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ORBITAL RING SYSTEMS AND JACOB'S LADDERS — |

PAUL BIRCH
45 Brownsville Road, Heaton Moor, Stockport, England.

A method for transferring payloads into space without using rockets is presented: in this, massive rings encircle the
globe in a low orbit, supporting stationary ‘skyhooks’ 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 concept of such Orbital Ring
Systems is examined and extended; a large family of possible configurations exists, including systems in any orientation
which precess with the Earth’s rotation, eccentric systems which can span any height range, and also Partial Orbital Ring
Systems, with end-points on the ground, along which vehicles can be launched directly.

I. BASIC CONCEPTS
1.1 Cables Supported by Earth’s Rotation

Various authors, including Artsutanov [1] and Isaacs ef al,
[2], have considered the possibility of dangling a cable from
geosynchronous orbit down to the Earth’s surface, and using
it to hold up a *heavenly funicular’ or *space elevator.” In
geosynchronous orbit, some 36,000 km above the equator,
freely orbiting bodies will go around the Earth in exactly
one day, and therefore stay directly above the same spot on
the equator.

As can be seen in Fig. 1 a very long cable is needed, which
must be able to support both its own weight and the weight
of the space elevator. Overall support comes from the
counterweight, which is situated higher than the geosyn-
chronous orbit and is moving faster than a freely orbiting
body there would be. The *“*centrifugal force™ on the counter-
weight holds up the system.

This scheme has certain disadvantages; for example, since
a body can be in geosynchronous orbit only above the
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Fig. 1. The Space Elevator Concept.

* The author is now with Marconi Space & Defense Systems
Ltd., Stanmore, Middx, HA7 4LY, England.

equator it has often been said that a space elevator cable
must have its base on the equator also. In fact, this
“‘disadvantage” is spurious and a geostationary cable could
be let down to anywhere on the globe, apart from the polar
regions (although an equatorial site would be more conve-
nient). A more important point is that the height to geo-
synchronous orbit is equivalent to 4900 km in a uniform
one-gravity field; this is a very great height from which to
suspend a cable (indeed, a uniform cable of fine steel would
only support about 25 km of its own length without
snapping).

Even with the strongest materials that can be manufac-
tured in quantity today (not including certain ultra-strong
‘whiskers’ that can be produced only as tiny samples) this
scheme is unfortunately not yet practicable,

1.2 Cables Supported by Orbital Rings

The principles of the present design are illustrated in Fig, 2,
A massive ‘Orbital Ring’ is placed in Low Earth Orbit (LEQ);
it does not need to bear large structural stresses, because it

is in ‘free-fall’ everywhere except at the places where the
*skyhooks’ deflect it. These ‘skyhooks’ ride upon Orbital
Rings, supported electro-magnetically, 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 to geo-
synchronous 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 the rest of this study (which, I must emphasise, is only
a preliminary and exploratory study of the idea of Orbital
Ring Systems) I shall demonstrate the physical principles
and develop some of the engineering details of several kinds
of ORS. In Part I [ shall be concentrating on the theoretical
aspects of Orbital Ring Systems and Jacob’s Ladders, In
Parts IT and III T shall be concerned with aspects of engineering,
logistics and safety; I shall describe now such Orbital Ring
Systems could be built in the very near future and how they
could be used to transport large numbers of passengers and
large amounts of cargo into space; I shall describe some of
their potential uses, and the economic advantages of the
highly efficient methods of space transport they allow,
which could make conventional launch vehicles and other
rocket-propelled craft outmoded.
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Fig. 2. The Orbital Ring Concept.

2. JACOB'S LADDERS
2.1 Payload of Ladders

The Jacob’s Ladders have to carry both the payload and their
own weight. The most efficient way of doing this is to use
tapering cables, which are therefore thickest where the load
is greatest.

Let the skyhook be at altitude H (I shall be using values
of 300 km and 600 km as being representative of suitable
ORS heights), Then the ladder consists of cables H in length,
strong enough to carry a payload Fp. Let Y be the tensile
strength and p the density of the cables. We need to use
materials with as great a value of Y/p as practicable, in order
to have a high ‘payload fraction,’ P, which is the ratio of Fp
to the gross weight on the skyhook. Let the radius of the
Earth be R and its surface gravity be g.

