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A DOCKING TECHNIQUE FOR ASSEMBLING AN INTERPLANETARY

LAUNCH VEHICLE IN EARTH ORBIT
By Jeck Funk
SUMMARY

This note presents & baseline docking technique thet could oe used
to esssemble, in earth perking orbit, en interplanetery lsunch vehicle
capable of injecting the heavy peyloeds needed for menned Mers snd
Venus missions. The technique would be cerried out by two crewman using
@ docking scope on the spacecraf', and alignment targets cn the orbiting
launch stage (0LS) with which the spacecraft is to dock. Redar will
be used to measure range end renge rate.

INTRODUCTIOW

Studies of interplsnetery spececraft designs show thet spacecreft
weights of 20C 000 1lb are being considered for the early flyby missions.
Injecting paylosds of this size for s manned Mars or Venus flyby mission
with & Ssturn V or uprsted Ssturn V lsunch vehicle require multiple
la'inches and the assembly in orbit of several propulsion stages and the
spacecraft. The propulslon stages are used to inject the spacecraft
from earth orbit onto the interplanetary trajectory. Missions in which
the spacecraft orbits Venus or Mars will require injecting even larger

welghts.

One of the most difficult pheses of the interplenetery mission will
be the orbitel assembly of the propulsion stages. The docking operation,
in perticular, is critical because it requires the contact of two vehicles,
which involves the denger of colliding end demaging one or hoth of the

vehicles.
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An indicetion of the difficulty of the docking task czn be cbtained
from the design impact condition used in preliminary desigan studies of
the docking structure. The meximum errors in contect sccuracies required
between the two vehicles are 1 fps in velocity, 18 inches in lsteral
displacement, and 5 in angle. The most difficult of these design impact




nonditions to satisfy in & docking operetion jis the l8-inch laterasl
displacement since the reletive letersl positions of the OLS end
spacecraft must be known at the docking interfece to within 18 inches.
Relstive position and elignment in Gemini and Apollo missions were
obtained primerily by the crew using visuel cues. These cues will not
be satisfactory in the sssembly of the Orbital Launch Vehicle (OLV) since
they rely primarily on proximity of the crew to the docking interface.
In essembly of the OLV, a stack of two stages end a spacecraft may be
200 ft long for docking with a third OLS, and the docking interface may
be as much as 160 ft from the crew station. In addition, the vehicle
active in the docking operation will te unmanned and controlled remotely
from the spacecraft. Since response times in meneuvering vehicles
welghing 300 000 to 400 000 lb ere very slow, it is aspparent that new
procedures are needed to dock and assemble an OLV.
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This peper describes a remote docking technique, mesnuslly controlled
by the crew with the aid of opticel alignment equipment, for considers-
tion es the beseline technique for essembly of the OLV,

DOCKING TECHNIQUE

To aid the crew in the docking operation, the spacceraft would be
equipped with an opticel docking scope that is columnsted with the space-
craft centerline and conteins e crosshair for use in the slignment. A -
radar would be used to measure the reletive range and range rete between
the spacecraft and the OLS with which it is to dock. A digital command
link between the spacecraft and the OLS would be required so the crew
could control the motions of the OLS. Several slignment targete on
each OLS would also be required.

Technique

The docking task is primerily one of aligning the spacecreft and
the OLS so thet their two exes lie along & straight line. After
alignment the crew manually translates the OLS toward the spacecraft to
cause it to dock. The crew must elso meintain the slignment during the
translstion phase by meneuvers that restrict perturbetion due to orbitsl
mechanics or systems errors in the translation.

A commander end en engineer would be required for the docking opera-
tions. The commander sligns the OLS using the docking scope and remote con-
trol of the OLS latersl end rotetionsl motions. He commends the dock-
ing operetion and '\ essisted by the engineer who controls the forward
motion and renge of the OLS with the aid of the redar snd range rste
measurements.,
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The docking sequence is outlined below:
Commander

l, Maneuver the spacecraft so that the OLS is in the field of
view of the docking scope.

2. Roll the OLS (remotely) so that tergets ere visible end on top
of OLS es in figure 1l(a).

%, Pitch end/or yaw the spacecreft to bisect targets with the
crossheir, es in figure 1(b).

i, Pitch the OLS so that the tergets asre on the horizontel crosshair;
vaw the spececraft to bisect tergets with crosshair, es in figure 1l(c).

5. Yaw the OIS to elign tergets one behind the other on the center
of the crosshair as in figure 1(d). At this point, the OLS is in per-
fect slignment with the steck.

6., Call for forward trenslstion of 0LS.

Engineer
7. Stert forwerd high-thrust attitude propulsion system (APS) jets.

8. Stop forwsrd high-thrust APS jets when rader renge rete reeds
5 fps.

Commander

9. During forward translation use lestersl APS jets to prevent any
lateral drift of the OLS.

An attitude-hold mode controlled by the attitude control system
of the OLS is used to maintain the booster exis alignment during trens-
lation. The task of the docking commander is to maintein the front
alignment target on the crosshair using lester trenslation commands to
the OLS. 1If the OLS becomes misaligned to the extent of exceeding the
docking requirements, the engineer can stop the forwerd translation.
The commander can realign the OLS end continue the docking. A complete
OLV composed of the spacecraft end two OLS's is shown in figure 1(d).




Initiel Conditions Required By The Docking Technigue

The docking technique necessitetes thet, prior to the docking
operation, the OIS is rendezvoused with the spacecreft end brought tn
zero releative velocity et & range of 500 f4£, The direction of the
range vector is importent. If the displacement is ebove or below the
spacecraft, the OIS will have an orbital period different from the space-
craft and, consequently, will develop @& reletive velocity end displece-
ment during the alignment procedure which cennot be easily removed by

the crew.

