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Large rockets for transport of payloads into space consist of several stages which

are built separately. The payload, which, e.g., may be a satellite, is built

separately and subsequently transported to the installation site for the rocket where
10 it is assembled therewith. :

Large rockets for transport of payloads into space can have a length of 50 metres
or more. They are optimized with regard to weight, and are designed in order to
withstand substantial loads in their longitudinal direction, while they are only

15 designed to withstand small loads in the transverse direction. Consequently they
are not designed to withstand in a horizontal position those forces and bending
moments which result from the weight of the completed rocket filled with fuel.

The rockets contain a number of advanced systems, such as mechanical, electrical
20 and optical systems, the assembly of which is complicated, and which demands a
comprehensive preparation before launching.

In the prior art assembly, preparation, transport and filling with fuel are
performed with the rocket's main axis extending vertically, thus avoiding the said

25 forces and bending moments. The rocket is transported in a vertical position to the
launching site, whereupon it is launched.

Assembly and preparation of a rocket in a vertical position require the work to be

performed by means of scaffolding or the like which ensures access to the various
30 parts of the rocket. Transport of a large rocket in a vertical position over large

distances is virtually impossible, since, in addition to obstacles in the form of

. bridges etc., such a high structure will be exposed to enormous forces from
horizontal accelerations during transport. According to the prior art assembly and
. - preparation of rockets therefore take place in the immediate vicinity of the site

35 from which the rocket shall be launched.



are not designed to wthstand in a horizontal position those forces and

bendi ng nonments which result fromthe weight of the conpleted rocket
filled with fuel. The rockets contain a nunber of advanced systens,
such as nechanical, electrical 20 and optical systens, the assenbly of
whi ch i s conpWooaB#87 and whi ch demands a conpr ehensi REIROWBPON0AL | ON
bef ore | aunchi ng. In the prior art as?enbly, preparation, transport
and filling with fuel are performed witTh the rocket's main axis

ext endi ng verti caPugto tlhwarth\sanwmgthmostdamlﬂsble lodation éer lavmthingmbickeys is at
monents. The rOCkﬁbegﬁa We&,fﬂeﬁ%eﬁ&ﬁﬁﬁdﬁﬁbaﬁﬁ?hbﬁ%?aﬂg@r%&ﬁ;e%ug“On

| aunchi ng site, wher aun

of a rocket in a §A0§ ’ldF € TeSRUIEEShp th@qmerfermwéemnsq haese or ned
by neans of Scaffrekahrﬁ@kﬂérﬁd&@airﬁlﬁble"iﬁh?&s@ﬂﬁéﬂ@ﬁrﬁﬁ%ﬁﬁﬁedﬁth@é 5. @S 30

parts of the goc e _rocket =.rt| t|on
over |arge g lﬁ%ﬂ L@?‘?SF" ygprqpﬂ.@légp&na %%Fgﬂ?
obstacles in the plwermamareawherebhe ngmsafycesoumcshreaedsﬂ]ghvalablecmmm fm-goﬁng)e
exposed to enor t g
transport. Accor ng t %?Jf;@lfﬁgpmgr@e n%‘ﬁ&tﬁéga&&j o I%Eg?t%g’g of
rockets therefor Wﬁ%@@l@@%@ﬁﬁﬂﬂ&@@h@ﬂlﬂﬁ@asg %lgs idifficalies.

fromwhich the rocket shall be | aunched.

10 US4 747 334 describes a floating launching structure for space rockets. The
structure is transported to the launching site on a semi-submersible barge-like ship.
The ship is submerged and sails away, leaving the structure lying in the water. In
this case too, all the time the rocket is standing vertically on the launching
platform, this presupposing that it has been assembled in advance.

15
US 5 042 358 describes a floating launching platform for space rockets. The
platform is during the transport to the launch site supported by a semi-submersible
barge-like ship, this ship pulling the platform along. The ship is submerged and
sails away, leaving the platform lying in the water. In this case too the rocket is
20 standing vertically on the launching platform all the time, this presupposing that it
is assembled in advance.

