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ABSTRACT

This research, which was begun as part of the now defunct Cargolifter project, concerns the ground
handling and support systems of the large rigid airships (commonly known as “Zeppelins”) that were
built between 1900 and 1940. The intention was to assess the value of such historical information as has

survived from the previous generation of very large airships in order to minimise the physical and
financial risks inherent in the development of any future generations of such aircraft.

The idea was to isolate and understand the fundamental issues that were actually encountered by the
ground based personnel responsible for looking after the various British, German, American and Italian
airships of the previous generation, and to gather as much information as possible about the techniques
and operational procedures that were devised, tried and tested in the field. This information would then
be used to establish guidelines for future projects that are based on real experience rather than on
prediction, assumption or theory. Sadly, the CargoLifter project foundered in 2002; however the author
had by then amassed sufficient research material for him to complete the study independently and to
present it as a guide for the ground handling of hitherto unrealised concepts such as the proposed new

“Transport category” or “Cargolifter” type large airships.

Such practical skills as those required by airship ground crew personnel are normally passed on by first-
hand instruction from one experienced practitioner to the trainee. This option is not available for the next
generation of very large airships because there are no personnel alive today with any operational
experience of the previous generation of really large airships. The problem therefore is to examine the
historical records and to evaluate the written information in order to interpret it and pass on knowledge
that will reduce the risk of future generations wasting their time in “re-inventing the wheel.”

In the course of the study it was found that historical research (HR) enabled the results of the pre-war
prototype projects to be usefully assessed despite the fact that very little of the material was written with
that end in view. More specifically the analysis of historical airship activities (AHAA) revealed that it was
possible to retrieve a considerable amount of lost or forgotten knowledge concerning the ground
handling of very large airships; also to unearth ideas that were ahead of their time, which might be
applicable today or in the future; and in addition to identify several areas worthy of further investigation
(e.g. ideas that were rejected at the time but which may now be feasible due to technological progress).
The research and analysis also uncovered some ideas and suggested solutions which are fundamentally
flawed and that should be avoided by designers of large airships and their support systems.

The work includes a detailed analysis of the tasks involved in the ground handling of very large airships
and concludes with a suggested strategy for all those intent upon the design and planning of ground
support infrastructures for any further large airship development projects either today or in the future.
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PREFACE

In view of the fact that airships today are not in the mainstream of aviation development, and, that in the

past they were only briefly so, it is anticipated that many readers, and especially researchers approaching
the subject for the first time, will have a limited understanding of the fundamental principles by which

these rare aircraft operate.

“Only a few hundred airships have been built in the world, as against hundreds of thousands of

airplanes, for as Charles G. Grey, the British aviation writer once observed, "Airplanes breed
like rabbits, airships like elephants.” ...” (Litchfield & Allen, 1945/1976: 79)

As a consequence, airships remain relatively scarce in the skies of the world today, and the further
consequence of this 1s that misconceptions, as to both their capabilities, and their limitations, are
widespread within the sphere of Heavier-Than-Air (HTA) aviation. It is therefore deemed appropriate at

the outset of this investigation to say something of airships in general and of the true nature of their
characteristics.

So, first, what exactly is an “airship”? The answer, officially, according to the British regulatory
authorities,’ is that an airship is “A power-driven, lighter-than-air aircraft.” However, in view of the fact
that the most obvious thing which distinguishes an airship from a simple balloon is its ability to be
steered, then 1t would perhaps be more illuminating to define an airship as “A powered aerostat with
dirigibility,” or “A dirigible motor-driven balloon, usually of an elongated cigar-shaped form.” But
while these definitions may be simple, and succinct, their brevity and use of unusual words once again,

tends to hide the meaning from readers unfamiliar with the subject. Thus, a slightly more descriptive

definition is needed:

“The non-rigid airship is ... a balloon specially shaped to facilitate its passage in a definite
direction, having suspended from it a car or cars containing engines and propellers, and fitted
with tail planes, rudders and elevators, which serve to direct its course.” (Spanner, 1929:5)

“AIRSHIP - A term applied loosely to any powered aircraft incorporating a significant element
of acrostatic lift. Other terms used from time to time include dirigible, Lighter-Than-Air Vehicle

(LTAV) and Air-Buoyant Vehicle (ABV). An airship with a substantial aerodynamic or powered
lift contribution becomes a hybrid airship.” (Mowforth, 1991:101)

Having thus established in essence what the word “airship’ means, it then becomes pertinent to ask by

what means such aircraft actually work, and in what manner they differ from conventional HTA aircraft?
In order to do so it is necessary to understand some of the fundamentals of the science of “Aerostatics.”
Obviously a detailed analysis of this complex science lies beyond the scope of this work, but a brief

outline and sources of information available for further, deeper study can be found in: Appendix A - The
Fundamental Principles Of Aerostatics.

From this it can thus be seen that one of the major fundamental differences between HT A and LTA craft
is simply that:

! (CAA: CAP 471, 1979 ; Chap. Q1-2 Definitions : 4)
? Recks, 1977)
3 (Stubelius, 1958 : 98)
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“An aeroplane or helicopter spends its life on the ground, punctuated by flights, but an airship is
‘flying’ throughout its life, just as a seaship is always afloat even when in port.” (Netherclift,

1993:13)

Therefore, it is evident that airships are far closer to free-flying balloons than they are to any other type of
flying machine. Consequently, the piloting skills required are thus totally different from those usually
associated with the “piloting” of an HTA aircraft:

“... Free balloons were extremely delicate to control and exquisitely sensitive to changes in
weight, temperature, humidity, and pressure. An expenditure of only a handful of sand, for
example, had an immediate effect on the altimeter, which probably surprised most novices. To
descend, the cord to the valve atop the bag was pulled and the seconds counted off. Students
found to their frustration that a balloon was seldom 1n an absolutely stable condition. It therefore
was emphasised, repeatedly, that a balloon (and airship) pilot had to recognize the true aerostatic
condition of his aircraft at all times, anticipate changes, and apply the proper control at the
proper time — not wait for the ship to gather momentum or “run away.” The inattentive pilot
found that his in-flight corrections demanded a greater application of control, thereby wasting

gas and ballast.” (Althoff, 1990:62/63)

So, its ballooning ancestry gives the airship a capriciousness that is seldom found elsewhere in modern
aviation. And the truth of this is confirmed by the pilot of one of today’s modern blimps:

“Take a procedure from an aeroplane flight manual, apply 1t during operations and if correctly
exercised the aeroplane will respond in a predetermined manner. Apply a similar item from an

airship manual and it might respond how you hoped, or not at all, or in a totally different
manner.” (Adams, 2001a:29) !

However, acrostatics are only one part of the story because, unlike a balloon, an airship, when in flight, is
subject not only to aerostatics but also to aerodynamic forces. Indeed the unique operational abilities

possessed by airships, and many of their advantages over HTA craft, depend upon the controlled interplay

of both these forces.

“When an airship is flown either light or heavy, use is made of aerodynamic force to balance the
excess of buoyancy or of weight, as the case may be. The required positive or negative

acrodynamic lift 1s obtained by flying with the longitudinal axis at an angle of pitch to the flight
path; and the elevators are manipulated as necessary to maintain this angle.” (Burgess, 1927:88)

This 1s famaliar ternitory to HTA aviators. The behaviour and control of an aircraft in aerodynamic flight
is well understood. However, it is from this apparent similarity between airships and aeroplanes that most
of the misconceptions arise, because the introduction and superimposition of this second, completely
independent but equally powerful, lift-generating force, into the one flying machine, does have some
surprising and counter-intuitive results. For example:

“A streamlined airship, if travelling through the air at a small angle to the axis of the ship,
instead of tending to return to the direction with its centreline parallel to the line of motion, tends
to increase this angle. This has a remarkable effect upon the controllability when the ship is
being flown [aerostatically] light or heavy. Thus when a ship becomes light she appears to be
nose-heavy and conversely when she becomes heavy she appears to be nose-light. This effect
acts 1n favour of the pilot at certain speeds, but at high speeds ... the effect becomes so great that
the elevators cannot cope with it and the ship, if heavy, will continue to climb or if light will
continue to dive. The correction in such case, should it occur, is to slow down the engines.”

(Johnston, 1994:44-45) [GC emphasis]

Moreover:

! Edited for brevity
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“The ship [Graf Zeppelin] was almost always operated in trim ... Paradoxically ... this was not
the most stable condition in which the ship could be flown. When flown statically heavy, the

ship always tends to nose up and climb, while when light, she puts her nose down and tries to
descend. The reason is that with the hull acting as an airfoil, and meeting the air stream at an

angle, the center of pressure on the hull moves forward, creating a pitching moment either

upward or downward. To the elevator man, however, it appears that the center of gravity has
shifted ... ”” (Dick & Robinson, 1985:69)

While this, as the saying goes, 1s not rocket science, it is exceedingly strange behaviour from the point of
view of newcomers to the LTA field. And it serves to illustrate the fact that in many instances there really

is no valid comparison between LTA and HTA vehicles.

Thus, notwithstanding that many readers of this work can be expected to be familiar with the
Aerodynamics of HTA craft, 1t 1s deemed appropriate to include some brief information concerning the

topic with regard to LTA craft, and more specifically how this impacts on the Ground Handling (GH) of

them. This material can be found in: Appendix B - Airship Aerodynamics.

As can be seen, both “Aerostatics” and “Aerodynamics™ have profound influences on, and implications
for, the ground handling of very large airships. However, for those unfamiliar with LTA flight, it is also

instructive to bear in mind that there are actually far more similarities between airships and a completely

different, and seemingly unrelated, form of transport, altogether.

“The airship at rest supports the majority of its weight by buoyancy and achieves aerostatic
stability in both roll and pitch by keeping its centre of gravity below its centre of buoyancy and
in the same vertical; once under way it needs to achieve aerodynamic stability, which it does
through after stabiliser surfaces, and flight controllability, which it does through rudders and
ailerons; also when it is under way there is a need to minimise its aerodynamic drag, which it
does by adopting an elongated tear-drop shape shown by research to be optimum for the
purpose. Practically all these considerations and the research and development findings read
across to the submerged submarine...” (Burcher & Rydill, 1994:34/5)

Strangely, this simple fact is regarded as a virtual heresy in most aviation circles, and indeed today, there
are many even within the modern LTA world itself who find such comparison both uncomfortable and
“old-fashioned.” Nevertheless, the link was widely accepted by some of the most knowledgeable and
skilled airship designers in the past, (Upson & Klikoff, 1931),! and, when considering the development of
the Next Generation of Very Large Airships (NGVLAs), and endeavouring to understand the peculiarities

of airship flight behaviour, it is illuminating to take note of the way a submarine behaves under water:

also of the way in which nautical designers and theoreticians, (Burcher & Rydell, 1994),2 have dealt with,

and produced equations of motion for, their almost identical problems encountered in a parallel universe -

the maritime environment — albeit in a medium that is 800 times denser than air.

+++H+ b

' NACA Report 405 ~ Application of practical hydrodynamics to airship design
2 *Concepts in submarine design”
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1 INTRODUCTION

Large airships are being proposed as solutions to some of the World's transportation, communication and
other problems." Some of these airships will have to be very big indeed; many times larger than anything
currently flying and far bigger than the previous generation of large airships - the giant rigid “Zeppelins” -
which flourished briefly in the 1930s.

As yet, none of these new aircraft actually exist; nor, it secems, (following the collapse of the German
based CargoLifter # project in 2002), are any getting close to completion. However, it is already clear that
all such schemes have one thing in common. Their success will be entirely dependent upon an extremely
high level of operational performance. In addition, many of the tasks for which these aircraft are being
proposed, are going to require as standard practice, operational procedures that have seldom (or never)

been previously attempted by airships. These include:

e Precision hovering - i.e. the accurate holding of position for prolonged periods of time

e Lifting single indivisible loads that are too large or heavy for ground-based transportation
e Picking up payloads or cargo directly from the ground whilst in flight 3

e Placing carmed objects exactly on defined locations with the correct orientation

e Operating within the stratosphere

Irrespective of how, in physical terms, such envisioned procedures will eventually be accomplished, and
regardless of the actual mechanical systems involved, one thing is immediately obvious. If these tasks are
to be accomplished safely, then they are going to require to be overseen by highly trained personnel who
will need to possess some exceptional and very specialised skills. Thus it is evident that no matter what
configuration is finally chosen for the Next Generation of Very Large Airships (NGVLAs), nor what
structural solutions eventuate, it is an unavoidable fact that unless there are reliable and competent crews
on-board from the very beginning, (individuals who simply know how to fly these gigantic aircraft
“straight and level”), then there will be enormous risks, either of the airships themselves sustaining

ruinously expensive physical damage, or of them endangering the safety of the public at large.

This fundamental requirement for highly skilled personnel, both in the air and on the ground, creates
some extremely serious and complex problems that are all too easily overlooked. Nowhere is this more
evident than in the difficulties that will be encountered in the ground handling of the NGVLAs. However,
such 1s the complexity and the obscure nature of these Ground Handling (GH) problems, that

considerable explanation is required by the uninitiated in order to fully appreciate the seriousness of them.

! See: Von Gablenz, 1996; Peeters, Tensen & Sleurink, 1997; Santistevan, 1997; Walker, 2000; Harris, 2001; Hochstetler, 2001:
Valera, 2001; Chadburn & Stewart, 2002; Hodge, 2002; Scherbakov & Yakovleva, 2002; Tabo, Mori, Maruhashi & Oikawa, 2002;
Kim, 2003; Prentice & Thomson, 2003; Warwick, 2006;

* The CargoLifter project attracted some 70,000 shareholders between 1996 and 2002. An enormous hangar was built at Brand,
(south of Berlin) in eastern Germany but sadly their promised airship, the Cargolifter CL160, (intended to lift 160 tonne payloads),
had not progressed beyond the conceptual design stage when the company went into voluntary liquidation in July 2002.

3 Despite rumours of secret and/or military trials, the only airships known by the author to date, which are publicly recorded as

having successfully picked-up, carried and put-down again, suspended loads, on anything approaching a reliable commercial basis,
are the Hot Air Airships built for the “Radeau de Cimes” project. (See Lowman, 1999 : 144 & 146; and Hall, F. 1990 : 129/138).
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Thus an initial brief look at some of the effects which untrained flight crew personnel will inevitably have

on the NGVLASs is deemed to be a better starting off point for a largely HTA experienced readership.

1.1 The Knowledge Gap

The last very large airship of the previous generation (the German Zeppelin LZ130 ') was dismantled in
1940 and nothing even approaching the size of the proposed NGVLAs has flown since that date. Anyone

old enough at the time to have gained personal hands-on experience of these airships must today be in

their nineties. Thus:

“We now find ourselves at a point where we have lost the final generation that knew first hand
how to fly these giants.” (Adams, 2001b:22)

So there 1s no one around today with any actual operational experience of the Previous Generation of
Very Large Airships (PGVLAs) who knows how big ships really behave in flight, nor has any practical

knowledge of how they were handled on the ground. There is thus no one who can pass on their “tips and

tricks™ to the new trainee crews. Yesterday's hard-learnt lessons have quietly been forgotten.

A parallel loss of expertise has recently been recognised within the world of Heavier-Than-Air (HTA)

aviation and the serious consequences of this have been noted:

“There 1s clear evidence in the analysis of accidents and incidents that mistakes made in

maintenance, design and operation of aircraft are continually being repeated, resulting in further
incidents. This is despite the fact that the initial action taken at the time of the first accident or
incident was thought to have been preventative for all time. ... A contributory factor is

undoubtedly the decline of inherent knowledge and know-how that comes with the early

retirement of experienced staff causing a reduction in the overall industry knowledge and skill.”
(Ratcliffe, 2001)

But, in the case of very large airships there is not simply a reduction of experience and know-how, there
is a complete absence of it. The entire large airship industry is now defunct and has been so since 1940.

Therefore, the first ‘Big Question,’ and the one that offers a common threat to all plans to build any very
large airships in the future, is this:

Q.1 - How will the flight crew of the first prototype NGVLA learn the skills necessary to operate it?

The seriousness of this lack of skilled flight personnel must not be underestimated:

“The Federal Aviation Commussion of the United States summarized its findings on their airship
losses, in these words: “While the record of the airship has been marked by a number of disasters
as a matter of common knowledge, each of them appears to have been due either to errors in
navigation or airmanship, which were in no way inevitable, or to a serious miscomprehension of
the capacities of the airship. The operation of airships is a highly specialized art, requiring
long experience and the highest order of skill.”...” * (Williams, 1974:194/5) [GC emphasis]

Statements from knowledgeable sources in Britain also endorse this conclusion:

Lord Ventry: “It is no good having modern airships flown by inexperienced crews. Experience
has shown that a good crew can do wonders with a “dud” ship, but there is no case on record of a
bad crew making an efficient airship do anything worthwhile.” (Ventry, 1939)

112130 (Graf Zeppelin ID), shares with its much more famous (or infamous) sibling - 1L.Z129 (Hindenburg) - the record of being the
largest human-made object ever to have flown. They were 245 m (804 ft) in length and 41.1 m (135 ft) in diameter.
: Edited for brevity
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However, there will initially be no way of knowing whether the first prototype NGVLA is perhaps
performing badly because it just happens to be a “dud ship” or simply because its crew is inexperienced.
At the outset all the crewmembers will be inexperienced and all the machinery will be untested.
Furthermore, the problem is going to be aggravated by the simple fact that airships, which are large
enough to carry out many of the tasks envisaged for the next generation of proposed “transport solutions,”
are themselves absolutely unprecedented. Nothing with the dimensions and all-up mass of these
monstrous aircraft has ever flown before.! Even with a very experienced and completely competent flight-
crew on-board there would still be enormous risks in getting them safely through a test flying programme.
But, with a partially skilled or novice crew on-board a prototype airship it is going to be extremely
difficult merely to obtain the certification for the first NGVLA to even begin to operate today in the exact
same way its forebears did in the past. The incorporation into this process of additional complex
procedures that have never ever been achieved, nor even previously attempted, by any Lighter-Than-Air

(LTA) craft in history, makes the whole enterprise into a formidable challenge.