The relative position end velocities of the OLS with respect to
the spacecraft after the OLS hes zero relstive velocity is given by the
following equations for a circular orbit:

;(t) = 6wyo (1 - cos wt) (1)
y(t) = =3y w sin wt (2)
z2(t) = -z w sin wt (7)
x(t) = x_ - by  sin wt + 6wyou (4)
y(t) = by - 3y, cos wt (5)
z(t) = 2z, cos vt . (6)

The x, ¥y, z coordinete system is shown in figure 1l(e), (z comes

out of the pege). x(t), ¥(t), »nd z(t) sre the time derivatives of x(t),
y(t), end z(t). Initiel position end velocity vectors ere Xy Yoo 2

and io’ §o’ and éo’ respectively. w is the circuler orbit sngulasr velo-

city.

It cen be seen from these equetions thet the only steble position
for the elignment is s displacement in x either forward or aft of the
spacecraft. If = and z, @re zero, the abcre equations reduce to

x(t) = X . An initiasl displacement in the 2z direction results in the

OLS drifting toward the spacecraft, and the distance between

spacecraft closing in one-fourth orbit. This drift is not too serious,
however, since it can eesily be controlled by the crew using small
velocity increments. Station-keeping with initial displacement in y,
however, results in an unsteble situation where velocity impulses applied
to stop the relative motion asctually result in incressing the motion
(exemple, Gemini IV).
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The condition from which the docking operstion is ‘0 be initisted
is & displacement in x of sbout 500 ft, either forwerd or aft, eud
e zero relstive velocity. These conditions become the target for the
termins)l phese of the rendezvous.

Some Equipment Consideretions

Tergets.- The propcsed docking technique requires thet the front
terget be circulsr end have s diemeter equal to the latersl contact
tolerance of the docking structure. Bessed on one preliminary design

of a docking structure, this would be 18 inches. The contect between
the docking structures will be within design limits es long es the
crosshalr of the slignment scope is in the terget sree. The center of
the terget must be the seme distance from the centerline of the OIS es
the elignmnent scope 1s from the centerline of the spacecraft. The stem
of the targets provides for roll elignment. The front and reer tergets
should be an equal distance from the center of gravity of the QLS.

Docking in the dark may be possible with florescent targets.

Alignment Scope.- The alignment scope will need to be like a tele-
scopic gun site that cen be opereted fiom inside the spacecraft through

a periscope errangement. A simple crosshair reticle, as in a gun site,
appears to Satisry the alignment requirements. Ths field of view should
be sabout 11~ since the OLS may subtend en arc of 8 et 500 ft when broed-
side. A L-power scope chould provide sufficient magnificetion for
accurate alignment at 500 ft.

FUEL REQUIREMENTS

Preliminary estimetes of the fuel requirements for the docking
operstion were mede from preliminary estimates of the weight, moments
of inertis, end moment arms of the APS jets. The translation fuel re-
quirements were computed using the relation
w

0

AV = 32,2 ISP l'an .

Or
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where AV = translation velcotly

I.. = specific impulse of fuel

SP
Vo = initial weight
= burnout welght

= weight of fuel.
A simple relstion for the rotetion meneuvering fuel wes derived es

g - Torque

Torque = thrust x r

Thrust = ISP M

Integrate

where

= rotetional acceleretion

m.
]

rotetion rate

r = moment ar: of thrusters

M = fuel flow rete

M = fuel

I = moment of inertis sbout the meneuver axis.

Note thet neither the trenslationel nor the rotetional fuel requirements
are functions of the size of the thrusters used in these meneuvers.




The moments of inertie for the spececraft and OLS were estimeted
on the beesis of e homogenous cylinder with mess m. Neither the 0IS
nor the spececreft heve been designed; therefore deta for the moments
of inertis ere not avallsble, The moment erm of the Jets wre sssumed
to be helf & diameter in roll end hrlf e length in pitch end yew,.

The moment of inertis for s right circulsr cylinder of redius r
end length 1 is

r2
= m
I %=

roll
2 2

I = m : + l .

vew and pltch VR -

In estimeting the fuel requirements, it wes essumed that the stack
would be gravity stablized during the lsunch end rendezvous phases of
the essembly. At the ssart of the docking operation, the stack would

be required tc¢ pitech 907,

The meneuver rates used in the fuel estimaetes were chosen rather
arbitrerily end are supposed to represent & compromise between the
fuel requirements end the time required to elign end dock, slthough
tY~»re 1s no known restriction on the time availeble for docking et this
| liminery stage of development. Using florescent tergets, it would
app =r that docking operation car. be conducted just as well in the derk.

A summary of the docking fuel requirement calculated for two
representative OLS's ere given in teble I.

Tt ) S - o ot e




TABLE I.- ESTIMATES OF DOCKING FUEL®

Fuel used for number

Numbey Maneuver of meneuvers per-
Maneuver performed rete formed, 1lb
B ¢
Terget Orientstion Manzuvers
Roll 3 0.05 red/sec bhih 61.5
2iteh or ysw 6 0.05 red/sec 177.6 307.8
Forwerd end
aft trenslation 5 3.0 fps hOl.k 555.9
Letersl trenslstion 6 0.5 fps 80.6 111.6
Total - - 971.6 | 1407.6
Stack Pitch Maneuvers
lst docking 1 0.05 red/sec 29,2 51.3
2nd dockirg 1 0.05 red/sec 110.3 196,3
3rd docking 1 0.05 red/sec 596 .3 874.9

®The specific impulse (ISP) of the fuel for these calculations

was 300 sec.

bB weight = 260 000 1lb; length = 60 ft; diameter = 22 ft.

®C weight = 360 000 1lb; length = 18 ft; diameter = 22 ft.
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