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Chapter 1: Introduction

In a little over half a century, humanity’s presence in space has increased from
Sputnik to a permanently manned station. In the early days, there were only a few
satellites launched, and the time between successive missions could stretch for months or
years. Today, satellites are launched for commercia, private, government, and/or
military purposes. Failures early in the satellite’s life or failures in mid-life are often
mission ending. With more satellites in space, it may be more economical to upgrade the
existing satellites than to decommission the older satellite and launch a new one.

Humans have repeatedly serviced the National Aeronautics and Space
Administration’s (NASA’s) Hubble Space Telescope (HST), demonstrating that on-orbit
satellite servicing is possible. However, the increased risk to astronauts in performing
these missions, as well as the inability of humans to do missions outside of low Earth
orbit (LEO) prompts the question, “Can robots perform space-based satellite servicing
tasks?’

Research at the University of Maryland (UMd) Space Systems Laboratory (SSL)
suggests that approximately 5-10% of the satellites launched each year encounter
mission-ending failures at the beginning of life (BOL) [46]. Such failures include solar
deployment failures, orbit placement errors, and component failures. This research aso
suggests that these failures are reparable while the satellite is on-orbit [46].

Additionally, with more satellites in space for commercia purposes, it may be more



economical for a company to upgrade and service satellites on-orbit rather than
decommission them and launch new ones.

To date, on-orbit servicing has not been widely practiced. The National
Aeronautics and Space Administration’s (NASA’s) Hubble Space Telescope (HST) isthe
most prominent satellite to be serviced on-orbit. Astronauts have conducted this
servicing during four missions using extra-vehicular activity (EVA). EVA is obviously
limited locations that humans can reach, i.e. LEO. With so many satellites in space, most
out of reach of human maintenance, several options for on-orbit robotic servicing have
surfaced.

A robotic servicer must be capable of performing all of the tasks required to repair
the satellite. At the smplest level, MD Robotics and the Canadian Space Agency (CSA)
have developed Dextre, a robot with two dexterous arms and simple end-effectors. It is
primarily designed for tasks specifically smplified to accommodate its limitations. At
the most complex level, NASA’s Johnson Space Center (JSC) has developed a humanoid
robot called Robonaut. Robonaut's design gives it the same size, reach, and grasp
characteristics as an astronaut in EVA; Robonaut can work directly with existing EVA
tools and interfaces. An intermediate level is UMd's Ranger Telerobotic Shuttle
Experiment (RTSX) robot. RTSX features a positioning leg, two 8-degree of freedom
(DOF) arms, and an interchangeable end-effector mechanism (IEEM). This allows the
use of different tools by the teleoperator depending on the situation.

All three systems are telerobots—that is, the human operator may control them

from an on-orbit base, such as the space shuttle or ISS, or from the ground. However,



before deciding which of these robot designs might best accomplish on-orbit servicing
tasks, one needs to determine what level of dexterity isrequired to perform the tasks.

In this thesis, a robotic grasp taxonomy for space-based satellite servicing will be
developed. Chapter 2 will cover previous work in robotic satellite servicing. In Chapter
3, human and robotic dexterity will be discussed. In Chapter 4, a case study of HST
Servicing Mission 3B (SM3B) will be presented and the methods for the analysis for
robotic servicing potential will be discussed. In Chapter 5, the results of the analysis
performed for this study will be reviewed. Finally, Chapter 6 will cover conclusions and

possibilities for future study.



Chapter 2: Previous Work in Satellite Servicing

This chapter will present information about previous satellite failure types and
instances of on-orbit repair. An introduction to the types of servicers that may be used

will aso be presented.

2.1 Failure Types and | nstances

There have been many instances of on-orbit satellite failures at BOL and mid-life.
Three examples will be presented here, including NASA’s HST and the repairs
performed on it.

For example, consider the Orion 3 satellite. Launched in May 1999, the satellite
encountered a failure of the second stage of the Delta 11l launch vehicle terminating too
early, thus the satellite entered the wrong orbit. This problem could easily have been
remedied while on-orbit by launching a vehicle that could dock to the satellite and
provide the propulsion to correct the orbit. In this case, the satellite suffered reduced
function, though was not abandoned [45].

PanAmSat (PAS) 8 was a satellite launched in November, 1998. Intended to
provide video and data services to the Asia-Pacific region, a magjor mechanism failure
caused two of the antenna surfaces to deploy improperly. This resulted in a reduced
ability of the satellite to perform its tasks, and the company had to launch another satellite

to provide the full range of services that were supposed to be offered by PAS 8.



NASA’s HST was the first spacecraft to receive routine and repeated on-orbit
servicing. Between December 1993 and March 2002, four servicing missions went to
HST to instal, repair, and upgrade the satellite’'s components. The shuttle astronauts
conducted all of the HST servicing missions over multiple days of EVA. A summary of
the servicing missionsisfound in Table 2.1 at the end of this section.

Servicing Mission 1 (SM1) was the first servicing mission to HST and
demonstrated that complex on-orbit servicing was possible. Launched in December 1993
on STS-61, the primary mission goa was to install the Corrective Optics Space
Telescope Axia Replacement (COSTAR) unit to minimize the effects of aflaw in HST's
primary mirror. COSTAR, a phone-booth sized instrument with five corrective mirrors,
was successfully installed. Also during this mission, solar arrays were replaced, and two
of the Rate Sensor Units (RSU's) were upgraded. Another camera, the Wide Field
Planetary Camera (WFPC), was upgraded by replacing the old WFPC with a newer and
better model, WFPC 2 [47]. SM1 was a success and opened the door for future servicing
possibilities.

In Februaryl997, Servicing Mission 2 (SM2) was launched. With the success of
SM1, the goal of this mission was to improve HST’s science productivity by installing
new components. The Space Telescope Imaging Spectrograph (STIS) was instaled to
aid scientists in studying super massive black holes. Also installed were the Near
Infrared Camera and Multi-Object Spectrometer (NICMOS). NICMOS extended the
viewable wavelengths of HST into the near-infrared range, which also alowed viewing
of objects farther away in the universe than viewable with optical and ultraviolet

methods. Among the parts upgraded during SM2 were the Fine Guidance Sensor (FGS),



Solid State Recorder (SSR), and Reaction Wheel Assemblies (RWA'S) [47]. SM2 greatly
expanded the science capabilities of HST, demonstrating it was possible to upgrade
satellites on-orbit to extend their useful life.

Servicing Mission 3A (SM3A) was launched in December, 1999, as the first of a
“two-part” mission to repair many parts of HST. In total, three RSU’s, each with two
gyroscopes, were replaced. This was necessary because four of the six gyroscopes had
failed, and three are necessary to function for norma science operations. Other
improvements included the installation of voltage/temperature improvement kits (VIKS)
on HST’s batteries, replacement of the spacecraft’s central computer, and repair of the
outer thermal protection layer of the satellite [17, 47]. SM3A was followed by SM3B in
2002, which is the focus of this research effort and will be addressed in much greater

detail later.

Mission Date Old Tasks New Tasks

SM1 | 12/1993 | -N/A -COSTAR installation
-SA replacement
-RSU upgrade

-WF/PC replacement/upgrade
-SA drive equipment
maintenance

SM2 | 2/1997 | -SA drive equipment upgrade | -STISinstallation
-Insulation repair &installation | -NICMOS installation

-FGS upgrade
-SSR upgrade
-RWA upgrade
SM3A | 12/1999 | -RSU upgrades -VIK installation
-SSR upgrades
-Insulation upgrades
-FGS replacement

Table 2.1 Servicing Missions 1-3A



2.2 Types of Servicers

On-orbit servicing to date is ailmost exclusively limited to astronauts performing
the servicing tasks during extravehicular activity (EVA). An dternative is to perform
these tasks with teleoperated dexterous robots, controlled either from inside a space

vehiclein aparking orbit near the satellite or from the ground.

