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Abstract
The Hubble Space Telescope Servicing Mission 3B, completed successfully in March of 2002, included
installation of two new Solar Array (designated SA3) Assemblies. The SA3s are of a completely new
design that minimizes on-orbit jitter, and maximizes power generation. The SA3 Latches, developed by
Swales Aerospace under contract with NASA Goddard Space Flight Center, were used to carry the SA3s
into orbit in the Space Transportation System 109 Cargo Bay. These latches were engineered to meet a
wide array of requirements covering almost the entire spectrum of mechanism design. During the course
of this presentation, the details of the overall latch system design, as well as the design of each individual
latch will be presented. An overview of the latch environmental test program will be presented with
emphasis on solution of problems encountered during that process. Because this hardware has been
successfully designed, tested, and flown, there is a vast array of practical information available that will be
of definite value to mechanisms engineers. A summary of “lesson learned” during the development
process will be provided at the end of this presentation.
Introduction
The design of large Extra-vehicular Activity (EVA) released structures such as the SA3 Assemblies,
carried into space by the Space Transportation System, is predicated on addressing a wide range of
unique requirements. These include mission safety, EVA timelines, human factors, tool capabilities, and
weight and volume constraints. To support the replacement of the arrays, the hardware had to be first
carried to orbit using a system of unique latches that could accommodate the launch environment as well
as on-orbit thermal distortions. Upon reaching orbit, the latches had to allow for tool assisted astronaut
actuation for release of the arrays. The design, fabrication, qualification, and successful mission operation
of these latches, known as the SA3/RAC Latches is the subject of this presentation.
Overall System Description
The SA3 Latch system consists of two sets of five discreet latches (for a total of 10), mounted on opposite
sides of a vertical structure known as the Center Support Structure (CSS), which is in turn mounted to a
pallet in the shuttle bay. Each set of five latches structurally supports one SA3 during launch and landing
(if required). Four of the latches (designated Latch 1 through Latch 4) support the rectangular shaped
SA3 at each of its four corners. The last latch (designated Latch 5) supports a deployable mast on the top
of the SA3. Figure 1 illustrates the SA3/RAC Latch locations with the stowed SA3 and mast.
Latch 1, shown in the upper right corner of Figure 1, consists of an active half mounted to the SA3
structure, and a passive half mounted to the CSS. The SA3 mounted side incorporates an internal 7/16”
(11-mm) hex drive ACME screw that picks up a floating ball nut inside of the conical passive half mounted
to the CSS. A semi-spherical fitting on the end of the active Latch 1 housing mates with an interior conical
surface on the passive (CSS) side which aids in alignment and provides 3 degrees of constraint. Latch 2,
shown in the lower right corner of Figure 1, is a vise-type latch with an integral 90° bevel gear set driven
through a rotary input shaft. A 7/16” (11-mm) hex drive located on the Latch 1 housing, coupled to a drive
extension rod, transmits torque to the input shaft. This latch incorporates a “V” guide and clamps down on
a semi-cylindrical swivel fitting on the SA3, providing 2 degrees of constraint. Latch 3, shown in the upper
left corner of Figure 1, is a vise-type latch with a directly driven semi-spherical pad that clamps down on
an attachment fitting at the upper left corner of the SA3. The front (clamping) portion of the latch is hinged
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and can be manually rotated out of the way after latch release to aid in removal of the SA3. This latch
provides 1 degree of constraint. Latch 4, shown in the lower left corner of Figure 1, is a vise-type latch
that has an internal mechanism similar to that of Latch 2. A 7/16” (11-mm) hex drive located on the Latch
3 housing, coupled to a drive extension rod, transmits torque to the input shaft. Semi-spherical pads on
this latch clamp down on attachment fittings on the corner of the SA3 to provide 1 degree of constraint.
Latch 5, shown at the top of Figure 1, consists of a CSS mounted tower with a locking bolt and clevis,
which pick an attachment fitting on the stowed solar array mast. The unique degrees of constraint
provided by each latch allow the overall system to accommodate misalignments and mechanical and
thermal distortions.
Latch 5
Latch 3

Latch 1

Latch 4

Latch 2

Figure 1. Latch Mounting Locations with SA3

The pallet and Center Support Structure are an integral assembly provided by Orbital Sciences
Corporation and is designated the Rigid Array Carrier (RAC). Figure 2 shows an end view of the RAC and
SA3s in the launch configuration prior to shipment to Kennedy Space Center. The gold colored structure
in the center of the photo is the CSS, and the SA3s are mounted to the left and right sides and are silver
colored with gold handrails on the edges. The SA3 masts are not shown in this photo because they were
shipped separately to Kennedy Space Center and installed prior to launch.