Considering a cable everywhere at its maximum working
stress we see from Fig. 3 that

Fp = AoY (1)
Now dF = apA
o ()

where a is the acceleration due to gravity.

dh dh

So if F=Fy,y everywhere,

Y dA = aph (4)
dh
Now a =g . R¥(R+h)? (5)
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Ay Y (R+h)
AT = A, exp PB H
Y ~ (+HR) ) 8
In terms of forces, or weights,
Fr = F, exp pg
T e NG ) ©)
Y (1+H/R)

So the payload fraction Fp.FFT is given by

Peew e . A, (10)

Y (1+H/R)

Where H<R this may be simplified to

P = exp [‘p;gH_

y ! (11

which gives a conservative estimate for P since gravity de-
creases with height.

Table 1 gives the strength of various materials and values
of 1/P calculated from both the equations (10) and (11).

It is obvious that the graphite and aluminium oxide
‘whiskers’ are by far the strongest materials in the list. How-
ever, they can not yet be manufactured on a large scale;
they show what technological advances can be expected in
the future. Steel is not very suitable, though just feasible in
the case of H = 300 km. Kevlar and fibreglass give much
more favourable payload fractions, and can be used with a



TABLE 1. Payload Fracrions for Ladders.

Orbital Ring Systems and Jacob’s Ladders — [

10°Nm?  10%kem™? km km Eq 2.11 Eq 2.10
Material Y o] (Y /g H 1/P 1/p Refs. for Y, p
Keviar® 34 1.5 230 300 3.69 3.48 (4]
600 13.6 10.9
Glass fibre 3.0 2.25 136 300 9.08 8.22 [5.6]
600 824 56.5
Steel 2.0 7.9 26 300 1.0 » 10 6.1x 10%
600 1.1x10% 1.5x10°
Graphite whisker 21 2.2 980 300 1.36 1.34 171
600 1.84 1.74
36000 . 155. %
Al305 whisker 21 4.0 535 300 1.75 1.7 7]
36000 . 1.0 x 10%*

* Corrected for centripetal acceleration due to Earth's rotation at the equator — i.e. this is the correct figure for a cable up

to geosynchronous orbit.

® Kevlar is a registered trade-mark of DuPont Fibres.

reasonable safety margin. Glass fibre used in the cables
should have compressive surface layers and the cable should
be jacketed under compression with steel, to prevent cracks
and stress concentration (c.f. prestressed concrete and
toughened glass). Similar protection should be provided for
Kevlar ropes.

2.2 Use of Ladders

Payloads can be carried up the ladders into space by vehicles
which use some form of electric motor pushing against the
cable (Fig. 4).

A mass-driver is efficient at transferring energy into pay-
loads and is probably the best choice for the ladder's drive
mechanism (see Ref. 3 for a description of mass-drivers).

It is apparent that the weight on the supporting skyhook
will tend to vary with the payload mass and acceleration.
However, this can be countered by a ground station at the
foot of the ladder, which exerts a variable tension on the
latter and holds FT constant (the tension is Fp when no pay-
load is attached and less when a vehicle is climbing the
ladder).

2.3 System Throughput
Using the net value of the payload, FpN< F[,, where Mp is
Er

the net payload mass and ‘a’ the actual acceleration (assumed
constant), we have

Fpn = Mj (g+a) (12)
Let the time spent climbing the ladder be 7

T = (2Hfa)" (13)
The System Throughput, Sy, is given by

STH = M/t (14)

Substituting from (12) and (13)
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Fig. 4. A Vehicle on a Ladder.

STH = FpN (a/2H)"/(atg) (15)
which maximises at a=g
Consider also the ‘muzzle velocity,” V
V2 = 2aH (16)
and the’escape velocity,” V,
V2 = 2gR [ (R+H) (17
Now V., =V, when
a = gR?/ (H(R+H)) (18)

Then for HZR,, we have the system throughput to escape
velocity
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