US 4 916 999 describes a jack-up platform for launching rockets. The rocket is
assembled vertically on a movable structure at a suitable location on shore. The

25 rocket with the structure is transferred to the jack-up platform, whereupon the
platform is transported to the launching site at sea. Here the platform's legs are
submerged in such a manner that they are secured on the bottom and form a firm
foundation during the launching.

30  The above-mentioned patents thus describe how launching of a rocket can be
undertaken from a favourable position, e.g. at the equator, but offer no guidance
as to how the rocket can be transported in an advantageous manner, without the
drawbacks which are associated with transport of a large rocket with a vertically
extending longitudinal axis.

35
The object of the invention is to provide a means for use in rocket launching, and
possibly transport of a rocket, where the rocket contains a payload which has to be
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In the present invention both assembly, preparation and transport to the launching
site of a rocket, which consists of a plurality of modules and a payload which have
to be transported into space, are performed with the rocket’s main axis extending

15  horizontally. The problem of strong forces and bending moments due to the
weight of the fuel is solved partly by the fact that the rocket is resting in one or
more specially-adapted cradles or saddles where the weight is distributed in such a
manner that the bending moments are reduced, and partly by the fact that a
substantial part of the filling of fuel is left until after the rocket has been raised

20  into a vertical position.

The assembly, the preparation and possibly the entire transport or a part thereof
may take place on board a transport means, whereupon the compiete rocket, still
with the main axis extending horizontally, is transferred to a floating structure.
25 The floating structure is then optionally moved the remaining distance to the
launching site, where the rocket is raised to a vertical position and Jaunched.

Thus it is possible to transport the rocket in a Simple manner, either partially or
completely on the transport means, or on the floating structure, to a favourable
30 launching position at the equator.

. In a preferred embodiment the floating structure has all or substantially all the
means which are necessary in order to prepare the rocket for launching.

35 In a further preferred embodiment the floating structure has a hoisting device for
moving a rocket in a horizontal position from ship to deck.
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10 The invention will now be explained in more detail by means of one speclﬁc
embodiment, with reference to the drawing, in which

fig. 1 is a side view of a ship for assembly, preparation and transport of
the rocket, and
15 fig.2 is a side view of a platform for launching the rocket.

Fig. 1 illustrates a transport means in the form of a ship 1 with a covered deck 6.
On the deck there are placed a first rocket stage 2, a second rocket stage 3, a third
rocket stage 4 and a payload in the form of a satellite 5. The rocket stages are

20  brought on board the ship via a port in the ship's bow or stern (not shown), and
then moved to the deck 6 on wheeled trolleys or carriages. The rocket stages are
then placed in specially-adapted cradles or saddles 7, which may be mtegrated
with the trolleys or carriages.

25 The payload, illustrated here as a satellite 5, will normafly be brought on board
the ship in a different port from the rocket. It can be brought aboard the ship
through a hatch in the ship's side or through one of the said ports in the ship's
bow or stern. The payload is also placed on a carriage or trolley, and placed ina
resting position in a specially-adapted cradle or saddle.

30
On board the ship the various rocket stages and the satellite are assembled into a
rocket whose longitudinal axis extends horizontaily. The rocket's technical
systems are then prepared by means of equipment which is located on board the
ship. The rocket and the satellite are connected via suitable equipment to a control

35 room 8 provided in the ship, thus enabling the rocket and satellite to be monitored
from here. It is also possible to fill some of the rocket's fuel, which may be in
solid or liquid form, while the rocket is located in the horizontal position in the
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for limited forces and associated moments across the longitudinal direction.

After the assembly of the rocket is complete, it is transferred to a platform via a
port in the ship’s bow or stern (not shown). The rocket with its saddles is moved
out through the port by means of a wheeled system, which may run on rails, to a
lifting ramp, and is lifted over to the platform, which process will be explained in
more detail with reference to fig. 2.

Fig. 2 illustrates a floating structure in the form of a semi-submersible platform
20. The platform’s main components consist of horizontal pontoons 21 with
propulsion propellers 22, driven by the platform's own machinery. On the pon-
toons there are provided vertical shafts 23, on which there rests a deck 29. The
platform is equipped with a hoisting device 24 and a hangar 25.