Obviously, the risks associated with putting unskilled personnel onto any type of untested aircraft are
very great. But, more importantly for the NGVLASs, the historical records reveal that when it comes to
airships, even with tried and tested ones, the performance of their crew members was in the past of
critical importance. This has been confirmed by responsible people who had a great deal of first-hand
experience with the PGVLAs. Here is Lord Ventry, one year earlier than his previously quoted “dud ship”
comment, once again hammering home the point:

“It cannot be too often remembered that to get the best results out of airships they must have
well-trained crews. A good crew can do wonders with an inefficient ship, but an untrained crew
will soon smash up the best airship ever constructed.” (Ventry, 1938:20)

And there is further confirmation from the German cognoscenti, who had far more experience than

anyone else with the PGVLASs, but who also came to the same conclusion:

“... his [Scherzer’s] work and success offer a fine example of how much can be done with a
relatively poor ship [LZ85] in the hands of a good commander and crew. There are many other

examples of how little a poor commander can do with a good ship.” (Lehmann & Mingos,
1927:215/216)

Indeed the Germans’ experience with their First World War Zeppelin programme offers ample evidence
that these aircraft have a unique vulnerability when compared to all other flying machines, simply
because their enormous physical size, combined with their inherent structural fragility, makes them
exceptionally sensitive to errors of judgement by personnel.

“On the morning of September 5% [1916] while returning from Ploesti the LZ86 was completely
wrecked in landing. The commander and a number of her crew were killed instantly. I cannot
recall all the details, but this accident resulted from an error in judgement.” (Lehmann &

Mingos, 1927:221)

“In airship operations slight mistakes can easily lead to serious consequences.”
(Korvettenkapitin Peter Strasser, ? quoted in Robinson, 1994:236)

! According to published figures the CargoLifter CL160 would have had an overall length of 260 m, a diameter of 65 m and a gas
volume of 550,000 m’, (Everding & Reich, 2000, Table 5 : 234)

: Leader of German First World War Naval Airship Operations. Comment made in February 1917 on receipt of news that the
“height climber” Zeppelin LZ82 (German Navy No. L36) had been wrecked while attempting a forced landing.
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The consequences of a novice flight crew making a *“slight mistake™ with the first prototype NGVLA,
(which will inevitably have cost a fortune just to design and build), and inflicting irreparable damage to it
on its first flight, would indeed be *serious.” Worse still, there can be little doubt that the wreckage of one
of “tomorrow's transport solutions” appearing in the media, ignominiously wrapped around its mooring

mast, as the result of a ground handling mistake before it has even tried its first take-off, will certainly

reinforce the disastrous reputation of its forebears.

Yet if the trainee flight crews for the NGVL As are simply going to learn as they go, then an occasional
mistake would appear to be unavoidable. After all novices learn by making mistakes.

“Experience 1s the sum of many mistakes.” (quoted in Thompson, 1999)

“The lamentable fact that experience is the best teacher, though often a most costly teacher, held
true in the case of the Zeppelins.” (Lehmann & Mingos, 1927:254)

It is therefore quite unrealistic to expect that the novice crew of the first prototype NGVLA will be able to
learn their trade without making any mistakes at all. On the contrary, the early flight crews will inevitably
make some mistakes, and, furthermore some of their small mistakes will become big accidents, and just
as inevitably, some of these will turn into full-scale disasters. In addition, a high proportion of all
accidents, be they small or large, are costly in financial terms - and some of them are also physically
dangerous, both to those personnel actively involved (crewmembers) and/or to innocent bystanders (the
public at large). It is also inconceivable today, that the crash of any brand new, enormously large airship

could be hidden from the gaze of the media or kept a secret for very long. Such an event, would
undoubtedly be linked on world-wide television to repeated airings of the unfortunate LZ129 Hindenburg

(famously filmed crashing in flames in 1937,) thereby further undermining public confidence in airship
projects in general. The airship industry has been here before:

“The Doctor [Eckener] had been very successful in training operating personnel, first for the
DELAG ! and later for the German Navy. ... The basic premise for Dr. Eckener was that one
could not assume that a situation was satisfactory; one had to know that it was satisfactory and

then one could go on. If an assumption was incorrect, and a disaster occurred, the whole airship
industry could be destroyed.” (Dick & Robinson, 1985:57)

Thus it 1s evident that the success or failure of the NGVLAs really does hinge upon the knowledge and
skills that will have to be possessed by, what may very well be, only a handful of exceptionally talented,

and very highly trained, specialists. In other words, there is a real danger that one relatively small error, or

even a minor misjudgement by a single person, could literally put an end to the whole NGVLA industry

almost before it has really got going. This is another fact that has already been noted:

“The [crashing of] R-101 in the UK and the Hindenburg on the world-wide stage during the
inter-war years, drove a stake into the heart of an industry. Crew induced accidents in giants like

the big CargoLifters and the big SkyCats could repeat the experience. Someone else’s accident
can damage everyone's business.” (Walker, 2001:25)

! “DELAG - Deutsche Luftschiffahrt Aktien-Gesellschaft, was the commercial airship transportation company founded by Count
Zeppelin in 1909, Its personnel played an important role in training German Army and flight crews before and during World War L.
(Dick & Robinson, 1985) ~ “Deutsche Luftschiffahrt Aktien-Gessellschaft (German Aerial Transportation Company), the pre-WW1

German passenger Zeppelin service. Between 1909 and 1914, the hydrogen-inflated vehicles of this airline flew a total of 107,180
miles carrying 34,288 persons without so much as a scratch.” (Topping & Brothers, 2001)
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So, the “knowledge gap” clearly poses a very sertous threat indeed to all future NGVLA projects, because
the skill of an airship crew really is paramount. Consequently, the weight of responsibility on the

shoulders of the individual flight crew members of the first NGVLA is going to be enormous.

Nevertheless, regardless of what the very first NGVLA prototype actually looks like, and no matter what
its intended purpose is, it will inescapably have to run this risk. Even if it were to be Lord Ventry’s “best
airship ever constructed” there is no escape from the fact that at some point, it will have to make its very
first test thight, and when it does so, then someone will have to operate it. Obviously, whoever these
people are, they must be adequately trained. However, one thing is absolutely certain, the Knowledge Gap
means that it is not going to be possible for them to be prepared for their tasks today in the same tried and
tested way that their predecessors were in the past.

“... Eckener, an original thinker much experienced with wind and weather, insisted on thorough
training for all [Zeppelin] flight personnel in theoretical aerostatics and meteorology, and
constant practice in ship handling in all weather conditions ...” (Dick & Robinson, 1985:15)
[GC emphasis]

But large airships are now extinct, so the initial training of the NGVLA crews, and the maintenance of
their skills by such practical means, is currently impossible. Thus, while in the normal course of events, it
is undeniably true that “Most learning is not the result of instruction. It is rather the result of unhampered
participation 1in a meaningful setting.” (Illich, 1973:44) In the specific case of learning how to operate the
NGVLAs, the fact is that there is no “meaningful setting” within which the first crew can practise.
Neither will there be any such place, at least until the first NGVLA is almost ready to fly. The only

learning process that is proven to be effective is simply not going to be available for the first flight crew.

Furthermore, whereas: “Education in the exploratory and creative use of skills ... relies on the
relationship between partners who already have some of the keys which give access to memories stored in
and by the community” (Illich, 1973:24) if, as now seems to be the case, all memory (i.e. first hand
knowledge) of how to operate very large airships has faded away, then there are not even any potential
candidates to become partners (instructors) available. As a consequence, the whole question of crew
training for the NGVLAs becomes extremely serious and difficult to solve, especially as it is also now
apparent that it is rather urgent t0o:

“Part of the difficulty here is that training by its nature is an up-front activity. The trained crews
need to be there, ready to go, as the new equipment is delivered. For that to be achieved not only
have the training aircraft and the training organisation to be in place but the vital element on
which the quality and style of the new-era force will fundamentally depend also has to be there,
the Instructor Pilots. They themselves need to be trained before student training can commence,
All that up-front capability equates to cost - up-front cost!” (Walker, 2001:24)

Such recognition that flight crew training is of fundamental importance, and the realisation that the lack
of suitably trained pilots is going to have a big impact on the budgets and construction schedules of all
future NGVLA projects, is indeed welcome. However, the starting point for this thesis lies in what this
seminally important article by Sir John Walker' does not say. There is no mention at all, anywhere within
it, of the threat that is posed by the even further “up-front costs” that will unavoidably be incurred by the

equally vital need to provide adequately trained ground crews. Yet all of the points raised thus far,

. “Training - overcoming the airship pilot shortage.” In Airship 131, 2001: 24/5
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concerning the risks, the costs and the consequences of an inept or incompetent flight crew for the

NGVLAs are just as valid for their ground based personnel.

No one has any doubts that the pilots will need to be exceptionally talented people. Indeed. it is a fact that

has long been recognised:

“The smoothness of a [large rigid airship| landing depends on the sensitiveness of the pilot to
kinetic energy. How great the difference in this sensitiveness may be is illustrated by the two
following cases. One submarine commander brought his craft smoothly alongside the dock with

three manoeuvres, while another commander gave 84 orders to accomplish the same result.”
(Krell, 1928)

And yet the equally vital need for similarly skilled ground crew goes unremarked. Nevertheless. if the
NGVLAs are going to attempt procedures that are unprecedented in the history of airship flight then

clearly they are going to need “three manoeuvre™ people at every level of their command hierarchy - and

this must include their ground handlers too.

1.2 The fundamental importance of Ground Handling (GH)

It 1s an inescapable and unavoidable fact that some time before the first untested and untried prototype
NGVLA sets off on its very first test flight, (with its novice flight crew nervously pushing buttons to see

what happens), it will first have to be brought safely out of the hangar in which it was built.

This 1s a procedure that has caused serious problems for large airships in the past.

Figure 1.1 LZ8 “Ersatz - Deutschland” at Diisseldorf in 1911 (Giitschow, 1985)

Figure 1 shows Dr Hugo Eckener, the man universally acknowledged as the greatest-ever expert on large
airships, learning the hard way, in his early years, that a GH error can be just as disastrous as any other
“small mistake.” This accident occurred while Eckener was bringing the airship out of the hangar on a

windy day. His passengers escaped unscathed, thanks to the fire-brigade's ladders, but the airship was

totally wrecked.
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Of course the consequences of a GH error may be more annoying than disastrous but nonetheless the risks
are real and the results can still be enormously costly. Even the most modern airship has had 1ts
development schedule disrupted by a small GH mustake:

“Zeppelin NT-07 was damaged in March [1999] when part of her tail fin struck the hangar door
as she was being drawn out prior to further instrument testing ... she has spent a month
‘grounded’...” (Airship, 1999a:3)

Scaling up such an incident, in terms of time and costs, to a development plan for something the size of
the notional CargoLifter CL160 is a sobering thought. Furthermore, it also underlines the reality that in
today’s safety conscious world it is extremely unlikely that, upon completion of its assembly, the first
NGVLA will come straight out of its construction hangar and immediately fly off on a test flight. Such a
large and complex machine will inevitably require a considerable number of ground tests betore 1t 1s

ready to fly.

This was also foreseen to be the case prior to the very first flight of 1ts earhiest ancestor, more than 100
years ago:

“Of course, for such an experiment as the first ascent, [of Count Zeppelin's first “Air-Ship™ LZ/ ]
it will be necessary to await for the most favourable weather, as without doubt many trials will
be necessary before the craft is in a really workable condition.” (Aeronautical Journal, 1899:78)

In the event, as history records. eight months later on 1™ July 1900 LZ] did actually come straight out of
its hangar and immediately fly off on a test flight. Although 1t reportedly did not work very well, both it
and 1ts novice crew survived the experience and the airship was put back into its floating hangar on Lake
Constance that same evening without incident. However the world view of what 1s an acceptable risk has
changed considerably in the last hundred years and it is certain that on completion of the first NGVLA, a
protracted period of structural and systems testing will initially ensue, 1n order to reassure the regulatory
authorities and others that a test flying programme, under the control of what, at best, can only be a

partially skilled flight crew, 1s really safe to allow.

It is thus logical to assume that at least some parts of such a pre-flight test programme (possibly the
engine tests for example) ' will need to be done out of doors. But whatever happens, at some point,
someone, somehow, will have to move the newly built airship out into the open air. It therefore follows
that if a new generation of very large airships is ever going to be built, then some group of people who
really know what they are doing. are going to be required right from the very start, simply in order to

manoeuvre the first prototype NGVLA on the ground long before any attempt is made to fly 1t.

Furthermore, no matter what type of airship the first prototype turns out to be, nor for what purpose 1t 1s
finally built, if it is to be a success then someone 1s going to have to prepare it for its first test thght, and

someone will also have to take charge of 1t when 1t touches down again .

— —

Notwithstanding that at least one of the previous generation of large airships had its engines tested inside 1ts construction hangar, it

would seem inconceivable that present day health and safety regulations would allow a re-enactment of R100 engine run-up inside
the Howden shed on 25th September 1929: (see Meager, 1970 : 149)
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Thus, unless the first NGVLA prototype is going to be fitted with some exceedingly sophisticated

systems which allow its pilots themselves, single-handedly to:
a) top-up the lifting gas within it, and
b) refuel 1t; and
c) establish an equilibrium by adjusting its static-lift to ballast-weight ratio; and
d) taxi it out of the hangar under its own power, (or otherwise move it by some remotely-

controlled, mechanised means); then,

there is no escaping the conclusion that it must have a fully trained, competent and reliable ‘Ground

Crew' long before there is anything very much for its ‘Flight Crew’ to do.

It therefore becomes apparent that there is, in truth, a second fundamental “Big Question,” which,

although it lies hidden beneath the first one, actually precedes it and is consequently even more “up-front”

and urgently in need of a solution. Simply stated, it is this:

Q.2 - How are the ground crew for the first prototype NGVLA going to learn the skills they

will need in order to handle it safely when they prepare it for its first flight?

This second “Big Question” is obviously going to be just as difficult to answer as the first one, but in the
author’s opinion it is far more of a threat to all future NGVLA development programmes simply because
it lies buried so deeply beneath the first question, that is almost completely obscured by it. Indeed, the
whole topic of Ground Handling (GH) is so apparently dull and unexciting in comparison to Flight Ops,
that it is commonly taken for granted, and in the author’s experience it 1s difficult to get even confirmed
airship enthusiasts to take the subject seriously. As a consequence, the danger of an unskilled groundcrew

handling an NGVLA 1s generally ignored, and the true magnitude and real extent of the effects of the
Knowledge Gap are entirely overlooked.

Perhaps 1t is simply because this second “Big Question™ appears at first glance to be both obvious and
innocuous, that the implications of it are so frequently underestimated? Whatever the reason, an answer to

this question, or at least some way around it, will have to be found if the NGVL As are going to survive

and succeed.

Therefore the primary objectives of this thesis are

e Toraise the profile of GH generally and to explain the risks of neglecting or ignoring it.

e To make the case that Historical Research (HR) 1s vitally important to future NGVLA developers as
it offers a practical way to minimise the impact and ramifications of Q2 and permits them to identify
real PGVLA GH problems that remain as a serious threat today. Moreover, despite the fact that little
archived material was wnitten to that end, Analysis of Historical Airship Activities, (AHAA) can
prevent NGVLA developers from “re-inventing the wheel” and enable a better understanding of the

extent and proper context of the many obscure GH problems that stem from the “Knowledge Gap”

However, before starting the investigation it is necessary to understand something of the true magnitude
and complexity of the GH problems that the NGVLA development teams will have to face.
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2 UNDERSTANDING THE PROBLEMS

The repercussions of the “Knowledge Gap” and the serious nature of this unrecognised “Second Big
Question” (Q2) first came to the author’s attention in June 1998 when he was employed by the German-
based CargoLifter (CL) company to assist with the design of the GH systems for the CargoLifter CL-160
- the first of their planned cargo-carrying NGVLAs. However, it quickly became apparent that this
question was itself only the tip of an iceberg. It was just one small part of a much more complex and far-
reaching collection of inter-related, but essentially unanswerable, questions which started to accumulate
within the company as CargoLifter began the task of recruiting a team to design and develop their

prototype airship.

These difficult questions centred on such things as what Ground Handling Equipment (GHE) was going
to be “absolutely and vitally necessary” for the safe operation of the CL-160 (as opposed to being merely
“useful””) and, how long it was going to take to design and construct it all? Here are some examples of the
difficult questions that were put to the author shortly after he joined the CL project:

¢ Is a mooring mast really necessary for the CL-160?

e If so, then should the first CL-160 mooring mast be mobile or a fixed structure?

e If mobile, then should the mast move on railway-lines or crawler-tracks?

e What would be the load on the wheels of a railway-based mobile mast large enough to
handle the CL-160? |

e Why can’t the CL-160 pilots just “fly” the airship directly onto the mooring mast without
any groundcrew assistance?

e  What other ground-based infrastructure will be required for the CL-160 in addition to a

mooring mast?
e How long will it take to physically move the CL-160 into or out-of its hangar?
e How many times each year will the CL-160 need to go into its hangar?
e  What will be the operational limits imposed by the weather for:
a) Getting the CL-160 into and out of its hangar?
b) Connecting and disconnecting the airship to its mooring mast (if used)?
¢) Taking-off and landing?
d) Loading and unloading the payloads?
¢ Considering that the agreed norm for monitoring low-level wind and weather world-wide is
via 10 m high masts, and that the top fin of the CL-160 when it is moored on the ground will
be some 80 m high, how can meaningful, and locally accurate, short-term weather data be
provided, at all potential operational sites?
e How can the reliability of weather forecasts be guaranteed so as to ensure that the complex,
unprecedented and untried procedures can be planned, organised and carried out in safety?
e How long will it take for the CL-160 payload to be:
a) Loaded, and
b) Unloaded, or

¢) Exchanged for another payload or for some sort of ballast weight?
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These initial questions quickly spiralled into further ever more complicated and detailed ones. Many of

these concerned the people who would be needed to carry out the GH procedures. They included:

¢ How will the operators of the brand new Ground Handling Equipment (GHE) practise or

rehearse their untried procedures, so that they can safely move the very first prototype CL-
160 out of its hangar for the very first time?

e How can the ground crew subsequently try a “walk-through” of any improvements to, or
theoretically advantageous variants of, any GH procedures without the risk of damaging, or
perhaps destroying, enormously expensive equipment or even the airship itself?

e How many people will be needed to operate the separate component parts of the GHE?

e  Who is in command of each GH phase?

¢  What is the minimum number of groundcrew that will be required for each procedure?