Figure 2. Launch Configuration of the SA3
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Overall System Requirements
•
•
•
•
•
•
•
•
•
•
•

High load carrying capability during launch (maximum of 20Gs supporting a 318-kg (700-lb) Solar
Array Assembly).
Very high preload capability.
Ability to accommodate large misalignments due to on-orbit thermal gradients.
Accessibility for Extravehicular Activity – All latches are astronaut actuated.
Compatible with existing EVA power tools.
Operational torque less than 34 N-m (25 ft-lb) for on-orbit disengagement and engagement (power
tool limits).
Low turn count for on-orbit disengagement and engagement (minimized crew workload).
High repeatability in torque and turn count.
Allow for relatively blind re-installation of the SA3 if unable to install onto HST (SA3 would be returned
to earth).
Independent EVA override.
Independent launch lock at each latch drive.
Latch Design Details

Photos of the actual flight latches 1 through 5 in the launch configuration are shown in Figures 3 through
7, respectively. Basic design features of the SA3/RAC latches are detailed below:
Drive Mechanism
All latches are rotationally driven through 7/16” (11-mm) EVA tool compatible hex nuts.
Latch 1 – Spring loaded directly driven ACME screw with alignment guide rides on opposing
deep groove ball bearings.
Latches 2 and 4 – Input shaft drives 2:1 integral 90° bevel gear set which outputs to ACME
screw and linear stage.
Latch 3 – Directly driven ACME screw drives clamping pad.
Latch 5 - EVA-removable bolt with alignment guide on end.
• All latch drives incorporate independent positive locking features for launch.
• Latches 1, 2, and 4 drive trains incorporate matched deep groove ball bearing pairs for maximum
thrust capacity and minimum torque.

•

Nominal Latch Preload

•
•
•

Latch 1 = 1588 kg (3500 lb); Latch 2 = 1361 kg (3000 lb); Latch 3 = 272 kg (600 lb);
Latch 4 = 318 kg (700 lb); Latch 5 = 272 kg (600 lb).
Belleville washers incorporated into load path to allow preload compliance and accurate setting

Torque and Turns Required to Disengage Latch

•
•
•

Latch 1: T < 31 N-m (23 ft-lb) (20 turns); Latch 2: T < 20 N-m (15 ft-lb) (12 turns);
Latch 3: T < 20 N-m (15 ft-lb) (8 turns) Latch 4: T < 20 N-m (15 ft-lb) (12 turns);
Latch 5: T < 20 N-m (15 ft-lb) (8 turns)

Dimensions and Weight
Latch 1: Dimensions: 298mm (11.75”)L X 146mm (5.75”)W X 89mm (3.5”)H
Latch 2: Dimensions: 381mm (15”)L X 254mm (10”)W X 197mm (7.75”)H
Latch 3: Dimensions: 432mm (17”)L X 152mm (6”)W X 135mm (5.3”)H
Latch 4: Dimensions: 635mm (25”)L X 152mm (6”)W X 203mm (8”)H
Latch 5: Dimensions: 102mm (4”)L X 102mm (4”)W X 191mm (7.5”)H

•
•
•
•
•

Materials for Major Components
ACME Screw: CRES 17-4PH
Barden 107H Ball Bearings: CRES 440C
Latch Housing: Al 7075-T73

•
•
•
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Mass = 6.3 kg
Mass = 17 kg
Mass = 6.3 kg
Mass = 23 kg
Mass = 1.4 kg

Figure 3. Latch 1 (Array Stowed)

Figure 4. Latch 2 (Array Stowed)

Latch 1 consists of an active rectangular shaped housing
mounted to the SA3 structure with internal 7/16” (11-mm)
hex driven ACME screw. A spherical fitting of the end of
this housing mates to a passive cone on the CSS that
contains an internal swivel nut.

Latch 2 incorporates a moving linear stage with a spring pad
that clamps down on a semi-cylindrical fitting on the lower right
corner of the Solar Array structure. The fitting is constrained by
a “V” guide on the latch housing.

Figure 5. Latch 3 (Array Stowed)

Figure 6. Latch 4 (Array Stowed)

Latch 3 consists of a swing arm with integral directly driven
spring pad that clamps on a fitting at the upper left corner of
the Solar Array.