2.2.1 Human Servicers

Astronauts in EVA have conducted all complex on-orbit servicing performed to
date. Thisincludesfour HST servicing missions, and extensive EV A for the construction
and repair of the International Space Station (ISS). Over 120 hours of EVA servicing on
HST have demonstrated that on-orbit servicing is feasible, though costly and arduous. In
performing on-orbit servicing tasks on HST and ISS, astronauts use specially designed
tools, cataloged in the Swales Aerospace Crew Aids and Tools (CATS) guide. Many of
the tools required to perform on-orbit satellite servicing are modified versions of tools
used on Earth. For example, one class of tool used is the Pistol Grip Tool (PGT) (see
Figure 2.1). Thisisabolt driver with variable torque and turn-rate settings, and includes
various attachments to extend the reach of the driver. Many of the CATS are simply
“reach extenders’ to allow a gloved and suited astronaut to reach deep into the instrument
to remove connectors or bolts. It is evident that on-orbit servicing methods are adequate
to upgrade and repair satellites, however, operational experiences have also exposed the

l[imitations of human on-orbit servicing.



Fire 2.1 CATSPistol Griool, from the CATS catalog

2.2.2 Robotic Servicers

Manipulative robots will play alarge role in on-orbit satellite servicing. Some of
these robots have space flight heritage, while others are still in the research and
development phase of design. There is a broad spectrum of manipulative space robots,
including Dextre, the Manipulator Flight Demonstration (MFD) robot arm, Engineering
Test Satellite VII (ETSVII), Ranger Telerobotic Shuttle Experiment (RTSX), and
Robonauit.

Dextre (Figure 2.2) is a Canadian robot currently undergoing testing for flight asa
part of the ISS Mobile Servicing System (MSS). The MSS is composed of the Space
Station Remote Manipulator System (SSRMS), aso known as CanadArm2, Dextre, and a
moveable work platform called the Mobile Base System (MBS). It is atwo-armed robot

that “will provide an alternative to astronauts, considerably reducing the amount of time



that the have to venture out of the ISS to perform demanding spacewaks and providing
more time for them to perform science on the ISS’ [8]. Each of Dextre's arms has seven
joints ending with an Orbital Replacement Unit/Tool Changeout Mechanism (OTCM).
Each OTCM has parallel jaws and a retractable nut drive. Due to the limited dexterity ad
limited degrees of freedom in the OTCM, Dextre is intended to be primarily used for
tasks dedicated to robotic repair, and incorporating specialized interfaces and visua

targets for the robot. The system also incorporates lights, cameras, a tool platform, and

four tool holders[22].

Dextre is designed to be teleoperated by astronauts from a workstation on ISS; its
primary role is to perform maintenance and servicing tasks on ISS. Under normal
circumstances, Dextre sitting on the MBS would perform these tasks and CanadArm2
would manipulate the payload to Dextre's workspace. Alternatively, Dextre can be

grappled by CanadArm2 and moved to the payload worksite [22].



The MFD robot arm was installed in the shuttle cargo bay for STS-85, launched
in August 1997. Flight demonstration tests were conducted on flight days 2, 4, 5, and 7.
MFD demonstrated orbital replacement unit (ORU) replacement and the opening and
closing of a hinged door [27]. For these demonstrations, the shuttle crew in the aft flight
deck operated the arm via hand controllers [23]. This mission provided early robotic
flight experience for the Japanese Small Fine Arm, under development for ISS.

NASDA’s ETS-VII is another manipulative robot with flight heritage. NASDA
designed, tested, and flew this robot to demonstrate on-orbit robotic capabilities. ETS-
VIl attempted to perform many tasks including visual inspection of a worksite, ORU
handling, a fuel supply experiment, and handling of small equipment such as switches
and electric connectors [31].

While the mission was considered a success, ETS-VII completed only about 50%
of its desired mission tasks. Most notably, it was unable to complete tasks for electric
connector mate/de-mate, solar cell sheet handling, and electric wire handling. This
failure was due to the inadequate level of dexterity in the manipulators—the manipulators
could not perform tasks with intricate, small, or delicate interfaces. As a result, the
designers of ETS-VII recognized that in order to perform the more complex tasks
required for on-orbit satellite servicing completely roboticaly, manipulators needed
greater function, manipulability, and reliability in the end-effector [21, 33].

Another manipulative robot, the Ranger Telerobotic Shuttle Experiment (RTSX),
is currently being used for research at the SSL. RTSX consists of a6 degree of freedom
positioning leg (PXL), two eight degree of freedom dexterous arms, and a video arm (see

Figure 2.3 for a photograph of an RTSX dexterous arm). RTSX’s design relies on using

10



a variety of 2 degree of freedom end-effectors, allowing the robot to perform most
satellite servicing tasks. It can switch between end-effectors stored in its “tool box” on
itsmain body. Thisis done by moving the arm to the toolbox, where the Interchangeable
End Effector Mechanism (IEEM) is used to place on end-effector back onto the toolbox

and pick up another (see Figures 2.4 and 2.5 of the IEEM).

Ball-Locks

Figure 2.4 |EEM locked to tool post, from [34]

11



Figure 2.5 |EEM and tool post disengaged, from [34]

The expectation with this design is that the required end-effectors can be designed
for al tasks on each different servicing mission without redesigning the entire robot,
limited only by the two arm-mounted actuators used to drive the interchangeable end-
effectors. That is, it alows for custom-made end-effectors for the given tasks. RTSX
was originaly designed to perform tasks while stationed in the shuttle payload bay. It is
teleoperated from a workstation with hand controllers located either in the shuttle flight
deck or on the ground.

The fina servicing robot considered here is Robonaut (see Figure 2.6). Robonaut
is a highly dexterous manipulative robot designed at NASA’s Johnson Space Center
(JSC) in Houston, Texas. It is an anthropomorphic telerobot, designed to carry out the
same tasks as an EVA astronaut, and in the same manner. Robonaut has over 47 total
degrees of freedom and is the same size as a suited astronaut [39]. The assumption
behind Robonaut’s design is that it is more cost- and mass-effective to make a robot that
can interface with al existing EVA crew interfaces and tools, instead of making special
dedicated tools and end-effectors for robots [20]. Robonaut is teleoperatively controlled

though avirtual reality link, a novel technique for space servicing robots.
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Figure 2.6 Robonaut, from [37]

There are many approaches to manipulative robot design. All the robots
presented here are teleoperated robots, with varying degrees of freedom in the arm and
end-effector—that is, with varying levels of dexterity. Table 2.2 summarizes these robots
and their characteristics.

In summary, of the five robots presented, only MFD and ETS-VII have flight
experience to date. The other three robots are in various stages of development and have
all demonstrated some capabilities to perform tasks on the ground. The primary reason
for the wide spectrum of designs is that the requirements for on-orbit servicing by robots
are not well understood yet. This thesis will specifically analyze the grasp requirements
for robots to perform spacecraft servicing tasks. In the future, based on these dexterity
requirements, designs can be tested to determine which robots can meet the requirements
and are easily implemented for telerobotic servicing, in terms of ease of use and
reliability. In the next chapter, dexterity will be defined for humans and robots to form a

basis for the analysis conducted in thisthesis.
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Robot

Designer

Notable Characteristics

Dextre

MD Robotics/
Canadian Space
Agency

-Unflown
-2 arms
-15 total DOF

-Works in conjunction with
CanadArm2

MFD

NASDA

-Flown in 8/1997 (STS-85)
-Demonstrated ORU replacement &
door opening

ETSVII

NASDA

-Flown in 11/1997

-Demonstrated ORU replacement &
fuel supply exchange

-Could not complete tasks with
small, intricate, or delicate interfaces

RTSX

UMd SSL

-Unflown

-3arms (DXR, DXL, video arm),
1leg (PXL)

-22 total DOF

-Utilizes IEEM

Robonaut

NASA JSC

-Unflown

-Anthropomorphic w/ 2 arms
-Over 47 total DOF

-Virtua redlity tele-operation

Table 2.2 Manipulative Space Robots
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Chapter 3: Human and Robotic Dexterity

3.1"“ Dexterity” Definition

Dexterity has been studied in both humans and robots. In order to develop a
robotic grasp taxonomy similar to existing taxonomies for humans, it is important to
study the dexterity of humans and robots and the capabilities and limitations of each.
Dexterity is widely studied in ergonomics, engineering, physical and occupationa
therapy, medicine, and biomechanics and is defined as, “Skill and grace in physical
movement, especially in the use of the hands’ [11]. In literature studies, dexterity usually
encompasses either the number of degrees of freedom or possible grasp types; it is a
combination of range of motion, strength, and response to sensory cues. Studies also

review manipulation of single or multiple objects [29].