¢  What skills will be required by each of them?
* What qualifications will be required by applicants wishing to join the CL-160 ground crew?

Thus last revealed the need for some sort of licensing system for the groundcrew personnel, and that led in
turn to yet further questions concerning the certification and testing of the GHE itself (regardless of what
it or the airship using it might eventually turn out to be). And the unanswerable questions continued, ever
further into the “up-front” problem areas that were to be publicly pointed out some two years later by Sir
John Walker in his article on flight crew training (Walker, 2001). How long was it going to take to train
the ground crew initially? Who was going to do it? And how? And to whose syllabus? And to what
standard? And when? And where? And over-riding everything else — what was all this training and

equipment going to cost?

Obviously, getting the answers even slightly wrong, to some of the questions in this complex web, was
going to have enormous financial implications. Again, this was a point which had previously been noted:

“The trade-off between the number of handling personnel required and the technological
sophistication of the installation they use is always a critical factor, conditioned predominantly
by the type of operation envisaged and the number of airships involved. The significance of

ground handling costs in the overall economics of airship operation is not always
appreciated.” (Mowforth, 1991: 37) [GC emphasis)

However, the author found that, at CargoLifter, shortly after he joined the project in 1998, it was not only
the costs of GH for the CL-160 that were being overlooked - in many instances the whole topic was either

taken for granted or simply ignored. Moreover, the longer the project ran, the worse this attitude became.

One of the main reasons for this oversight was that, throughout the autumn of 1998, new team members
were being enlisted to join the company in ever increasing numbers. While these new recruits brought
with them much needed specialist knowledge from a wide range of disciplines, they also brought many
preconceived ideas and prejudices from their various fields of expertise - and the majority of them had no
previous experience of LTA aircraft. The result was that each influx of new personnel served only to add
ever more difficult questions to the mixture. By the early part of 1999, these essentially unanswerable but
urgently necessary questions were being passed round and round within the company, from department to

department, and as they proliferated so the misunderstandings multiplied and the frustration increased.
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There were no answers. There were simply too many unknowns, and in many departments, out of sheer
necessity, design decisions for the CL-160 began to be made on the basis of unfounded assumptions. In
particular, the author became acutely aware that the lack of sensible answers to the difficult GH questions
also led to a general tendency at meetings for the whole subject to be dismissed as merely a detail, or for
GH to be put on hold to be solved later. Through the following year, 2000, matters concerned with the
airship's structure and the flight operations began increasingly to take precedence over the GH systems,
and progress in the development of the GHE for the CL-160 came to a virtual standstill. As time passed
so despondency within the GH Department grew, culminating in the memorable comment that the
company seemed so intent upon flying the airship first and solving the GH afterwards that “perhaps the

strategy is for a fly-and-forget airship?”’ (Girard, 2001)

However, this same attitude to the problems of GH had been noted elsewhere, ten years previously.

“Half the solution to any problem, however lies in knowing exactly what the problem is, and the
modern airship groups are repeatedly seen to be rediscovening - usually by falling over them -
technological and operational obstacles that were well known and documented many years ago.
Nowhere is this tendency more evident than in the all-pervading indifference, already
mentioned, to the importance of ground handling procedures in the assessment of operational
economics.” (Mowforth, 1991:41)

These events at CL, led the author to the realisation that the “Knowledge Gap,” although 1t had not

previously been publicly recognised as such, was actually an extremely serious problem. Not only would

it offer precisely the same obstacle to all attempts to establish further large airship development
programmes, but it would do so regardless of the purpose for which any future very large airship was
intended. Furthermore, the tide of unanswerable questions which resulted from the lack of experienced or
suitably trained personnel, would unavoidably reappear, and in particular those questions related to GH
would effectively sabotage every new attempt at NGVLA development. The subsequent collapse of the
CargoLifter company in 2002, after some 300 million Euros of investment, merely served to underline the

reality of this threat and to confirm the author in his suspicions.

It was also apparent however, that there was an even bigger, much more immediate and far more
insidious danger to the NGVLAs. It centred around the “all-pervading indifference” which seemed to the
author at CL, to have spread to encompass all matters concerning GH - particularly towards the end of the
project when one had only to mention the subject for the room to fill with groans, yawns and rolling or
glazed eyes. To a large extent this attitude appeared to be based on, and compounded by, several popular
misconceptions. These, in some cases, amounted to quite deeply held convictions, and in meetings at CL,

arguments approaching the intensity of religious schism occasionally erupted, notwithstanding that many

of these widely held beliefs were plainly wrong and did not stand up to scrutiny.

Because of the depth and strength of these dogmatic views, and the fact that the disinterest which is
engendered by some of the erroneous beliefs is of itself an obstacle, which, in the author’s belief, is a
dangerous and unrecognised threat to all future NGVLA development, it is deemed necessary, before
embarking on a possible way of answering the Second Big Question (Q2), to pay some attention to
understanding why some of these ideas are wrong, and why they also promote an attitude whereby the

problems associated with GH are so frequently underestimated or even deliberately ignored.
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2.1 The problem of the Cinderella profession

To support the views held by the author, 1t must first be shown that there is genuinely a widespread lack
of interest in airship GH. These, however, are deep waters because it is notoriously difficult to prove the
lack of something merely by its absence. Nevertheless, the case can be made that the whole subject has

been neglected in the past by the simple fact that it is hard to find one single airship history book that lists

either “ground handling” or “ground crew” in either its glossary, or its index.

Moreover, there 1s some evidence to support the case, and these quotes confirm, if nothing else, that a

disinterested attitude was prevalent in France in the early 1900s and also in America in the late 1960s:

“As these early airships {La France, Le Jaune, La Patrie, et al] were being built, [1902 - 1909]
little thought was spent on the means of mooring them, or on their housing when not in the air.

For these reasons many ships that structurally were perfectly correct were disastrously wrecked
when on earth.” (Hylander, 1931:181)

“20 Nov 69: Goodyear made their pitch. It involves marrying two ZPG-2 bags together side by
side ... It gives them the lift they need but the problems it creates in flight control, ground
handling and mooring boggles the mind. As usual, its GAC [The Goodyear Aircraft Corporation]

doing the talking and proposing and ... there's no pilot or ground handling input.” (Moore,
2004:202)

There are however two aspects to consider here. There are the personnel who carry out the tasks and then
there is the actual work that they do. Of the former, it 1s a fact that the profession of ground-crew has
never been treated with the respect it deserves. Indeed, there is a long tradition whereby ground-based
personnel have generally been held in such low regard as to be scarcely worth a mention. Here is one
example. It comes from the US Navy’s report on their “Airship Accidents, World War 1I” in which there

is to be found this damning statement

“During the entire course of the War accidents occurred to fifty-six airships of all types, attached

to both fleet and shore units ... Seventy-seven lives were lost during the War, (excluding fatal
accidents to ground handlers) ...” (US Navy, 1946) [GC emphasis].

There is no further mention of them!

Naturally, many reference books do make some mention in their text of the ground crew personnel and of
their duties. However, this tends, in the main to be fairly dismissive, and, many airship history books
actually neglect to make any reference at all of what must have become highly sophisticated and complex
GH routines - procedures that were devised, refined and polished over some forty years of trial and error

and which culminated in the great successes of the PGVLAs. This is a classic case of a Cinderella
Syndrome, whereby the work that is acknowledged to be of vital importance is also taken for granted,
while the people who do it are denigrated and treated with little respect, or even ignored.

However, recognition that there is a problem does not solve a problem, and as far as the NGVLAs are
concerned, it is important at this point to distinguish between the recognition that there is going to be a
GH problem for them and taking a serious interest in finding a solution to it. As Mowforth ! has pointed

out: “Half the solution to any problem, however lies in knowing exactly what the problem is ...” But this

! (Mowforth, 1991 : 41)



is only half the solution. The other half is actually doing something about it and here again there is an
evident lack of interest - notwithstanding the occasional dismissive mention of the GH of large airships as
being “an unsolved problem” -
“... ground handling was an operational problem that was never entirely resolved.” (Althoff,
1990:68/9)

“Although many ground handling techniques have been developed over the years, the problem
of handling an airship with safety, rapidity and economy in the context of a commercial
operating programme has not yet been solved.” (Mowforth, 1991: 37)

“... while the principles and behaviour of airships in flight are now well understood and cause

relatively few design problems, all weather ground handling remains a major concern On this
the airships’ future will stand or fall.” (Netherclift, 1993:13)

“Ground Handling of airships has always presented problems; it is almost certainly true to say
that a fully satisfactory solution has never been achieved for larger craft. ... There can be little
doubt that the whole area of ground handling remains as the outstanding difficulty in airship

design and operation.” (Howe, 1999:298/9) [GC emphasis]

This begs the question “why, in that case, is so little written about 1t?”” Even the book in which this last
statement appears devotes a mere 22 pages to the combined topics of “Ground Handling and Mooring.”
This is compared to the flight-related topics of “Aerodynamics” (45 pages ), “Stability and Control” (33
pages), and “Propulsion” (32 pages), all of which:

a) are held to be not nearly so problematical,
b) are far better understood,

c) already have cost-effective solutions that are tried and tested in the field, and,
d) are self-evidently of greater general interest.

This is not to be taken as a criticism of the book, but merely as a demonstration of the low priority that is
commonly given to GH in general. Doubtless it can be argued that this apparent lack of interest is
perceived rather than real, and that the reason for the disparity is actually due to an absence of

substantially new material to write about. It is undeniably true that:

“In recent years the bulk of resources for research and development has been absorbed by
redesign and upgrading of the airships themselves, ground handling being left largely to
traditional ‘bodies holding lines’ methods.” (Netherclift, 1993:29)

However, this has echoes of the “fly first and solve the GH problems afterwards™ philosophy that reared
its head at CL, and it only serves to confirm the point that flight has been consistently given a higher
priority than GH in many people’s minds. Nevertheless this disparity is surprising, considering that lip-
service has been paid to this same problem for such a long time, viz. :

“It must be borne in mind also, that in the compromise between weight and strength, all rigid
airships at present in existence, as well as those of the past, were designed and constructed with
flying qualities and considerations predominant, whereas handling was left a secondary matter.

We are certain that future design can and must yield more to handling considerations.”
(Rosendahl, 1927)

“The greatest problems of airship operation in the past have been those due to undeveloped

methods and equipment for handling airships on the ground - in other words, terminal facilities
for airships have been inadequate.” (Rosendahl, 1928)

“The problem of handling is admittedly the vital key point of the whole development, and the

future of the airship largely, if not entirely, depends upon its successful solution.” (Burney,
1929:214)
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“The non-availability of satisfactory handling equipment is today a big handicap to airships and
one that must be overcome.” (Fulton, 1929:63)

“The success of airship transport or any form of airship operation depends to a very large extent
upon the efficiency of the ground organisations and equipment. In the past the lack of
appreciation of this fundamental fact, has been the cause of the troubles encountered and to a

large extent the reason for the comparatively slow development of the airships.” (Richmond &
Scott, et al, 1930)

“... the major task facing the airship industry now ... is to moor and handle airships on the

ground reliably in all weathers, and economically in capital cost, maintenance, and manpower.”
(Netherclift, 1993:7)

Clearly the problem is identified but where is the interest in doing something about it? It is plainly not in
the aforementioned article by Sir John Walker, which is far from isolated in its failure to even

acknowledge the existence of the ground crews; let alone to recognise the vital role that they will

inevitably have to play in the development of the NGVLAs.

Quite why, the specialised skills and knowledge of the ground crew should be seen as of less worth than
the different skills and knowledge of the flight crew, is somewhat puzzling, especially as, it might be
argued, that in order to be efficient at their job, the flight crew only really need to know how to use
airship flight control systems, whereas, in order to save the airship in extreme circumstances, and in
extremes of weather, the ground crew must have a thorough understanding of both flight and GH systems.
For example, drooping the horizontal control surfaces to shed accumulating snow could save the ship, or,
following the failure of an APU, it might be possible to use the flight engines to maintain ballonet
pressure through a storm. But to do so requires those involved to understand both the normal functions of
these systems and what their limitations are, as well as the consequences of going beyond them. Relying
on flight crew to carry out all emergency GH procedures which involve flight controls, as is commonly
done by today’s small blimps, does not remove the need for the ground crew personnel to understand all
the systems that are available. Thus the GH team must be familiar with the intricacies of both systems,
whereas, the flight crew only need to be competent in the use of the flight controls. In other words, there
are GH systems that are never used by flight crew to help fly the airship, but there are flight systems

which can be used by ground crew personnel to help with GH. Therefore, it follows that in general terms

the leadership of the groundcrew must have at least as extensive a knowledge as the flight crew.

Plainly GH is an important and skilled occupation, and those who do the work are dedicated souls. Yet it
1s seldom acknowledged that every single one of the famous achievements of the PGVLAs, in terms of
passenger carrying, and ocean crossing, and even their short-duration military missions, must each have
been preceded by many hours of laborious preparation in the hands of highly skilled specialists.

“Airships spent but a small part of their lives in the air, and for every man who flew there were
perhaps a score who never left the ground but whose work was just as vital.” (Abbott, 1989)

These were the multi-talented individuals who maintained, provisioned, weighed-off and launched, what
were for their day, operationally complex and technologically advanced flying machines, and which still
today remain the largest objects ever to have flown. These specialists, were the same dedicated souls who,
while the airship was away from its base, turned their attention to cleaning, checking and testing a

bewildering array of machinery and equipment, all of which was necessary for them to do their job.
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It included, on occasion, everything from cavernous hangars and gigantic towers to massive mobile
mooring masts pulled by specialised locomotive engines along hundreds of metres of purpose-built
railway track. These people were responsible for the provision and smooth running of everything from
winches and cables, to pumps and hoses; from the clips and clamps and couplings that joined them all
together, down to the tiniest of nuts, bolts, washers and rivets, not forgetting the loo rolls and light bulbs.

It all had to be kept ready, and in working order, for without it the airships could not function.

Equally, at the end of every flight, regardless of the success or failure of its mission, there was inevitably
a landing (of some sort) for every one of these enormous aircraft. And, for those that made it successfully
back to base, the outcome of this “touch-down” depended to a large extent on the skill of the groundcrew.
And again, afterwards, when the flight crews had gone off to celebrate, (or home to quietly try and
forget,) then these same specialist custodians were still hard at work. Behind the scenes they were
repairing, replenishing, and re-designing, or perhaps manoeuvring, or even simply hanging-on to their
physically enormous “babies” until some storm winds abated. If they got it right, the airship survived to
fly again, but 1f they got it wrong, the airship was lost. Furthermore, if the flight crew got things wrong
and the airship crashed, or if the designers erred in calculation and the airship broke away from its

moorings, then it was always the ground crew who were left to clear up the mess.

A further small point, but a very important one, is that everyone who has anything to do with aviation
today is so used to seeing things from the conventional HTA viewpoint that their ways of seeing have
now become entrenched. Consequently, the popular view of what constitute the main problems for GH
airships and where the real difficulties lie has also become firmly fixed. An example of this can be seen in
the Contents List of the first draft of the Transport Airship Requirements ' (TAR) (Appendix C). This
valiant attempt 1n the late 1990s, by the combined Dutch and German aviation authorities, to provide at
extremely short notice, regulations to govern all aspects of the NGVLAs, revealingly lists “Take-off” at
paragraph number §51 and “Landing™ at §75, but makes no mention at all of “Ground Handling” until
§255. Even more revealingly there is no reference anywhere within the entire document of moving the

airship into or out of a hangar ~ a procedure which has repeatedly been proven to be one of the most risky

for airships of all sizes and types.

Finally, this mention of regulation, brings up the interesting point that all the so-called “Ground Handling
Manuals™ for the airships currently flying are actually written as part of, and in compliance with, the flight
certification process of the airship that each refers to. The purpose of these official documents therefore,
is to satisfy a certification requirement of the individual aircraft type. They are thus written for the benefit
of the aircraft they belong to, and not specifically to pass on techniques to ground crew personnel, nor to

preserve knowledge of ground handling per se. The fact that they appear to fulfil this role, serves only to
add further confusion to the blind spot.

L aga, 1999)
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2.2 The problem of the Ground Handling blind spot

It has been the author’s experience 1in conducting this research that one of the main reasons why the
magnitude and the complexity of GH 1s neither recognised nor treated with the respect. and indeed the
caution, that it deserves, 1s because there are several separate groups of people who each downplay.

disregard or dismiss the seriousness of the GH problems for completely different reasons.

Firstly there are those who genuinely do not know that there are any GH problems. These include the
public at large who generally have no idea how LTA craft work, but who are used to a diet of television
advertisements showing hot air balloons equipped with sand-bags. and images of the Hindenburg
crashing in flames every time the word “airship™ 1s mentioned. They are truly naive and, indeed, are
genuinely puzzled by the whole concept of LTA flight. As a consequence, they usually take the GH of
airships for granted and 1f asked about 1t, are apt to declare that they “never really thought about it.”
However, such people “know that they do not know™ and are consequently quite open-minded and ready

to accept information, provided it 1s “interesting”’ and comes from an authoritative source.

Then there are those who know that there are problems but are unaware of the magnitude, complexity and
extent of them. They include administrators, engineers and other aviation experts, who come fresh to the
subject of airships, often with extensive experience of other branches of aviation. They cannot see that
there is much of a problem largely because a dozen or so “advertising blimps™ are currently in operation *
around the world today, and although these are few in number, they have a great visual impact. Their role
as an ‘eye-in-the-sky’ at sporting events attracts much attention. The result is that those familiar with
HTA, see “aircraft” that are flown by licensed pilots, maintained by certified engineers and supported by
a fully-functioning, up-to-date, quality control system - as is standard practice throughout the world of
HTA aviation. This reinforces the erroneous belief that all airships of whatever size would like to behave
as if they were to all intents and purposes “normal” (i.e. fixed wing) aircraft - taking-off and landing
horizontally by “taxiing™ along a runway using an “undercarriage.” However those who have first-hand

experience of LTA flight know how very different airships really are. Airship pilot Paul Adams explains:

*...aircraft tly by the book, airships do not. The way an airship behaves, on the ground and in
the air, depends on many variables that have a small, inconsequential effect on most other types
of aircraft. Minor changes in wind direction, speed or ... variances in temperature, the lightest,

shortest shower or even the passing of a cloud will change the condition of an airship and the
way it handles.” (Adams, 2001a:29)°

Thus airships really are very different from HTA craft and the NGVLAs are going to be even more

different from them than the modern blimps are.

