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ORBITAL RING SYSTEMS AND JACOB'S LADDERS — I

PAUL BIRCH*
45, Brownville Road, Heaton Moor, Stockport, England.

A method of transferring payloads into space without using rockets has been presented in Part I, in which massive
rings encircle the globe in a low orbit supporting stationary ‘sky-hooks,’ from which cables hang down to any point on
the Earth’s surface. Vehicles can climb up these ‘ladders’ into orbit, or can accelerate along the rings. The structure and
deployment of such Orbital Ring Systems is examined and their varied uses cansidered; several scenarios are considered

and shown to be economically feasible and beneficial.

1. INTRODUCTION

Various authors have considered the possibility of dangling

a centrifugally supported cable from geosynchronous orbit
down to the Earth’s surface. Such a “‘Space Elevator’ system
suffers from the practical difficulty of manufacturing a cable
capable of supporting thousands of kilometres ot 1ts own
length; at present this cannot be done.

This paper examines the practicality of an alternative con-
cept, illustrated in Fig. 1. In this concept a massive ‘Orbital
Ring’ is placed in Low Earth Orbit (LEQ); because it is in
‘free-fall” everywhere (except where the *skyhooks’ deflect
it) it does not need to bear large structural stresses. The
‘skyhooks’ ride upon Orbital Rings, supported electromag-
netically, and hold station above specific points on the
Earth’s surface.

An *Orbital Ring System’ (ORS) has massive rings in a
low orbit and skyhooks which are geostationary. Cables are
suspended from the skyhooks down to the ground; these
form the “Jacob’s Ladders.’

A Jacob's Ladder is much shorter than a cable geosyn-
chronous orbit would be, and thus does not have to be made
of so strong a material. It is within the reach of present-day
technology.

In part 1 of this study [1] concentrated on the theoretical
aspects of Orbital Ring Systems and Jacob’s Ladders. The
initial concept was generalised to include Eccentric Orbital
Ring Systems (EORS) and Partial Orbital Ring Systems
(PORS); it was shown that a large family of possible systems
exists.

In Part II (this paper) I shall be concerned with aspects of
engineering, logistics and safety; the theoretical foundation
of Part I is assumed. I shall describe how Orbital Ring
Systems could be built in the very near future and be used
to transport large numbers of passengers and large amounts
of cargo into space. I shall describe some of the potential -
applications and benefits of Orbital Ring Systems. And I
shall make a tentative estimate of the costs of construction
and use, and the economic returns that may be expected.

In Part 1111 shall examine some more of the possible
applications, methods of use and various other aspects of
Orbital Ring Systems to round off the complete work.

2. STRUCTURE OF ORBITAL RING SYSTEMS
2.1 Structure of Jacob’s Ladders

There are several possible structures for Jacob’s Ladders; the
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Fig. 1. The Orbital Ring Concept

simplest one has a solid core of cable clad in aluminium
against which a linear induction motor can react. The appa-
rent simplicity of this structure is offset by the problem of
supplying power to vehicles climbing the ladder.

A mass-driver (see Ref. 5) is efficient at transferring energy
into payloads and is probably the best choice for the ladder’s
drive mechanism. An axially symmetric ‘inside-out” mass
driver can be used to allow vehicles to ride on the outside of
the ladder assembly as in Fig. 4 of Part I) whether the ladder
itself is solid or hollow. A conventional mass-driver arrange-
ment can be used to propel payload buckets up a hollow
ladder assembly; it would also be possible to combine both
forms in a single device, using small cargo buckets inside and
large passenger or cargo vehicles on the outside.

It is apparent that external vehicles could be as large
(within a given mass) as required; even small calibre systems
would be well-suited to the carrying of passengers. The con-
ventional form would be useful for streams of small cargo
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buckets, propelled at high accelerations; the inside of the
tube would have to be evacuated of air to avoid shockwaves.
Tubular ladders would have rigid hoops, carrying mass-driver
coils and components, with “hourglass” shaped membranes
between them (See Fig. 2, and Appendix 1, Part I). In each
form of ladder assembly, the additional (non-cable) mass
added can be thought of as a given thickness of steel on the
outside; this extra mass should be small in comparison with
the mass of the support cables.