3.2 Human Dexterity/Grasps

Human dexterity has been studied extensively. Most studies have incorporated
the definition of types of grasps used in different settings, and the number and type of
grasps achieved most often define human dexterity. Schlesinger (1919) identified six
basic human grasping patterns: cylindrical, tip, hook, palmar, spherical, and lateral [41].
Napier further broke down grasps into two types, power, and precision. High contact
forces and large contact surface area between the grasping surface and grasped object
categorize power grasps. Contrarily, precision grasps involve high sensitivity and
complex object manipulation, often with objects with small contact areas. In humans,

then, power grasps are characterized by pamar grasping with significant use of arm
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muscles, while precision grasps are characterized by fingertip grasps [24, 25, 26, 53].
More recently, Cutkosky developed a grasp taxonomy based on hand usage by machine
builders. Cutkosky's taxonomy based grasp types on functions of the “grasping
surfaces,” in terms of “object-supporting, pressing, and wrapping functions’ [40].
Combining task requirements and object attributes, Cutkosky built a tree-like taxonomy
to describe the grasps, dividing them into “power” grasps and “precision” grasps. Power
grasps are those that involve large contact areas with grasped object and where
“considerations of stability and security predominate” [9]. It is also noted that power
grasps do not involve using the fingers to impart motion. Precision grasps are used
activities that require high levels of control but not as much force; these grasps often
involve only the fingers and thumb [9]. Cutkosky’s taxonomy is shown in Figures 3.1

and 3.2.

Cutkosky Power Grasps
|

Non-Prehensile Prehensile

Lateral Pinch

Hook, Platform, Push

\ \
Prismatic Circular
|

Heavy

Large Small
Diameter Diameter

Medium Adducted Thumb Light Tool
Wrap

Figure 3.1 Tree of Cutkosky power grasps, adapted from [9]
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Cutkosky Precision Grasps

Circular Prismatic

Tripod

m =i
Thumb-4 Finger Thumb-3 Finger Thumb-2 Finger Thumb-Index
Pinch Pinch Pinch Finger Pinch

Figure 3.2 Tree of Cutkosky precision grasps, adapted from [9]

These taxonomies are not without limitations. Cutkosky has pointed out, for
example, that “...[there are] numerous everyday grasps, such as the grasp that people use
in writing with a pencil or in marking items with a scribe that are not included” [9]. The
authors suggest using an “object-oriented expert system,” to identify types of grasps that
not included in a “tree-like taxonomy,” including combinations of grasps. They suggest
that an object-oriented expert system makes it easier to add constraints to grasp types

needed and used [9].

3.3 Robotic Dexterity

Robotic dexterity is generally studied for research in industrial robotics and

prosthetic devices. There are two genera classification systems for robotic dexterity:

17



those based on control and kinematics parameters (i.e. the Jacobian) and those based on

grasp types/functions and number of degrees of freedom in the manipulator [25].

3.3.1 Dexterity Definitions

Most studies of robotic manipulator dexterity assume that dexterity is a function
of the number of degrees of freedom in the hand. This contrasts with studies in humans,
where dexterity is a function of what types of tasks and manipulations can be performed.
Studies of robotic dexterity as a function of task anaysis are rarely performed, even
though they draw the best parallel to human dexterity definitions. Task analysis occursin
aseries of steps, in which the task is broken into subtasks, and then into primitive steps of
each subtask. Then, categorization of these primitives occurs based on similar primitives
and primitive location (that is, where the tasks are performed in relation to other tasks,
subtasks, and other worksite features).

Categorization aso reflects the skills required to perform the tasks [49]. This
procedure is rarely done, because most robots are designed first, and then tested for
dexterity. Thus, many robot hands either possess very few degrees of freedom and
therefore have limited motion, or have many degrees of freedom and therefore are quite
complex. Complex robots may be expensive to design and build, and difficult to
maintain in case of failure. Conversely, smple robots may not be capable of performing
al of the desired tasks. A compromise between these extremes is robots with simple
“hands’ that have multiple specialized end-effectors to perform certain tasks. These
robots can exchange their own end-effectors to perform a wide variety of tasks. The

advantage is that it allows robot designers to develop simple end-effectors for the desired
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task set, instead of developing complete robots for each individua task, which may be
more cost-effective and flexible than either of the other approaches [38].

An dternative to robots with interchangeable end-effectors may be found in more
complex hands that have reconfigurable fingers. This is the principle behind the
BarrettHand, a commercialy available robotic end-effector (see Figure 3.3). The hand's
design makes it “automatically reconfigurable and highly programmable, matching the

functionality of virtually any gripper shaper or fixture function...” [48].

Flgure3 3 BarrettHand in varlousgrasp conflguratlons from [6] '

This style of robot may be considered for space-based satellite servicing
operations if the fingers can interface with the required tools and manage the required
grasps. In this case, the reconfiguration of the fingers is effectively the same as changing
an end-effector, and so it is assumed that any grasp-based “change of end-effector”
implies either reconfiguring the fingers to accommodate a different grasp or to use a
specific tool, or physically changing the end-effector.

In this study, “dexterity” will be studied with reference to the number of end

effectors required to complete a given primitive, a given task, and a given series of tasks.

19



The number of degrees of freedom required to control the end effector and the grasp
required by the end-effector are also considered. For example, the end effector may need
to rotate about a single axis as in turning a bolt, or it may need to open and close aong
one or two axes to properly grasp an object. In many situations, dexterity also has to do
with wrist coordination. In this study, however, it will be assumed that the wrist can
move the end-effector to the required orientation and position at the worksite as required.

In order to determine what grasps are required to perform space-based servicing
tasks, on-orbit servicing tasks must be identified and studied. A large amount of datais
available from the four HST servicing missions. This data encompasses the tasks
performed on each mission and the steps required to complete each task. Using
information from HST Servicing Mission 3B (SM3B)—STS 109—a scheme was
developed to quantify a level of dexterity associated with each servicing task. The

analysis conducted will be described in the next chapter.
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Chapter 4. Hubble Space Telescope Servicing Mission 3B Case
Study

4.1 HST SM3B Mission Background

The Hubble Space Telescope SM3B mission lasted from March 1, 2002 until
March 12, 2002. Of these, five days were spent in EVA. Four astronauts participated
and were divided into two pairs, each pair performing tasks on aternate days. Some of
these tasks were similar to those performed on previous servicing missions, such as solar
array installation and installation of the Advanced Camerafor Surveys (ACS). However,
some of the servicing items had never been conducted on-orbit, and thus the mission
expanded the repertoire of servicing techniques performed in space.

An important new task was the instalation of the Power Control Unit (PCU).
This was quite an impressive accomplishment because the task required the complete
power-down of HST for its installation. Prior to this mission, HST had never been
completely powered down on-orbit, and a mission-critical computer had never been
replaced on-orbit. Failure to complete the power-down and changeout procedure
properly could result in permanent damage or total failure to HST.

Another new task to the EVA repertoire, installation of the NICMOS cryocooler,
occurred on SM3B. This was important because the NICMOS instrument had been non-
functional since 1999, when the solid helium used to cool it was depleted. The

installation of the cryocooler thus extended the life of the NICMOS instrument.
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4.2 Slection of SMI3B

Many factors influenced the choice of SM3B for this analysis. SM3B offered
several tasks that either were done before or were similar to those done on previous
missions. Some of these were known, from previous missions, to be difficult for EVA
astronauts to perform. These tasks were of particular interest in the analysis of required
grasp types, to determine if they could be more easily done robotically. The mission also
included many jobs that were completely unique from those previously accomplished,
therefore offering an extension of the EVA repertoire. Based on the scope and
complexity of servicing tasks, it was felt that SM3B subsumed a complete set of tasks
within the current EVA or robotic state-of-the-art.

