aspiring engineers had grown up wanting to work for 
these legendary people. Several had come across to the US follow-

Fig. 10  The author’s wife Ann Page with the SR-71, a stoic lover of all things 
associated with flight and flying and the sub-editor and proof reader for 
SpaceFlight and several other publications.

Fig. 9  The author enjoying a flying day at Toulouse, France. 
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ing unsolicited requests for employment and here both von Braun 
and Debus were generous in writing to each applicant and in some 
cases encouraging them to apply for a work permit. 

These things were much easier to get in the 1960s as the NATO 
culture unified people of a common orientation across both sides 
of the Atlantic. In those days, over 50 years ago, there was a very 
real sense of wanting to serve the cause of freedom and democracy, 
a framed mindset probably dismissed today or made the butt-end 
of humour, perhaps even thought to be jingoistic or dangerously 
nationalistic. But it was very, very different back then and so many 
of those in my age group felt precisely the same way; and it didn‘t 
matter which country you came from. America was an open door. 
In several ways, in discussing this among my peers within the pro-
gramme, I felt common cerebral ground with those who felt it was 
a great privilege to be called upon to work for a cause rather than 
purely for personal gain. 

In several respects 1968 was the toughest year in the entire 
Apollo programme. There was a great sense of grasping success 
from the jaws of failure and of rebuilding a capability. Everyone 
set to work with a determination and fervour which had seemed 
impossible prior to the fire. The very fact that poor workmanship, 
shoddy output and inferior quality had been the underpinning 
reasons for the fire meant that it was solvable. There was no fun-
damental, underpinning flaw in either the concept or the design. 
It just had to be improved, made safe, built better and demonstrate 
reliability. It was a common practice within the industry and the 
profession from which the deceased astronauts came that it served 
only to stimulate a riveted determination not only to build the saf-
est spacecraft achievable and to drive on toward the goal but to do 
so with increased resolve not to be defeated by failure. 

A tidal wave of change swept across the programme, from the 
very top where senior managers were replaced to the very bottom 
where no job, or task, was too small to be overhauled with a fa-
natical commitment to perfection. I really believe everyone felt it 
and it did show in the quality of output. Everyone had been given 
a very specific slot and I was directed to stick like glue to each mis-
sion, record everything I saw and develop notes leading to reports 
recommending any area of a previously constructed flight plan 
where I felt it could be improved or even replaced with a better 
template. 

The primary job of the Mission Planning and Analysis Division 
(MPAD) at Houston was to construct optimum mission profiles 
and then to write up the documents and the flight plans after ex-
tensive consultation and modification on the advice of specialists, 
technicians, engineers and astronauts. Several times, crewmem-
bers would suggest changes, the attachment of specific notes in the 
flight plan or the operations books and at the helm of all of that 
was the architect of the (then modern) flight plan: Christopher 
Columbus Kraft. 

Having joined the precursor NACA, Kraft was an original 
thinking, uncompromising and a difficult man to get on with un-
less you performed above expectation. He was loyal to his beliefs 
and a strident advocate of Apollo as a tool to demonstrate US su-
periority in technology and in organisational management. He at-
tracted loyalty and support and it was he who had devised the en-
tire concept of flight control and missions operations as practised 
by Mercury and Gemini. Kraft was very different to von Braun and 
Debus and held reign over the activities of the Manned Spacecraft 
Center under the supporting frame of Dr Robert Gilruth, whom 
Kraft would later replace. To me, even then, each man represented 
what was finest about their respective institutions and I found it 

difficult – still do – to decide whether these centres were managed 
by the most appropriate man for their tasks, or whether each indi-
vidual had shaped the centre around their own personalities. 

In reflecting back I believe the tough, hard decisions made in 
that period were the making of many of us, instilling a sense of 
never letting go, never being unable to rise from disasters, always 
believing that problems were there to tease out solutions and that 
failures were traffic lights on poor effort. It was the way we all grew 
up and prided ourselves on never relying on best efforts as an ex-
cuse for inadequate performance. There was never any point to 
expressing blame – either to equipment or to misunderstandings 
– for to admit that was to admit that a solution was insoluble and 
merely a flaw in fate. I teach this today to those starting on their 
careers in science or engineering, that unless accepting personal 
responsibility there can be no means of finding a solution. Apollo 
was a framed environment teaching humility to young men at risk 
of hubris. There were just so many high performers and outstand-
ing achievers that the team effort outweighed the sense of personal 
pride. These sentiments are hard to have understood today.

As we built upon the achievements of Apollo 7 and Apollo 8 
there was a difficulty in compressing so many activities into such a 
short period of time. With flights cycling off every two months, in-
tervals that we had last seen in the Gemini programme, with vehi-
cles of immeasurably greater size and sophistication, even the crew 
training area became a challenge as never before. All thoughts of 
the Apollo Applications Program were separated from tasks at 
hand and while several of us were working the J-series flights de-
fined by Owen Maynard, we began to focus on the possibility of 
refining mission tasks into templates for future flights of expand-
ed capability. Instead of focusing on the content and objectives of 
those missions, my task was to tease out those parts of the entire 
landing mission which could be used as templates for plug-in ap-
plications to the later flights. It was the way the science was being 
refined: rock collecting and sample selection was centred on a few 
common tasks which could be selected for specific station stops 
and applied as a standardised technique on any flight. So even as 
we were preparing for the first landing, we were planning for those 
later landings and how to slim down the training by reducing the 
number of separate task packages for the crew to learn. 

The greatest degree of compressibility came in the two intervals 
between Apollo 9, 10 and 11. Apollo 9 came later than desired and 
pushed even tighter several “crash-out” sheets from detailed anal-
ysis of performance with Apollo 9. For a while it was touch and go 
whether Apollo 10 could proceed as planned but there was never 
any real challenge. We all worked the numbers for opportunities. 
General consensus was that there would be about a 50:50 chance of 
getting down on the surface with Apollo 11 and 12 was pencilled 
in for September to execute a repeat effort. Had that taken place, 
the ALSEP package would have been deployed on the first land-
ing but that did not please everybody. There was only one EASEP 
assembly and that would have gone to the Moon with 11. Placing 
the ALSEP would stress the single EVA scheduled for that mission 
because of the time required to deploy it. That worked against the 
conservative nature of planners who wanted a single EVA of no 
longer than three hours maximum. After that there would be only 
one more opportunity before New Year 1970.

 
Backfeed

For me, the historical significance of what was accomplished was a 
vital part of carrying the motivating messages to a wider audience 
and to the next generations. My love of history went back to my 
early years. 

On days with Apollo – remembering and reflecting
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Demobbed after fourteen years with the RAF, in an age before 
grants and financial support for returning to university, my father 
put himself through London University, having become fascinated 
with ancient history since doing his prelims in Cairo University 
when he was with the RAF. He was assigned some archaeological 
research at the Roman remains at Verulamium and my early life 
oscillated between school work and keeping track of my father do-
ing a “dig” under Sir Mortimer Wheeler, before going on to be an 
Egyptologist! The point of this digression being that I was steeped 
in a family with history in its genetic code and that has been with 
me for my entire life.

Aware of the significance of things that I was party to, blended 
with that innate sense of history – in my case aviation. I recognised 
the need for constructing records, retaining artefacts from this 
nascent period and it was that which brought fascination from my 
colleagues. There was not much of a sense of that in America at the 
time. Everyone had “go” fever and the future was what motivated 
people, particularly those in Apollo, who could see ahead of them 
an end-goal, a place to cross the finishing line and that as a basis 
for pushing forward, not looking back. Now it is very different and 
in this 50th anniversary period for Apollo it is easy to see why the 
past is so attractive if only because the future is so uncertain. 

Back to the early 1960s. I saw the connections with the aviation 
industry, it was after all they who were building the future and I 
regarded it as an unbroken continuum, where most people saw the 

space programme as a new direction, a different path pleading for 
its own caucus, its own industry and its unique justification. But 
it was not really like that. These aviation companies that I came to 
spend so much time with thought about the work they had been 
placed under contract to achieve as a sustaining investment in 
what they had been engaged upon for several decades.