Table 1 gives typical values for such ladders. It is apparent
that high calibre tubular ladders for internal passenger
vehicles would be very massive, suitable only for extremely
high throughputs, Inside-out mass-drivers allow small calibres
to be used, though care must be taken to minimise aero-
dynamic drag and noise (significant only for cargo vehicles
using high accelerations).

TABLE 1. Structure and Properties of Jacob's Ladders
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Fig. 3. Structure of Skyhooks.

2.2 Structure of Skyhooks and Orbital Rings

The skyhooks can obtain their lift by using superconducting
coils to produce a persistant magnetic field, above a dia-
magnetic strip of aluminium (see Fig. 3, and Section

3.4-5, Part ). The “roadbed” for the skyhooks has been
presented as a strip of aluminium Litz wire in a track under-
neath the ring, but it could also consist of a layer of super-
conductor with its coolant, insulation and so forth (preces-
sion forces can be applied via coils acting on these or other
roadbeds in a similar way).

Hollow tubes with mass-drivers

Solid cable with jacket

Property Units Small bore Large-bore With Mass-driver Without Mass-driver
Radius m 0.1 3.0 0.05 0.05
Mean thickness of steel (1) mm 0.2 io 0.2 0.2
Minimum thickness of steel hoops (1) mm 2.0 90. - -
Thickness of support cables (2) mm 10. 100. (50.) (50.)
Load, Fp N 2x107 5x10° 2x107 2x107
Fixed mass of accelerator (3) kg 1x10% 2x107 1x10° sx10°
Net payload (including vehicle) N 1x107 4,8x10° 1x10” 1.5x107
Maximum cargo mass (4) kg 3x10°® 1.5x10° 3x10° 5x10°
Cargo throughput kgs™ 300 1.5x10° 300 500
Passenger capability he! NONE 5x10° 1x10* 1.5x10*
Power at full throughput (5) GW 50 2.5x10% 50 75

- with regeneration GW 15 7.5x10% 15 25
Notes:

{1)  These thicknesses apply at ground level where atmospheric pressure = 10° Nm2, They could be reduced at higher altitudes.

(2) This is the ground level thickness; because of the increasing load this increases with height.

(3)  This estimate was obtained by using NASA SP-428 11, on mass drivers [5]. In the last column this is the mass of a 2 mm
thick Aluminium sheath upon which a linear induction motor can react.
(4)  Vehicle (bucket) mass to cargo mass ratio obtained from NASA SP-428 1L It is somewhat arbitrary.

(5)  In the first line both vehicle and cargo are accelerated to escape velocity; in the second the cargo is released, the vehicle

being decelerated and its energy recovered.
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The main body of the ring can consist of industrial slag,
lunar soil or the like; it need not be able to bear much
tension, but it would be advantageous if the material can be
extruded into a coarse fibreglass mat, which would have both
strength and flexibility. This can be held in shape by a con-
tinuously woven sheath of steel cables, Such a ring can
stretch readily for several per cent before the cables them-
selves are stressed, like a braided rope; this feature allows
for small changes in specific length around the orbit.

3 A SCENARIO FOR ORS DEPLOYMENT
3.1 Baseline Assumptions

This scenario assumes that a mature Space Shuttle service
will be available and that the construction of an ORS will
take place alongside the initiation of a space manufacturing
enterprise, as part of a programme to build space habitats
and Solar Power Satellites {SPSs). The cost of the develop-
ment of the shuttles, mass-drivers, lunar mining facilities and
the Space Manufacturing Facility (SMF) are not considered
here; only those aspects of the scenario described in Ref. 2.
which would be altered significantly by ORS construction
are treated in any detail.

I shall consider the scientific and economic benefits of an
ORS in Section 6; for the moment I merely assume that
there exists a requirement for a medium sized ORS (twin
rings of 1 m diameter,p=2.5x 10° kg m"'] and a number
of ladders.

