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APOLLO-SOYUZ TEST PROJECT DOCKING SYSTEM
By W.L. Swan, Jr.

SPACE DIVISION
ROCKWELL INTERNATIONAL

ABSTRACT

The United States and Soviet Union in July 1975 successfully completed a joint space mission
utilizing each country’s spacecraft and the compatible docking system designed and fabricated by
each ccuntry.

" This paper describes the compatible docking system and defines the extensive research,
development, and testing leading up to the successful mission. It also describes the formulation and
implementation of methods for breaking the language barrier, bridging the extensive distances for
communication and travel, and adjusting to each country's different culture during the three-year
development program.

INTRODUCTION

In the latter part of 1971, the United States and Soviet Union agreed to a joint space mission
utilizing each country’s spacecraft and a compatible docking system. This mission, calied the
Apollo-Soyuz Test Project {(ASTP), was successfully conducted as planned in July 1975. The
mission profile is shown in Figure 1. Hardware used in the mission is shown in Figure 2. s

Docking system design, development, and test were governed not only by the Apollo
philosophy but also the interface requirements generated jointly by the United States and the
Soviet Union.

OBJECTIVES

The docking system for this mission provided for all facets of the mechanical docking between
Apollo and Soyuz. Specific objectives were:

Attenuate the forces caused by impact in docking the vehicles.

Make the primary mechanical linkup (capture).

Limit vehicle rotational excursions.

Control vehicle misalignments before retiaction.

Draw the docking structural rings together (retraction).

Structurally connect and seal the docking interface.

Provide a clear passageway for intervehicular transfer without removing any part of the
docking system.

Abort and separate the vehicles at any stage of the docking operation.

Provide capability for immediate emergency undocking and release.

Provide repeated docking and undocking capability.

Perform docking and undocking functions without the active aid of the other space vehicle.

DEVELOPMENT AND TEST

Basic philosophy for development and test of the system was joint testing for any facet
affecting the interface (i.e., docking dynamics) and individual country testing for noninterface
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aspects of the prcaram (e.g., launch environments). This philosophy generated the joint test
program outlined below.

Two-Fifths-Scale Model

In addition to full-scale hardware for test and flight, a two-fifths scale model was fabricated to
demonstrate the general concept of the docking system and to conduct joint dynamic tests and
verification of interface compatibility with a similar scale model fabricated by the Soviet Union.
This joint series of tests was conducted in Moscow.

Interface Seal

Interface seal testing initiated the joint full-scale hardware test seriec and established working
methods and procadures for personnel, procedures for handling test hardware, and procedures for
test conduct and documentation. This series evaluated several seal configuraiions and various shore
hardness values. It considered seal capability at maximum misalignments, temperature extremes,
and pressure variations. It further considered a gap between the metal interfaces. This test series was
conducted at Rockwell International’s Space Division headquarters in Downey, California.

Dynamic Testing

Six-degree-of-freedom dynamic tests were conducted with both development and qualification
hardware to demonstrate satisfactory performance during docking operations. This testing utilized a
dynamic simulator, which combined a computer and a relative-motion simulator, and exercised the
docking system in specified dynamic modes to simulate actual space docking. High- and
low-temperature docking system environments were provided during test. This test series was
conducted at NASA's Johnson Space Center (JSC), Houston, Texas, on the Dynamic Docking Test
System (DDTS). Verification of final hard docking dynamics (i.e., that phase from alignment
pin/socket engagement through structural latch closure) was conducted on a simulator at the Space
Division.

Mate Tests

Mate tests were conducted on the systems to demonstrate and verify final structural integrity
and interface compatibility between the docking interfaces and provide capability for emergency
undocking and reiease. This test series, involving both development and qualification hardware, was
conducted at NASA JSC. A typical test setup is shown by Figure 3.

Preflight Mate Check

Preflight mate check tests were conducted to demonstrate satisfactory operation and interface
compatibility of the two mating systems that were to dock in space. For this, the prime flight unit
from each country was tested in conjunction with the prime flight unit and backup unit from the
other country. For this test, both docking and undocking sequences were simulated. This test series
was conducted in Moscow.

Test programs conducted by the U.S. on U.S. hardware for purposes of qualification were as
follows (system-level tests only):

e  Daevelopment environmental
e Development dynamic
e Qualification dynamic
e  Qualification environmental

As may be expected, precedents were necessary because joint test programs had not been
required in the serospace industry prior to this time. The basic test philosophy used in the Apollo
program was to be maintained; likewise, Soviet Union philosophy was not to be breached. This
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naturally required mutual test conduct agreements which were defined during various working
group meetings.