As a result I began to collect copies of documents, plans, charts, 
log books, all manner of documentary and recorded detail which 
I could never envisage as such an enabling tool for my own work 
several decades in the future. But getting it back to the UK posed 
problems. Sometimes I piggy-backed on some transport flights 
with the US Force, while carrying arm-stretching loads that defied 
gravity. Intriguingly, there seemed to be a gathering awareness of 
what I was doing and I only received greater support after that to 
the point where, on assignment back to the UK, as the day neared 
for the Apollo 11 landing, I was asked to look after some of the 
media who wanted technical advice and reference material. 

As my interest gathered, and I acquired an adopted second pro-
fession of “amateur historian” the companies and organisations, 
especially NASA itself, joined the cause to preserve this as “history 
in the making” and my holding address back in the UK became 
the “go to” location for parcels and packages dispatched from all 
points of the US compass. Readers should note the outstanding 
help I received from several field centres, including the Jet Propul-
sion Laboratory (which sent extremely large parcels of enormous 

Fig. 11  The author (centre) with BIS Fellows Fabrizio Bernadini (left) and Steve Salmon during a day out at Duxford airfield.
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dimensions containing project reports and reviews) to the UK. I 
am indebted to all those people and places that supported, and 
continue to support both hard-copy and digital preservation of 
truly historic events. 

This was a second side to the Apollo story, the fact that here for 
the first time in history was a series of events, and its associated 
peripheral activities, which could be documented with a precision 
unprecedented anywhere. But it was not a message immediately 
recognised and history has always been the first to suffer when 
pressure on the NASA budget loomed large, as it has done several 
times. It was productive as well making friends with the public re-
lations people and those in public affairs who organised trips and 
tours for the media. Making friends with those people I learned a 
lot about their own experiences, often with a military background. 
Many had served with the Army or the Navy during the Second 
World War, a lot of whom who had seen personally the austere 
living conditions for British people in those six years. Again, it 
brought a bond which I forged with many of those people and 
who sometimes drew me in to talk to the US media and to visitors 
flocking to launches. 

My Apollo experience had taken me to so many different facets 
of human life and to a diverse range of people it hardly seems feasi-
ble to have trapped all this within a single life. But the programme 
I remember is not quite the one I read about in this celebratory 
period, 50 years on. The Apollo programme I recall is ordinary 
people doing extraordinary things on an everyday basis, people 
whose names will never be immortalised on carved stone or in the 
written record. Going to America I found a welcome, a warmth 
and an open door to a place with no ceiling and few walls. Apollo 
was hard, tough, at times brutal, but it found the best in those I 
met and came to call friends and that memory is a precious legacy.

Reflection and perspective
It is most probable that before the end of this century there will 
be at least several semi-permanent settlements on the surface of 
both the Moon and Mars and that we will have begun to mine the 
physical resources of the solar system for our own benefit, per-
haps our own survival. If, that is, humanity can survive the crush-
ing pressures it faces for the next several decades. Global threats, 

over population across a crowded planet demanding increasing 
amounts of resources just to survive, irreversible change to the 
Earth’s environment through the crushing pressure of human ex-
pansion within finite boundaries and conflict that may delay for 
decades, the irrepressible urge to climb new mountains, reach new 
horizons and sail uncharted seas on this ocean of space. At best we 
will pull through; at worst we may destroy ourselves.

It was another form of pressure, from an ideological conflict 
– the Cold War – that first sent humans into space and later, ar-
ticulated by a charismatic President, sent 12 men to the lunar sur-
face within a decade and it has to be seen in that context. But it 
must also be seen in the light of an inevitability that seemed to take 
charge of humans within the last 200 years: the culmination of an 
expanding use of engineering and technology informed by science 
and ritualised through government agendas for ever increasing so-
phistication and productivity for humans in work. 

Population growth once seen as an investment against high 
mortality rates among the young and old alike was a tradition in 
poorer societies. But population growth was adopted by the West 
and seen as an economic good for a nation because increasing 
numbers of people brought wealth and bigger markets to serve. It 
was just an insurance policy – on an individual level for families 
and at a national level for growth and expansion; more hamsters 
on the wheel, the faster it turns.

It was because of neither one of those that we went into space. It 
was because we could, not because we should, and that was reflect-
ed in the very diverse approaches and attitudes among those scien-
tists, engineers, technicians and managers who pulled together the 
greatest achievement of the modern era: the first landing on the 
Moon. It took 400,000 people, a budget the size of the Manhattan 
Project to build the first atomic bomb, and the labours of more 
than 2,000 individual companies, contractors and subcontractors, 
to mobilise the attempt. The fact that it was a success was due to a 
driven dedication for any one of several reasons. That is arguably 
the most important aspect of Apollo which is denied leverage in 
the widespread adulation that surrounds the 50th anniversary of 
the first landing: the very different reasons why each individual 
applied the most he and she could muster to carry out that task. 
We may never see its like again. 

On days with Apollo – remembering and reflecting
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OPERATIONS WITH TIANGONG 2
2018-2019

PHILLIP S. CLARK

The most recent of this writer’s reviews of the Chinese piloted 
space programme looked at the mission of the Tiangong 2 or-
bital laboratory, with the Shenzhou 11 piloted visit to the lab-
oratory and the subsequent testing of the first Tianzhou cargo 
freighter [1]. That paper had been presented to the British In-
terplanetary Society’s June 2018 Sino-Russian Technical Fo-
rum and at the time of the presentation the Tiangong 2 space 
laboratory was still in orbit.

Operations of Tiangong 2 starting in January 2018 and through 
to its end-of-life will be reviewed here. There were four objects re-
lating to the Tiangong 2 mission still in orbit at the beginning of 
January 2018:

Tiangong 2
Jan 1.514 42.785 deg 92.307 min 385–90 km 205 deg

Banxing 2 (deployed from Tiangong 2)
Jan 1.083 42.782 deg 91.512 min 342–355 km 218 deg

Shenzhou 11 orbital module
Jan 1.121 42.795 deg 91.755 min 359–362 km 17 deg

Silu 1 (deployed from Tianzhou 1)
Jan 1.092 42.780 deg 92.016 min 367–380 km 215 deg

Data are given in the order: epoch, orbital inclination, orbital pe-
riod, perigee—apogee and argument of perigee.

Silu 1 decayed from orbit on April 10, 2019: the final orbit to be 
catalogued was:

Apr 10.272 42.761 deg 88.346 min 185–200 km 294 deg

Tiangong 2 Manoeuvres in June 2018

At the beginning of 2018 Tiangong 2 had not manoeuvred for 
more than six months. The natural orbital decay continued un-
til June 13, 2018. On that day the laboratory completed two ma-
noeuvres in quick succession, lowering both perigee and apogee, 
reducing the altitude of the orbit from 380-386 km to 293-299 
km (see Table 1). It first appeared that this would be the first step 
in de-orbiting the laboratory. After all, there were no further 
visits planned from other spacecraft and it had already proved 
the planned longevity of the Tianzhou cargo freighter which was 
based upon the same design as Tiangongs 1-2. No orbital data 
were issued for Tiangong 2 for June 13, presumably because the 
surprise manoeuvres meant that USSTRATCOM had briefly 
“lost” the laboratory.

June 22, 2018 once more saw no orbital data issued for Tian-
gong, indicating that the module had manoeuvred again and that 
either it had been “lost” again or perhaps it had been de-orbited. 
If the latter had happened then it would be reasonable to expect 
that the Chinese would make some kind of announcement but 

they were silent. In reality, Tiangong 2 had manoeuvred from a 
291-297 km orbit to a 385-396 km orbit – slightly higher than 
the orbit from which it had manoeuvred on June 13 and higher 
than the 46-circuits repeating orbit which had been used during 
the rendezvous and docking operations of Shenzhou 11 and Tian-
zhou 1 in 2016 and 2017 respectively. Clearly the Chinese were 
not planning to dispose of Tiangong 2 in the near future.

September 2018 Announcement of Tiangong 2 De-orbit

On September 26, 2018 – just over two years after Tiangong 2 had 
been launched – the Chinese clarified what they planned for the 
laboratory [2]:

China’s Tiangong 2 space lab is functioning normally and will 
de-orbit safely after July 2019, according to a briefing on China’s 
space projects on Wednesday [September 26].

Tiangong 2 is currently operating in a near-circular orbit with an 
average height of about 400 km. The temperature and pressure of 
the experimental cabin all meet the working requirements, said 
Lin Xiqiang, deputy director of the China Manned Space Engi-
neering Office, at the briefing.