Some further 1dea of the effects of this difference can be seen by making a comparison between the two

sorts of aircraft and examining the percentage of accidents (where data exists) for different phases of

HTA and LTA flight. It is immediately apparent that airships are far more vulnerable on the ground:

: Nayler, 2003, *Airship activity and development world wide — 2003 AIAA 6727
: Edited for brevity
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BORDONI GRAPH 9 - BY PHASE OF FLIGHT; PERIOD 1991-2000
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Figure 2.1 - Percentage of HTA accidents by phase of flight, 1991 — 2000
(Bordoni, 2001: Aircraft Accidents Register)

Carbaugh Fig.1 - Heavy air transport accidents
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Figure 2.2 - Heavy air transport accidents involving fatalities / hull loss
(Carbaugh et al, 2003 : Boeing Commercial Airplanes)

From these charts it can be seen that despite the obvious disparities in their data handling the ground
related categories for HTA “take-off,” “landing,” and “on ground™ accidents add up to 23% in the first

case and to 43% in the second. The picture for airships is rather different:
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Rigid Airship losses 1900 - 1940

fire in shed
22%

flight

43%

ground
10%

landing
25%

Figure 2.3 - Rigid airship accidents analysis 1906 / 1940 - (data from Brooks & Griffin, 1973:50)

Although data on very large airships 1s harder to find than for HT A aircraft, one study reveals that out of a
total 0f 99 PGVLA rigid airships that met violent ends, 39 can be attributed directly to acts of war. If
these are discounted, (on the grounds that any projected figures for them must be conjectural), and only
the known facts of the remaining 60 airships are used, (Figure 2.3) then 26 (43%) were lost in flight,
while 34 (56%) were lost in ground related incidents. For the largest of the US Navy’s blimps the picture

was even worse (Figure 2.4) with over four fifths of recorded losses involving ground related events:

US Navy blimp accidents - 1946 / 1961 (Tripp, c.1961)

flight
18%

not incident
to flight
25%

static
8%

land/take-off
49%

Figure 2.4 - US Navy Post war blimp losses (data from Tripp, ¢.1961 - US Coastguard)

[t is therefore clear that ground-handling was of far greater importance to both the large rigid airships of
the 1930s, and to the big blimps in the 1940s and 50s, than it is to the more familiar HTA aircraft flying
today. Thus any misunderstanding by the designers of the NGVLAs as to the vulnerability of large LTA

aircraft when on the ground could prove to be very expensive indeed.
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To alarge extent this nisunderstanding 1s exacerbated by the tact that arships generally are seen as
something of a joke 1in the world of modern HTA aviation. However, humour frequently artses from an
internal contlict of information and when new data contradicts what 1s already known. then the recipient
laughs. This 15 1n contrast to those who know nothing to start with. They do not find new information
funny. they find it interesting. However, supplying accurate information to people who have none. 1s one
thing. whereas correcting wholly erroncous convictions 1s much more ditticult. This fact has recently
been observed to be such a sertous problem for those attempting to drum up funding for the NGV LA« that
1t has even been given a name:

“"The reaction in Government officials tirst presented with airships as solutions to any given
problem 1s one of humorous incredulity. .. The difficulties of getting over this initial barrier
should not be underestimated. ... The sertous side of this 1s the almost total Tack of data within
government regarding past and current airship acuvites, himitanons and capabihities. Not only
does this fuel the Giggle Factor. but 1t also leads to misconceptions regarding amrships ... .7
(Gotthicb, 2000:L-1)

The point here 1s not that experts trom other fields see airship GH as tunny, but, simply that they have
prior knowledge, some of which 1s wrong, and which means they trequently jump to false conclusions.
They get hold of the wrong end of the stick. Morcover. these assumptions and misconceptions make the
second group, 1n many ways the most difficult to deal with, especiallv when some of them are eminent in

their own fields of knowledge.

For example. here are descniptions of the mooring process used by the R700 and R10].

“Attachment of the mirship [R700] to the [Cardington] mast is made by dropping a cable from the
ship on 1o the acrodrome ; this cable 1s linked to a similar cable laid out upon the ground from
the mast head. The ship can then be hauled in to the mast and moored. floating 1n the air with her
own buoyancy.” (Burney, 1929:214)

“Normally. when an airship [either R700 or R101] approached the [Cardington] mast slowly
against the wind, a mooring cable was let out from the nose to the ground and linked. by a
ground party. to the end ot the mooring cable paid out from the mast head. The cable was then
slowly wound 1n ..." (Masefield. 1982:490)

But here. although the mooring process descrnibed appears to be identical. there has clearly been some
misunderstanding. somewhere along the line:

“The airship [R/07] was flown onto the mast which often proved to be a long and tedious
process. Masts were also developed in the United States. For example, the last United States
rigid airship. the *“Macon,” used a large and substantial mast. The mooring line was attached
pnor to docking to enable 1t to be winched onto the mast. Such a technique is much less

fraught with danger than that used by R101.”" (Howe. “Ground handling and mooring™ in
Khoury & Gillett, 1999:307) [GC emphasis]

Then there are a third group. These are people who know that there really are some very serious problems
but who deliberately deny or downplay them. In this category are frequently to be found those who have
vested interests to protect.

“Every new weapon has at least two enemies in addition to official conservatism: 1ts rabid
opponents and its violent enthusiasts. Both have vested interests to protect. The former ridicule

1t as expensive and useless. the latter see it as an almost universal panacea. Neither 1s of course.
right.” (Higham, 1961:9)
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To a large extent this misunderstanding 1s exacerbated by the fact that airships generally are seen as
something of a joke in the world of modern HTA aviation. However, humour frequently arises from an
internal conflict of information and when new data contradicts what is already known, then the recipient
laughs. This is in contrast to those who know nothing to start with. They do not find new information
funny, they find it interesting. However, supplying accurate information to people who have none, is one
thing, whereas correcting wholly erroneous convictions is much more difficult. This fact has recently

been observed to be such a serious problem for those attempting to drum up funding for the NGVLAs that

it has even been given a name:

“The reaction in Government officials first presented with airships as solutions to any given
problem is one of humorous incredulity... The difficulties of getting over this initial barrier
should not be underestimated.... The serious side of this is the almost total lack of data within

government regarding past and current airship activities, limitations and capabilities. Not only
does this fuel the Giggle Factor, but it also leads to misconceptions regarding airships ... .”

(Gottlieb, 2000:L-1)

The point here is not that experts from other fields see airship GH as funny, but, simply that they have
prior knowledge, some of which is wrong, and which means they frequently jump to false conclusions.
They get hold of the wrong end of the stick. Moreover, these assumptions and misconceptions make the

second group, in many ways the most difficult to deal with, especially when some of them are eminent in

their own fields of knowledge.

For example, here are descriptions of the mooring process used by the R100 and R101.

“Attachment of the airship {[R700] to the [Cardington] mast is made by dropping a cable from the
ship on to the aerodrome ; this cable is linked to a similar cable laid out upon the ground from
the mast head. The ship can then be hauled in to the mast and moored, floating in the air with her
own buoyancy.” (Burney, 1929:214)

“Normally, when an airship [either R100 or R101] approached the [Cardington] mast slowly
against the wind, a mooring cable was let out from the nose to the ground and linked, by a

ground party, to the end of the mooring cable paid out from the mast head. The cable was then
slowly wound in ...” (Masefield, 1982:490)

But here, although the mooring process described appears to be identical, there has clearly been some
misunderstanding, somewhere along the line:

“The airship [R101] was flown onto the mast which often proved to be a long and tedious
process. Masts were also developed in the United States. For example, the last United States
rigid airship, the ‘Macon,’ used a large and substantial mast. The mooring line was attached
prior to docking to enable it to be winched onto the mast. Such a technique is much less
fraught with danger than that used by R101.” (Howe, “Ground handling and mooring” in
Khoury & Gillett, 1999:307) [GC emphasis]

Then there are a third group. These are people who know that there really are some very serious problems
but who deliberately deny or downplay them. In this category are frequently to be found those who have

vested interests to protect.

“Every new weapon has at least two enemies in addition to official conservatism: its rabid
opponents and its violent enthusiasts, Both have vested interests to protect. The former ridicule

it as expensive and useless, the latter see it as an almost universal panacea. Neither is of course,

right.” (Higham, 1961:9)
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In this instance, it is the latter group, the rabid enthusiasts, who are the problem. This 1s because they are
so convinced that airships are the solution to all the world’s ills that they try desperately to minimise any
obstacle to their development. Naturally this includes GH problems. which are perceived as a boring topic
that will hopetully go away 1f 1ignored Adherents to this philosophy certainly do not wish to take GH
difficulties seriously and will frequently deny that any exist at all.

“It1s to be regretted that a rabid few paint airships only with the free unrestricted superlative and

seem to have forgotten, if they ever, knew, that there are any difficulties in airship operation.”™
(Rosendahl, 1927)

This group includes a sub-group composed of those who are intent on drumming up finance for airship
projects. They are motivated to deny the problem or to hush-it-up for political reasons and are apt to make

such statements as “we don’t want to frighten off potential investors.”

The fourth group might be termed ™ the disinterested.” They may acknowledge that there are some serious
GH problems but in general they are not really interested in anything to do with airships. On the contrary.
many in this group actively try to 1gnore the whole field of LTA and perceive airships as at least a waste
of time: if not something of a nuisance. In the past, this group has included some, but certainly not all, of
the regulatory authorities and there remain many within these ranks who would much prefer it if airships
in general just went away forever. Latterly this attitude has mellowed somewhat: however. the old
prejudice sull surfaces occasionally - especially with regard to GH:

“Ground personnel [for the NGVLAs] will definitely not be licensed by the state. For their
training the [operating] company has to accept the full responsibility.” (Kriiger. 2000:4)

This statement comes from an LBA presentation which was given at a conference organised by the LBA
in their hometown of Braunschweig, Germany. It can thus be taken as an officially sanctioned. if not
actually declared, policy. However, it is the author’s opinion that this policy will change, either when the
regulatory authorities themselves start to think seriously about the consequences of a NGVLA GH

accident, or, sad to say, more probably, when some government department throws the problem at them

following a major head-line-grabbing incident.

Lastly. there are the over confident. These include experts from within the LTA field who think they can
casily cope with the size increase. Some are convinced that they already know all the answers and as a
consequence usually underestimate the scale, the time, the cost and the complexity of the NGVLA GH
problems, which they perceive as having a fairly low priority. Many of this persuasion are well aware that
GH 1s indeed a big problem for all airships and would argue that there is a widespread acknowledgement

of its importance within the industry, as evidenced by statements such as these:

“All airships require a ground support team. It is impossible to safely operate an airship without

such a team and the job of the ground crew is as important as flight crew - neither can operate
without the other.” (Flying Pictures (Airships) Ltd., c1988:3)

However, there are those among this group who refuse to admit that the size difference and the
unprecedented procedures are going to make things any worse for the NGVLAs than they are for today's
blimps. This deliberate denial is occasionally founded on professional pride. which adds further
complexity, because there is no doubt in the minds of some insiders that the necessary skills to operate the

NGVLAs already currently exist within the modern blimp industry. Thus anyone who asserts otherwise is
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seen to be attacking the competence or abilities of those who run what has plainly become a pertectly

viable system for the operation of small blimps within a world dominated by HTA flight.

Consequently, there is a widespread failure by many people, and not only those inside the LTA 1ndustry,
to appreciate the enormous difference in size between the small modern blimps and the NGVLAs, and the

difficulties that this can cause showed itself at CL - as can be seen from the following.

2.2.1 Defining the Spatial Reference Point

There is a problem with the Spatial Reference Point (also known as the Datum Point) viz. —1f a report
concerning a large airship states that “the airship was 100 feet above the ground™ then the question needs

to be asked “where exactly on a very large airship 1s this being measured from?”

In the course of this investigation, the author discovered that different departments within CL
Development all answered this simple question rather differently, and at one time there were at least five
different datum points in simultaneous use. These were :—

e The tp of the airship’s nose,

e The centre of gravity (C of G) within the gas envelope,

e The pilot’s head,

¢ The bottom of the gondola (i.e. the interface between under-carriage and ground,) and

¢ The lowest point on the airship structure (which changes as the airship pitch angle alters).
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Figure 2.5 - The different Datum Points

UNDERCARRIAGE

For small blimps, perhaps this difference does not matter very much, but with really large airships there
can be more serious consequences - although sometimes these may be more amusing than problematical.
As for instance, when Draft 1 (January 1999) of the Transport Airship Requirements (TAR) appeared for

review, boldly stating that:

“§ 51 Take-oft

Upon reaching a height of 50 ft above the takeoft surtace. the airship must have reached the
recommended climb speed: and ...
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§ 75 Landing

The horizontal distance necessary to land and come to a complete stop from a point 50 ft above
the landing surface must be determined, ...” (LBA, 1999)

This, of course, quite overlooked the fact that, were the datum point from which the measurement 1s
taken, ! to be defined as either the nose, or the C of G, (or for that matter the pilot’s head, in the three-
deck-gondola version), then an airship the size of the notional CL-1 60,% would at all times be

considerably above a height of S0 feet - even when it was securely attached to its mooring mast or safely
parked inside the hangar.

However, for the GH team the datum point question does have real relevance. For instance, if an NGVLA
which is itself more than 200 metres in length, were to amve at 1ts landing place, with its safe capture
dependent upon the ground crew connecting up one or more mooring lines dangling from its nose, and the
length of these lines had been measured so as to reach the ground when the airship was flying straight and
level, then a large nose-up pitch angle would mean that the ropes might not reach the ground before the
tail-fin did. Alternatively, if the airship were pitched steeply nose-down it would drag many meters, (or
perhaps many tens of meters,) of slack rope over the ground, and this would need to be wound onto the
cable drum of a winch before the tensioning process necessary for the landing proper could even start to
happen. If the winch drum had been not been sized to accommodate this extra slack (resulting from the

altered pitch angle), then again, the consequences could be very serious, especially if the airship was not

actually able to complete a safe landing in these circumstances.

This is only one, perhaps extreme, example, but it demonstrates that, when dealing with a brand new type
of aircraft which is of a size that the NGVLAs will per force have to be, then it is extremely important for

everyone involved, to know, (and also to be in complete agreement), as to exactly from where all the

measurements are being taken. Misunderstandings between departments or even mismatched
measurements have the potential to be exceedingly costly to the NGVLAs if only because they can waste
considerable time. But, this example does show how easy it is to make comparisons with HTA, or

assumptions about LTA, that while they may perfectly valid for the small blimps are in reality
unworkable for the NGVLA:s.

Thus all groups - the public (who are genuinely naive); the novices from other fields (who approach the
topic with deeply ingrained misconceptions); the enthusiasts and entrepreneurs (who try to minimise it or
deny the problem exists); the regulatory authorities (who simply want it to go away), and, most
particularly, the LTA experts (who think they can easily cope with the size increase) — are inclined to

downplay the importance of the ground handling and the crew training problems and to arrive at the same
frequently asked question.

! At that time undefined in the TAR
2 A hull diameter of 65 m (i.e. 213 ft) would put the tip of the nose at least 100 feet a.g.L
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2.3 The problem of scaling up existing procedures

When considering ways in which the NGVLAs might be handled on the ground, the most frequently
asked question is: “Why not take the tried and tested procedures that are already certificated and fully

licensed for current use by the modern blimps and simply scale up them to suit the NGVLAs?”

The answer is twofold.

Firstly, because the difference in size is quite simply too great. The largest modern airship currently
flying, the Zeppelin NT-07, is 75 metres (246 ft) long. This is many times smaller than either the last, and

largest, of the old Zeppelins - LZ130, which was 245 metres (803 ft) long,- or the first, and smallest, of
the unbuilt CargoLifter prototypes, the CL160, which promised to be at least 260 metres (8353 ft) long.

However the length of an airship gives no real idea of the inertial forces that its pilot has to deal with. A

far better guide to this can be gained from a comparison of the internal volumes, and thus of the weight of
1

air, that each airship displaces.

LENGTH VOLUME MASS

245 m 200,000 m° 245t

122 m 42,937 m° 50t
59 m 6,666 m* 8t
39 m 1,940 m’ 2 t

75 m 8,200 m° 10 t

260m 560,000m° 670t

Figure 2.6 - Comparison of NGVLA physical dimensions with PGVLAs and modern blimps
Adapted from CargoLifter scale drawing DE 550018 by Ferris (30 April 1999)

! 1t is not commonly understood that despite their apparent “weightlessness”, all LTA craft, still do have “mass” and that, for
example, a relatively small 4-seater hot air balloon, (which typically has hardware and internal gas with a mass of some 3 tonnes,
and which also displaces some 3 tonnes of air), when gently drifting along at walking pace, would need the same amount of effort to
stop it, as a 6 tonne truck free-wheeling, un-powered, along flat ground at the same speed. (See also Foot note 1 on page 40 )
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Thus, in terms of the weight of air displaced, the modern Zeppelin NT- 07, with a volume of 8,200 cu m
has a mass of gas and hardware of less than 10 tonnes. This compares with 245 tonnes for both the
L.Z130 and its sister ship LZI129 “Hindenburg” (each of which had a volume of 200,000 cu m) and, just
for the record, had the CL160 (volume 550,000 cu m) got off the drawing board it would have weighed in

with a displaced mass of more than 670 tonnes. In HTA terms this is worse than putting the flight crew of
a small twin business jet (10 tonnes) straight onto a Boeing jumbo airliner (350 tonnes) with no

intermediate steps. It is therefore quite unreasonable to expect that the NGVLA flight crews will be able

to make such a large skill-jump in both the size and the complexity of their aircraft in one go.

The second reason why the modern blimp operational systems currently 1n use cannot simply be scaled up

for super-large airships is because many of the procedures are actually inappropriate. This fact is readily

acknowledged by those few who have seriously thought about the problem:

“Whilst adequate techniques have been devised for use with smaller, non-rigid, craft, these are

unlikely to be satisfactory for application to large, heavy lift airships should these become a
reality.” (Howe, 1999:299)

Nevertheless, the popular misconception persists that the safest, quickest, cheapest way to develop the
NGVLA operational systems is to base them on “modern airship operating procedures.” To see why this
will not work, and why attempting to use even modified versions of these widely accepted, standard,

modern blimp procedures is really not going to be a practical solution for the NGVLAgs, it is necessary to

examine some of these procedures 1n a little detail, and also to look briefly at their origins.