INTERFACE REQUIREMENTS

Soviet Union and United States personnel early in the program defined a clear method for
control of all interfaces through documents entitled Interacting Equipment Documents (IED’s). In
essence, U.S. and USSR working-level groups met on a regular basis to develop, review, and concur
on technical aspects of the project. Specific agreements and hardware interfaces were defined on
the IED’s which were prepared in both languages and in the metric system. Although interface con-
figuration was jointly established, each country independently developed and designed hardware
to satisfy these interface requirements. This naturally evolved to two distinctly different sets of
hardware, as shown by Figures 4 and 5.

Joint interfaces were relatively straightforward on dimensional and load aspects but required
additional coordination on technical terms not common to each country (e.g., dry lubricant and
surface finish). An example of an IED prepared to define the structural latches is shown by
Figure 6. Note that representatives from both countries verified both technical content and
translation.

The English/Russian language differences did not produce any significant problem, although
problems had originally been anticipated. The language difference did force each country to be
totally objective in requirements, totally prepared prior to any technical discussions, and provided
extreme incentive for making certain language was not a barrier in conduct of business. Although
U.S. and USSR personnel attended classes in Russian and English, respectively, there was no
attempt to rely on this training in conduct of technical meetings/reviews. For this, a technical
interpreter was present and meeting minutes, as well as presented technical material, were in both
languages.

SYSTEM DESCRIPTION AND OPERATION

The U.S. docking system for the ASTP is a self-contained unit mechanically attached to the
docking module, which, in turn, is attached to the command and service modules. This is as shown
by Figures2 and 4. The Soviets attach their docking system to the orbital module at the end
opposite the descent vehicle, as shown by Figures 2 and 5.

The docking system chosen for this mission was an androgynous system (i.e., any unit may be
mated with any other unit of same or compatible design). Basic system design also dictated that
each country’s docking system have the capability of assuming active operational control.

The docking system is best described by the nomenclature of Figure 4 and the following
sequence of docking operations (each componeiTt or subsystem is defined in greater detail later):

1. Guide ring is extended on the active docking system (ss shown by Figure 4 and the upper
system of the Figure 3 photograph) to provide impact attenuation upon initial contact with
the passive vehicle. At this time, the passive docking system guide ring is in the retracted
position (as shown by the lower system of the Figure 3 photograph).

2. Upon guide ring contact, the three capture latches (mounted on the active system guide ring)
engage the passive system body-mounted latches. (This is defined as soft dock.) Impact energy
is dissipated by the six hydraulic attenuators.

3. Following capture, the guide ring assembly of the active docking system is retracted until the
structural mating surfaces of both docking systems meet.
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4. The eight structural latch active hooks of the active docking system are then engaged with the
passive hooks of the passive system. (This is defined as hard dock.)

5. During final phase of guide ring retraction, alignment is provided by engagement of alignment
pins and sockets mounted on each structural ring.

6. The mating surfaces of each spacecraft’s structural ring have twc concentric seals which,
compressed on each other during final retraction and structura! latch engagement, are to
provide a pressure seal to the tunnel area when it is pressurized.

7. The indicating system provides a continual status of the operation during actual usage. It
defines position of guide ring, guide ring contact, structurali ring contact, and gearbox
readouts.

The undocking sequence normally is provided by the active docking system releasing the eight
structural latch active hooks and then releasing the three capture latches. Spring thrusters mounted
in the structure provide force to assure undocking with a positive separation force.

In an emergency, undocking may also be accomplished by either the active system disengaging
by a redundant system or the passive system disengaging its passive structural latch hooks and its
body latch hooks.

COMPONENT DESCRIPTION

The U.S. docking system consists of subsystems performing all sequences of drncking and
undocking as described below.

Base Structure

The docking system utilizes a basic structure on which all components are mounted. This
structure, in turn, attaches to the docking module by an annular series of fasteners. To obtain
maximum strength properties using conventional materials, a roll forging of 7075 aluminum alloy
was utilized to produce a circular grain flow pattern. The machined forging size is approximately
1530 mm (60 inches) outer diameter, 760 mm (30 inches) inner diameter, and 510 mm (20 inches)
wide. Initial temper is T411, final temper immediately prior to final machining is T73 with
intermediate heat treatments to preuiide warpage and maintain critical surface flatness
requirements at sealing surfaces. All components axtach to this structure by Slimsert inserts.

Guide Rings

This structure provides three equally spaced guides designed for aligning the mating systems in
lateral and angular direction. These guides are set at a 45-degree angle slightly tapered at the tip.
Construction is of an aluminum ring, mact .ed frem a roll forging, with mechanically attached
guides.