“It will conduct compressor life tests and space science application 
tests in the future,” Lin added.

Zhu Congpeng, chief designer of the space lab, said that Tiangong 
2 was designed with several safety control modes to deal with 
emergencies and ensure it can safely leave orbit.

“We have also made more than 300 fault countermeasures to en-
sure its safe operation,” Zhu said.

 
At the time of the announcement the orbit of Tiangong 

was: 
 42.784 deg 92.335 min 383–394 km 248 deg

The evolution of the laboratory’s orbit is shown in Figure 1.

This writer reported the results of a “ball-park” decay calcula-
tion online on September 27, 2018 [3]:

I have had a quick look at the Tiangong 2 orbital data. It is currently 
in a 92.335 minutes orbit. Checking back to Tiangong 1, it was in 
a similar orbit 13 months before orbital decay, so this suggests that 
as an approximate ball-park we might expect Tiangong 2 to decay 
naturally in November-December next year [2019].

So, the de-orbit in July next year will be ~5-6 months before nat-
ural decay.

 The Chinese made no further comments about Tiangong 2 
through to the end of 2018.

Space Chronicle, Vol. 72, pp.100-102, 2019
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TABLE 1  Tiangong 2 Orbital Manoeuvres, 2018-2019

PRE-MANOEUVRE ORBIT POST-MANOEUVRE ORBIT

Orbital  
Epoch

Orbital 
Inclination

(deg)  

Orbital  
Period
(min)

Perigee 
 

(km)

Apogee 
 

(km)

Ang of 
Perigee 

(deg)

Orbital  
Epoch

Orbital 
Inclination

(deg)  

Orbital  
Period
(min)

Perigee 
 

(km)

Apogee 
 

(km)

Ang of 
Perigee 

(deg)
2018                                                         2018                                                         

First data for 2018   Jan  1.514  42.785    92.307        385      390    205

Jun 12.902          42.787 92.220  380      386    244

No orbital data issued on June 13
   Jun 14.523  42.777    90.430     293      299    261
Jun 21.866   42.787      90.396     291      297    316

No orbital data issued on June 22

 Jun 23.713  42.784      92.374     385      396    303

2019 2019
Jul 18.340  42.783      92.194     378      386    122  Jul 18.838  42.781      90.135     185      377    269

Jul 19.282  42.785      90.122     185    376    273  Final orbit to be catalogued before re-entry

Fig. 1  This is an updated version of Figure 7 in [1] and it shows the 
evolution of the Tiangong 2 orbital period from the launch in September 
2016 to the orbital decay on July 19, 2019.   The launch dates of the 
Shenzhou visiting mission and the Tianzhou 1 cargo freighter are shown, 
along with the line representing the orbital period for a 42-circuits 
repeating orbit.

Tiangong 2 in 2019

At the beginning of 2019 the orbit of Tiangong 2 had decayed 
slightly to:

  42.784 deg 92.287 min 382–392 km 204 deg

 No new information about the de-orbiting of the laboratory was 
forthcoming until there was an announcement on July 13, 2019 [4]:

According to the plan the Tiangong 2 space laboratory has com-
pleted all the expansion tests and will opportunistic [sic] de-or-
bit and re-entry the atmosphere on July 19, 2019 Beijing Time. A 
small amount of residual load will fall into the scheduled waters of 
the south Pacific Ocean (160-90 deg W, 30-45 deg S).

The preparations of the controlled re-entry are progressing 
smoothly as planned. After the re-entry of Tiangong 2 into the 
atmosphere, China will release information timely and inform rel-
evant situations in an open way and firmly fulfil the international 
obligations of a major responsible country.

At the time of the announcement the orbit of Tiangong 2 was:
 42.782 deg 92.196 min 378–387 km 76 deg

A few days after the planned re-entry of Tiangong 2 was an-
nounced, without any fuss the Banxing 2 sub-satellite deployed 
by the laboratory was making its final orbits of the Earth. The last 
orbit to be catalogued was:

Jul 15.854 42.740 deg 86.898 min 113–129 km 179 deg

The actual re-entry time is not available but it would probably 
have been in the early hours of July 16.

 On July 18 the Chinese started the Tiangong 2 manoeuvres 
which would result in re-entry into the Earth’s atmosphere the 
next day. According to a posting by Song Xingguang which ap-
peared on Weibo [5]:

The latest news from Beijing Flight Control Center. On July 18, 
2019 at 22:00 Beijing Time [14:00 UT] the Tiangong 2 engine was 
ignited and the first re-entry control was carried out to reduce the 
orbital perigee altitude to about 200 km to achieve the predeter-
mined control target. Tiangong 2 is in normal working condition 
and in good condition.

Table 1 shows that the post-manoeuvre orbit was 185-377 
km, with perigee located near the orbit’s southern apex, over 
42.8 deg S.

 A further status check of the laboratory was carried out at 07:50 
UT on July 19 and later that day Weibo reported the successful 
re-entry of Tiangong 2 [6]:

According to the China Manned Space Engineering Office, the 
Tiangong 2 Space Laboratory was controlled to derail and re-enter 
the atmosphere at 21:06 Beijing Time [13:06 UT] on July 19, 2019. 
A small amount of debris fell into the safe sea area of the South 
Pacific. The controlled re-entry into the atmosphere of the Tian-
gong 2 marked the successful completion of all tasks in the space 
laboratory phase of China’s manned spaceflight project.

A photograph of the display in the Beijing “Mission Control” 
Center showed the following re-entry details:

Operations with Tiangong-2 2018-2019
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Loss of signal 13h 08m 44s UT
Longitude 145.672 deg W
Latitude 28.209 deg S
Altitude 94.775 km

 Video footage of the start of re-entry was returned from Tian-
gong 2 and Figure 2 is a “still” from that footage.

Tiangong 2 in Retrospect

The de-orbiting of Tiangong 2 ended what appears to have been 
a highly successful mission for the Chinese, without the in-orbit 
failure that had marred the end of the Tiangong 1 mission and 
caused its uncontrolled re-entry on April 1, 2018.

 Highlights of the Tiangong 2 flight were:

1 – Hosting the Shenzhou 11 piloted mission which saw the two-
man crew on board the laboratory for nearly 30 days, China’s 
longest piloted space mission to date.

2 – Deployment of the Banxing 2 sub-satellite which performed 
station-keeping and fly-around operations, returning photographs 
of the Tiangong 2/Shenzhou 11 complex while the craft were 
docked. It is likely that the satellite also returned photographs of 
Tiangong 2 while in “solo” flight, although such photographs have 
not been published.

3 – Hosting China’s first cargo freighter, Tianzhou 1. The freighter 
carried a “dummy” cargo but on three occasions it successfully 
transferred propellant to Tiangong 2, thus proving that China 
has mastered the ability to refuel long-term orbital stations using 
such cargo freighters. Tianzhou also undocked and redocked with 
Tiangong on two occasions (in addition to the initial docking and 
the final undocking): whether intentional or not, this proved the 
concept of the planned Xuntian space telescope repeatedly dock-
ing/undocking with the future Tiangong Complex modular space 
station for servicing by the crew on board the station.

 Only the orbital module from the Shenzhou 11 mission re-
mains in orbit from the Tiangong 2 operations at the time of writ-
ing (July 2019). The most recent orbital data when this paper was 
submitted were:

Jul 19.948 42.794 deg 91.082 min 322–333 km 279 deg

Fig. 2  Still from the video returned “live” from Tiangong 2 as it began its 
re-entry over the Pacific Ocean.