When the rocket is transferred from the ship to the platform, the rocket is moved
as described above out through a port in the ship to a lifting ramp. It is then lifted
on board the platform in a horizontal position by means of the hoisting device 24,
and is brought into the hangar 25 which is equipped with the necessary equipment
to continue the preparation if required. The rocket is monitored all the time from
the ship's control room 8. With the exception of the control room for the rocket
the platform has all the means necessary for completing the preparation of the
rocket.

~ Before launching, the rocket is moved out of the hangar by means of a transport

system, which preferably runs on rails, to a position illustrated by dotted lines 26,
and over to a launching ramp 30. The launching structure is located on one of the
platform's sides, preferably the platform's stern, where the platform's stern is the
end which is naturally located at the back during a move. At the launching ramp,
on the side which faces the platform, there is a flame shield or similar device (not
shown) in order to protect the platform from flames and heat from the launch.

The rocket is raised to a vertical position as indicated by the reference numeral 27
by means of a tilting/hoisting device 28. By this time most of the platform
personnel have left the platform. This can be done via a gangway or ladder
between the platform and the shib. The gangway is then removed and the ship
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After this final preparation the last platform personnel are transferred from the
platform to the ship via boat or helicopter.

15  The actual launch is controlled from the ship's control room. After the rocket has
risen some distance into the atmosphere, a land-based station takes over control.

The ship, and possibly.the platform, then return to their port.

20 Thus the said object is achieved, viz. to have both easy access to the necessary
personnel and materials during the launch, while at the same time the launch is
conducted at the equator.

Compared with the known solutions mentioned in the introduction, in which it is
25 proposed to launch rockets from platforms, the horizontal handling and storage of
the rocket provide a number of advantages. Firstly, transport becomes much
simpler and cheaper, since it is possible to use a ship with "normal” dimensions.
In fact it is possible to convert an already existing ship, e.g. a RO-RO ship and
use this. Furthermore, far better protection is obtained with regard to horizontal
30 transport accelerations, since the forces which result from these accelerations
obtain virtually no moment arm when the rocket is transported horizontally. In
addition the superstructure and access to the various parts of the rocket becomes
far less expensive, thus ensuring that the assembly, preparation and transport can
. be performed without being affected by the meteorological conditions.
35
Finally, the considerable advantages should be mentioned which are obtained by
the use of the same control room both for assembly, preparation, monitoring and
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’ 5  The above description of a preferred embodiment does not take into consideration
the location at which the rocket is transferred from the vessel to the floating
structure. Both the vessel and the floating structure are designed in such a manner
that they can store the complete rocket for some time, since both will be equipped
with the necessary connection facilities for monitoring the rocket's and the

10  satellite's technical systems from the ship's control room. Thus it is possible, for
example, either to transfer the rocket from the vessel to the floating structure
while both are lying in port, or while both are located at the launching site.

In the illustrated embodiment the ship is illustrated with room for only one rocket,

15 but it is obvious that the ship may have room for more rockets, and room for three
rockets appears to be a suitable maximum number from the practical point of
view.

The invention has been explained in the above with regard to a specific embodi-

20  ment. However, it is clear that a number of variants are possible within the scope
of the invention. For example, the invention is not dependent on how the rocket is
transferred from the vessel to the floating structure. Instead of using the illustrated
hoisting device the rocket can be brought up to the ship's upper deck by means of
a lift, and subsequently transferred to the platform via a bridge. It is also possible

25 to move the rocket by means of air cushion movers, these being speciaily suited to
moving heavy equipment, if a level base is employed.

In the embodiment described the platform is described as a semi-submersible

platform. However, the invention is not restricted to this type of platform, and a
30  jack-up platform, for example, with legs which can be placed on the bottom, will

also be well suited to the purpose. '

In a second embodiment the hangar on the floating structure can be made vertical,
thus providing the possibility of performing the final inspections and tests while
35 the rocket is in 2 vertical position, and thus providing a somewhat safer basis for
the start of the launch. Another possibility is to omit the entire hangar, thus
obtaining a more inexpensive design. This is relevant if the platform shall be used
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10 2. Means according to claim 1,
characterized in that all or substantiaily all the means which are necessary in order
to prepare the rocket for launching are located on board the floating structure (20).