In addition, the photography that took place on SM3B made it an ideal mission to
study. The quality and quantity of pictures from SM3B far exceeded those of previous
missions, allowing a more thorough investigation of each servicing task and primitive
step, thereby best determining the dexterity requirements for on-orbit satellite servicing

missions.

4.3 Definitions

Description of the analysis of SM3B requires afew definitions. A task was
defined as an individual job that must be done. Each task has any number of individual
steps required to be completed in order, called task primitives, or, smply, primitives. To
conduct the analysis, the EV A checklist for the mission was broken down into its
individual tasks and further reduced to a systematic listing of primitives.

The number of manipulative primitives was defined as the number of individual

task steps that require a manipulation of atool or worksite interface. The number of
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mani pul ative instances was the number of times a specific manipulation might occur.
This definition is necessary because some of the individual primitives require two hands
making simultaneous manipulations. In this case, the hands may be performing either the
same grasp or different grasps. The number of instances also increases when thereis
more than one aspect to the task primitive. For example, if the primitive calls for
disengaging four latches or disconnecting more than one connector, the primitive remains
one primitive but the number of instancesis equal to the number of repetitions of that
step. Thus, there are more mani pulative instances than primitives.

The total number of primitivesis the total number of manipulative and non-
manipulative primitives for a given scenario. The total number of instancesis the total
number of manipulative instances plus the total number of the non-manipulative
primitives. Using these definitions and the human grasp taxonomy developed by
Cutkosky, analysis was carried out first for the EVA scenario, and then for a proposed

robotic servicing scenario.

4.4 Record of SVI3B Tasks, Primitives, and Instances

The complete listing of tasks and the primitives associated with each task was
entered into a Microsoft Excel spreadsheet. By using Excel, columns could be added to
the spreadsheet for each step of the analysis. Excel lent itself to this analysis because of
its data organization and graphing functions.

Included in the preliminary spreadsheet was arecord of the each task’s name and
which EVA astronaut performed each primitive for each task. An added column
indicated the number of primitive instances for each primitive. For example, one

primitive called to remove approximately 20 connectors. This primitive was listed as
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only one primitive; however, 20 instances were recorded for it. This helped make the
guantitative analysis easy to complete using Excel’ s built-in addition function. For
reference, Table 4.1 shows a portion of the spreadsheet used in the analysis. The full
spreadsheet built from the EVA Checklist can be found in Appendix A. Table4.1
includes al of the columns used in thisanalysis. Thisincludes a column for whether or
not the task primitive was required for the robotic servicing scenario and a categorization
of the broad primitive type. The“1¥ EE” column lists the robotic end-effector used,
extended from the human grasp requirement. Inthe“2"™ EE” columnisalisting of a
second required end-effector for task primitives that require two hands to complete.

Again, in this column, the robotic end-effector islisted as extended from the human

grasp.
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Ref # | EV | Primitive Task Name Need? | Broad Prim 1st EE InTst ELEd InTst

3|11 PCU-R Mate —

3226 Nll?s I\R/I)ate connectors (2-bottom PCU- PCU-R Mate Yes (r:r;e:]tge((j:ir)r:ate PCU 2{:2 e(;n 2 Ei-:]ch 2
3227 I\/IT S Mate connectors (34-left PCU-R) | PCU-R Mate Yes (r;r(;a;}tg/e((j;gate PCU g;?g;n 34 |F_>|i1—1ch 34
3228 I\/IT S ?azw J13/J14 saver capsin trash PCU-R Mate Yes | stow connector cap Pinch 2

3|12 V2 Aft Shroud Handrail Covers

3230 | FF Zl(s:psec atn;/;\l\(/:é handrails used for \IgznAdI;iIStg:rg\lljgrs Yes | inspect worksite Camera 1

2231 | FE ,&egli SVEG handrail coversfrom \|_/|§n Ad];; lStg:rg\L/Jgr . Yes (r;t\r/ie(:\'/se handrail Unknown | 1

3232 | FF | install handrail covers xznAdI;?gg\lgs Yes Lr(;%zlrlshandrail Unknown | 1

3233 | EF config. HST PFR (aft ASIPE) for | V2 Aft Shroud No Unknown | 1

ACS

Handrail Covers

Table 4.1 Portion of the master spreadsheet used in task analysis of SM 3B




4.5 Analysis of Grasps and Tools Used By EVA Astronauts

This study required an analysis of each task performed by the EVA astronauts in
conducting the servicing mission. The specific grasp types and tools used by the
astronauts were determined and recorded in a separate column in the Excel spreadsheet.
This was done by reviewing video- and photographic footage taken during the mission.
When possible, as many different views of each primitive as possible were studied to
fully understand and properly categorize the grasps and tools used for each primitive.
Grasp types were assigned based on the Cutkosky taxonomy, which breaks grasp types
into power and precision grasps (see Figures 3.1 & 3.2, refer to section 3.2). In the
instances where atool was used to perform atask primitive, that tool was recorded in lieu
of a specific grip type.

The tools used by the astronauts are cataloged in the Crew Aids and Tools
(CATY) reference. It was noted during the analysis that many of the grips used by the
astronauts used only one degree of freedom. Thisis likely due to the bulk and limited
range of motion permitted by the EVA gloves. The restriction of the gloves makes
coordinated motion virtually impossible. Thiswill be revisited in the discussion section.

Finally, a quantitative analysis was conducted for the EVA servicing scenario.
The frequency of use of each grip type or tool was determined, as was the total relative
use of each grip type compared to the other grip types. This was done primarily using
Excel to group primitives with the same grasp and tool requirements, summing the total
instances of each grasp or tool listing, and then comparing the sums. This database could

then be used to better understand grasp effects in EVA servicing, as described in Chapter
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5. It aso alowed the development of an approach to analyzing robotic servicing,

detailed in the following sections.

4.6 Assumptions Used in Robotic Servicing Scenario

In order to analyze the dexterity requirements of a robot for an on-orbit servicing
mission, certain assumptions had to be made. The primary assumption used was that the
servicing robot would consist of two robotic arms, each with eight degrees of freedom:
six degrees of positioning freedom, and two actuated degrees of freedom in the end-
effector. In addition, it was assumed that the arms would be capable of reaching any
point on the worksite in any orientation, effectively ignoring singularities in the
manipulator workspace. While this simplifying assumption would not be acceptable for a
complete kinematic analysis, it is acceptable for this study focusing specifically on end-
effectors. This assumption also assumes that the robot has sufficient wrist articulation to
position the end-effector for servicing at the worksite.

It was also assumed that the robotic servicer has the ability to use different end-
effectors, and the ability to switch end-effectors on-orbit to complete a task. To
accommodate this, an interchangeable end-effector mechanism (IEEM) such as the one
shown in Figure 2.4 for Ranger was assumed. As discussed in Chapter 3, a robot hand
with reconfigurable fingers may also be a means to this end. However, the IEEM
assumption was used to fully explore the style of end-effectors required for a generic
robot arm. The fina hardware assumption made was that the robot arms are two-fault
tolerant in the end-effector. That is, once the robot has gripped onto an interface, it will
not release in the event of a system failure in the robot, thus eliminating the need for

safety tethers or other externa restraints in robotic payloads.
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4.7 Task and Primitive Elimination

In the analysis, it became evident that certain tasks could be eliminated. Owing to
the two-fault tolerance of the end-effector, most of the tether tasks fell into this category
of steps unnecessary for a robotic servicing scenario. Tethers are used by astronauts to
restrain equipment during tasks, so that the equipment cannot drift away and possibly
damage other equipment at the worksite. However, with two-fault end-effector tolerance,
thereis no need for these tethers.

Other tasks eliminated include those that relate to the setup, takedown, movement,
or adjustment of equipment specifically used to aid the astronauts mobility around the
worksite. For example, the trandlation aid is atool that the astronaut uses to move around
the worksite. However, a robot would not need this, so the associated primitives were
eliminated. This was also the case for primitives involving the mobile foot restraint, the
portable foot restraint (PFR), the articulating PFR extender, the boot plate, and the mini
trandation aid.