The unit of currency is the 1975 United States dollar
(§). It is used with S.1. prefixes (1 M§ = ‘one million dollars’.
1G§=10° §ete.). It may be noted that the 1975 US § is
approximately the same as the 1982 £ sterling.

3. 2 Earth-launched ORS

We consider an ORS composed of 1.6 m? of fused slag, with
1 x 10°* m? of steel and 2 x 10?2 m? of aluminium across
the two counter-rotating tings.

Mass of slag in ORS 1.7x10% kg (1)

Mass of steel in ORS 3.5x10° kg (2)

Mass of aluminium in ORS= 2.4x10° kg (3)

Total mass of ORS = 1.8x10" kg (4)
Now if this mass is to be launched from Earth, using the

Shuttle Derived Heavy Lift Vehicle (SD/HLV) at 173 § kg™!
to orbit, the launch price will dominate the overall cost.

Cost of Earth-launched ORS = 31 T§ (5)
Since the GNP of the USA is only a few teradollars (T§)
this is not really practicable.
3.3 SMF-produced ORS
The SMF can produce slag at 0.21 § kg" and metals (iron
and aluminium) at 7.05 § kg" [4] in suitable form and a
useful orbit. Using Eqs. (1) - {3) we have
Cost of SMF-produced ORS = 77 G§ (6)

Now this, although quite expensive, is certainly practi-

cable, since it is roughly equivalent to one Apollo programme.

The SMF would need to be expanded considerably to cope

Orbital Ring Systems and Jacob'’s Ladders — II'

with so large a project (from 6 x 10® kg yr! to perhaps
10" kg yr'); this would take time, but the prices per kilo
would certainly drop with increased size of plant and due
to the normal industrial ““learning curve’ so the total cost
might be less than the 77 G§ of Eq. (6).

However, this is by no means the cheapest way to build
an ORS.

3.4 Bootstrapped ORS

Consider a Jacob's Ladder working to capacity. Its cost will
be dominated by the electricity bill; the energy cost to orbit
is 9 kWhr/kg). If SPS electricity costs 5 m§fkWhr locally
[8] this implies that

Cost to orbit by Jacob’s Ladder ~ S5cHket (7)
At five cents a kilo very little will be added to the Earth

purchase cost for delivery to LEO, except in the case of
“zero-cost” materials like water, air or sand.

Cost of slag in LEQ by ladder 0.05 §kg™! (8)

Cost of steel in LEO by ladder 0258 ke (9)

0.70 § kg™'(10)

Cost of aluminium in LEO by ladder

Using steel and aluminium from the SMF {at 7.05 § kg")
we can build a light-weight ORS as a cable of some 10 cm?
cross-section and line density 4 kg m™!. This can be made as
a braided rope, allowing several per cent extension. It can
carry 20 skyhooks evenly spaced with a payload of 108N
on each, with AH = 50 km and H == 300 km. Using Kevlar,
each ladder can have a ?ayluad fraction of 1/5 and thus a
throughput of 300 kgs™ .

Mass of bootstrap ORS 1.8x 108 kg (11)

Cost of bootstrap ORS 1.3x10° 8 (12)

This total mass is equivalent to two years’ production of
the SMF in these metals [7] and is chosen in order that the
ORS shall be able to lift the mass of the fall-size ORS in
about a year.

Time to lift mass of full-size ORS = 3x 107s=1 yr(13)
Combining Eqs. (1) - (3) with (8) - {10) we obtain

Costof slagin ORSat LEO = = 85x10°§ (14)
Cost of steel in ORS at LEO =88x10%% (15
Cost of aluminium in ORS at LEO = 1.7x10° § (16)
Cost of materials in ORSat LEO = 1.1x 10§ (17)

Initially we use dummy weights on 19 skyhooks and set up
a single Jacob’s Ladder of the twentieth. The skyhooks and
the ladder with its mass-driver components have to be flown
up into LEO, since at this stage the SMF cannot produce
niobium-tin superconductor or Kevlar cables.

8x10°kg (18)

Mass of individual ladder

1x10% kg (19)

Mass of individual skyhook

Cost of ladder in LEO L4x10°§ (20

1.7x10°§% (21

Cost of 20 skyhooks in LEO
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