The basic mechanism of Latch 4 is similar to that of Latch 2.
The vise action of the latch causes semi-spherical spring pads
to clamp down on two separate fittings at the lower left corner
of the Solar Array. A floating spacer provides separation
between the two Solar Array fittings.

Figure 7. Latch 5 (Mast Stowed)
Latch 5 consists of a tower mounted to the top of the CSS with a
clevis and captive bolt which pick up a fitting on the Solar Array
Mast. The mast fitting contains a floating spherical bearing
which accommodates thermal and mechanical misalignments.
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Environmental Test Program
Engineering Units
Prior to build of the flight units, Engineering Test Units (ETUs) of all latches were built to qualify the
design for space-flight use. Strength tests, qualification level acoustics tests, and thermal vacuum tests
were successfully performed on all latches.
Flight Units
Random Vibration Test
An acceptance level random vibration test was performed on each of the flight latches. Test fixtures were
designed to realistically simulate the launch configuration. During this testing, several design flaws in
Latch 3 were uncovered.
1.) Excessive wear and galling occurred between the semi-spherical spring pad on the latch, and the
fitting on the Solar Array. Both parts were fabricated from Aluminum Alloy 7075 coated with a
Teflon impregnated hardcoat. Changing the material of the latch spring pad to uncoated phosphor
bronze solved this problem.
2.) Wobbling of the drive screw and spring pad during lateral vibration caused the screw to “walk out”
of the launch lock jaws and unscrew. This problem was solved by tightening up clearances to
eliminate wobble, and redesigning the lock jaws to provide a more positive hold on the drive
screw.
Acoustic Test
An acoustic test at the payload level was performed, and the latches operated nominally.
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Thermal Vacuum Test
Each flight latch was subjected to 8 thermal cycles in a vacuum at the worst-case predicted mission
thermal environment plus margin (-40°C to +60°C). The latches were operated after soak at each
temperature extreme, and during transitions. Torque versus turns was measured during functional tests
using a digital torque transducer. Typical data for Latch 2 is shown in Figure 8.

Number of Turns

Figure 8. Typical Thermal Vacuum Torque vs Turn Data
During testing of Latch 3, a design deficiency was uncovered. Excessive wear and galling occurred
between the launch lock jaws and the cam on which the jaws slide. This problem was solved by
specifying a much smoother surface finish on the cam, and treating it with a dry lubricant coating
(Dicronite). This problem was present on flight unit, and not on the ETU due to the fact that the jaw spring
force was increased after the problems encountered during vibration testing.
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Lessons Learned Summary
Throughout the development of the SA3/RAC Latches, many lessons were learned. Random vibration
and thermal vacuum tests on the flight units uncovered several design deficiencies that were not
uncovered during ETU testing.
1.) Perform as thorough a test program as possible on the Engineering Test Units prior to building
an testing flight hardware
2.) Random Vibration test may uncover design and workmanship flaws undetected by an acoustics
test.
3.) Hard coatings in high contact stress areas can be problematic. Softer non-coated materials
should mate with hard-coated surfaces. Softer part should be made replaceable in the event that
excessive wear occurs.
4.) If possible, a combination of design approaches should be utilized to minimize friction and wear
on highly stressed sliding parts. These include:
•
Proper material selection
•
Smooth surface finish
•
Surface coatings (Tufram, Tiodize, Dicronite, etc.)
•
Additional Lubrication (Braycote 601, 602)
5.) Mechanisms should avoid slop and excessive play wherever possible in order to eliminate
unforeseen motion during vibration.
Conclusions
The SA3/RAC Latch development and space flight qualification has been fully completed culminating in
the successful launch and completion of the Servicing Mission 3B mission. The SA3/RAC Latches
operated flawlessly during the mission, and were instrumental in the transport and installation of the Solar
Array 3 Assemblies.
Data obtained from thermal vacuum, strength, vibration, and stiffness tests performed during the
development process as well as design improvements along the way were instrumental in the success of
the flight hardware. The environmental test program uncovered design flaws prior to launch that were
corrected as described in previous sections. This is definite proof that a robust test plan is essential in the
development of any mechanism designed for harsh environments, whether for space-flight use or merely
for use on the ground. Torque versus turn data measured at various temperatures during thermal vacuum
testing provided essential data for on-orbit verification of proper latch operation. This data was also used
for programming the HST power tool which can be set to shut-off at a predetermined torque or turn count.
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