Based on these eliminations, the Excel spreadsheet was modified to include a
column to denote whether or not each primitive was required in a robotic servicing

scenario (Table 4.1).

4.8 Rules Used for Conversion From EVA to Robotic Scenario

Asdiscussed in Sections 4.6 and 4.7, owing to the difference between the human
and robotic servicing, the conversion between human and robotic servicing scenarios
requires afew rules. These rules, the assumptions used in the conversion, and any noted

exceptions, are summarized in Table 4.2.
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Human Scenario Task Item

Robotic Conversion

Exceptions/Comments

Trandation Aid setup Eliminated

MFR activities Eliminated

Tether tasks Eliminated dueto Tasks for tethering the object to
twe fault tolerance the worksite remain in the
assumed in end- scenario, using the Tether Tool
effector. end-effector.

APFR/APE activities Eliminated

Primitives that both astronauts | One instance

participate in, such as transfer
of atool or equipment.

eiminated sinceitis
assumed that atwo-
armed robot would
do the same transfer
in one step.

Tool stowage and retrieval
activities

Eliminated

Tool changes in the robotic
scenario are performed as end-
effector changes denoted by
different end-effector listingsin
the checklist. To makea
robotic scenario efficient,
ordering of primitives may
minimize these changes and
thus changes are not included as
specific primitives.

Boot plate activities

Eliminated

Table4.2 Rulesfor conversion from human to robotic servicing scenario (continued

on next page)

29




Human Scenario Task Item

Robotic Conversion

ExceptionsComments

EVA Ratchet or Power
Ratchet Tool used

Bolt Drive end-
effector used;
assuming the end-
effector has ratchet
capabilities.

Fingertip motion required

Assume that the Bolt
Drive end-effector
may be used as a
finger.

HT Connector Tool used

HT Connector end-
effector used

Large Diameter Heavy Wrap
grasp used

Large Handrail end-
effector used

Lubricant Applicator used

Lubricant Applicator
end-effector used

MWS Tool used

MWS end-effector
used

Pistol Grip Tool used

Bolt Drive end-
effector used,
assuming the end-
effector has variable
drive speeds.

Small Diameter Heavy Wrap
grasp used

Handrail Gripper
(“Small Handrail™)
end-effector used.

Thumb-2 Finger Pinch grasp
used

Delicate Pinch end-
effector used

Most notably, thisisa
grasp/end-effector used for
handling delicate materials such
as insulation blankets.

Thumb-Index Finger grasp
used

Pinch end-effector
used

Table 4.2 Rulesfor conversion from human to robotic servicing scenario

4.9 Analysis of Grasps and Tools Used in Robotic Servicing

Analysis of grasps and tools used in the robotic servicing scenario was conducted

in a similar fashion to the EVA servicing scenario. The record of EVA primitives and

grasp required to perform each primitive was examined, and all primitives involving

tethers or astronaut mobility aids dropped for this analysis. Each human grasp type was
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then studied. Based on the identified human grasp type, general robot grasp types were
developed. In the case where a primitive required the astronaut to use a tool from the
CATS catalog, the tool was noted and the assumption made that an end-effector could be
made to match the tool’ s function.

For each primitive in the robotic servicing scenario, an end-effector was identified
to perform it, based on the human grasp, or on the CATS tool required. Also recorded
were the number of degrees of freedom required to drive each end-effector and if the
primitive required one or two hands to complete (upon completion of the analysis, when
it was recognized that all end-effectors required only one controllable degree of freedom,
the associated column was removed from the spreadsheet for clarity). The complete
master spreadsheet can be found in Appendix A. The quantitative anaysis was
conducted again for the robotic servicing scenario, noting the total number of primitives
and the number of instances of each robotic end-effector, and the frequency of use of
each end-effector. In the next chapter, the results of these analyses will be presented and

discussed.
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Chapter 5: Results and Discussion of SM3B Analysis

5.1 EVA Servicing Analysis

Table 5.1 displays a summary of the grasp types used by EVA astronauts based
on a broad categorization of grasp types and CATS tools. Table 5.2 displays an
expanded summary using the specific grasp types and tools.

As can be seen from the tables, most of the manipulative grip types for the EVA
servicing scenario are heavy wraps (both small- and large-diameter) and pinch grasps.
Primitives requiring CATS tools to drive a bolt were also found frequently. Of the 2,563
total instances in this scenario, 374, or 14.59% were non-manipulative primitives. These
primitives include both instances for movement about the worksite and those that call for
visua inspection of the worksite. An example of these latter instances is the primitive,
“check light ison,” where al that is required is an observation of a panel to ensure that an
indicator light is on or off or that a switch is in the proper position. A final non-
manipul ative primitive class is the type where the primitive calls for communication with
the other EV A astronaut, the astronauts inside the vehicle, or the ground.

“Unknown” grasp types are labeled in the master spreadsheet (Appendix A) and
identified in the tables presented in this chapter. These are unknown due to, in the
photographs and videos, obstruction of the view of the hands performing the
manipulation. Despite best efforts, the grasps required could not be identified and it

remainsagoal of future work to identify these grasps.
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%

%

Broad Grasp/Tool I nstances Description . .
overall | manipulative
Bolt Drive 476 CATS: PGT, PRT, EVA Ratchet 18.57 21.75
Heavy Wraps 426 Small & Large Dia. Heavy Wraps 16.62 19.46
HT Connector Tool 100 CATS: HT Connector Tool 3.90 457
Lubricant Applicator 9 CATS: Lubricant Applicator 0.35 041
Non-Manipulative 374 Non-manipulative Instances 14.59 N/A
Other o4 Fingertip, MV_\Il_g,dStow/ Retrieve 0.94 110
Pinch 739 Thumorindec TRUMb-2FInger | 5,83 33.76
PIP Grasp 73 Grip for PIP, similar to Tripod 285 3133
Grasp
Unknown 342 Unknown Grasp Type 13.34 15.62

Table 5.1 Broad categorization of graspsand tools used on EVA for SM 3B (toolsitalicized)




%

%

Specific Grasp/T ool | nstances Description overall | manipulative
EVA Ratchet (CATS) 33 Bolt drive 1.29 151
Fingertip 6 Use fingertip to flip switch 0.23 0.27
HT Connector Tool (CATS) 100 3.90 4.57
Large Dia. Heavy Wrap 89 3.47 3.59
Lubricant Applicator
(CATS 9 0.35 0.41
Motion About Worksite 184 Move about worksite 7.18 N/A
MWS 1 0.04 0.05
PGT (CATS) 422 Bolt drive 16.47 19.28
PRT (CATS 21 Bolt drive 0.82 0.96
Retrieve Tool 2 Retrieve tool from stowage 0.08 0.09
Small Dia. Heavy Wrap 354 13.81 16.17
Stow Tool 15 Put tool away 0.59 0.69
Thumb-2 Finger Pinch 305 11.90 13.93
Thumb-Index Finger Pinch 507 19.78 20.27
Grip for PIP, similar to Tripod

PIP Grasp 73 i Grasp i 285 3.33
Unknown 342 Unknown grasp type 13.34 15.62
Visuad 145 Visual inspection task 5.66 N/A
Vocal Communication with

45 EV/IV/Ground 1.76 N/A

Table 5.2 Specific grasp and tool breakdown used on EVA for SM 3B (toolsitalicized)




There is one specific grasp described in the tables that is not a heavy wrap or
pinch derivative. Thisisthe grasp for removing a PIP pin, agrasp that could not be
classified based on the Cutkosky taxonomy. The type of grip required to remove a
standard PIP pin requires action by three fingers, similar to Cutkosky’s tripod grasp.
However, the tripod grasp involves the force of all three fingertips pushed towards the
center of thefingers. Inthe PIP grasp, two perpendicular forces areused. Thereisforce
between the index and middle fingers to hold the pin, while the thumb exerts aforce
perpendicular to the holding force in order to push the rel ease button to release the PIP
pin. Thus, the tripod grasp referenced in the tables is not the same tripod grasp asin the
Cutkosky taxonomy.