The modern blimp operating procedures are derived from, but essentially the same as, those devised by
Goodyear for the US Navy’s blimps in the 1940s. These procedures are often collectively referred to as

“heavy operations” and their original purpose was to minimise the need for the US Navy pilots to “valve
off” or vent their lifting gas (the rare and expensive helium). This system was introduced as an alternative

to the method previously used by earlier blimps, and the giant rigid “Zeppelins,” whereby cheap, and
readily-available, hydrogen was vented with impunity.

“The high cost of helium (at that time! about 70 times that of hydrogen), and the consequent
undesirability of valving off gas to reduce excess buoyancy in flight, led in the Goodyear blimps

to the techmque of “heavy” operation, in which the ship is kept at all times slightly heavier than

its aerostatic lLift. It then takes off, flies and lands on dynamic lift like an aeroplane ...”
(Mowforth, 1991:9)

However, operating in the Goodyear manner did require that the blimps be fitted with certain specialised
equipment that no HTA aeroplane would ever carry:

“Dangling from the bow [of the K-ships] were two sets of ground-handling ropes, a pair of short
lines and a pair of long lines. The former, because they were too short to whip into the

propellers, were allowed to trail and blow about in flight. The latter, long enough to entangle

themselves with the blades, were stowed before takeoff in boxes, port and starboard, at the front
of the car.” (Vaeth, 1992:41)

Moderm blimps have dispensed entirely with the “long lines” and all current GH procedures are conducted
using only the “short lines”, (nowadays known as “Main Handling Lines”) but the operational system

they employ remains essentially the same. Here, by way of comparison, is the manner in which the US

1 ¢.1940
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Navy K-ships (vol. 12,036 cu m = mass 14.7 tonnes) were made ready for flight using the Goodyear
“heavy operations” system in the Second World War,

“The ground party used the short lines to hold the ship and keep it pointed into the wind after de-
masting and just prior to takeoff.” (Vaeth, 1992:41)

And here is what the GH manual for the modern Skyship 600 series (vol. 6,600 cu m = mass 8 tonnes),
says regarding the same procedure:

“Once released [from the mast] the Crew Chief will move the airship rearwards using every
means to keep it under control and facing into the wind. At the take-off site the Crew Chief will
re-ballast the ship taking into account the pilot's static weight instructions.” (Airship Operations
Inc. 1998:5-11)

Thus it can be seen that there are actually two separate problems to be solved at this point. Firstly, the
airship must be disconnected and moved a safe distance from its mooring mast, and then, secondly, it
must be held with its nose facing constantly into wind, so that it can be “weighed off.” This latter
procedure is necessary in order to accurately determine two things:

a) the amount of static lift the airship has, and

b) the trim angle it will adopt when released from its mooring restraints.

Both these standard pre-flight procedures, of maintaining constant nose-into-wind position and of
adding/removing trim ballast, are done manually, by teams of people, for all the modern blimps that are
currently operating. Few would argue that this system would be either safe or sensible for the NGVLAs -

even the smallest of which will be many tens of metres high and contain ballast weighing tens of tons.

For example it is inconceivable that the Ground Crew Chief for the NGVLAs will stand under the nose
rope and make hand signals to the ground crew in order to weigh off the airship prior to a flight, as is
depicted in a Skyship 600 Ground Handling Manual,! (See Figure 2.7 - Skyship Hand Signals overleaf.)
To begin with, the physical distance from nose rope to the gondola looks likely to be in excess of 100
metres so the NGVLA pilots and gondola crews will hardly be able to see if the Crew Chief has an arm

raised, let alone how many fingers he/she 1s holding out.

The idea that these procedures can simply be “modernised” and replaced by some alternative
communication method, such as a radio-link or by CCTV, needs to be viewed against the question of
why, if this is so, the small advertising blimps which are currently operating have not already done this?
The truth is that visual signals, which are non-electrically dependent, are at the heart of the modern blimp

GH systems, and it would be foolhardy to assume that these tested means can simply be dispensed with,

at least until an alternative has been satisfactorily demonstrated to work safely and reliably in the field.

This is not to say it is impossible, only that it has not been done yet, and the current operators and

regulators seem convinced that the system they are using for weighing-off the blimps prior to flight, is

both the safest and the most cost-effective.?

1 Airship Operations Inc. 1998

2 1t should also be noted that the majority of the world’s highly sophisticated aircraft at even the most modern airports continue to be
directed visually onto their loading ramps by hand signals from ground crew personnel waving “paddles” and “illuminated wands.”
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Airship Operations, Inc Operations Manua!

Pant 4 Ground Handling Manual Section $

BEFORE FLIGHT, CREW CHIEF PERFORMS THE
GROUND WEIGH OFF AND BALLASTING:

9) Arm extended, palm flat, facing upwards, the
hand is moved up and down, then rotated paim
downwards, and moved from side to side.

Means: PICK THE SHIP UP FOR THE WEIGH

OFF

9
This is followed by the "Hold" signal (8) to steady the ship )

CREW CHIEF REQUIRES BALLAST TO BE ADDED
TO THE SHIP:

“Two In"
10)Arm at shoulder level, fingers extended to

indicate the number of bags or weight to be
added, the hand 1s moved as shown by the arrow.

CREW CHIEF REQUIRES BALLAST TO BE
REMOVED FROM THE SHIP:

11)Arm at shoulder level, palm towards the crew,
the hand is moved outwards with the palm stull .
facing the crew. Four Out 10)

il v
Means: REMOVED THIS NUMBER OF BAGS.

CREW CHIEF HAS COMPLETED ALL CHECKS AND

BALLASTING, AND IS READY FOR TAKE-OFF. HE
ASKS THE PILOT IF HE IS READY:

12) Am extended and towards the pilot. Thumb up

as shown. The whole arm and hand above the
head. 11)

Means: ARE YOU READY FOR TAKE-
OFF?

PILOT IS READY FOR TAKE-OFF:

13 Pilot's hand extended towards the Crew ‘1‘ ‘
Chief in the “Thumbs Up” sign, the hand is
then moved upward sharply or the vectors
are raised to 45°.

12)
Means: | AM READY FOR TAKE-OFF.

It also 15 an instruction to the Crew Chief to
allow the ship to lift off in the event of the 13
ptlot wishing to take control and clear the ground. )

Change # 3-19

Date
Original

Nov 08

Figure 2.7 - Skyship Hand Signals (Airship Operations Inc., 1998:5/19)
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However, after having separated the modern blimp from its mooring equipment, and established that it is

correctly trimmed and loaded, the next problem is to get 1t airborne. There are essentially two ways in
which this has been achieved

e horizontally (also known as the rolling take-off), and

e vertically (also known as an up-ship take off).

The Goodyear system is based upon the former method and here 1s how the US Navy did things
horizontally in 1942-44:

“... K-ships customarily took off “heavy,” their total or gross weight exceeding what their gas
alone could lift. To overcome this heaviness, they made a take-off run on their wheel, becoming
airborne when the aerodynamic lift generated by airspeed, angle of attack, and hull form
overcame the heaviness. ... ZNP-Ks, although designed for a maximum “heavy” take-off of
1,500 pounds [680 kg], were commonly flown much heavier, 1800, 2,000, even 3,000 pounds
[816 - 1360 kg] heavier than the lift that their helium alone would permit.” (Vaeth, 1992:39)

But there are some fundamental laws of physics that make such a system unattractive for very large
airships. To whit:

“Scaling effects are disadvantageous at this point .. the relative amount of heaviness, which can
be taken dynamically, decreases with size. An A60+? when taking off 10% heavy needs the
same lift coeffictent and speed as a CargoLlfter CL 160° taking off 1.5% heavy. This effectively
cancels out one major advantage of utilising "aerostatic” lift. ... and ... If large airships, which
displace 500 tons of an' and entrain the same amount more ... (resulting in an inertial mass in
excess of 1,000 tons) are going to take-off and land homzontally, then they are going to require
some enormously long runways.” (Camplin & Schaefer, 2002)

Moreover, in contrast to their HTA competitors, the inherent inability of all airships to take-off, or make a
landing, with any sort of cross-wind, will mean that the NGVLAs are also going to need their very long
runways to point into every conceivable wind direction. Not only would this result in a formidable civil
engineering project but it would also seem to undermine the very reason for building very large airships

in the first place.

“... dependence upon aerodynamic control is in direct contravention of the primary advantage of
aerostatic lift in conferring vertical take-off and landing. Some amelioration is possible by
resorting to short take-off and landing, but any significant compromise in this respect removes
one of the major operational advantages of the airship.” (Howe, 1999:299)

Thus STOL or VTOL procedures look far more attractive for the NGVLAs, rather than trying to scale up
the Goodyear “heavy” operational methods for taking-off - or, indeed, for landing.

“A normal landing [for the US Navy blimps] was made about two hundred to four hundred

pounds [90-180 kg] heavy, the aircraft touching down and rolling out toward the ground crew
with power just ample for control. Once well in hand, the ship was hauled in to the mobile

mooring mast, then shunted to a mooring circle or towed to a hanger berth.” (Althoff, 1990: 215)

1 [Lightship A60+ has a volume of 1,940 cu m = mass of 2 tonnes]
: [estimated volume 550,000 cu m = mass of 670+ tonnes]

3 “The development of the equations of motion follows standard aircraft practice where derivative notation is used to describe
aerodynamic effects. The major differences are due to the fact that the vehicle is buoyant and displaces a large volume. The
buoyancy force B and virtual mass and inertia terms are significant additions to the familiar aircraft equations of motion. ... The
virtual mass and inertia effects are described by the derivatives of acrodynamic force and moment with respect to linear and angular
acceleration perturbations. For this reason it is arguable whether these effects should be regarded as part of the aerodynamic
description of the model or whether they should be regarded literally as additional mass or inertia terms. In the present context the
latter description is preferred since in a practical situation it is impossible to distinguish between physical mass and inertia and
added mass and inertia.” (Cook, 1999 : 76-77)
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However, if the NGVLASs are going to land horizontally then their enormous inertial mass will mean that
the airships themselves are going to require some very substantial (i.e. heavy) landing gear. This was
foreseen to be a problem prior even to the first ever successful large airship ascent and was acknowledged
again in the golden age of the large rigid airships:

“Landing [Count Zeppelin's first Air-Ship LZ1,] will also be a very ticklish manoeuvre, as

anything like a bump might cause the whole framework, and especially the propeller
connections, to be bent.” (Aeronautical Journal, 1899:77)

“It is impossible to conceive a large airship running at high speed along the flying field before
taking the air; and still less would it be possible to construct an airship capable of sustaining the
shock of stnking the ground at high speed when landing.” (Burgess, 1927:289)

“The chief thing in landing 1s to expose neither the craft nor its occupants to harm. This applies
to both air and water craft. The danger of the landing shock increases with the size of the craft,

and still more with its speed at the moment it comes in contact with fixed objects on the earth’s
surface.” (Krell, 1928)

Indeed, it should be noted that, whereas, the landing gear fitted to the majority of the small First War
blimps was a simple “skid”, the large rigid ships used a “bumper bag” (with the exception of LZ129
Hindenburg and 1ts sister ship LZ130 Graf Zeppelin II which were unique among the PGVLAS in that
they were equipped with retractable wheels). This was in contrast to the “Goodyear” three-wheeled,

shock-absorbing, “tricycle undercarriage” that was used by all the US Navy's Second War blimps, which

allowed them to behave more like normal aeroplanes.

While the adoption of this system was fine in theory, and things undoubtedly worked well when
conditions were “normal”, in practice, the determination to cling onto the lifting gas at all costs often
meant that when it came to a “light” landing in the heat of the day, the Goodyear system actually had
little, if any, advantage over that previously used by the First World War airships. For example, here is
the enormously expertenced First War blimp pilot Capt. George Meager recalling his landing in the

hydrogen-filled, Italian-bwilt semi-rigid SR.I (vol. 12,489 cu m = mass 15.2 tonnes), at Aubagne Airship
Station, near Marseilles, at 3 p.m. in the afternoon on 28" October 1918.

“Although I valved a large amount of gas, the sun was still heating us up ... and I had to go
round again. We made a very wide circle under the lee of the mountains; I remember valving
practically the whole way round; even then, when we turned in to make our landing we were still
light, so I went very low, having to keep up a fairly high speed to do so. I had a good length of
trail rope on the ground; one brave matelot, ahead of the main party, grabbed hold of it and was

dragged some distance along the ground, but wouldn't let go until the main party manned the
rope and hauled us down.” (Meager, 1970:110)

Compare this with the experiences of the helium-filled Goodyear/US Navy K-ships using the “heavy

operations”, some twenty five years later, during the Second World War.

“Getting down by valving helium was strongly disapproved of ... So landing approaches had to
be made and repeated until, flying nose down to generate negative aerodynamic lift, the ship
eventually came low enough to the ground to place its handling lines, car rail, and drag rope into
the hands of the awaiting and long-suffering ground crew. When forcing itself down, it had to

have a fair amount of airspeed, but to permit the ground party to grab the lines, it had to slow
down. When 1t did, it began to rise again. One exhausted ground-handling officer reportedly
broke down on the field and cried, frustrated beyond all understanding by the airship’s

unwillingness to come down. It was said at Lakehurst that one K-ship had made thirteen

attempts before getting down. A South Weymouth airship was reputed to have made something
like nineteen!” (Vaeth, 1992:43/44)
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Sixty years still further on, and the light landing remains a problem for small blimps today. Although
operational techniques have developed in the meantime that ameliorate things for the smallest of them:

“Landing when light - Another option, and a very effective one, is the “hooked” landing. This
entails approaching the crew low to the ground at an acute angle and turning sharply into the *V’
at the last moment. The turn rapidly absorbs much of the airship's energy and momentum
[Lightship A60+ volume 1,940 cu m = mass of 2 tonnes] and, if judged correctly, can bring the
ship into the crew at a very slow speed, even if quite light. The crew must be quick to react as
the airship will soon begin to rise, as speed is lost.” (Adams, 1999)

However, no one could seriously consider scaling-up this particular manoeuvre for the super large
airships of the future. Nevertheless it underlines the value of technique in overcoming some of these
intractable problems, and it also demonstrates that there has been a steady evolution of blimp procedures
since the advent of the Goodyear system. This is an important point, for it emphasises that, while modern

procedures are “derived” from “heavy” operations, they actually differ from them in significant ways.

Of these, perhaps the most obvious, and most influential, 1s the capability of some modern blimps to
produce “vectored” or vertical thrust to counteract their excess lift. This 1s a system that was originally
trialled and then abandoned by the British, in the very earliest days of their airship development
programme,’ before the First World War. It was then re-invented, with some success by the Americans

for the largest and most sophisticated of their helium-filled ngid airships (ZRS-4 “Akron” and ZRS-5

“Macon”) both of which used it as standard practice until their respective untimely demises in the early
1930s. The 1dea was then 1ignored by Goodyear for the US Navy blimps of the Second World War, only to
reappear at the start of the modern blimp revival with the Bnitish built Skyships in the 1970°s.

However, even these modern airships, which now regard their vectored thrust capability as a vital part of
normal operational procedures, still find the light landing problematical - although far less so than the
large rigid airships of the past, which also suffered from, and had their own ways of dealing with, the
same problems of superheating:

“Today, [25™ November 1924] Commissioning Day, [for Los Angeles] there are thirty-nine
officers and men on board ... The airship tries to land. ... she cannot reach the ground - the ship
is too “light.” The navy is operating its lighter-than-air program on a budgetary shoestring ... if
possible the captain wants to land without valving the precious gas. But the ground crew ...
cannot pull her down. The wind 1s gusty. A handling line snaps. Reluctantly, ... seventy
thousand cubic feet of helium are released ... After several failed attempts, ZR-3 lands into the
anxious hands of the ground crew. Navy men scramble aboard as ballast to help keep the ship
heavy; the rest hold her down. The ceremony can finally proceed.” (Althoff, 1990:xi/xii)

What this highlights, is that despite all their differences, the one thing that all these systems have in

common is their total reliance upon the ground crew personnel to effect a safe landing - and the Goodyear

system, throughout and beyond the Second World War, did need a lot of people.

“The long lines were essentially landing ropes. Released and dropped as the blimp reached the
handling party, they were caught hold of and used to slow the ship and, in the case of a “light”
landing, to haul it down. For unusually light landings or those being made in high winds, a drag
rope was also carried, stowed under the deck, to be dropped to the ground handlers if an
additional line was needed. In good weather, ground handling required about forty men, more, of
course, if it was bad, particularly if it was gusty.” (Vaeth, 1992:41)

1 Swivelling or directional propellers were patented in England by Capt. W, Beedle whose unsuccessful blimp made its only flight
with them in 1903. They were subsequently fitted to all four of the “Willows® blimps™ and also to Army Airship “Gamma™ (HMA
No.18) in 1913. An extensively modified version of them was also fitted by Vickers to the British rigid airship “HMA No. 9r.”
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It was a similar story when it came to landing the British blimps in the First World War:

“When the flight ended, it was sometimes possible for the pilot to “ballast up™ and adjust the
trim before flying the airship very slowly upwind at a low height towards the landing party, who
would attach their lines to the handling guys, take hold of the car and walk the craft back into the
hangar. In difficult conditions or in gusty weather, however, such a stmple procedure was not

possible and it became necessary to drop a long and heavy trail rope, which was grabbed by the
handling party, who then pulled the still-buoyant airship down within reach. Sometimes a loop
of the trail rope was passed under the wheel of a “snatch block™ - a form of swivelling pulley

open at one side and set in concrete - in order to prevent the handlers from being lifted off their
feet and to enable them to use their strength more efficiently.” (Abbott, 1989:9/10)

Of even greater concern to those intent on development of systems for the NGVLA:s, is the fact that even
with their vectored thrust capability, the modern Skyship 600 blimps, which are arguably the most

successful of the modern blimp generation, but which are tiny' in comparison with the large rigid ships,

still typically require a ground crew complement of some 15 or so people” to grab hold of their ropes and
bring them to a standstill a the end of their flights.