3. Means according to claim 1 or 2,
15 characterized in that the floating structure (20) has a hoisting device (24) for
moving the rocket in a horizontal position from a ship (1) to the deck (29) of the
~ floating structure.

4. Means according to one of the claims 1-3,

20 characterized in that the floating structure (20) has a hangar (25) to receive the
rocket in a horizontal position after it has been brought on board the floating
structure.

5. Means according to one of the claims 1-4,
25 characterized in that the floating structure (20) has a launching ramp (30),
preferably located at one of the sides of the floating structure.

6. Means according to one of the claims 1-5,
characterized in that the floating structure (20) has a transport system for
30 horizontal transport of the rocket to the launching ramp (30).

‘ 7. Means according to claim 6,
characterized in that the transport system runs on rails.
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11. Means according to claim 9,

characterized in that it is a jack-up platform whose legs can be lowered down on
15  to the bottom.

12. Means according to one of the claims 9-11,
characterized in that it is equipped with machinery for self-propulsion.

20 13. Means according to one of the claims 9-12,
characterized in that the rocket's launching ramp (30) is located at the stern of the
platform, where the stern of the platform is the end which is naturally located at
the back during a move.
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personnel and materials during the | aunch, while at, the sane tine the
| aunch is conducted at the equator. iConpared with the known
solutions nentioned in the introduction, in which ihlis 25 proposed to
| aunch rockets fromplatfornms, the horizontal handnqqgiand st orage of
the [ocket provide a nunmber of advantages. Firstlyjijtransport becones nuch
si npl er and cheaper, since it is pqgssiblg®to use afghig with "normal "
di mensi ons. In fact it is pgpst to conver |an al ready existing
ships e.g. a RO-RO ship and Ise /T T Furthe’ e, far better
protection is obtained with regard}fo horizo | 3( transport
accel erations, since the forces wh d-rjaaﬁ?:z. HIUAéS accel erations
obtain virtually no nonment arn%Eﬂ&Q the rockef is qunjpor d horizontally.
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add| Mm ucture and access to the various part:
- beco "”"Ilﬂﬂ lmlmlljss expensi ve, .thus ensuring that the ¥ RS vo .
"prepar at fon" ant tr adsport can be perflormed W|thout -
t he met eor.ol o nsi der abl e
advant ages sh%‘%ghggfrr’gk rored V\:hl ch ’ET@’% ﬁﬂié‘é\slﬁEEN | the use of the
sane control room both for assenbl ya par St LY E Dm)nl t'firi ng and WO
06/ 34797  Floating structure (20) for rocket launching, and possibly transport

PCT/ NO96/ 001051
| aunchi ng of tdfea rowket;twhigh rocketims si lergthaflf0 metres ob enereyandxtoritaiasia

2O 5 P RSB L A B R ABRL BB BE o0 Bt
per sonnel . For recEining lthe eockes i a fiorizontal pesmonfagdrramxgrhoﬂuormmmm&s not
transferred f PO ATE e upgddy (700t g ™ " St et ure. Both the
vessel and t hehfitacterized istthatcit is @ semé-sulbrnersitie platformr,hconsistingeof horizontal
‘pontoons (21) and vertical shafts (23) with one or more decks (29) provided on the
10 shafts, and comprises
- a hoisting device (24) for moving the rocket i ina honzontal position from a
ship (1) to the deck (29) of the floating structure,
- a hangar (25) to receive the rocket in a horizontal position after it has been
. brought on board the floating structure,
15 - - a launching ramp (30) for the rocket located at one of the sides of the
floating structure, and
- a flame shield to protect the floating structure (20) from ﬂames and heat
from the launch.

20 2. Floating structure (20) according to claim 1, :
characterized in that it has a transport system on rails for horizontal transport of
the rocket from the hangar to the launching ramp (30).

3. Floating structure (20) according to claim 1 or 2,
25 characterized in that it is provided with machinery for self-propulsion.