 We must now wait for the Chinese to overcome the reported 
problems with the YF-77 core engines on the CZ-5 launch vehicle 
before they can start to launch the three main modules - Tianhe 1, 
Wentian and Mengtian - which will comprise the Tiangong Com-
plex. Launches using the CZ-5B variant were originally planned 
to start in 2017 but were gradually delayed to 2019, and that was 
before the launch failure of the second CZ-5 in 2017.
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Stiletto
Hitting the target

JOHN HARLOW MBE & JACK NOBLE

Abstract

The name Stiletto refers to a series of aerial targets and this name 
was given by Shorts Aircraft Division (as almost all Shorts air-
craft had names beginning with S) to an Anglicised extensive-
ly modified Shorts version of the air-launched, rocket powered 
Beech Aircraft Corp AQM-37A and AQM37C expendable su-
personic target. It was used for analysis of various missile sys-
tems performance against “known” radar signatures by the Royal 
Air Force for air-to-air and Royal Navy ship-to-air live fire en-
gagement training from 1965 to 2001. The Stiletto series (Stiletto 
Mk1, Stiletto Mk2, Hybrid 1 and Hybrid 2) have very flexible 
performances allowing simulation of a wide range of potential 
threats from 1000ft, M 0.8 to 100,000ft+, M4.0. The one funda-
mental role for these targets was presentation of monostatic and 
bi-static radar signatures over the requisite “look angles” for en-
gagement by “semi-active” guidance weapons/systems covering 
E/F, I and J bands. In using the Stiletto Series Targets UK radar 
signatures, safety was paramount for both the Launch Aircraft 
(Canberra) crew and the Ranges. Safety in these two areas some-
what conflicted in so far as under no circumstances should any 
target fault, prior to launch, hazard the Canberra/aircrew (i.e. 
cause the explosive destruct system to destroy the target or, after 
launch, ensure the explosive destruct system cannot fail to de-
stroy the target when commanded by the Range or the target’s 
own “End Of Flight timers”). It was these elements along with a 
sometimes different rocket motor arrangement employed for the 
UK operations of Stiletto Series Targets that were unique to the 
UK variants of AQM37A& C.  

The mission profile for each flight is pre-set into both the 
electronics and propulsion system and once released into the 
range area the target accelerates to the required speed and alti-
tude whereupon it is engaged by the appropriate weapon system. 
During several flights in 1990 however at one particular thrust 
pre-flight setting (Boost 2, Sustain 2) Stiletto Mk2 exceeded its 
pre-set velocity by an unacceptable margin and under the then 
rules of engagement could not be intercepted and attacked. An 
investigation was begun by the UK Ministry of Defence and this 
paper discusses the problem and how it was resolved.

In addition, the paper includes some details of the origins and 
development of both the USN AQM37 and its propulsion system 
along with information on the UK roles played by both Shorts 
Aircraft and Missile Systems divisions as the UK Prime Contrac-
tor for Stiletto Series Targets, Design Authority for the Canberra 
related launch systems and Westcott in the processing of the tar-
gets prior to use by the RAF and RN.

In all, over 5,500 AQM37s were produced by Beech and this 
paper relates some of its general history along with the changes 
and some results of the use of over 450 UK Stiletto series targets.

ACRONYMS AND ABBREVIATIONS
Acetonitrile  Methyl Cyanide (CH

3
CN - a component of 

some storable liquid fuels)

AGW2  Air Guided Weapons 2 (a Department of 
MoD)

AQM Air launched, guided, target drone (ref 1)

Air Arm 2  Air Armaments Department 2 (a 
Department of the MoD)

AMF American Machine and Foundry

Beech Aircraft An US aerospace company. 

Benbecula Range Head for the Hebridean Range

DETA DiEthylene TriAmine

F
2
 Fluorine

GFE  Government Furnished Equipment (ie 
issued free to the contractor)

H
2
O Water

HD  Harley Davidson (yes, the motorcycle 
manufacturer)

HNO
3
 Nitric Acid

IRFNA  Inhibited Red Fuming Nitric Acid (a liquid 
propellant oxidizer)

Llanbedr  (airfield) Gwynedd, North-West Wales. A 
demilitarized RAF aerodrome.

LMF Liquid Motor Filling facility (Westcott)

MAF  Mixed Amine Fuel (a range of storable liquid 
propellant fuels)

MoD  Ministry of Defence

NO
2
 Nitrogen Dioxide

OSSA  Office of Space Science and Applications (a 
Division of NASA)

RAE (F) Royal Aircraft Establishment (Farnborough)

RAF Royal Air Force

RN Royal Navy

RoI Republic of Ireland

RPE Rocket Propulsion Establishment (Westcott)

SMS  Shorts Missile Systems Ltd (Castlereagh, 
Northern Ireland) – now Thales UK

SSG  Systems Support Group (part of Royal 
Ordnance Rocket Motors, Westcott)

SW4  Special Weapons Department 4 (of RAE 
Farnborough)

UDMH Unsymmetrical DiMethyl Hydrazine

UK United Kingdom

US United States

USAF United States Air Force

USN United States Navy



104

Introduction

John Harlow held many positions at Westcott, one being as man-
ager of a small team called the Systems Support Group (SSG). This 
group worked on a wide range of projects, some of which were not 
mainstream in respect of the usual rocket propulsion contracts. 
The work undertaken ranged from very detailed design studies for 
the European Space Agency (ESA) through to managing special-
ist hardware development for Special Weapons Department of the 
Royal Aircraft Establishment, Farnborough (SW4, RAE (F)). 

In early October 1991 a call was received from Mike Bennett 
(Ministry of Defence, AGW2) asking for assistance in determin-
ing the cause of some performance anomalies that occurred dur-
ing the flight of the Stiletto supersonic aerial target. Jack Noble 
(Shorts Missile Systems (SMS)) was project Manager for the sys-
tem and Laurie Tait (MoD PE, TGW3) and Mel Cayley (MoD Air 
Armaments 2) were responsible for the procurement of Stiletto 
Series Targets and also had another interest as it was their weap-
ons that were being launched against this “one-off mission errant” 
target. As there were time pressures, a meeting was hurriedly ar-
ranged at Westcott on 8th October with John Harlow, Jack Noble 
and Mike Bennett.

Stiletto was well known at Westcott as the aft/propulsion sec-
tions of these vehicles were brought to the site to be loaded with 
liquid propellant before being shipped to the flight readiness ar-
eas at RAF Llanbedr, there to be mated with the targets nose sec-
tions modified by Shorts.

A Short System History

In 1959 a joint United States (US) services requirement arose for 
a small supersonic, expendable air-launched target. This vehicle 
was required to be launched from fighter aircraft and capable of 
carrying out a variety of mission profiles. The competition was 
won by Beech Aircraft with their Model XKD2B later 1019 (ref 
1). As the United States Air Force (USAF) showed only limited 
interest at the time the United States Navy (USN) continued to 
drive the development.

The original Target first flew in May 1961 and became opera-
tional with the USN in September 1963 by which time the system 
had been designated AQM-37A. It was not until 1967 that the 
USAF received the first operational drone. During the 1968/69 
period the US Army also evaluated the use of this target drone but 
required the inclusion of a parachute recovery system. It was not 

TABLE 1  General Characteristics of the AQM-37A and C variants 
Parameter AQM-37A AQM-37C
Length 3.83m (12 ft 6.75in) 4.27 m (14 ft)
Wingspan 1.00m (3 ft 3.5in)
Height 0.59m (1 ft 11.3in) 0.66 m (2 ft 2 in)
Diameter 33cm (13in)
Weight 256kg (565lb) 280 kg (620 lb)
Speed Mach 3.0 at 24,500m (80,000ft) Mach 4.0 at 30,000m (100,000ft)
Ceiling 24500 m (80,000ft) 30,000m (100,000ft);

100km (330,000ft) in ballistic trajectory
Endurance 5 min.
Range > 180km (100km including glide to impact)
Propulsion Rocketdyne LR64-NA-4 liquid-fuelled rocket; 3.78kN (850lb)

until 1976/77 that this system became operational.

For USAF and USN use, launch occurred from aircraft such 
as the A-4 Intruder, an A-6 or an F-4 Phantom (Fig 1) and after 
release the AQM-37A followed a pre-programme path. Over a 5 
minute powered flight speeds of up to Mach 3 (at high altitude) 
and altitudes between 1,000ft to 80,000ft were typical. Mission 
termination was achieved by application of “full over aileron” 
spinning the target with the anticipation of “break up” occurring 
on impact with the sea. This method was found to be unreliable 
with many targets remaining afloat only to wash up on nearby 
shorelines (for more on this see later anecdotes). 

By 1981, a requirement for higher speeds, altitude and great-
er manoeuvrability meant that several major systems of the ‘A’ 
version needed either improving or redesigning. By 1986 this led 
to the AQM-37C version being accepted into the USN. Now the 
USN had a really effective way to simulate a wider range of poten-
tial threats. Indeed as the vehicle could now climb to an altitude 
of 330,000ft this included simulated ballistic missile attack. The 
general characteristics of the system are given in Table 1 below. 
An AQM37D version followed in 1996.