Indeed, it is interesting to note that, despite the fact that the US Navy spent a great deal of time and

money in the 1950s, developing “motorised mules” for GH the largest blimps ever to have flown,’ that

such vehicles are not used by any modern blimps today, apart from Goodyear - who only use them at their
Wingfoot Lake home base. Furthermore, when given the opportunity to start with a clean slate, the largest
modern airship currently flying has proudly become the single exception in the modern fleet and reverted
to a vertical landing method. The Zeppelin NTO7, (roughly half the length and one-fifth the volume/mass
of the ZPG-3W) claims a vastly reduced number of groundcrew as a result of its use of vectored thrust

from swivelling engines - just as the giant rigids Akron and Macon did in the 1930s.

Nevertheless the fact that all, except one, of the 20 or so airships currently operating world wide still rely
on “people power” serves only to underline that even in today’s hi-tech world there is nothing better for
all-weather, all-terrain work than the human runner. No wheeled vehicle can accelerate or decelerate, and
simultaneously change direction as quickly, on such a wide variety of different surfaces, as a person on
two legs. Thus, notwithstanding that there have been some promising trials using “hover-cushions™ with
unmanned model airships,* and that airship ground crew personnel are commonly derided as little more
than ‘voice-activated, self-propelled sandbags,’ it is still the case in the modern world, that their

replacement by mechanised (presumably robotic?) means would seem to be a very long way off.

However in today's highly regulated and safety conscious world, the idea of hundreds of people running

around after dangling ropes, as a primary braking system for the NGVLAs, is laughably impracticable.
Nevertheless some way of bringing the NGVLASs safely to a halt, unharmed, whenever they need to
make a light landing will have to be found, if for no other reason than this:

“Reliable mechanised ground handling systems will be essential with larger airships as they will

be too big to be handled safely by any ground crew small enough to be economic.” (Netherclift,
1993:29)

Skyship 600 volume 6,600 cu m = mass 8 tonnes.

1 ground crew chief, 2 licensed engineers, 13 general purpose crew (Netherclift, 1993 : 67)
The ZPG-3W was 122m (406 ft) long, displaced 42,000 cu m of air = mass of some 50 tonnes
E.g. The Advanced Technologies Group “Skykirten™ which first flew at Cardington in 2000
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And, whatever this system is, it will have to include the development of a less frantic and much more
reliable braking system, to replace the “aerodynamically” based methods currently in use after the modern

blimp has touched down.

As can be seen from the following (Figure 2.8/3) the problem for all airships is that the inherently high

centre of gravity always results in the ship’s nose pitching sharply downwards.

1. A “superheated” or
statically light airship starts
to rise as it slows down and

the pilot also progressively
loses aerodynamic control.

2. A strong (heavy) undercarriage
is required for landing because

airship has large inertial mass and
lightweight (l.e. fragile) structure.

3. Deceleration by brakes on wheel,
or thrust reversal, or tension on nose
handling lines all result in big pitch
angle because C of G is so high.

Figure 2.8 - The problems of deceleration when landing horizontally

The faster the deceleration is, the greater the tendency to pitch forward, which puts greater loads upon the
structure and increases reliance on the shock-absorbing capabilities of the undercarriage. This is
regardless of whether the decelerating force 1s applied by means of brakes on the wheels (the First War
blimps gave up and used a simple wooden *“skid”), or by reversal of thrust from the engines (which are
traditionally low-slung for ease of access/maintenance), or by teams of people pulling on the nose

mooring lines - as 1s currently done by the blimps today.

Deceleration in general will thus be quite a problem for the NGVLAs, even when making a normal
landing, and this 1s especially so for those intended as cargo-carrying ships, where the stability will be
strongly influenced by the “pendulum” effect of the many (100°s?) tons of payload (or ballast) on board.

Clearly there are serious problems with using this horizontal method for very large airships and indeed
better, and potentially more useful systems have been devised for, and were used by the PGVLAs. These
“forgotten” methods centre on the vertical rather than the horizontal approach, which has so dominated all

airship development ever since it was adopted by Goodyear for the blimps of the Second World War.
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For example, at the conclusion of their development programmes in the 1930s. the big ngid airships.
when they took-off, used either their passive “aerostatic lift”" or, in the case of the US Navy giants ZR-4
Akron and ZR-5 Macon, their active “vectored thrust™ to climb vertically from their “moorings.” They

were subsequently “winched™ vertically back down again when they "moored.”

Vertical landing advantages

S =

==

1. Airship slows to zero ground-speed | NOTE: One man can control winches and
—— : both aircrew and groundcrew can relax
2. Airship weighs-off to neutral buoyancy | after ropes are connected and tensioned

3. Airship drops ropes when ready to land o

4. Ground crew connect ropes to winch lines.

5. Airship tensions ropes by dropping ballast

6. Airship is winched down vertically onto its mooring mast

7. Winches control speed of whole process

_NOT_E: Rope connection I l 8. Yaw lines prevent airship from surging forward onto mast
| marks hand over of
control from pilot to

| ground crew chief

NOTE: Landing gear is not
required. Airship can be held
temporarily on yaw lines alone if
main winch has problem

2

<€—— Yaw lines

This was the method developed for landing the large rigid airships of the 1930's

Figure 2.9 - Vertical landing advantages

Figure 2.9 shows some of the advantages for very large airships of using the vertical mooring method.

Although this process was occasionally assisted by vectored thrust, it should be noted that very few of the

PGVLAs were fitted with, or seemed to feel the need for, swivelling propellers.

Indeed, a hittle closer examination of the next step in the mooring process. after deceleration, reveals a
further serious problem for the NGVLAs. Irrespective of whatever method 1s used to slow them down,
even after a normal landing 1n standard operating conditions, there is still the problem of what to do with
them after they have stopped - 1.e. the actual “Ground Handling.” Figure 2.10 (overleaf) shows in
diagrammatic form some of the fundamental difficulties of attaching airships to mooring masts. It also

incidentally demonstrates the point that the airship and the mast are two parts of one system because the

flexibility built into the mast is reflected in the loads generated in the airship structure.

However, this passive, aerostatic method i1s a completely different principle more akin to sea-going ships
coming alongside a jetty than to any landing system currently in use by anything flying under the present
rules of aviation.' But the vertical approach is obviously a far more realistic starting point when

considering potentially suitable landing systems for the even larger NGVLAs envisaged for the future.

1 . :
Helicopters do not rely on ropes and winches to pull them down!
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Comparison of horizontal and vertical masting
3. In practice energy of impact is absorbed by

1. Airship is “walked-up” to 2. Approach must be slow mast oscillations and airship hull flexing to

mooring mast by ground crew because in theory airship has to dissipate longitudinal shock waves.
stop dead when it touches mast

NOTE: Oscillations
exaggerated for effect

1.;_‘.;.'.-.-. '...:. TR
N
a g,
% .\_ i ':'.:.- R, B

3. Vertical impact puts mast into
compression and airship nose cone
into sheer. Both structures are

2 Airship does not stop dead designed for these forces.

but has space to shed

downward inertial energy.

1. Approach speed
governed and controlled
by winches to suit weather

conditions NOTE: Mast may
& NOTE: Tail fins help contain very large
1.:;: H-ﬁ cushion momentum. shock absorber

Figure 2.10 — Comparison of horizontal and vertical mast operations

Such thinking is alien to many of those who come fresh to the subject of airships from other branches of
aviation today. They see the modern blimps simply as rather peculiar aircraft that are the “successful”
end-product of a continuous development process, which essentially evolved after the old, “failed,” rigid
airships had become extinct. They see no reason why this evolutionary process should not continue and
the procedures be adapted to the NGVLAs. What they fail to appreciate, and what this brief analysis has
shown, 1s that the Goodyear “heavy™ or horizontal operational system 1s not so very different from the

operational systems that were commonly used by the small blimps during the First World War.

Consequently many of these so-called “modern™ methods were indeed contemporary with the large rigid
airships, and the reason that such systems were not used by the PGVLAs 1s therefore rather different from
that which is commonly pre-supposed. - and it 1s directly related to size. An additional disadvantage of
operating an aerostat as if it were an aerodyne 1s that it also significantly increases drag and this will both
upset scheduled flight arrival imes and increase fuel consumption for the NGVLAs — however these

issues lie beyond the scope of this work.

[t 1s therefore evident that although the small modern blimps may outwardly resemble their extinct
cousins, (and indeed are widely regarded by many people as merely smaller versions of the large rigid
airships), they are actually completely ditferent aircraft, and they possess very different capabilities and
requirements. Consequently the GH procedures that are widely accepted, and most commonly used, by
the “*small” modern blimps are not going to be suitable for the comparatively “enormous™ NGVLAS.
Thus, the current operational techniques cannot simply be “scaled up to plug the Knowledge Gap™ and

some other way will have to be found to train the NGVLA ground crews.
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2.4 The problem of simulating prototypes

In the field of education, it is commonly accepted, when it comes to job-training and the acquisition of
skills, that:

“Most skills can be acquired and improved by drills, because skill implies the mastery of
definable and predictable behaviour. Skill instruction can rely, therefore, on the simulation of
circumstances in which the skill will be used. ” (Illich, 1973:24)

It follows therefore, that one frequently suggested, possible way around both the “Knowledge Gap” and
the “Problem of Scale” would be to train both the flight and ground-based personnel using an airship
flight simulator. Indeed an Advanced Flight Simulator (AFS) for airships has already been established (in
1995) thanks to the combined efforts of the Ministry of Defence, Cranfield University and DRA Bedford
(as it was then called). This has been used with some success for small blimp airships. However, the
paper describing its development, given at the Airship Association’s Convention in 1996, reveals the

Achilles Heel of adapting this, or any other AFS, for very large airships:

“The validation of the accuracy of any simulation 1s key to confidence in the simulation trial
results. Again, unlike fixed wing and rotorcraft simulations, where core model validation has

been an ongoing process for a number of years, the airship programme presents special
challenges in this area.” (Martyn & Brown, 1996)

And here is one example of just such a ‘special challenge’:

“Dedicated flight trials on the DTEO Boscombe Down S600 [Skyship 600] were planned to
gather validation data, but when the vehicle was involved in an accident in Spring 1995 the
validation flight test programme was lost.” (Martyn & Brown, 1996)*

Fortunately, for the team at DRA Bedford, the Skyship 600 was already a fully certified aircraft, with a

proven and successful track-record and a long, well documented, operational history:

“One mitigating factor was that it was understood that the core Cranfield model had been
validated against flight test data.” (Martyn & Brown, 1996)

However, this cannot be the case for the NGVLAs. They have no previous flight history and thus there is
no validation data available. There are only ‘virtual® airships — and, while some may argue that some
theoretical work could be some of assistance, the fact remains that accurate data of NGVLA performance
and of their behaviour in the ‘real’ world cannot be collected until at least one, real, very large airship
actually makes (preferably more than one) real test flights. Thus there is a circular argument wherein a

large airship 1s needed to make test flights, in order to gather the data, to validate a simulator, to train the

crew so that they are adequately skilled to fly the first test flight!

In the meantime, simulation programmes for NGVLAs can only be based on unvalidated and unverifiable

theories. And relying on theory alone, when building new flying machines, carries significant risks - as

was previously noted in the early days of fixed wing aviation:

“Both men [the pioneer aircraft builders M. Clément and Wilbur Wright] much prefer what is to
what may be, and ... they are deeply imbued with the deceptiveness of theory and the

foolishness of counting upon anything which has not withstood the test of time and experience.”
(G.A.R. 1909)

1 [Authors note: It would be interesting to know how close theoretical pre-test-flight predictions were to actual performance.)
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And in similar vein, the French architect of the then revolutionary design for the long-standing corrugated
concrete hangars at Orly, Paris, wrote:

“It is only natural that intuition should be controlled in the light of experience, but when it turns
out to be in direct opposition to some calculated result ... it is almost always the answer
determined by calculation that turns out to be wrong.” (Eugene Freyssinet (1879-1962), quoted
in Dean, 1939:13)
This remains true today and some recent prime examples of over-confidence in modern computer-based
design and calculation methods include:
e The Boeing Osprey VTOL aircraft which has recently suffered severely from the unforeseen

effects of flying into its own wake vortex.

e London's famous “wobbly footbridge™ where the most advanced software analysis in the late
1990's failed to predict a potential performance failure; notwithstanding the fact that the same
design of bridge had been rejected for the Messina Straits for reasons of dynamic instability in
1971. (D.E.J. Walshe via Wootton, 2001).

e The Met. Office weather forecast computer which failed to predict the October 1987 “London

hurricane” because it could not accept the existence of radically extreme conditions.

This last example highlights a further problem for simulattons in general and with the development of an
AFS for large airships in particular.

“Although simulators can replicate normal manoeuvres, they cannot replicate every eventuality
that might be experienced in real flight. Physical limitations on the movements of a motion
platform make it impossible to replicate extreme manoeuvres.” (Read, 2001)

In fact most current simulations are of operations where the mathematical relationships are linear, or can

be defined by a simple functional relationship. This imposes limits on their use, as has been noted:

“The use of modern simulators in the current {military] flying training system is somewhat
limited and where they are used they are generally relatively simple. They provide only a limited
capability beyond the instruction of basic aircraft systems, basic emergency handling, and
instrument flying.” (Field, 2001)
Thus, simulators for HT A craft are seldom actually operated in highly non-linear modes such as a stalled
condition for example. However, an airship when it is moored is subject to an airflow (the wind) which
has a comparatively low speed and which may approach from almost any angle. The hull and the fins are
thus technically “stalled ” for much of the time. Consequently it is only simulations of the highly non-

linear relationships that are of any real interest.

Moreover, it must not be forgotten, that in order to simply take-off and land vertically from the hover, the
NGVLAs will inevitably be using, as normal, operating procedures that are completely different from
those currently in use by conventional HTA aircraft. Furthermore, while any large airship’s behaviour
during approach to a landing, and climb-out from take-off, would, superficially, appear to be akin to the
‘vertical’ methods used by today’s helicopters, or by Harrier jump-jets, (and therefore ought to be
amenable to their similar extant regulations and training programmes) in fact, the NGVLAs will, in
reality, have very little in common with HTA craft. The difference stems from the airship’s inherent

buoyancy, which means that, for example, an engine failure during take-off would be far from critical.

Indeed, some of the PGVLAs habitually “took-off” without using their engines at all.
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“With the controls in neutral Shenandoah ' [US Navy’s ZR-1] was carefully weighed off, the
officers noting any rise or fall of the stern. Ballast (water, fuel, or men) was shifted as needed,
and at 15.00 [on 31% May 1924, the ship cast off [for her 24" flight] a trifle light by the bow.

She was allowed to free-balloon to a safe height above the mast, where, finally, her Packard
engines barked to life.” (Althoff, 1990:41)

Thus there is no doubt that, whatever their eventual chosen preferred procedures turn out to be, any

NGVLAs will perforce clearly be quite unlike any aircraft currently flying and will consequently operate

using methods and systems that are similarly unparalleled in modern aviation. Herein lies a further

acknowledged problem for any attempts to construct computer simulations of them.

“The aim of the first trial was to assess the simulation subjective {ly] in a known configuration.
This was done by configuring the simulation as an $1000 [Sentinel 1000 %1 and conducting
general handling, stability and control testing. This precluded an acknowledged problem with the
NASA Ames Airship trial - that the simulation was not configured as a vehicle which the
subject pilots had flown.” (Martyn & Brown, 1996)

Even where cockpit configurations are well established there are still severe limitations as to what may be

achieved in terms of crew training with simulations.

“The speaker [Air Vice Marshall Corbitt] accepted that the Services were some way behind the
civil community in the use of simulators ... Research had shown that the anticipated level of
simulation would still not represent the physical stresses or psychological aspects of military
flying; nor would simulators be able to reproduce the unpredictable nature of live flying which
was essential to the development of sound operational captaincy and airmanship.” (Field, 2001)

Furthermore, it would seem to be a great mistake to assume that old flying machines were easier to fly

(and therefore required lesser skills) just because they were less sophisticated and of simpler construction.

In fact the reverse would seem to be case.

“Test pilots from Edwards Air Force base flying a simulator fitted with the flying characteristics
of the original 1903 Wnght Flyer were all unable to keep the craft airborne for one second

without crashing. The pilots practised on a Learjet 24 simulator adapted by the American
Institute of Aeronautics and Astronautics.” (RAeS, A. 1, 2001:13)

It is thus evident that computer simulations, far from providing a solution to the crew training problems

for the NGVLASs, are themselves also subject to the very same “Knowledge Gap” that has arisen as a

result of the inconvenient date-expiry of all experienced personnel. Without either data to validate the
computer programmes on which they are based, or personnel with experience of very large airships, who
can comment on the approximation to reality, and give some comparison with the behaviour actually
observed in the past, it is difficult to see how the results of any immediate present-day attempts to create

NGVLA simulations can produce anything that is much more than guesswork.

However, misunderstandings and confusion are widespread in the public mind, as to the problem-solving

capabilities of computer-controlled simulations - and indeed, of the absolute necessity of training with
them. As an example, one serious suggestion, which was made to help solve some of the problems

foreseen with the training of GH personnel for the gigantic CargoLifter airships, was that a mock-up of

! ZR-1 Shenandoah was 207 m (680 ft) long and had a volume of 60,800 cu m (2,148,000 cu ft) giving a displaced mass of
approximately 75 tonnes

2 The Sentinel 1000 (51000) was conceived in 1987 as a half-linear scale, proof of concept for the US Navy’s YEZ-2A Operational

Development Model (ODM) airborne early wamning (AEW) airship. The YEZ-2A was never built but the prototype S1000 flew

many hours of trials until it was destroyed in a hangar fire at Weeksville on 2nd August 1995, The Sentinel 1000 was 65m (213ft)
long and contained 10,000 m3 of gas giving it a displaced mass of some 12 tonnes.
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the “Load-Exchange System’ (LES) could be suspended from the hangar roof and that “computer
controlled cranes” could then be used to mimic the behaviour of the airship. This of course completely
overlooked the annoying little fact that there is currently no verified data available upon which to base the
computer programme needed to control the cranes. And, unfortunately:

“Simulators rely on input from mathematical models based on data provided by aircraft
manufacturers from flight test programmes. If any of this information is wrong, then pilots could
be relying on inaccurate information.” (Read, 2001)

And, what is true for the pilots inside the airship is equally true for those on the ground who are
endeavouring to take control of the same aircraft when it wants to stop flying. Thus, unless the airship
behaves accurately in the simulation, then procedures may easily be devised and rehearsed which will

prove, in reality, to be either unworkable, or perhaps unnecessary, or just plain dangerous.