However, in recent missions, there has been a move to replace standard PIP pins
with “dual-acting” PIP pins, ones that can be released by applying an amount of pulling
force above a certain threshold to the PIP pin. Future missions and satellites will likely
incorporate this latter type of PIP pin. The grasp type required for thistype of PIP pinis
asimple pinch grasp. Table 5.3 shows the broad grasp breakdown for each EVA day

using the assumption that PIP pins can be removed with asimple pinch.

Broad Grip/T ool | nstances % h
overall | manipulative

Bolt Drive 476 18.57 21.75
Heavy Wraps 426 16.62 19.46

HT Connector Tool 100 3.90 457
Lubricant Applicator 9 0.35 041
Non-Manipulative 374 14.59 N/A
Other 24 0.94 1.10
Pinch 812 31.68 37.09
Unknown 342 13.34 15.62

Table 5.3 Broad categorization of graspsand tools used on EVA for SM3B assuming

PIP pins can beremoved with a simple pinch grasp
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Based on this classification scheme, it is evident that the types of grasps and tools
used most often are bolt drive tools (CATS tools), heavy wraps, and pinch variants. The
analysis shows that the large diameter heavy wrap is used most often when grasping
CATS tools to transfer them from one site to another. Astronauts, when grasping
handrails to move about the worksite, use the small diameter heavy wrap. It isaso used
to grasp task elements at the worksite. Most of the worksite elements have handrails that
can be grasped and moved as required, as in the case of removing one instrument to
replace it with another.

Similarly, the pinch grasp is often used. Cutkosky’s thumb-index finger pinch is
often used to grasp connectors and other small objects. The thumb-two finger pinch is
used when the astronaut is handling a delicate interface. Velcro strap and thermal
blankets are examples of these delicate interfaces.

It is interesting to note that al of the grasps identified in the EVA servicing
scenario require motion in only one direction. That is, all of the grasps involve the
application of force and movement along a straight line, usually directed from opposite
sides of the grasped object in towards its center. Thisis likely due to the restrictiveness
of the EVA gloves.

5.2 Conversion to Robotic Servicing Scenario

Generdly, a human grasp type lends itself to a similar robotic grasp type.
However, because of changes from the EVA scenario to the robotic servicing scenario,
not all of the grasps for EVA are used in the robotic scenario. Specifically, a robotic
version of the large diameter heavy wrap is not used in the robotic servicing scenario.

This grasp is used in the EVA servicing scenario when astronauts grasp CATS tools or
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positioning plates. Since the robot’s tools are incorporated into each end-effector, and
end-effector exchanges are done as non-manipulative tasks, there is no need for a large
diameter heavy wrap.

Robotic end-effectors are assumed to be functionally the same as human grasps,
so their design idea mimics the human grasp. In the cases where CATS tools are used,
the end-effector principle is modeled on the function of the tool. Table 5.4, based
partialy on the rules found in Table 4.2, lists the manipulative human grasps, CATS

tools, and their comparable robotic end-effectors.

Human Grasp/CATS Tool | Robotic End-effector
EVA Ratchet (CATS) Bolt Drive EE

Fingertip Motion Bolt Drive EE used as "finger"
HT Connector Tool (CATS) | HT Connector EE

Large Dia. Heavy Wrap Not Used

Lubricant Applicator (CATS) | Lubricant Applicator EE
MWS Tool MWS EE

Pistol Grip Tool Bolt Drive EE

Power Ratchet Tool Bolt Drive EE

Small Dia. Heavy Wrap Handrail Gripper EE
Thumb-2 Finger Pinch Delicate Pinch EE
Thumb-Index Finger Pinch Pinch EE

Table 5.4 Human grasps/tools and equivalent robotic end-effectors

Based on this general end-effector assignment, it is evident that seven total end-
effectors would be required to complete most of HST SM3B with arobotic servicer. This
relies on two assumptions:

1. The Bolt Drive EE is configurable to meet all the ratchet and variable drive speed

reguirements to match the function of the PGT and PRT.
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2. The PIP pins are “dual-acting” so a simple pinch grasp is al that is required to
remove them. If thisis not the case, a specialized end-effector for removing PIP
pinsisrequired.

This does not include two end-effectors used for specific interfaces. A Hitch Pin end-
effector and a Tether Tool end-effector are also required to complete the SM3B toolbox.
There was not enough photographic evidence to properly identify the grasps required to
perform tasks of installing or removing hitch pins and using a tether. Further analysis
may demonstrate that one or both grasps may be achieved with end-effectors aready
identified, such as the Pinch end-effector. Thus, in this anaysis, it is assumed that
specific end-effectors are unique to those interfaces and that the two end-effectors must

be included in a complete SM 3B servicing end-effector set.

5.3 Reduction in Primitives

It is interesting to see the level of reduction of primitives when comparing the
EVA and robotic servicing scenarios. By eliminating primitives from the EVA scenario
not required for the robotic scenario, the total number of primitivesis reduced from 1,829
total primitives for EVA servicing to 1,349 total primitives for robotic servicing, a
reduction of about 26.2%. However, the total number of manipulative primitives was
reduced by approximately 38.9% in the robotic servicing scenario (see Table 5.5).

The large difference in the number of manipulative primitives between the human
and robotic servicing scenarios is mainly accounted for by the elimination of primitives
related to human mobility aids and tethers in the robotic servicing scenario. That is, a
large proportion of the manipulative primitives performed by astronauts in EVA (nearly

40%) are used to manipulate safety restraints/tethers and devices for movement about the
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worksite. This results in a lot of energy in EVA spent not on actua servicing tasks,
rather on moving to do the servicing tasks, which is highly inefficient. Thislarge amount
of inefficiency is one indicator that robots may be better suited to conducting future

servicing missions.

Day | Day | Day | Day | Day
1 2 3 4 5 |Total

# Primitives EVA 361 | 374 | 373 | 352 | 369 | 1829
# Primitives Robotic 268 | 271 | 269 | 277 | 264 | 1349
% Reduction Primitives 25.76 | 27.54 | 27.88 | 21.31 | 28.46 | 26.24
# Manipulative Primitives EVA 300 | 315 | 317 | 274 | 304 | 1510

# Manipulative Primitives Robotic | 175 | 170 | 210 | 173 | 195 | 923
% Reduction Manipulative
Primitives 41.67 | 46.03 | 33.75 | 36.86 | 35.86 | 38.87
# Manipulative Instances EVA 384 | 439 | 579 | 407 | 380 | 2189

# Manipulative Instances Robotic 248 | 276 | 466 | 290 | 267 | 1547
% Reduction Manipulative
Instances 35.42 | 37.13 | 19.52 | 28.75 | 29.74 | 29.33

Table 5.5 Reductionsin primitivesfrom EVA scenario to robotic servicing scenario

As shown in Table 5.5, the number of total primitives is reduced by at least 20%
on each workday between the EVA servicing scenario to the robotic servicing scenario.
Breaking these primitives down further, it is evident that the number of manipulative
primitives is reduced by at least one-third on each servicing day between the two
scenarios.

5.4 End-effector Design Specifications

The end-effectors suggested by the human grasps are relatively simple in design
and function. The bolt drive end-effector and the handrail end-effector are expected to be
similar in design to the Ranger bare bolt drive and EVA handrail gripper (see Figures 5.1

and 5.2).
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Figure 5.1 Ranger Bare Bolt Drive Tool with tool post attached, from [34]

Figure 5.2 Ranger EVA Handrail Gripper Fingers, from [34]

The pinch and delicate pinch end-effectors would be similar in design, though
narrower, to the handrail end-effector. That is, where the handrail end-effector would be
approximately 14 cm wide—about as wide as a gloved astronaut’s hand, the pinch end-
effector would only be about 3.8 cm wide, or about the width of a gloved astronaut’s
forefinger. The delicate pinch end-effector would be approximately the same size as the
Pinch end-effector, though would have rounded edges for a gentler gripping surface on
delicate materials. The HT connector end-effector (Figure 5.3), lubricant applicator end-
effector (Figure 5.4), and MWS end-effector would all be modifications of existing

CATS tools. The estimated size of any of these end-effectors is, at most, the size of an
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astronaut’s gloved hand. All of the end-effectors proposed here either are designed to
mimic the size of the astronaut, or are modifications of existing flight hardware. Thus, it
is expected that these end-effectors will be able to reach and perform manipulationsin the
same workspace envelope as a gloved astronaut. This assumption is also predicated on
the physical envelope of the manipulator being comparable with EVA reach envelopes.
This was a design requirement for Ranger and Robonaut, but is not necessarily true of the

other robotic systems discussed in Section 2.2.2.