Capture Latch

Each of the three capture latches (Figure 7) is mounted flush with the guide surface with two
protruding hooks (with roller surfaces) for engagement with the mating body latches. Each capture
latch has redundant mechanisms and redundant electrical linesr solenoid release actuators. A unique
feature is vector sensitivity to sllow automatic relesss of @ single latch in the event all three latches
in the system are not engaged. Release of a capture latch is provided by two independently operated
linear solenoids mechanically linked so that sither of the two iolenoids releases both hooks. Load
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capability for each latch (single hook) is 600 kilograms (1320 pounds) in the vertical direction. To
prevent engagement of all six capture latch/body latch combinations at any docking, the guide ring
assembly (hence the capture latches) on the passive system is drawn down beyond the engagement
reach of the body latches.

Structural Latches

Structural latches, providing final fatching between the two systems, are shown in Figure 8.
Each latch, in turn, has an active hook, mating and locking with the passive hook of the passive
system, and a passive hook, remaining inactive (hence not locking) on the active system. All latches
are interconnected by a corrosion-resistant steel, impregnated with solid dry film lubricant, cable
system. Structural latch power to lock and provide interface preioad as well as to unlock latches for
separation is provided by an electric motor drive (described later). \n emergency release system is
provided to release the eight passive hooks. These structural hooks are also interconnected by an
independent cable system powered by the electric motor drive.

Retract and Attenuation Systems

Early dasign and development trade-off studies indicated that the most feasible method for
design of hoth attenuation and retraction was to handle each in separate systems rather than as one
mechanism for both purposes. This evolved to a concept of: (1} six independent hydraulic
attenuators for guide ring extension and to attenuaw¢ the impact of the spacecraft during initial
contact; (2) a steel cable for retraction of the guide ring,as shown in Figure 9; and (3) guide ring
extension via internal springs within each attenuator. Six attenuators are mounted in pairs beneath
each guide.

Cables, similar to tiose used on the structural latches, attach at the guide ring via load bungees
configured to compensate for di‘ferent cable lengths and to a base-mounted actuator drum. This
system is driven by an electric motor drive

Body-Mounted Latches

Each of the three body-mounted latches (Figure 7) mounted on the base structure consists of a
single hook operated by redundant rotary solenoid release actuators. Body-mounted latches are
normally static devices unlatched only in the event of backup release. Maximum load capability is
600 kilograms (1320 pounds) in the vertical direction.

Electrical Indication Systems

These systems provide the necessary power and control for actuators, solenoids, and operation
of the indication/sensing systems. System power is from redundant 28-volt dc; indicator power is
from redundant 5-volt dc systems hardwired from the command module. The indication system’s
32 status switches provide talk-back for all operations for continued crew and system monitoring.

A unique electrical load sensing cell was used to indicate interface preload during structural
latch engagement. These cells, approximately 25 mm (1inch) by 76 mm (3 inches) by 6 mm
(1/4 inch) thick, are sandwiched between each latch and structure and hardwired back to the
command module.
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Actuators

The three electrical motor drive actuators provide power for structural latches and guide ring
retract. Each has redundant electric motors and a gear train reduction assembly, including integral
brake and full differential, 50 that with one motor inoperative, the actuator output is the same and
operation time is doubled. In addition, each actuator has drive capability in both directions. Output
reauirements are:

1. Guide ring retract: 1950 kilograms {4300 pounds)
2. Structural latch active drive hook: 1361 kilograms (3000 pounds)
3. Structural latch backup drive: 234 kiiograms (515 pounds,;

Interface Seals

Two concantric ‘nterface sea}; mating with two seals on the mating system provide press.:re
integrity within the transfer tunnel’region. These seals of silicon material are s®iown in Figure 10.

Thermal Control System

Considerable analyses were required for a thermal control system that would be totally passive.
These anaiyses resulted in special surface exterior finishes and coatings as well as bagged-beta
insulation on the tunnel interior for adequate crew interface temperature. Exterior coatings are:

. Attenuators
e  260-degree segment facing outward to space
s Electroless nickel, a¢/¢ =0.37/0.16=25
. 100-degree segment facing base assembly
s  Gray polyurethane, a¢/¢ =0.84/0.92=09
e  Guides (backsides)
¢  Two guides facing cold side
e  Finch paint ag/¢ =0.35/0.35=1.0
¢  Guide toward CM
° Biack polyurethane to preclude glare {not thermal requirement)
e  Capture latch sides
e Finch paint ag/¢ =0.35/0.35=1.0
»  All remaining component surfaces: no special coatings required

b4 CONCLUSIONS

Actual tiight performance of the docking system on each spacecraft was normal. During the
flight, two dockings and two undockings were conducted—first with the Apollo operating ac the
active system and second with the Soyuz as the active system. The docking systems of Apollo and
Soyuz performed perfectly during all phases of docking and undocking operations.