To put a context around the associated US industry Beech Air-
craft Corp, founded 1932 became a Raytheon Company in 1981 
and then Hawker Beechcraft. Hawker Beechcraft bankrupted 
2012 but re-emerged and indeed continues as Beechcraft a Tex-
tron company, the parent of Cessna Aircraft Company. 

From the UK perspective, Stiletto Series Targets was the name 
given to the AQM37 family of targets but with modifications to 
better suit the UK’s operational requirements. These modifica-
tions included the addition of an electronics package, including 
UK radar signature augmentation, range tracking transponder 
systems and a flight termination explosive charges positioned 
between the propellant tanks containing IRFNA / MAF to sever 
the fuselage / burn-off remaining propellants. This was timed to 
follow a full down canard with the aim to bring down all debris 
within the predetermined and more restrictive UK Range bound-
aries and thus to sink in the Northern Approaches. This termina-
tion device is activated by on board End of Flight timers or Range 
“Destruct” transmitted commands (Weapons Research Establish-
ment Break-Up System – WREBUS) if and when interceptions 
are unsuccessful. An account of the early history of Stiletto in-
cluding its use in the UK is given in refs 2 and 3.

Rocketdyne undertook initial developed of the engine at their 

John Harlow & Jack Noble
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Fig. 1  AQM-37C mounted beneath a US Navy F-4 Phantom Launch 
Aircraft.

Fig. 2  Stiletto Series Hybrid 2 target mounted on Breeze Corp LAU24 
launcher on the wing of a converted Canberra PR3 WK128.

Neosho, Missouri facility. It seems to have accumulated different 
identities over time i.e P4 (having fixed propellant flow orifices), 
P4-1(having variable orifices of limited range), RS1501 and LR 
64. However the USN supplied the engines as Government Fur-
nished Equipment (GFE) to Beech Aircraft, who in 1965 went 
to competition for engine production. American Machine and 
Foundry (AMF) acquired engine production for their York, PA 
Harley Davidson (HD) plant whom they owned. However, in 
1972 the HD plant suffered extensive flooding (due to Hurricane 
Agnes) which resulted in the engine drawings being lost necessi-
tating some reverse engineering by AMF/ HD 

In 1999 engine production again moved “full circle” back to 
Neosho, Mo based Premier Turbines co-located on the Rocket-
dyne site. (Premier Turbines, Neosho, closed in 2015). 

In the mid-1960’s the specification set by MoD called for the 
Stiletto rocket motor to be modified to enable cruise at M2.0 at 
55kft. Shorts investigations, in conjunction with RPE and MoD 
revealed that this could not be achieved by the use of the single 
chamber for both Boost and Sustain. During further development 
once Sustain thrust was measured and confirmed as meeting the 
55kft M2.0 MoD would not commit to further motors being ex-
pended to measure the full range of Sustain thrusts available. As 
an alternative to increased spend, RPE estimates for propellant 
flows at different Sustain settings were converted to associated 
thrust levels which then were incorporated into the various flight 
profile simulations for use by Shorts to meet “customer” require-
ments. As it happened the vast majority of flights were Mach 2+ 
and it was not until the RAF wanted missions at Mach 1.2 that this 
problem came to light. So the problem actually originated during 
the development of the single chamber rocket motor and the fail-
ure to fully characterise thrust levels at intermediate settings and 
to rely on estimated propellant flows and resultant thrust levels.

This decision taken in the mid-1960’s, only came to light in the 
1990’s and was the reason for selecting a 1974 vintage engine for 
test firing (see later) in comparison to later engines to potentially 
rule out any manufacturing changes having an impact on engine 
performances. 

HD manufactured the engines for both the USAF, USN and 
UK Stiletto and all its variants in batches, one engine from each 
being check fired in a batch approval process which was limited to 
one Boost Sustain setting as the motor was only single use.

The Mission

Stiletto Mk2 target is capable of delivering a range of threats from 

slow to fast and from low to high. It is also capable of simulating 
a ballistic attack by short range missiles.

 
Stiletto Mk1/Mk2 was used on the Saxa Vord range, with range 

head radar located on the island of on Unst and the Aberporth 
range. The RN used the Hybrid 1 and Hybrid 2 variants of the 
Stiletto Series Targets on the High Seas, NW Approaches, SW Ap-
proaches, Hebrides Range, Gibraltar and Woomera with the Can-
berra launch aircraft and respective targets operating away from 
RAF Llanbedr where appropriate i.e. RAF Leuchars and Gibraltar. 

A typical aerial target mission begins with the departure of 
the Canberra aircraft (Fig 2) from RAF Llanbedr in North Wales 
carrying one or two Stiletto targets. On reaching the drop zone 
over the Deep Range off Benbecula, Stiletto is released and after 
a few seconds the rocket engine ignites building up to the cor-
rect thrust whereupon the target accelerates away toward the en-
gagement point. When the required velocity is detected by the 
Flight Management System from Pitot / Static and Mach number 
sensors the pre-set full boost thrust is shut down and the rest of 
the mission is flown using pre-set sustain lower thrust only. The 
target is pre-programmed to achieve a certain velocity and height 
that is representative of the flight profile of the analogue enemy 
system. It is obviously a requirement that the Stiletto achieve 
these parameters inside a certain area and at a certain time. Given 
all these factors the RAF aircraft perform the planned engage-
ment using the on-board weapon system to be tested. Because of 
range boundaries the ‘engagement box’ is quite limited and if Sti-
letto’s performance does not match the pre-programmed values 
then the engagement is called off. If this happens then the flight 
of the Stiletto is terminated by WREBUS and the target drops into 
the ocean. This engagement box is quite small and excess engine 
thrust would obviously cause a higher velocity than that required 
and the mission would be terminated.

A Short Note on Llanbedr

Constructed during 1939/1940 the airfield was initially used as 
an elementary Flying Training centre and in 1941 became part of 
RAF Fighter Command 12 Group. From the spring of 1942 the 
site became an operational base for towed targets and provided 
services for the fighter gunnery school there in 1943. The base 
has the distinction of hosting 32 different RAF squadrons who 
rotated throughout World War 2.

Short Brothers operated the airfield from 1957 and the airfield 
transitioned into providing civilian services. In 1979 Airwork 
Services took over from Shorts and in 1991 Serco continued to 
operate the field.

Stiletto – hitting the target
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After a decade of closure the airfield re-opened in May 2014.
More detailed information about RAF later RAE Llanbedr are 
given in references 5 and 6.

A short note on Benbecula

The Benbecula site is located on South Uist and built by the RAF 
in 1957 to enable the Royal Artillery to undertake flight training 
of the US supplied surface-to-surface guided missile Corporal that 
was then about to enter service with the British Army of the Rhine. 
The original range requirement was that it needed to cater for Cor-
poral’s maximum range of 75 miles. Part of the range infrastructure 
included a site for tracking missiles based on the island of St Kilda. 
The range was later extended into the ‘Deep Range’ to cater for RAF 
interception missions that included those employing Stiletto

Operations

The UK team was located at SMS and comprised of a Project man-
ager Jack Noble supported by a small team including Pat O’Neill 
and Roy Gordon. 

The propulsion aft section of the Stiletto vehicle was shipped 
from SMS at Castlereagh, Belfast to Westcott and once there stored 

in Building 278. Propellant loading was carried out under the di-
rection of the Liquid Motor Filling Facility (LMF) manager Jeff 
Stanley and later on by Chris Saunders. LMF was set up to ca-
ter for the requirements of filling the Chevaline Twin Chamber 
propulsion Unit and the Hydrazine Actuation System. On remov-
al from its packing case it was transferred to Site B2 and loaded 
on to a weighing cradle. The propulsion system received a low 
pressure leak test to check on the system integrity before loading 
began. Only if the check was successful was the loading process 
was begun. Firstly the fuel component Mixed Amine Fuel type 
4 (MAF4) that was sourced from Beech and shipped to the UK 
until mid1997. Fuel was loaded by pressure transfer through the 
Fuel Fill Port into the vehicle tanks using special Ground Support 
Equipment (designed and manufactured at Westcott). After clo-
sure of the Fuel Fill Port, the oxidizer Inhibited Red Fuming Nitric 
Acid (IRFNA – type IIIB) was loaded aboard using the same tech-
nique but through the Oxidizer Fill Port. Now fully loaded, the 
Stiletto was packed ready for shipment by road to RAF Llanbedr. 
The chemical compositions of the propellants are given in Table 2.