This is a serious problem for all prototypes, not just for the NGVLAs. In today’s world of computer
animation, it is extremely easy to get carried away with the technology and to lose sight of exactly what
the aim is.

“The most seductive tool of all {for management} is computers. Of course, computers are
important and necessary in many applications ... But they are not ‘solutions’. A computer is a

tool, like a hammer, and the only strategy a company needs for 1t 1s to use where appropriate.”
(Caulkin, 2005)

The danger of falling into this trap has recently been further increased by the dramatic development of the
computer’s abilities to spawn virtual realities, including visual graphic models, which give the appearance
of coming ever closer to the real world. But, the old saying still holds good - “appearances can be
deceptive” - and without some basis in the real world, (1.e. a reality check), then attempting to rely on un-
validated computer simulations to train novice personnel to conduct unprecedented GH procedures for the

untested prototype NGVLAs seems almost certain to cause more problems than it solves.

2.5 The problem of simulating Ground Handling

If the foregoing focus on “flight” simulation, would seem to have little to do directly with the problems
associated with the GH of airships, then it should be borne in mind that any Advanced Ground Handling
Simulators (AGHS), intended to assist with the training of ground crews for the NGVLAs, can only be
derived from an AFS for a specific airship and not the other way around. The AFS must exist before the
AGHS because GH does not exist for its own sake. The procedures involved are a response to the actual
needs of the airship and consequently, the training of its ground crew must depend upon any specific
airship’s real requirements. Until these requirements are clearly defined and the GH procedures agreed,

then the planning of the training systems to guarantee the competency of the personnel involved, cannot

seriously begin in detail.

Furthermore, it must be emphasised that all of the problems so far identified above, with regard to the
Knowledge Gap, and the problem of scaling-up, and the simulation of prototypes, that were foreseen to be

problematic for the NGVLA flight crews, are going to be even more difficult to overcome with regard to

the training of their ground crews.
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For example, a realistically useful AGHS for any size of airship 1s going to require far more than just an
accurate data model of the airship’s behaviour in flight. Simply to remove it from its assembly shed in the
first place, there is the airflow around the complex bluff-body shape of the hangar to consider. Then what
happens to that airflow when the hangar doors are opened and the airship is manoeuvred through them
into the open air? There will also be some aerodynamic interaction between the airship hull and the
ground, which will be 1n close proximity. Then there are the relative motions of the attached vehicles, or
whatever 1s moving the airship, (which machinery incidentally, will also first have to be defined, designed
and proven fit for purpose, before it too can be mathematically modelled). And finally there are a whole
range of unquantifiable variables such as the effects of wind, and sun, and rain, and snow and ice; and the
tension in ropes; and how much they will stretch; and how this will change over a lifetime of abrasion and
use. So while a flight simulator for the pilots of the NGVLAs might just be possible within a reasonable

time-frame - assuming sufficient funds and resources - there is no hope at all of anything similar for the

ground crew because GH is far too complex.

There is also the financial aspect to consider:

“...full flight simulators have the disadvantage that they are expensive to buy, maintain and
operate. In some cases, the cost of a simulator is higher than the actual aircraft.” (Read, 2001)

And this was written concerning currently flying HTA aircraft, which already exist in their thousands, and
for which there 1s a vast wealth of knowledge and plenty of operational experience available on which to
base the programmes. Starting from scratch for the NGVLAs is going to be enormously more expensive

and 1t should be noted that corners had to be cut even for the flight simulator of a well-established airship
such as the Skyship 600.

“Although initial discussions suggested that an airship cockpit might be developed specially for
the programme, it was decided that a more cost effective approach would be to adapt the
generic AFS helicopter cockpit for the airship flight trials ... Details of the layout were achieved
through interaction with the airship pilots ...” (Martyn & Brown, 1996) [GC emphasis]

Thus is not to say that simulators will have no part to play in the development of the NGVLASs, nor that
crew training, (and even ground crew training) for very large airships will not one day be possible with
them. Computer based simulations are obviously extremely useful tools and much time and money can be
saved by the careful use of them. However, establishing a reliable simulator for the first of the NGVLA

prototypes is clearly going to be an enormous development task in its own right. It will be a large and

complex research project and initially it will require a great deal of both time and financial investment.

Fingers have already been burnt in other areas of aviation and these lessons are unlikely to be quickly
forgotten:

“The first British Apache pilots, from 656 Squadron 9 Regiment Army Air Corps, are training at
a new centre at Middle Wallop, which includes two giant simulators for practising helicopter
attack missions. ... Although the simulators are acknowledged as world-beating training

facilities, they were the main cause of the delay in the programme. The MoD ordered them late

and there followed a delay of 18 months because of software problems.” (Evans, 2004) [GC
emphasis]

Bearing in mind, that any projects to develop the NGVLAs are likely to be faced with tight schedules and
limited budgets, and that the airships themselves, when complete are intended to be used for tasks that

will involve currently unprecedented procedures, it is hard to escape the conclusion that there is really
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very little to be gained by embarking on a complex simulation development programme in parallel with
the real hardware. As was noted nearly a century ago by the German aeronautical pioneer Otto Lillienthal:

“In flying machines conception is nothing, construction is little, experiment is everything.”
(Lillienthal, 1909)

Thus, when forced to choose between spending hard won funds on building and testing a flyable
prototype or on an, at best unreliable simulation (with a high probability of producing unrealistic results),
it would seem wise for the future NGVLA project leaders to choose the former empirical route rather than
the latter theoretical one. Their decision will also undoubtedly be influenced by the fact that the
certification authorities already acknowledge the risks of relying on unverifiable calculation. This can be
seen in an excerpt from the British Civil Airworthiness Requirements (BCAR) for Non-rigid Airships

(CAP 471 - Section Q):

“Sub-section Q3-Structures:...

Ground loads:... 2 Energy Absorption ...

2.2 Proof of Compliance. The energy absorption characteristics of the landing gear shall be
determined by dynamic tests ...

2.3 Design Velocity of Descent. The design velocity of descent shall be substantiated by data
from development flying ...

2.4 Ultimate Velocity of Descent. It shall be demonstrated by test that the shock absorption
capacity is sufficient to withstand landing ...” (CAA: CAP 471, 1979:41) [GC emphasis]

No question of simulation or mathematical analysis being allowed to take the place of testing in these
cases. However, perhaps, more importantly for the future, the draft regulations that will govern the
NGVLAs (the Transport Airship Requirements or TAR) tell a similar story:

“GENERAL ...

TAR 21 Proof of compliance

Each requirement of these regulations must be met at each appropriate combination of total
mass, static heaviness and lightness and centre of gravity within the range of loading conditions
that may occur during the operations for which certification is requested. This must be shown
by tests upon an airship of the type for which certification is requested, or by calculations
based on and equal in accuracy to the results of testing or a combination of each. ...”

(LBA, 2000:19) [GC emphasis]

“TAR 307 Proof of structure
(a) Compliance with the strength and deformation requirements must be shown for each critical
load condition. Structural analysis may be used only if the structure conforms to those for which

experience has shown this method to be reliable. In other cases, substantiating load tests must
be made.” (LBA, 2000:25) [GC emphasis]

“TAR 481 Mooring and handling conditions

... (b) ... All static and dynamic loads must be determined considering the wind conditions to be
expected during mooring and handling. These values must be listed in the Airship Flight
Manual. The determination by analytical means is only acceptable if a procedure is used
warranting reliable results. Otherwise appropriate ground tests have to be performed.”

(LBA, 2000:29/30) [GC emphasis]
In other words - from the regulatory authorities’ viewpoint, analysis is optional but testing is mandatory.
Thus, while there is a strong possibility that computer based simulations may well offer designers and
structural engineers a shortcut, when it comes to the NGVLA certification process, (provided that proven
aviation methods and materials are used), 1t is also clear that this is not going to be the case when it comes
to the GH operations. Therefore, analytical models (be they virtual realities or whatever), which at the
outset of the NGVLA programmes can only be derived exclusively from unverified data, are certainly not

going to be able to plug the “knowledge gap” that lies at the heart of this investigation.
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“Useful lift can be estimated only as a (relatively) small difference between two large quantities :
when the hull is air-borne it can be measured with certainty. Estimates, it is safe to say, have

been the curse of airships : so hard to check, when airship flights are as infrequent as solar
eclipses ; so easily modified to suit the thesis of the moment, whether sanguine or
condemnatory.” (Southwell, 1929 :4)

And finally, to conclude this section on the inability of mathematically based models to provide a solution
to the NGVLA crew training problem, it should perhaps be strongly emphasised, in view of the
widespread misunderstandings concerning many aspects of airship operations in general, that the term
“ground handling theory” is in itself something of an oxymoron. By its very nature the science of GH has
to be based upon practical skills. The sole purpose of GH is to keep the airship from harm and this
requires action - and sometimes quick action - in the real world. For example, the groundcrew of a
modern blimp cannot just stop loading ballast into an excessively light airship simply because a
calculated number written on a piece of paper tells them that they should do so. Their job is to stop the
airship from blowing away. If the airship is “too light” then it needs “more” ballast and the ground crew,

struggling 1n the wind and the weather, have no option other than to go on loading weight onboard until
there is “enough” and the airship is safe.

Naturally, after the emergency situation is under control, someone will calculate how much extra weight
was actually put on-board, and the number thus generated will indeed be “useful” (if nothing other than to
know how much ballast to hold in reserve in case it happens again). It may even be that the calculated
number is “important” (for instance, indicating that something has fallen off the airship). However, the
calculation in itself 1s an afterthought and it cannot be said to be “vital” to the airship’s immediate
survival. It alone cannot protect the airship from imminent danger and neither can it, in this example, say
what exactly has fallen off, nor where it is. Only physical action in the real world, both to put sufficient
ballast on-board, and then to go look for any missing component and put it back in place, will save the
airship from damage and possible destruction. Therefore, although experienced groundcrew may well

find the calculated number “interesting” or “useful” they will still be hard to convince that it is really

“necessary” for them to know in order to carry out their duties.

Thus, an empirical approach to NGVLA groundcrew training would seem to be the only way forward.

2.6 The problem of crew training with real equipment

It would therefore seem that there really is no credible alternative for the GH team of the first NGVLA,
other than to learn to use their brand new Ground Handling Equipment (GHE) as they go. However, there
are obviously very big risks in this process and it would also appear that there would be a significant
advantage if the novice groundcrew were at least to familiarise themselves with the GHE controls,
preferably by running it through a few test cycles, before the airship was attached to it. If nothing else this

would minimise the risks posed to the project by mechanical failures.

“The history of technology indicates that most major engineering enterprises which are

undertaken in fields where almost all of the factors are unknowns are bound to have some
failures.” (Higham, 1961:132)
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Furthermore, allowing the groundcrew a “shake-down” period to test and train with the brand new GHE
would also get the bugs out it. More importantly it would give the crew themselves some confidence and
not make the front pages of the world’s newspapers 1f they got things slightly wrong.

“In every new model of any machine we build “bugs” arise, which must be caught and corrected,
for progress comes only through experiment, and the long cycle of trial and error.”

(Litchfield & Allen, 1945/1976: 79) [GC emphasis]

As head of the Goodyear/Zeppelin Company, and one of the driving forces behind the American Rigid
Airship Program, Litchfield certainly spoke from experience. But, this “de-bugging” and familiarisation
process poses a further problem for the prototype NGVLA, for while such a ground crew training period
would obviously minimise the risk of Kapitan Strasser’s aforementioned ! “slight mistake that leads to
serious consequences,” it presupposes that the GHE will be completed and ready for use some time in

advance of the airship. Unfortunately, for the prototype NGVLA, this 1s unlikely to be the case.

In order to understand why this will be so, it is necessary to look briefly at the sequence of events likely
to occur in the initial phases of design and construction of any future large airship development projects.
However, this needs to be only a very superficial examination in order to reveal that there is a
fundamental and inescapable conflict within any such schedule, and that, regardless of the size or the type
of airship, (or even of the GH systems selected for it,) the GHE is almost certain to be unavailable for

ground crew training.

In an ideal world, (Figure 2.11 = Generic NGVLA Development Schedules - Scenario #1) the two
major component parts - the airship and the GHE - could simply be treated as two inter-linked but
essentially separate projects. Each would then have their own design and construction teams working
alongside each other. This would seem sensible, as the skills required to build the light-weight aircraft
look likely to be rather different from those required to build the heavy-weight mobile mooring mast (and

any associated machinery that will be needed to move the airship about when it is on the ground).

Thus, regardless of whether the airship and the GHE are actually assembled in the same physical
building, or merely in close proximity, they could, in this ideal world, both be designed, built and tested
simultaneously, before being brought together as finished items to begin operations. There would then be
scope for both flight and ground crews to learn to use their own component parts as the separate
construction phases came to an end and while the testing and certification phases were in progress. The
subsequent integration of the two differently complex parts of the system, airship and GHE, would
therefore be conducted by personnel who were familiar with, and also skilled in the use of their own

equipment. A further advantage would be that both component parts would also have had many of their

major bugs removed by the time they came to be joined together.

However, this ‘concurrent scenario’ —i.e. running the two separate projects side by side at the same time -
will only work where the requirements for both the airship and GHE are clear and already well

established at the outset of the programme. In the real world of today this cannot be the case.

1
See page 15
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In the real world super-large airships do not exist. The first NGVLA will be a prototype without
precedent. Thus, at the start of its design, many of its requirements will be unclear and undecided. The
structural configuration and the layout of 1ts cockpit, along with whatever monitoring and control
systems are vitally necessary, (as opposed to merely desirable). will inevitably be the topic of much
heated debate. Moreover, while 1t 1s obvious that the airship design cannot be completed until these 1ssues

have been resolved. (with trade-off studies and the like), what is less obvious, but equally true, is that the

GHE design cannot seriously even begin until after some basic decisions have been made as to what
precisely 1s going to be built and how exactly 1t 1s going to need to be handled. After all the only purpose
of the GHE is to serve the airship. By definition. it only exists because the airship has need of it If, this 1s
not the case, and the airship could for instance be undocked without any GHE, then why waste money on
it? Obviously there 1s no point in building GHE for its own sake. The whole purpose of the project is to

build a new type of airship.

Therefore, it follows, that while it is true, from the airship design team s point of view, that: “The
philosophy adopted for recovery and mooring [i.e. a major part of GH] dictates the design concept and
other aspects are then most likely to be adequately covered.” (Howe, 1999:302) (GC emphasis) - it 1s

also the case that, 1t is only after the precise position of suitable anchorage and attachment points have

been identified on the airship structure, that the GHE design team can seriously begin to determine the
true dimensions of their own project. It is only when they know exactly where they can take hold of the
airship structure, that they can start to calculate the forces that their equipment will have to deal with.
Thus, while some of the general principles for the GH systems may be agreed early on, the actual detailed
GHE design cannot really proceed until after the airship’s dimensions, at the very least, have been

established and agreed.

Theretore, in a more realistic world, (Figure 2.11 - Scenario #2) it is evident that the integration of the

two structures (NGVLA and GHE) cannot sensibly start until after the airship’s actual size and shape

have been finally frozen. Furthermore, this integration, which is in truth the final design of the GHE, must
be an iterative process. It will involve compromises and uncomfortable trade-offs on both sides of the
interface. This 1s necessary in order to minimise the flown weight, while ensuring that the anchorage
points, and the like, have sufficient strength for all eventualities. Indeed, the defining loads on some parts
of the airship structure may well be the loads imposed by the intended GH procedures. For example,
when re-docking, the lower tail fin might be used to pull the airship sideways against the wind and into
alignment with the hangar axis - as was done with Akron and Macon. Here again it can be seen that many
of these decisions are totally dependent upon what the structure of the airship actually comprises — i.e. the
nature of the component parts and exact location of any strong points that are potentially capable of

serving as GH attachment points.

Consequently, while the design integration of the two structures has to be an iterative process it cannot be
led by the GHE design. Neither can the GHE, for reasons of cost saving, nor for convenience in its own
construction, dictate any changes to the airship, which will materially alter the shape, nor add any
significant weight, to the airship. It has to be emphasised that the airship always wins in the end - and

rightly so - its performance and its survival are paramount.
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Therefore, in the event of a really serious problem at the interface between the two structures it 1s always
the GHE that will be modified in order to suit the airship. If changes to the airship requirements arise,
which call for a drastic alteration of the designed structure halfway through construction, (such as
inserting an extra section into the hull so as to increase the volume and consequently the amount of lift -
as has happened more than once in the past) then the GHE cannot deny them. Neither can it ignore them.
It can only follow-on with its own redesign to accommodate the effects of these changes. Thus the GHE
which started its design later than the airship, is also condemned to follow behind the airship as it passes
through the construction phase of development. Allowing the GHE construction to get too far ahead of a

prototype airship could be very costly in the event of any major, late, structural changes.

To some extent this inherent delay can be expected to be mitigated by the fact that the GHE does not have
to fly. It can thus be generally more robust and this, in theory at least, should make it easier and quicker to
build. In addition, the airship will also have to conform to a rigorous and time-consuming quality control
process in order to achieve certification whereas, that for the GHE is currently less clearly defined.
However the GHE will obviously have to be tested in some way. It may also have to be certified; if not by

the aviation authorities then almost certainly under the rules of the airport whereon it is based - and quite
possibly by both. This will take time.

There are already today health and safety regulations, that are applicable to all workplaces and these
include airfields’. The GHE will need to conform to at least some of these regulations, and it is more than
likely that in the future there may be further constraints imposed by increasingly severe conservation
and/or environmental protection rules. Worse still, these regulations are likely to be administered and
enforced by a whole range of government departments (and/or international organisations) none of whom
will have had any previous experience whatsoever with large airships. Satisfying these bodies and
complying with all of their edicts, in order to prove that the prototype GHE machinery is safe and “fit for
purpose™ looks certain to have a serious effect on both cost and time budgets. However, in reality there is
a further twist and the situation is almost certain to be even more complicated by what appears to be a

fairly obvious simplification:

*... operation 1s simplified if the airship can be moved with the device which is used to moor it.”
(Howe, 1999:301)

This simple statement has enormous hidden consequences. It is the tip of another iceberg and it goes
unchallenged simply because there are no large airships in operation today, and there is so little
knowledge of them within a world that is dominated by HTA practices. However, the fallacy behind this
apparent simplification becomes clearer if the concept is applied to fixed-wing aircraft. For example,
following this logic, it would “simplify” the operation of today’s jumbo jets if the fuel bowser, and a
passenger-carrying bus, were to be combined with, and incorporated into, the tug that moves the aircraft
around. In theory this would save considerable time by allowing an aircraft to be refuelled and
disembarked while 1t was being towed along. In practice, everyone with any knowledge at all of HTA

aircraft systems can immediately see that such “multi-tasking” would cause enormous problems.