Sheet Has Been Reﬂlaced
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- that they can store the conplete rocket for spore CE&W%
A

equi pped with the necessary connection _gér 18 - 595 g,ra ﬁ‘
rocket's and the 10 satellite's technical gy md)Om. ﬂgéas EQ ﬁ
room Thus it is possible, for exanpl g, [4 B £ oo
rocket fromthe vessel to the floating struct E?Hral? 359

‘geb.o{.{h P5% eéi .....

Uk
lying in port, or while both are | ocated at tjh EFf% Cﬁlng§$ ‘0 paged ..y

the illustrated enbodinment the ship is illustfrated with roomfokm ne
rocket, 15 but it is obvious that the sBi A LW RECIIPTOr. Sl ..

=

rockets, and ro@sspored im&q)ace thh earssa(a}s&moaﬁ@e@bﬁrcb@mfthaaré Hede@QHP JTBXT MU
nunber from t hemQr ct| i nvent’ on has

been expl ai ned tn bi’@ r\x;P ptr?P%Faélﬁﬁ d‘lﬂ{:(getg%%l fafigalgz}ggoogllaun%mg thenent |

However, it is tﬂcﬁﬁrattthmquatonurrber of variants are possible within the
scope of the invention. For exanple, the |nvent|on I S not dependent

on how the rocket.is. .. L tr erred fromthe vessel t.he floating
structure. 1nst ih“ﬁ °§¥ech§iaﬁﬁmﬁf€ f F@Y‘F%Pé@‘e type mentpned in ﬁ"@ ipfEQAugEon, he
rocket can be beharagterizggd bydhe featuges preenwedpeclattedk by means of a

m

lift, and subsequently transferred to the platformvia a bridge. It is also

possi bl e 25 e rocket means of ai.r cushi on novers, these
bei ng speci al | yﬁ§go ylgdaeteglphaslzed mﬁ%‘b‘? Hﬁs?f’ééfvfn%%?%ﬂ‘ﬁqargf ropkelsy Smahase s

enpl oyed. rockbts hahea simipeli desigh, ateeasietisdh tassahnblef prepaiesand esiaspoped as
Festri cted Tt Reie, ot vk s or Ry Sty oL Dlatform for
exanple; with | egs which can be placed on the bottom wll

In the present invention both assembly, preparation and transport to the launching

site of a rocket, which consists of a plurality of modules and a payload which have

to be transported into space, are performed with the rocket's main axis extending
135 horizontally. The problem of strong forces and bending moments due to the

weight of the fuel is solved partly by the fact that the rocket is resting in one or

more specially-adapted cradles or saddles where the weight is distributed in such a

manner that the bending moments are reduced, and partly by the fact that a

substantial part of the filling of fuel is left until after the rocket has been raised
20 into a vertical position.

‘The assembly, the preparation and possibly the entire transport or a part thereof
may take place on board a transport rheans, whereupon the complete rocket, still
with the main axis extending horizontally, is transferred to a floating structure.
25 The floating structure is then optionally moved the remaining distance to the
launching site, where the rocket is raised to a vertical position and launched.

Thus it is possible to transport the rocket in a simple manner, either partially or
completely on the transport means, or on the-floating structure, to a favourable
30  launching position at the equator.

The floating structure has all or substantially all the means which are necessary in
order to prepare the rocket for launching.

35 According to the invention, the floating structure is a semi-submersible platform,
consisting of horizontal pontoons and vertical shafts with one or more decks



al so be well suited to the purpose. In a second enbodi nent the
hangar on the floating structure can be nmade vertical, t hus
providing the possibility of performng the final inspections and tests
while 35 the rocket is in a vertical position, and thus providing a
somewhat safer basis for the start of the l[aunch. Another _
possibility is to omt the entire hangar, thus obt ai ning a nore

i nexpensive design. This is relevant if the platformshall be used
WD 96/ 34797 4

PCT/ NOB6/ 00105 provided orf the shaftsnaind cgnprisek e heistfig deviedd fat moelng tho ekt iHGSI 9N,
where one is | gss, den 3 ; | ' | and | ess
dependent on the net eg&gfﬁogi ca a(s:lgﬂéc} pfeod;?lélgﬁf mb'}ﬁﬂ&&é stflitire. '
In a preferred embodiment the floating structure has a transport system on rails for
5 horizontal transport of the rocket from the hangar to the launching ramp.