These propellant combinations are hypergolic i.e. it self-ignites 
on contact. Thus no ignition system is required. This type of sys-
tem simplifies the design but also demands strict control of the 
propellant components and indeed of their vapours.

The Propulsion System

A schematic of the Stiletto propulsion system (Fig. 3) shows the 
typical characteristics of a pressure fed, liquid bi-propellant system. 

It can be seen from Fig. 3 that in this design the boost cham-
ber provides sustain thrust with propellants provided through the 
same pre-set valve block providing the boost thrust valves have 
been isolated and effectively cut off by pyro-operated valves.

The original layout of the LR-64 propulsion system with both 

Fig. 3  Propulsion System Schematic for Twin Chamber rocket motor as used in the Hybrid 2 variant of the Stiletto series targets AQM-37C.
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TABLE 2  Propellant Compositions (ref 4) 
Propellant Name Constituents % by Weight Notes

Oxidizer IRFNA IIIB HNO3 83.2

NO2 14.0

H2O <3.0

F2 Inhibitor

Fuel MAF 4 UDMH 60.0 Also known 
as Hydyne or 
U-DETA
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Fig. 4  Boost (top) and Sustain (bottom) Thrust Chambers for AQM-37C. 

Fig. 5  Thrust Chamber for the single chamber Variant. 

Fig. 6  Diagram of the Rocketdyne Boost Thrust Chamber. 

boost and separate sustainer chambers can be seen in Fig. 4.

Figures 5 and 6 show the boost chamber for the single cham-
ber variant with Fig. 6 giving a cross-sectional view of the con-
struction. This type of construction was typical of small, regen-
eratively-cooled combustion chamber designs of the period. The 
Rocketdyne design features an outer and inner shell between 
which oxidizer can flow to cool the chamber after which it flows 
through an injector into the combustion chamber. On the inside 
of the inner shell there is a resin impregnated composite chamber 
liner along with a carbon nozzle throat insert. The chamber liner 
slowly ablates during firing due to the heat generated by combus-
tion of the propellants, as does the nozzle throat. 

HD went on to build more than over 5,000 LR-64 rocket en-
gines for use by the USN alone over a period spanning 30 years. 

Engine Testing

The original call requesting assistance came just in time to allow 
attendance at the next scheduled test of two LR-64 engines. The 
prime requirement of these tests was to determine if performanc-
es had altered which might account for the over-speed flight – to 
support that, an engine manufactured in 1974 performance was 
compared to 1990 batch engines. The timing was indeed fortui-
tous in that the week prior there was a meeting hosted by Office of 
Space Science Applications (OSSA) NASA in Washington DC on 
the supply of sounding rocket hardware and associated services 
that was due to be attended by John Harlow along with Bob Bosh-
er (also from Royal Ordnance, Rocket Motors Division, Westcott) 
and John Ellis (British Aerospace, Filton) We were attempting to 
interest OSSA in buying the highly successful Skylark system with 
the view to a large one-off purchase. Thus John Harlow was avail-
able later to meet up with the Stiletto team and drive to the HD 
plant in York, Pennsylvania.

Outside attendance at such firings was unusual but our host 
from HD, Ernest Krupta, Lead Engineer there for the LR-64, gave 
us briefings and escorted our group through the production and 
test facilities. It was explained to us that LR-64 engine production 
and test were a very small part of the HD operation and effectively 
everything was ‘build and test to print’.

The firing programme as arranged by HD included a separate 
test firing of the booster engine and later the sustainer engine. 
This was not standard practise as during flights both chambers 
would be operating soon after release from the carrier aircraft and 
then depending on mission requirements, the booster chamber 
would shut down.

As can be imagined for any in-service batch testing there is 
only a limited number of parameters that are measured, thus 
there was no chance to include additional measurements. In ad-
dition, as this hot-fire test was to be a production-type test the 
venturi settings that governed the propellant flow were always the 
same and not those where off-nominal performance was to be ex-
pected. However, all component test records were made available 
to us to allow assessment of those items due to be tested.

The test programme used standard procedures under the fol-
lowing schedule:

16.11.91  Propellant filling of the propulsion system 
18.11.91 Engine #1 installed
19.11.91 Engine#1 fired
20.11.91 Engine #1 removed and engine#2 installed

21.11.91 Engine #2 fired and then removed
22.11.91 Tear-down and analysis of results
 
As propellant loading was particularly hazardous it was nor-

mally carried out in the open at this facility and this meant some-
times a delay of a day or so for weather.

The results of the hot-fire test were as expected for the stand-
ard production-test pre-programmed thrust settings and the en-
gine batch was duly accepted for delivery. Thus there was no read-
across from this test to assist in the assessment as to the cause of 
the engine over-performance.

After the test we were all fortunate enough to receive a special 
tour of the facility and the fantastic motor cycle museum but un-
fortunately we were not allowed to ‘test’ any motorbikes on the 
test track!

Conclusions

Even with a focus on the UK variants, condensing the develop-
ment of associated systems/payloads and performance enhance-
ments of the AQM37 that occurred over a 35 year period has not 
proven an easy task.

Although the UK Stiletto Series targets shared a common air-
frame and elements of the flight management system they dif-
fered extensively from the US systems by incorporating a much 
enhanced safety system to permit operation on UK Ranges and 
meet relevant requirements of the Ordnance Board and MoD. A 
list of Stiletto series variants is supplied at Annex 1, Tables 1 and 2.

The cause of the over-performance could not be ascertained 
from the observed engine firings carried out on the fixed settings 
demanded by the test procedure. Reliance had thus to fall back on 
theoretical calculations based on propellant feed line orifice sizes 
at different settings. MoD decided to continue using the targets 
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ANNEX TABLE 1.1  Beech-assigned model numbers of AQM37 variants 

Model Designation User Notes

XKD2B-1/Q12 AQM37A Forerunner Beech Development target
1072  AQM37A-based UK Stiletto Mk1 & Mk2
1108 AQM37A-based UK Hybrid 1
1095 AQM37C-based UK Hybrid 1
1113 AQM37C-based UK Hybrid 2
1112 AQM37C France
1095 AQM37A UK
1094 AQM37A France
1088 AQM37A Italy For Hawk targets. Oct 1976
1104 AQM37C US
1102 AQM37A Raytheon manufacture
1098 AQM37A Israel
1090 AQM37A JATO launched version
1121 AQM37D US
1105 AQM37C Brunswick build to USN drgs
1082 AQM37A Low temperature
YAQM37A AQM37A Low & high altitude recovery
1019 AQM37A US Beech manufacture
1019A AQM37A Sea Skipper

ANNEX 1

but manage the over-performance effects.

As can be imagined in so large a programme there are a host 
of stories and anecdotes arising from the trials. Some of the more 
interesting ones are given in Annex 2.

Used as both an aerial and radar target, the UK Stiletto Series 
were highly successful with over 450 units being provided to the 
UK for modification and subsequent use. No unmodified AQM37 

vehicles were ever flown in the UK.

Stiletto hardware is available for view as KC200 is in an air 
museum at Farnborough and an AQM37 at the Ulster Aviation 
Museum.
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ANNEX TABLE 1.2   UK Stiletto, Series, Targets – all marks 

Version/
user

Ranges Rocket motor Payloads Flight termination Airframe/avionics Ceiling/
Mach

Stiletto Mk1 

RAF

Aberporth RS1501A/
LR64 Single 
Chamber

First Batch 
RS1501
Dual Chamber

I / J Band Radar RCS 
Active Enhancement 

G/H & I Band Tracking 
Transponders

Flight Termination Com-
mand, EMI WREBUS RX

Turns, Plessey Telecom-
mand RX

IR Flares

Full  Down Canards +
Explosive Destruct @ 
Commanded back up 
Timer, End of Flight

AQM37A

Analog Flight Avionics, 
non-Solid State

Pressurised @10Kft for 
TWT operation @3.5KV.