! For example ICAO (1987) “Airport Planning Manual” & ICAO (1999) “Annex 14 ~ Aerodromes”
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Thus, while the simplification statement is undoubtedly, absolutely true for the small blimps, which are
operating today, (and it may well become so from the perspective of the fully developed NGVL airships
of tomorrow,) from the point of view of developing the prototype GHE, then adding or “piggy-backing”
systems is really going to be a false economy. A problem with any one system will force majeur hold up
development of all the others. The more systems that are required to be incorporated into a single
prototype device, the longer it is going to take to design, and then to build, to test, to certify and,

subsequently to train the personnel who will operate it.

Nevertheless, it does seem more than likely that the prototype GHE will be required to carry-out at least
some multiple tasks. An obvious example being that it will be needed to help complete the construction of
the first NGVLA (Figure 2.11 - Scenario #3), or, at least it will be found to be the best way to hold the
airship down securely during the inflation and final assembly process. (Bearing in mind that if the GHE is
not used for this purpose then further large and expensive equipment will be needed in 1t’s stead.) But, if
this proves to be the case, and the GHE becomes part of the airship assembly process, then some loads
that will have to be carried by the GHE structure during inflation, may easily be greater than if it were
only ever to be used to handle the “flight ready” airship.

For example, if the gondola was not attached to the envelope at the start of the gas fill then the GHE
would have to cope with the total possible lift load that could be generated by the maximum volume of
100% pure gas within the unballasted envelope. This would mean a second, separate set of attachment
points to join the envelope directly to the GHE, and space would have to be provided within the GHE
structure to allow the gondola to be moved into position for its attachment to, and subsequent removal
from the envelope. Furthermore, if the GHE becomes a completely integrated part of the airship
production equipment then it might need additional fixtures to facilitate the removal and exchange of

other major components for maintenance and repair, such as the fins, the nose cone and the engines.

On the face of it, these are all straightforward engineering problems and they are most likely to be fairly
easily solved. Whether they will prove to be cost effective is difficult to say at the start. But the point is
that either using the GHE to aid airship assembly, or adding complexity to the prototype GHE machinery
by incorporating Ground Support Systems (GSS) within it, can now be seen to be considerably less
attractive as ideas, simply because they can only further reduce any flexibility in the NGVLA schedule.
Moreover, there is an additional disadvantage with the latter scheme because multi-purpose equipment
will also dramatically increase the risk that a single point failure may hold up or even ruin the whole
programme. For instance if an untested mobile mooring mast were to de-rail during its first attempt to
move along its new railway track from hangar to mooring circle then, without the airship attached to it,
this would probably result in an expensive delay, but with the airship in tow, such an event could easily

turn into a major, news-worthy and project-wrecking disaster.

Thus a very rudimentary analysis of a generic NGVLA development programme reveals that because the
GHE design is completely dependent upon the airship dimensions there is automatically created an initial
delay, which means that the airship will almost certainly start its construction before the GHE does.
Furthermore, the GHE, which appears condemned to follow the airship into the design phase of its
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existence, has to lead the way out of construction - especially if it is to be incorporated into the production
process - for the airship cannot be completed without it. The GHE must logically therefore overtake the
airship during construction or it will delay the programme. Indeed any delay in the development and
building of the GHE will seemingly add significant delay to the whole project, and the longer the design
decisions take to make at the start, the longer the delay in availability 1s likely to be at the end.

It should, however, be noted that most of these problems are only applicable to the prototypes, and to a
certain extant, they will go away after the basic system functions of the two components have been
successfully proven in the field. The very first NGVLA and the first GHE are almost certain to be subject
to some drastic alterations, in the early days, before they are considered fit to carry out their
unprecedented procedures. Keeping the two systems separate initially, will thus allow them to be
modified independently and in the quickest and most cost-effective manner, each according to its own
needs and respective regulations. Once each is established and the systems are proven, then the

integration and amalgamation of some GSS into the GHE may become an attractive option, but if all the

answers are known at the start of the project then there is no need to build a prototype.

There is, however, yet another vicious circle at this point, because just as a frozen design of the airship
was shown to be fundamental to establishing the composition and configuration of GHE, so a frozen
design of the GHE 1s now seen to be essential before the training of its operatives can begin. How can
people be trained when no one knows what the tasks are and what equipment they will be using? And, as
stated above, computer simulation training devices can do little to assist here simply because they are

hamstrung by the same lack of dimensional and operational data, which is needed to construct their
virtual reality models.

So, just as it has already been established that the ground crew are going to be needed well in advance of
the flight crew, it can now be seen that if the GHE is used as a part of the assembly process then it too
will also be needed well in advance of the airship — possibly many months beforehand. Moreover, this
will always be so, for, whereas the airship design may have an end date that is tied to the calendar, the
end date for the GHE cannot be other than “whenever the airship needs it.” Thus, while the end date for
the airship construction phase of the project might quite reasonably be the first test flight, the end date for
the GHE must inevitably be earlier - if nothing else because, in all scenarios, it will be needed to move
the airship out of hangar prior to its first flight. But, if the GHE becomes an integral part of the inflation
process, then it must be ready for action earlier still, roughly halfway through the airship build process.

Either way, there will be tremendous pressure to finish the prototype GHE and then to use it immediately.
However, the GHE cannot be used for training when it is in use. Plainly the crew cannot drive it around
and test the brakes and other systems when there is an airship attached to it. Thus there is no room
whatsoever 1n this grossly simplified generic NGVLA schedule for the ground crew to practice with it
prior to its first use. The only possible time in this programme for crew to train with the GHE would be
during the test phase of the GHE (i.e. immediately following completion of the GHE assembly), but this
phase too will have to be seriously curtailed if the half-finished airship is already waiting to use it.
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It must also not be forgotten that there is plenty of scope for damaging the airship in the process of simply
joining these two enormous structures together for the first time. This is irrespective of whether the GHE
is used as an integral part of the initial NGVLA inflation and assembly process, or not. Even with fully
trained crews there is always going to be enormous potential for expensive errors whenever the two

component parts of the system are separated or re-united again.

Thus there appears to be no room at all in this simplified generic schedule for the ground crew to gain
proficiency in using the GHE by initially running it through a few test cycles, nor even to simply
familiarise themselves with the controls, by driving it around before the airship is attached to it. On the
contrary it can now be seen that, even from this simplistic and superficial study, time for ground crew
training with the real equipment is going to be extremely unlikely and it is most probable that the airship

will be waiting to use the GHE as soon as the latter’s construction is complete.

Obviously the prototype GHE will have to be fully tested somehow, before attempts are made to move

the new airship around with it. The only question is: “When, in the NGVLA development schedule, is this
testing going to take place”? And this of course then begs “who is going to do it?”’ which takes us right
back to where we started. So the original GH question (Q2) remains to be answered: “How are the ground
crew for the first prototype NGVLA going to learn the skills they will need in order to handle it safely
and prepare it for 1ts first flight?”

2.7 The problem of hierarchy and responsibility

There are however, some further problems with personnel which the NGVLA developers will also have
to address. On the face of it many of these are not directly associated with GH, but the author’s
experience at CL revealed that the lack of experienced personnel at all levels, who were able to make
reliable decisions, meant that the ground crew inevitably got drawn into these discussions. Yet again,

assumptions and misunderstandings frequently led everyone back into the wilderness of indecision.

However, some of these problems are fundamental to everything that the NGVLASs are trying to achieve,
and they add a whole new dimension to the developers’ task because solving them is going to require a
paradigm shift in thinking among regulators and the aviation authorities - and possibly even changes to
international law! A good example of one such problem is the command hierarchy for any future very
large airships and such questions as who will issue the orders and who will bear the ultimate

responsibility for each and every operational decision when the airship is on the ground.

Indeed, the seriousness and intractable nature of these hierarchical “who-has-command” type of questions

has already been recognised by several interested parties. These include potential NGVLA operators (The
UK MOD) and the regulatory authonties (The German Luftfahrt-Bundesamt or LBA):

“During the visit to Cardington [at the end of the Airship Association’s 1* International Airship
Conference at Bedford, England in 1996], a panel of experts was convened in an open forum, at

the request of UK MOD (PE), to answer questions on airship ground handling and command and
control.” (Nayler, 1996:19/20)
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“TAR AC255 Ground handling characteristics

The ground handling of airships is a classical problem area that needs to be notified with high
importance.[sic] ... Further issues, that should be considered, are: Ground crew co-ordination:

ground crew chief and responsibility sharing / hand-over between ground crew chief and pilot ...
and ... on-mast / off-mast responsibility, ...” (LBA, 2000:25)

The problem here is that the GH of very large airships is so very different from modern aviation practice
that the current rule books, whether they be for small blimps, or for HT A craft, cease to have much
meaning. As shown above (in Section 2.3) the captain of one of today's blimps may be able to sit in the
pilot seat and hold up his/her fingers to indicate to the ground crew chief how many sand/lead shot ballast
bags need to be added (or removed) to establish the required take-off weight. However, this is not going
to work when the two individuals are several hundred metres apart and the ballast is ten tons of water.
Also, whereas it is logical for the captain of a jumbo jet to be in complete charge of the aircraft whenever
the engines are running, things become a unclear when a large airship can lift off vertically and start its

engines in mid-air afterwards - as was normal in the case of the Shenandoah (see Section 2.4)

Equally there seems little to be gained by the driver of the GHE winches, who is actually controlling the
movements of a partially captured airship, to await the arrival of orders from an airship captain, who is
strapped into a seat several hundred meters away, with his engines idling. Or, indeed, from a ground crew
chief-cum-mooring officer who is standing, perhaps on the ground, or on top of the mooring mast, and
who is nearly as far away, is equally as powerless to influence events, and in many instances cannot even
see what is really happening. This will be all the more so, if, as seems likely, the GHE driver and the

airship pilot are not only equally highly skilled to operate their very different machines, but are also both
equally qualified and licensed to carry out their respective tasks.

Thus, despite the fact that a well-disciplined, hierarchical structure is universally recognised as being
absolutely essential for the safe working of the NGVLAs, at many stages of their foreseeable GH
operations, the answer to the question “who is in command?” is currently ill-defined. Establishing who
passes responsibility to whom, exactly when, and in a manner that all are immediately clear about, will be
no easy matter, Convincing the regulatory authorities, that irrespective of its final form, this chain of

command 1s safe enough to allow the NGVLAs to be integrated into today’s overcrowded and heavily
regulated skies, will also clearly be a challenge - but thankfully it lies beyond the scope of this study.

It must however be recalled that the previous generation of very large airships (PGVLAs) encountered
these exact same problems and that their solution was a “Mooring Officer.” It is a moot point where such
an individual would fit into today’s world, where the universally agreed rules of international aviation
have successfully, and safely, shared the responsibilities, and all decision making and monitoring of flight
preparations for HTA craft, between, the captain (on board the aircraft), the dispatch engineer (on the

ground outside the aircraft) and the air-traffic controller (at a remote location).

! The need for a licensing system for ground crew was discussed at CargoLifter after early rough estimates suggested that the driver

of a mobile mooring mast large enough to handle an airship the size of the CL160 would be in sole charge of a vehicle that weighed
at Jeast 600 tons.
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Here again, those familiar with modern HTA aviation are apt to make sweeping assumptions, and it may
well be that the answer for the NGVLASs 1s simply to modify the role of the dispatch engineer.
Nevertheless actually carrying this out and getting universal agreement at international level for a reliable,
tried and tested hierarchical structure that governs the transfer of responsibility between the flight and
ground crews, and putting it into place prior to the first attempted test flights of the first prototype airship,
is going to present a formidable obstacle which cannot simply be ignored. But, at least this problem has
begun to be recognised, unlike a hitherto unacknowledged second facet of the hierarchy problem, which,
in common with the aforementioned problems inherent in ground crew training, will also have to be faced

by the first prototype NGVLA, and which will be at least as difficult to solve.

2.7.1 The conflict between pragmatists and theoreticians

The second facet of the hierarchy problem into which ground handlers are dragged is even more obscure.
It stems from the fact that quite apart from their personal skills, the effectiveness of the ground handlers,
in dealing with both the day to day operations of the NGVLAs, and with any crises that may arise, will
also depend to a very large extent upon the actual physical configuration and properties of the GHE
machinery they are given to work with — or more precisely, on the capabilities that are built into it. This in

turn will be determined and governed by the knowledge of those who design and build it.

It is an obvious truth that the quality of work that can be done by any machinery, (even in the hands of the
most highly trained, competent and quick-thinking operator), in terms of the flexibility of its use, and for
example, of the possibilities of multitasking with it under a variety of perhaps unforeseen conditions, or in
unpredicted circumstances, and of bypassing functions, or of substituting certain procedures and thereby
permitting alternative ways of achieving its intended purpose to be employed, is governed by the
requirements that are originally foreseen and provided for, by the aforesaid designers of that machinery.
Thus the cost-effectiveness and safety of the NGVLA programmes really hinges on the designers of the
GHE being fully aware, before they even start to design the prototype GHE, not only of all the GH
problems liable to arise, but also where the deviations from the norm will most frequently occur, This, of

course, they currently are not, and neither can they be in the foreseeable future.

However, in circumstances where the designers of both the NGVLA and its GHE are only too well aware
of their lack of knowledge, as was the case at CL, one obvious solution is for them to turn for advice to

those who have at least some experience of how airships behave in the real world — namely the personnel

who operate the small blimps which are currently flying.

There is however, a serious philosophical point which needs to be noted here. It stems from one very

fundamental difference between the designers and the end users of any piece of equipment. Design is
inherently a creative process. If something is found not to work because the numbers “do not stack up”
then a new idea can simply be conjured out of thin air and quickly substituted for the failed, theoretical

concept without penalty. Moreover, a new device, which is not quite working yet is of far greater interest

than something old that continues to work perfectly.
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Operations, on the other hand, are quite different. The ground crew of an airship, for example, (and to a
large extent also the pilots) have to deal with the real equipment in the real world ~ i.e. with those items
which are actually available at any given instant, no matter whether they are in working order or not. The
operators are thus forced to be pragmatists. If some component does not work when it is needed to then
the groundcrew cannot wait around until a new bit of idealised equipment appears out of thin air. If they
delay taking action when it is necessary, then almost certainly something will break, and someone may
get hurt, and the airship could be damaged beyond repair or even lost altogether. Reliability is therefore a
must. Defects and weaknesses in equipment are actively dangerous; as is delay caused by unfamiliarity.
New devices are consequently treated with some suspicion and operators are generally keen to test new
things until they break, preferably under controlled circumstances, simply so that they know where the
failures are likely to occur when things begin to get out of control, (as their enduring experience with the
perversity of inanimate objects has shown is always eventually going to be the case). Thus old and
“inefficient” equipment, (even objects which are damaged or broken but which can still be trusted and

relied upon to do a specific task), are not only looked on with affection, but are regarded as worth far

more than something new and “more efficient” that is unknown and untested.

One way to differentiate between the two groups is to observe their very different instinctive reactions
when confronted with an emergency situation. The operators will take anything that is to hand and try to

adapt it to their immediate needs whereas the designers reach for their drawing boards and create a new

tool specifically for the task that has arisen. In other words, there are those whose first reaction is to

modify the “technique,” and there are those whose instinct is to rely on changing the “technology,” and as

a result there is a fundamental conflict and a deep mustrust between the two groups.

Moreover, the conflict between these diametrically opposed world views is exacerbated by a further
philosophical point that again is often overlooked. The ground handlers are the first real “users” of any
newly designed airship. In other words, they start to break it. All design and production up to the time of
their arrival is creative and constructive, but the very act of taking the airship out of its shed starts to wear
it out. Indeed, it has the potential to destroy it. Consequently, many prototype airships, which have been
lovingly built, have never made it out through the shed door. They have stayed safely in the hands of their
designers, undergoing an unending series of improvements and modifications. There is thus a mental
barrier that has to be overcome in order to accomplish this first usage of a prototype airship and the
builders are naturally loath to let “their baby” out into the dangerous world of operations - especially in
the hands of the “mad bad™ groundcrew. Conversely, the ground crew need courage, determination and a

thick skin in order to wrench the prototype away from the perfectionist protection of its creators and to

start to test 1t and discover which bits wear out, break or fall off it, when it is first put to work.

Therefore, from the designers view, the operators are a bunch of bodgers and clumsy, mindless thugs who

either ruin, or refuse to use, every new thing they are given. Whereas, from the ground crew perspective,
the designers are a bunch of heartless and dangerous dreamers, who have little grasp of reality. They are
forever solving non-existent problems with new-fangled gizmos that plainly won’t work, while ignoring,

or wanting to throw away, perfectly useable kit. Thus in general terms designers love problems and
operators fear them.
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Neither view is of course wholly correct but both of them do have a point, and of course both the over-
optimistic theoreticians and the pessimistic pragmatists will have their vital parts to play in the evolution
of the NGVLAs. However, this uncasy marriage between these two philosophically opposed outlooks is
further compounded by the fact that, in this instance, there are really two completely separate teams of
designers to contend with. Those who will produce the prototype Airship, and those responsible for the
prototype GHE.

“We are well supplied with designers of airships themselves and this needs to be paralleled by

designers of robust and economic mooring systems.” (Netherclift, 1993:7)
CL did attempt to fulfil this need, and what their efforts to provide both groups with the necessary
information to design the CL160 eventually revealed, is that the two design groups actually have rather
different requirements. They also have separate agendas (as shown above in Section 2.6) and they ask
different questions of those who have real experience of blimp ground handling. More to the point, there
is no natural hierarchy to govern the interaction of the three groups. On the contrary there is a classic
three-way split, which creates a vicious and time-wasting circle. This arises because, whereas, the airship
designers ca