In a further preferred embodiment the floating structure is provided with
machinery for self-propulsion.

10 The invention will now be explained in more detail by means of one specific
embodiment, with reference to the drawing, in which

fig. 1 is a side view of a ship for assembly, preparation and transport of
the rocket, and
15 fig. 2 is a side view of a platform for launching the rocket.

Fig. 1 illustrates a transport means in the form of a ship 1 with a covered deck 6.
On the deck there are placed a first rocket stage 2, a second rocket stage 3, a third
rocket stage 4 and a payload in the form of a satellite 5. The rocket stages are

20 brought on board the ship via a port in the ship’s bow or stern (not shown), and
then moved to the deck 6 on wheeled trolleys or carriages. The rocket stages are

then placed in specially-adapted cradles or saddles 7, which may be integrated
with the trolleys or carriages.

25 The payload, illustrated here as a satellite 5, will normally be brought on board
the ship in a different port from the rocket. It can be brought aboard the ship
through a hatch in the ship's side or through one of the said ports in the ship's
bow or stern. The payload is also placed on a carriage or trolley, and placed in a
resting position in a specially-adapted cradle or saddle.

30 - "

On board the ship the various rocket stages and the satellite are assembled into a

rocket whose longitudinal axis extends horizontally. The rocket's technical

systems are then prepared by means of equipment which is located on board the
ship. The rocket and the satellite are connected via suitable equipment to a control

35 room 8 provided in the ship, thus enabling the rocket and satellite to be monitored
from here. It is also possible to fill some of the rocket's fuel, which may be in
solid or liquid form, while the rocket is located in the horizontal position in the
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j1 PATENT CLAI M5 1. Floating structure (20)””“!&“:“!!“‘!‘“ |I||
| aunchi ng, and possibly transport.of a -~ . rocket, which''® L Cw

| ength of 50 netres or nore and contains a payload (5) 5 to be
transported into space, which floating structure (20) includes a hangar
(25) to receive the rocket in a horizontal position after it has
been brought on board the floating structure, a launching ranmp (30)
for the rocket, |located at one of the sideg of the floating
structure, and ﬁﬁéﬁﬁgfﬁﬁﬂhﬁhg to protect the floating structure (20)
fromflanes and | aunch, 10 characterized in that it is a
sem -subnersi ble platform consisting of horizontal pont oons (21)

oo s condt = Jeslogbnarigpty o el S i SSipip e
hori zont al ‘°°kﬁb§’fm?}b??°§‘?t5‘ﬁg 3 lengthof SP) metgesqr angpe @RA £o3ng 2 PRl (Shat i ng
structure. 515 to b&transported into $gacqtwhich fdatingtstmenu(e2@)) mcindesth hapgho(26) @ m 1,

receive the rocket in a horizontal position after it has been brought on board the

floating structure, a launching ramp (30) for the rocket, located at one of the sides

of the floating structure, and a flame shield to protect the floating structure (20)

from flames and heat from the launch,

10 characterized in that it is a semi-submersible platform, consisting of horizontal
pontoons (21) and vertical shafts (23) with one or more decks (29) provided on the
shafts, and comprises a hoisting device (24) for moving the rocket in a horizontal
position from a ship (1) to the deck (29) of the floating structure.

15 2. : Floating structure (20) according to claim 1,
characterized in that it has a transport system on rails for borizontal transport of
the rocket from the hangar to the launching ramp (30).

3. Floating structure (20) according to claim 1 or 2,
20 characterized in that it is provided with machinery for self-propulsion.
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characterized i'n that it has a transport systemon_rail ;Lélo,[ %o‘ri zont al _
~transport of the rocket fromthe hangar toéfﬂi@ﬁp C g ranp (30).
3.. Fl oating structure (20) *‘according to claim1 or 2, 20
characterized in that it is provided with machinery for self-pr g3
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