28V&15/9V SilverZinc 
Batteries, Sogea
115VAC, 400Hz

50kft

M2.0

Stiletto Mk2 

1072 

RAF

Aberporth 

Hebrides 

Saxa Vord

LR64 
Single 
Chamber

I / J Band Radar RCS 
Active Enhancement

I Band Tracking 
Transponder

Flight Termination 
Command WREBUS RX 
(Aberporth only)

Telemetry

Full  Down Canards +
Explosive Destruct@ 
(Commanded 
Aberporth only) 
backup 
Dual Analog Timers, 
End of Flight

AQM37A

Analog Flight Avionics, 
Solid State/ IC 

Unpressurised

28V&15/9V Silver Zinc 
Batteries, Saft
115VAC, 400Hz

70kft

M2.5

Hybrid 1 

1095, 1088 

RN

NWA

SWA

Gibraltar

LR64
Single 
Chamber

E/F +  I & J Radar RCS 
Active Enhancement, 
Mono/Bistatic

Or

“Foamcone” Passive

Full Aileron deflection,
Aero-destruct

End Of Flight Timer, 
Analog

AQM37A

Analog Flight Avionics
Solid State/IC

Unpressurised
28V&9V Silver Zinc 
Batteries, Yardney
115VAC, 400Hz

70kft

M2.5

Hybrid 2 

1113 

RAF

Hebrides LR64
Dual 
Chamber 

E/F + I & J Band Radar 
RCS Active Enhancement, 
Mono/Bistatic

I Band Tracking  
Transponder

Telemetry

Full Aileron deflection, 
Aero-destruct

Dual End of Flight 
Timers, Digital

AQM37 C/D Variant

Digital Flight Avionics

28V&9V Batteries, 
Eagle Picher
115VAC, 400Hz

120kft

M3.3
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ANNEX 2 - ASSOCIATED STORIES AND ANECDOTES

2.1 Origins of the name Jayhawk

The name Jayhawk is of dubious origin, Beech never addressed it 
as such and it never came up in meetings with the USN Pt Mugu, 
White Sands Missile Range or China Lake. However Beech did 
use Katy Bird and “the bird” when discussing the AQM37. One 
story heard from the ex-Beech AQM37 team was that Jayhawk 
name was some unidentified Beech employee (probably market-
ing) who supported the Jayhawk’s Basketball, Baseball etc. teams 
at Kansas University casually attaching the term to the AQM37. 
Whatever, the name seems to have stuck – right down to the mod-
elling fraternity.

2.2 Ones that got away

Probably one of the most notable sagas during the life of the Sti-
letto project is one concerning Hybrid 1 target Serial No. HM42 
flown on 12/6/1996 for Joint Marine Course JMC962 in the N. 
W. Approaches. The target operationally flew as predicted but the 
subsequent events certainly could not have been predicted. 

This target in the final phase of flight, unpowered glide post 
“aero destruct” to splash down, was observed by a Co. Donegal 
trawler crew who then located and recovered HM42, probably in 
the belief that it could bring a some form of reward (apparently it 
was quite common for them to recover Chukars, for which they 
had developed a special type of net which enabled recovery in 
most sea states in about 15 seconds, and other military hardware, 
even from the other side of the Atlantic, which constituted, in 
effect, bonuses to their fishing activities). 

After completion of the more normal “fishing”, the trawler, 
with HM 42 on board, duly set off for its home port but before en-
tering harbour decided to check with the relevant authorities for 
any formalities associated with landing the recovered target. Ma-
lin Head MRCC (Marine Rescue Coordination Centre) however 
advised, after consultation with the Irish Navy, that “under no cir-
cumstances” could they enter harbour with the target on board. 

The trawler crew then altered course towards an extensive 
beach between Ballyhoorisky and Rinmore Point, Fanad Head 
where they duly returned their unusual “catch” back to the sea 
and at the same time informing the Irish Navy of their actions.

(However it was subsequently found on examination of the 
target that the oxidiser and fuel lines to the rocket motor had 
been sawn through for some strange/unexplained reason which 
would have released some MAF 4 fuel/fumes which should have 
been immediately obvious because of the particular characteristic 
smell of rotten fish) 

HM42 duly washed up on the beach where it was eventually 
uplifted by an Irish Army helicopter and taken to Finner Camp 
at Ballyshannon.

At this stage, there was a very significant change in emphasis 
on the subject that began with an exchange of British and Irish 
Embassy correspondence, and subsequently, the matter being 
raised in the Irish Parliament, the Dàil, prompted by the Celtic 
League lobby associated with the long running Irish “sensitivity” 
regarding the loss of the Aer Lingus Viscount EI712 and 61 pas-
sengers near the Tuskar Rock on 24 March 1968. Also the wash-
ing up, on the Irish coast, of explosives and other waste dumped 

in the Beaufort Dyke and the peculiarities associated with some 
U-boats scuttled after W.W.2 off the north Irish coast.

Eventually Shorts were contacted by both Air ARM and the 
OB regarding advice on “rendering safe” HM42 on site. This re-
sulted in a request to Beech/Raytheon as we knew that they had 
been dealing with targets washed up in the Dominican Republic 
(This seems also to have been quite a story as it resulted in the 
transport of a recovered target in a passenger bus for 5 hours to 
get to the Samana Dominican Republic Navy port). Beech/Ray-
theon forwarded instructions generated by Naval Explosive Ord-
nance Disposal Fleet Liaison Unit (NAVEODFLTLAU) at Indian 
Head, MD which were limited to the “rendering safe” of targets 
purely for transport to a site more suitable for the targets com-
plete destruction. 

The NAVEODFLTLAU instructions were modified to cover 
the Hybrid 1 target and forwarded to the Irish Naval Ordnance 
Base, Haulbowline, Co. Cork.

Shorts then offered to “render safe” the target at Finner which 
was agreed by the company’s legal representative on the basis that 
Shorts was acting on behalf of MOD and would be indemnified 
by MOD against all liability relating to the “render safe” proce-
dures etc. 

In preparation for the render safe procedures for a possible 3 
Hybrid targets, (subsequently it turned out that only 2 targets, 
HM40 and 42, had been recovered, the third target being destroyed 
by the Irish Navy at sea) the entire stock of pipe crimping “self-grip 
/ locking” type tools were purchased from a local supplier. 

It was agreed between the Irish Navy Ordnance and Shorts that 
I would “render safe” the targets on 1/5/1997 at Finner Camp. On 
arrival, it was found that the target was stored in an out-building 
along with a selection of de-fused bombs constructed from LPG 
cylinders, a “favourite” form of bomb used by the various terror-
ist organisations on both sides of the Irish border (particularly 
Pettigo village which straddled the border), but more seriously 
it was at this stage that it was discovered that all the oxidiser and 
fuel lines had been deliberately cut and it was obvious from the 
fishy smell that MAF4 fumes were present (generated by the 7 lbs 
of “un-consumable” fuel, also the very short time the target had 
spent in the water had reduced dilution of the remaining fuel). 
Because of the potential for further leakage it became necessary 
to extensively seal/crimp all the fuel, oxidiser and nitrogen lines 
on the target.

Nevertheless the exercise was completed and the target left 
with the Irish Naval Ordnance for destruction. It was subsequent-
ly learnt that 50-60g of PE was used to rupture the vehicle fuel ox-
idiser inter-tank bulkhead but the there was still some suspicion 
on the contents of the nitrogen tank which also was separately 
destroyed using 20g PE/copper cone. However even this destruc-
tion did not end the saga. Because of the various Irish political 
“sensitivities” the remains of the target were taken to a local car 
crusher to ensure as few as possible recognisable pieces of the tar-
get remained before burial. 

2.3 Weapons /Range safety radio link 

Another Stiletto Series Target unusual issue arose with a “much 
vaunted” weapons / Range safety radio link of which the receiver 
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was a GFE item to Llanbedr for fitment to Stiletto targets for use 
on the Aberporth Range. Stiletto Mk1 and Mk2s employed en-
hanced safety systems to ensure the launch aircraft/crew were as 
far as possible immune from any target/launcher fault condition 
arising during carriage and immediately after launch. 

This emphasis was necessary as the vehicle incorporated an 
CH6 (250 gram) explosive charge situated between the propellant 
tanks which when initiated, apart from the direct explosive effect, 
also ruptured the adjacent tanks which would generate a further 
explosive (equivalent to a 20 pound charge and fireball). 