Joint documentation developed during the preflight period proved adequate for resolving all
problems in preparing and conducting the mission. In addition, working group disciplines adapted
for joint operations proved successful.

With proper management, documentation, and program contrel, docking hardware may be
fabricated individually by two foreign nations for a joint space venture.

D TSR SIS s e,

JPL Technical Memorandum 33-777 3]

f

i — o——



d—

¥

32

e et o

SOYiiZ APOLLO
ORBI: ORBIT

DOCKING APOLLO
INSERTION msmm\ DOCK1AS TESTS scoaRaTIon BEDD  DroRsiT
‘97 O
s0vuz
DEORBIT
—__DOCKED OPERATIONS
(2 paAvs) \ O
upP 10 \ |
7.5 WR ~= APOLLO-ACTIVE = \ 5 DAYS l
RENDEZVOUS
! (2 DAYS) 1 @
s"""—(‘ ST T T T T
e soyuz .
n /w RECOVERY W
IN USSR = =
- Eﬂﬂﬂéu fxghtg ~ . APOLLO RECOVERY ‘\

IN PACIFIC OCEANQD

Figure 1. Basic Mission Frofile

SOYUZ (MOu)
DOCKING MODULE (NEW) (USSR)

(USA)

DOCKING
MECHANISM

(NEW) (USSR)
DOCKING CSM ————a
MECHANISM
(NEW) (USA) \)

DOCKING MODULE
& TRUSS

SATURN I8
(USA)

Figure 2. ASTP Major Hardviare

JPL Technical Memorandum 33-777

PR, A 1 At A e



-

;- e “ <.,

g o Eaat
a. -

Figure 3. Joint

o
7 SRR

Devé/opment Dy

JPL Technical Memorandum 33-777

AT o ey o s
JIEZ . 20 % L B
B e AR s T3 R o

RFPRODUCIBIL!

T o T e

amic Docing Tést at JSC

s

URIGANAL PAGLE

*

s
LY

'

i3 PO

FHE

N~

33

LK



34

CAPTURE
LATCH

GUIDE

GUIDE FING
(EXTERDED)

ALIGNMENT
PIN

INTERFACE
SEALS

TUNNEL
INSULATION

UMBILICAL
DOOR

SPRING /

THRUSTER

-

%, N ooy LATcH
f’j::;Q:\\ \

.

5

12
e,

\
¥
\

= < ' /7 \
i jE;’;>‘W L

_ >TGUIDE RING

: (7,:,\—3 | RETRACT
N7 A SYSTEM

S

L8 ]

N

STRUCTURAL
LATCH
SYSTEM

AL IGNMENT
SOCKET

ATTENUATOR

Figure 5. USSR Docking System

JPL Technical Memorandum 33-777




6 [ 15 | 16 [ 1 A | 3 2 1

i boKO JTU N0BeDX-OCTU Doikss Some 10x06:Ms, TAE080U
! ! 300U  TOMUUNOD D015 mm P UIMEO A 0Ow 110U 0YOTCR NOCIE
: DbsTu¥  JLENHCKRGETCH  HA VU fae Lkt Tdn 1 L
L / JAbHOIA  NOBEPXHOCTAX  KCHOKW
- i/ 1000
/
[/ —

K ¥ 270 K
0008

Iz
[F£8 S.I >
B3

1900
] s = J SOLUAR DEPOPMALUA KPOKAOT ¢
H ~/ S HATPWIKY, YCTAHOBAENNOTO W I 3
Y3 S T CraixoB0owOM W NAWTONTE a3
re AT ¥
JI: ./~ TOTAL DEFLECTION vs © 52 J
. ! HOOK _OAD AS INSTALLED < ¢
a N RING =
o< ' ;13
7 :