Figure5.3 CATSHigh Torque (HT) Connector Tool

As might be expected from the analysis of the human grasps presented in Section
5.1, dl of the end-effectors described here require only one actuated degree of freedom to
perform the necessary grasp. In both cases, the grasps require only one degree of
freedom in the end-effector or hand. In the human servicing scenario, as discussed, this
is a product of the bulk of the EVA glove. In the robotic servicing scenario, it greatly

simplifies the design of the manipulator.
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Figure54 CATSL ubricantpplicaor |

Using these end-effector assignments, the anaysis of the robotic servicing
scenario was carried out in the same manner it was for the EVA servicing scenario. It
was expected that the end-effector usage breakdown would differ from the human grasp
usage due to the elimination of certain primitives in the robotic servicing scenario. The
results of the robotic servicing analysis can be found in Tables 5.6 and 5.7.

In the specific end-effector breakdown, it is evident that there are some end-
effectors and primitive types that have yet to be discussed. Of these, there are three non-
manipulative primitive types. computer task, motion about worksite, and camera view.
Computer tasks are those primitives where a check with the astronauts on board or with

the ground is necessary. This happens when verifications are necessary, for example to
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verify that the power to HST is shut off before disconnecting the PCU. Motion about the
worksite refers to steps from the EVA checklist where the astronaut is required to move
around the worksite. When using a teleoperated robot, it is expected that a positioning
leg or other positioning mechanism can complete this step. A camera view primitive is
one where a specific feature on the worksite must be viewed. It is assumed that, when
doing a servicing mission telerobotically, there will be many camera views of the task
and of the robot while performing the task. However, this primitive type describes a step

where avisua check must be made before moving to the next step.
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EE Instances

Broad EE Dayl | Day2 | Day3 | Day4 | Day5 | Total % overall | % manipulative
Bolt Drive 71 122 37 55 50 335 16.54 21.65
Handrail Gripper 43 44 54 53 42 236 11.65 15.26

HT Pinch 0 0 100 0 0 100 4.94 6.46
Lubricant Tool 0 0 0 4 4 8 0.39 0.52
Non-Manipulative 103 112 60 124 80 479 23.64 N/A

Other 3 0 0 9 5 17 0.84 1.10

Pinch 110 97 251 142 115 715 35.29 46.22
Unknown 21 13 24 27 51 136 6.71 8.79

Table 5.6 Broad categorization of end-effectors used for robotic servicing scenario of SM3B assuming PIP pins may be
removed using the pinch end-effector (tool equivalentsitalicized)




EE Instances

Specific EE Dayl | Day2 | Day3 | Day4 | Day5 | Total | % overall | % manipulative
Bolt Drive 71 122 37 55 50 335 16.54 21.65
Camera 25 27 5 44 26 127 6.27 N/A
Computer 45 52 21 51 23 192 9.48 N/A
Delicate Pinch 54 36 63 52 62 267 13.18 17.26
Hitch 2 0 0 4 0 6 0.30 0.39
HT Pinch 0 0 100 0 0 100 4.94 6.46
Lubricant Tool 0 0 0 4 4 8 0.39 0.52
Motion 33 33 34 29 31 160 7.90 N/A
MWSEE 1 0 0 0 0 1 0.05 0.06
Pinch 56 61 188 90 53 448 2211 28.96
Handrail Gripper 43 44 54 53 42 236 11.65 15.26
Tether Tool 0 0 0 5 5 10 0.49 0.65
Unknown 21 13 24 27 51 136 6.71 8.79

Table 5.7 Specific end-effector breakdown of end-effectors used for robotic servicing scenario of SM3B assuming PIP pins can

be removed with the pinch end-effector (tool equivalentsitalicized)




The tether tool end-effector is one that has yet to be defined. As discussed in
Section 5.3, most of the tether tasks in the EVA checklist refer to points when an
astronaut is required to tether to an object or a place at the worksite. Thiswas done either
to prevent the object from leaving the range of control of the astronaut or to secure the
astronaut to a given site. With atwo-fault tolerant end-effector, this type of tether task is
eliminated. However, a few primitives require securing a sort of tether built into the
worksite. It has not been determined what type of an attachment thiswill be. 1t may be a
tether similar to those astronauts use for the equipment, or it may be similar to an
attachment made by Velcro or snap closure. For this analysis, it was assumed that this
tether is the former type and could not be completed with the Delicate Pinch end-effector,
as a Velcro or snap closure tether could be. Hence, the tether tool end-effector was
included in the end-effector listing, knowing that further analysis may eliminate its need.

The tether case is similar to the case for the hitch pin end-effector. It was unable
to be determined exactly what the interface of the hitch pin required. This is because the
hitch pin was identified in the EVA Checklists as a different style of pin than the PIP pin.
However, none of the photos or videos analyzed showed an unobstructed view of the
hitch pin or the grasp required to remove it. Therefore, it is not known whether the hitch
pin could be engaged or disengaged with the pinch end-effector and a separate end-
effector was designated for this primitive type. Again, further analysis may eliminate the
need for the hitch pin end-effector.

Tables 5.6 and 5.7 both include information about the relative use—overall and
when only including manipulative primitive instances—of each end-effector for the

robotic servicing scenario. This is compared to the analysis of the relative use of each
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human grasp for the EVA servicing scenario. This comparison revealed that for each
servicing scenario, the primary grasp types or comparable end-effectors were similar, and
were used with approximately the same relative frequency, although it showed a genera

reduction of instances in the robotic scenario when compared with the EVA scenario (see

Tables5.8 & 5.9).

#EVA # Robotic
Broad Grasp/EE Type instances | instances
PGT, PRT/Bolt Drive EE 476 335
Heavy Wraps/Handrail Gripper EE 426 236
HT Connector Tool/HT Pinch EE 100 100
Lubricant Applicator/Lubricant Applicator EE 9 8
Non-Manipulative 374 479
Other Grasps/Other EE's 24 17
Pinch/Pinch EE's 812 715
Unknown 342 136

Table 5.8 Comparison of EVA grasp/tool use and robotic end-effector use based on
number of instances

EVA Robot
Broad Grasp/EE Type % overall | % overall
PGT, PRT/Bolt Drive EE 18.57 16.54
Heavy Wraps/Handrail Gripper EE 16.62 11.65
HT Connector Tool/HT Pinch EE 3.90 4.94
Lubricant Applicator/Lubricant Applicator EE 0.35 0.39
Non-Manipulative 14.59 23.64
Other Grasps/Other EE's 0.94 0.84
Pinch/Pinch EE's 31.68 35.29
Unknown 13.34 6.71

Table 5.9 Comparison of EVA grasp/tool use and robotic end-effector use based on
relative frequency

There are notable differences in the relative frequency of use between the human
and robotic servicing scenarios for the pinch end-effector, non-manipulative, heavy

wrap/handrail gripper end-effector, and the unknown end-effector categories. The large
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reduction in the number of instances and frequency of use for the pinch grasp/pinch end-
effector is accounted for by the elimination of the tether and mobility aid adjustment
primitives. The pinch grasp, used frequently in the human servicing scenario when
adjusting PFR, APE, or MFR or when adjusting tethers, is not used at al in the robotic
servicing scenario. Thus, the number of instances decreases and, correspondingly, the
relative frequency of pinch end-effector use decreases. Conversely, because of the large
decrease in total number of instances between the human and robotic scenarios, the
relative frequency of non-manipulative primitives increased markedly in the robotic
servicing analysis. While the number of non-manipulative primitives was close for both
scenarios, the fewer total number of instances meant that the non-manipulative primitives
occurred with higher relive frequency.