However the target’s safety system also had to ensure the target 
could be destroyed on receipt of a Range “destruct” command (or 
loss of the Range’s continuously transmitted “safe” signal). This 
was also backed – up by 2 independent “End of Flight” timers.

Modifications by Shorts to Stiletto target to cater for the MOD, 
Ordnance Board and Ranges almost conflicting, (paramount safe-
ty for the Canberra and crew during carriage and launch) whereas 
Range’s absolute insistence/requirement of target destruction on 
their transmitted command/end of flight. These design changes 
incorporated additional 12.5s timers initiated on launch intro-
ducing the OB requirement for “airbreaks” in the supply “buses” 
of target regular 28volt safety system and the additional com-
pletely independent 15volt system for the Ranges command flight 
termination systems. 

Seemingly everything possible was incorporated in the target 
safety systems to ensure safety and so it was proven over 500+ 
carriage/flights. However, several puzzling “anomalies” occurred 
(not impacting either the Range or Canberra safety) in which the 
targets were prematurely lost between 12.5 seconds post launch 
and prior to either command destruct / link loss and the pre-set 
End of Flight times.

Various target related investigations effectively drew a blank, 
but outside the Company’s remit were GFE items which the rel-
evant “authority” most aggressively insisted could not be at fault. 
Eventually however Shorts were given a limited task to investigate 
the GFE receivers. This revealed 2 major issues i.e. an excessively 
wide bandwidth and failures at low temperatures within “spec” 
limits. 

The low temperature failures were selective – thus those re-
ceivers which failed specification were scrapped. 

The excessive bandwidth issue was not unexpected consider-
ing the 1950’s era design but it was now impacted adversely by a 
much more crowded RF spectrum and consequent susceptibility 
to unwanted interference signals. Unfortunately one of the un-
wanted susceptible frequencies which led to a degraded receiver 
performance was that of the police service in Wales!

An interim Solution was that all use of this Range system re-
quired a complete shut-down of the police radio transmissions in 
Wales during trials! 

The final solution was to approach USN Pt Mugu regarding 
their target cut down system which resulted in Shorts procure-
ment of L3 Flight Termination receivers. 

2.4 US Experiences

As part of the investigation pilots from both the USN and USAF 
were quizzed over their experiences with these types of target 

should they over-perform. The USN pilots responded that yes, 
over-performance had been seen but that the huge range area at 
Point Mugu was easily sufficient for them to catch the target and 
splash it. The USAF Pilots often saw the target go very high (over 
100,000ft) to which they replied that if they failed to shoot it down 
on the way up, they got it on the way down! It seemed that all the 
pilots loved the challenge of shooting down an errant target!

2.5 Italian Job

Whilst both Italy and France were users of Stiletto we heard noth-
ing of their experiences save for one emergency in Italy. Dennis 
Ripp (then a group manager within Liquids Division, Westcott) 
received a frantic call from a member of the Italian Air Force who 
related that one of their Stilettos was leaking badly and they had 
no means of averting what could be a potential disaster. Malcolm 
Paul and Ian Bamsey (Liquids Division, Westcott) were called 
upon to pack what emergency and safety equipment they thought 
necessary and travel to the Italian Air Force base forthwith. The 
weather was very warm when they arrived at the Air Base and 
once there neither the Italians nor Malcolm or Ian could make 
themselves understood as no-one spoke the others language!

The storage hangar had no environmental control and was 
even warmer than outside. Malcolm and Ian found the crated Sti-
letto fuselages stacked 4 deep and on the top of one stack a plume 
of dark brown fumes was slowly descending. Not thinking they 
were of any further use right then, the Italians departed to what 
they thought might be a safe distance! Lifting the top box from 
the stack also proved difficult as after finding a fork-lift truck, all 
the controls were in Italian! Ian manged to play around with the 
truck until he felt confident enough to remove the still-smoking 
box and place it well out in on open ground .

On opening the crate it was clear that the IRFNA fill port was 
heavily corroded and leaking badly. The damaged fill port was 
removed and the dip-tube of a water powered jet pump inserted. 
This method had been thought the safest way to empty the IRF-
NA from its tank in such an emergency seeing as dilution of the 
IRFNA would take place at the same time as it was being emptied. 
However, there is a heat of dilution when water is mixed with 
IRFNA and sometime during the emptying process the jet pump 
‘blew-back’ allowing lots of water into the remaining IRFNA. The 
ensuing dark brown plume was described by the fleeing Italians 
as being some 15 meters high! Needless to say, even with safety 
suits on Malcom and Ian retired quickly to a safe distance up-
wind! After an extensive and copious water deluge all ended well 
and Malcolm and Ian were hosted in the Base bar.

2.6 Thrust Control Possibilities

In another and related area, as the reason for the Stiletto ‘excess 
thrust’ issue surfaced at Westcott, thought was given to applying 
the expertise of Liquids Division component personnel. As valves 
fell under the responsibility of Frank Henderson, he enlisted the 
help of Malcolm Paul to design a replacement for the existing pre-
set drum design. The alternative design was based on a movable 
pintle inside a cavitating venturi. This was a well characterized 
solution that conferred simplicity, light weight, low cost and an 
easy, in-line replacement for the existing heavier and more com-
plex valve. The range of movement of the pintle in this design was 
such as to confer any thrust to be commanded between 20% to 
full thrust in a very short time. In addition, given suitable elec-
tronic control, it allowed for the possibility that the pintle posi-
tion could be varied in flight giving changes of thrust at any time. 
An elegant and cheap solution with great promise. 
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Frank and Malcolm put together a proposal and the latter pre-
sented it to the MoD in London. It was rejected. The fact that with 
a variable thrust ability Stiletto could have evolved from a simple 
unresponsive target to an active and more stressing target seemed 
to have been lost on MoD. One is left to ponder how this might 
have been received by other users of Stiletto, especially the US 
when using on a large test range.

2.7 Relationships with Beech personnel

Beech guys were very friendly, as was every one, in Wichita, Kan-
sas – they did not get many visitors to that part of the US – in fact 
when we were flying to Wichita, mostly at weekends, the aircrew 
would always question why we were travelling to Wichita when 
it seemed everyone else were getting out. It might have been that 
Kansas was a “dry” (no liquor) state – to get any form of alcoholic 
drink one needed to be signed up to a club. At one point Kansas 
tried to impose that any airline flying over Kansas would have to 
shut down bar services. Another peculiarity was with our (dread-
ful?) N Ireland accents most people took us for Australian (don’t 
know it that was favourable or not). 

Beech also were very good on the entertainment aspect. Most 
meetings would break up at lunch time whereupon they would fly 
us in Beech Bonanza’s to Ponca City and order lunch mid-flight 
with ATC. They would also fly us to various common sub-con-
tractors which was fine except for one occasion they went into 
IFR conditions combined with severe turbulence and the pilots 
did not seem to be able to read the AC instrumentation and/or 

their maps. As a result were totally lost in an area where TV/Ra-
dio masts heights equated to the altitudes being flown. The only 
“navigation” being performed was trying to identify the typical 
US water towers/large town ident lettering. 

However Beech hospitality in the above respect did somewhat 
backfire – a certain MoD representative on a part-paid visit to the 
US with his wife expected Beech to complete legs of the flights 
that neither MoD nor he had paid for. This necessitated Beech 
to lay on an executive twin aircraft and crew for a week for ferry 
flights to/from Denver, El Paso and Wichita at no cost. At each 
destination the relevant Beech Aircraft Services centres literally 
rolled out the red carpet to the passengers.

Beech personnel on visits to the UK /NI also had some amus-
ing episodes. On a visit to the north coast of NI we took them to 
Dunluce Castle where as usual it was pouring rain – well, one 
guy could not be “restrained” he ran to the castle exclaiming “my 
first castle” and spent an hour in the rain in the roofless ruin and 
its surrounding. We continued on to the Bushmills distillery 
and at that time you got free samples of the produce whereupon 
the same guys explained to the guide that they had accidentally 
spilled it and asked for a refill – this they managed several times 
and slept well and noisily in the car back to Belfast.

Beech personnel also attended Farnborough and somehow 
had been convinced that one of the “best” UK meals was fish and 
chips eaten out of newspaper and at the seaside, accordingly, they 
drove to Portsmouth one evening to partake of this “delicacy”.
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