4 ,‘- “ te 4 .
I v 4u® [ IEIRIEY S S
3 TTICN WM
YR AT LTS
LT o eX K
(; [SE SJURFACES SHALL BE DRY FILM LUBRICATED G
. [XIMUM THICKNESS 015 MM. DIMENSIONS
OWN INCLUDE DRY FiLM. LRY FitM ON
HER SURFACES OF THE HOOKS 1S OPTIONAL. ]
By crms 1M/€ naccbuod
“O0 AICKOC TR0 J o A4
- SEGHT OF PASSIVE (A la.
|' ABCVE NTERFACE PL I3 A A "n K
PREVEN =251 V> En AR WH, LS LUNN
o ~ g Q 1 245 e
237 MAX 518 Cccf Er S0BIOD vigsta T Cupoersminams | = 3 BYUVED " |
— 3 uoa P20 [ gl PG Y 2 S7~ ok
g;rg;rq W < CREAEE Tr i Ad] R W TE |G 5 JumnE
cecep 2 ) .z 8
g \Gcna T4 tr 506008 x D MW -
. ! ‘[: - 7/ N VPN i "
l'. N VY 0% w x_cREASY mn] WC wWiTE L gs L -
& 1 cccp 128 A ==
NAICHRACTIO CTIRQ _ . Boao 7 er BS = POV T <4 SyuEs
- INTERFACE PLANE -3 {usa LA B S |
W K CREASY IE N WARMN . D wHiTe L UNI
3 _dccee =2 -] = |
T T Bos
NACCuAHbIL KWK MacwTab 2 ! ty D P [ 23— 138
D) BISSIVE NOOK Scac. <3 28w Cliasy wiTt ()]
ccee 2 i 21 -
T USA
A | ceer 1 18 Vomldl ,
L g
. had f—
(. wialennel Badidl ¢ (@SSES T LU RINY U VNS ]
atissn o0 | comrmy | gy | TORATIS  stane i oIt cTon
I
<>\J\\ i '(A:nuw L PANMA | HCIOMetT{ Ny :‘.::.“"‘ 9::;2(.:‘::::\, AWPER IR
= INTERACTING £CU 1 PMENT DOCUMENT
QONYNENT BIAWOAENC TRYONETD OGOPY EOBANMA
" The 400110/50v01 "
APOLLO/SOYUZ PHYSICAL CON” AN’
Jeag INTERFACE REQUIREMENTS 3T BRONCT
on i T
(802, A" RABKE INCLAUMENTARBH WA "ONET

Toebobom/s x uuepcna cobmectu- | ML ) oo¢ ~o

m %;""ﬁtwcw .n{rﬂ“ » :%u rarata

swett _3 or _4
MCT A 0w _f ‘\

6 1 15 [ % [ 13 & [ 3 1T 2 1 1

Figure 6. Interacting Equipment Document Example

A

JPL Technical Memorandum 33-777

re—-

By RQDJCTBTT‘
K NTAN Yorlogw




® CAPTURE LATCH CAPTURE

LATCH

* TWO HOOKS, TWO SOLENOID
RELEASE ACTUATORS

» MAX LOAD 1320 LB

©BODY-MOUNTED LATCH

* SINGLE HOOK, TWO SOLENOID ,/«iz \
RELEASE ACTUATORS \
«USED FOR BACKUP RELEASE —
L
« MAX LOAD 1320 LB A,:L
LA wd

BODY-MOUNTED LATCH

Figure 7. Docking System Capture/Body Latches

ACTIVE HOOK DRIVE-
GEARBOX

® EIGHT LATCH ASSEMBLIES BACKUP HOOK

H RELEASE DRIVE
EACH INCLUDES PASSIVE
& ACTIVE HOOKS GEARBOX

® ACTIVE HOOK OF ACTIVE
SYSTEM MATES WITH PASSIVE
HOOK OF PASSIVE SYSTEM

® INTERFACE LOAD/HOOK
COMBINATION = 4370 LB
MIN, 7374 LB MAX

® OVER-CENTER LATCHING

INTERFACE PLANE

—— STRUTTURAL
STRUCTURAL RING LATCH
RING LATCH ACTIVE HOOK
PASSIVE HOOK

T LOAD CELL

Figure 8. Docking System Structural Ring Latch

JPL Technical Memorandum 33-777

P el L e T R T o Ty unpapep




e

BELLEVILLE SPRINGS
(BUNGEE ASSEMBLY)
3 PLACES

ACTIVE MODE

RETRACT
GEARBOX

CABLE LCADS
1350 LB PER CABLE NORMAL
OPERATIUN

Figure 8. Docking System Guide Ring Retract System

|
I
sssp & 0.329 IN,

. |

- — ~ ,“"&. ,Ll

TUNNEL sy o

SEALS  NOMINAL SEAL HEIGHT  bu~end
0.0“1 IN. = 0.065 lN.

RETAINER

Figure 10. “diagram of Docking System Interface Seals

JPL Technical Memorandum 33-777 37