In Tables 5.8 and 5.9, the pinch grasp/pinch end-effectors category refers to both
the standard pinch and the pinch used for delicate task objects in both servicing scenario
anayses. The row for heavy wraps/handrail end-effectors accounts for al the large- and
small-diameter heavy wraps used in the EVA scenario, and the instances of the handrail
end-effector in the robotic servicing scenario. The decrease in relative use of the handrail
end-effector in the robotic scenario is expected, due to the elimination of primitives
requiring the large diameter heavy wrap from the EVA analysis. Similarly, many of the
unknown grip types from the EVA servicing scenario anaysis were eliminated in the
robotic servicing scenario, accounting for the sharp decrease in the relative frequency of
unknown end-effector use. Finadly, it should be stated that the “other grasps/other end-

effectors’ category includes the grasps or end-effectors used for the hitch pins, the tether
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tool, and the MWS tool. These three accounted for such a small fraction of the total
primitive instances that they could effectively be lumped together.

Excepting the few discrepancies already addressed, the difference in percent
usage of each grasp/end-effector type between the two servicing scenarios can be
accounted for by the reduction of primitives and primitive instances from the EVA
servicing scenario to the robotic servicing scenario (Section 5.3).

5.5 End-effectors and Specific Tasks

Further analysis was conducted using the spreadsheets developed from the EVA
Checklists. By reviewing each servicing task individually, it was possible to determine
the necessary end-effectors for each. This is particularly useful for future servicing
mission planning. It is possible to determine which tasks studied here in SM3B are
identical or similar to those for another satellite servicing mission. Based on the
similarity of tasks, the end-effector(s) required for each task can be identified and the
mission may considered for robotic servicing capabilities. The breakdown of end-
effectors required for each servicing activity in SM3B can be found in Table 5.10. A
similar table was created depicting the required end-effector(s) for each primitive type
based on “broad primitive.” Though it was not directly used in this analysis, it can be

found in Appendix B for future reference.
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Task/End-Effector g8 F Tl 3|sl8glz/ &5 81512
ACS Ingstallation (day 4) X | X X X 4
ACS Retrieval (day 4) X | X X X | X 5
Aft Fixture Setup (day 4) X X X 2
BAPS Post Installation (day 1) X X X X 3
BAPS Post Setup (day 2, 3, 4,
X 1
5)
Bay 2 Battery Demate (day 3) X X X 3
Bay 2 Battery Mate (day 3) X X X 3
Bay 3 Battery Demate (day 3) X X X 3
Bay 3 Battery Mate (day 3) X X X 3
Bay 4 Cleanup (day 3) X X X X X 4
Bay 4 Setup (day 3) X X X X X 4
Bay 5 & 10 Thermal Cover X X X 3
(day 1)
Bay 5& 6 NOBL Ingtallation
X X X 2
(day 3)
Bay 5 & 6 NOBL Retrieva
(day 3) X X X 3
Bay 5 MLI Removal (day 3) X X
Bay 5 Thermal Cover (day 3) X
Bay Door Bolt Disengage (day
2) X 1
Bay Door Bolt Engage (day 4) | X 1
CASH Installation (day 4) X X 1
Close +V2 Doors (day 5) X X X X 4
Close—V2 Doors (day 4) X X X X 4
Conduit Installation (day 5) X X X X X X 5
DBA Changeout (days 1, 2) X X X X 4
DBA Connector Demate (days
1,2) X X X 2

Table5.10 Task/end-effector breakdown for HST SM 3B (continued on next page)
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ESM Installation (day 4) X X X X X 5
ESM Retrieval (day 4) X X X 3
FHST & WF/PC Cover X X x 3
Removal (day 3, 4)
Final PLB Cleanup (day 5) X X 1
FOC Installation (day 4) X X X X 3
FOC Removal (day 4) X X X X X X X 6
LGAP Cover Installation (day
1) X X X 2
NCC Installation (day 5) X X X X X 4
NCC Power Cable Installation
X X X X 3
(day 5)
NCC Prep (day 5) X X X X 3
NCC Retrieval (day 5) X X X X 3
NICMOS Prep (day 5) X X X X X X 5
Open +V2 Doors (day 5) X X X X X 5
Open -V2 Doors (day 4) X X X X X X 5
P600 Retrieval (day 5) X X X 2
P601 Mate (day 1) X X X X 4
PCU Demate (day 3) X X X X X 4
PCU Swap (day 3) X X X X 4
PCU-R Mate (day 3) X X 2
PDM Retract (day 1, 2) X X X X 3
PLB Cleanup (day 5) X X 1
Radiator Harness Mate (day 5) | X X X X X 4
Radiator Installation (day 5) X X 1
Radiator Retrieval (day 5) X X X 2

Table5.10 Task/end-effector breakdown for HST SM 3B (continued on next page)
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RWA Installation (day 2) X X X X 3
RWA Swap (day 2) X X X 3
RWA1 Removal (day 2) X X X X 4
SA Closeout (day 1, 2) X 1
SA-2 Removal from HST (day X X X X X X 5
1,2
SA-3 Installation (day 1, 2) X X X X X 4
SA-3 Panel Deploy (day 1, 2) X X X X X 4
SA-3 Removal (day 1, 2) X X X X X 4
Sortie Cleanup (day 5) X X X 2
Thermal Cover Installation . X x 2
(day 3)
Thermal Cover Removal (day . . X x 3
3,4)
Tool Setup (day 5) X X X X
;‘)ransl ation Adaption (day 1, . x x 2
WF/PC Cover Installation X X X 5
(day 1)
Y-Harness Retrieval (day 4) X X X 2
Total # Tasks Where each
EE Used 37 140 | 2 | 2| 2 1 |36 |15 |46 | 9 | 38

Table 5.10 Task/end-effector breakdown for HST SM 3B

Based on the end-effector requirements for a given task, a decision about what
style of robot to use for the servicing mission may be made. This analysis was conducted
using a Ranger-style interchangeable end-effector mechanism as the base design of the
robot. Thisisasimple robot design that can, based on this study, accomplish each task.
The larger number of end-effectors required, however, means a larger number of end-

effector changeouts required, and thus may be impractical for some mission. If the task
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requires many end-effectors to complete, one may consider using a different style of
robot—one that has reconfigurable fingers, for example. Robots with reconfigurable
fingers can change grasp styles quickly, without physicaly changing the end-effector.
This may be useful for some tasks. In the worst-case scenario, a fully anthropomorphic
robot such as Robonaut may be required for completing a task, especially if there are
numerous changes in end-effectors and grasp types more complex than can be achieved
by areconfigurable-finger robot.

As an example of using the task/end-effector breakdown to develop a robotic
servicing scenario, the DBA Changeout task from SM3B EVA day 1 is expanded here
(Table 5.11). Based on Table 5.10, the DBA Changeout task requires four unique end-
effectors: Bolt Drive, Delicate Pinch, Pinch, and Small Handrail. In order to determine
how each end-effector is used, the task is broken down into its individual primitives.
These primitives were taken from the EVA Checklist and are the step-by step procedures
for doing each task. For each manipulative primitive, an “A” in the end-effector columns
indicates which end-effector is required. Some of the primitives require using two end-
effectors simultaneously. For these cases, a “B” is used to denote the second required
grasp type. In the systematic listing, an end-effector changeout occurs whenever
consecutive primitives require different end-effectors. In this manner, the EVA checklists

may be implemented with robots.
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Primitive

Bolt Drive

Delicate Pinch
Hitch

HT Pinch

Lubricant Tool

MWS
Pinch
PIP

Small Handrail
Tether Tool

Unknown

trandateto -V2
FRS

PGT: A2, CW 3,
55

driveY and Z
keyway bolts 7-9
turns (4-engage)

PGT: A3, CCW
3,105

Computer

drive X
connector
keyway bolts 5-6
turns (2-
disengage)

PGT: B6, CCW
1,105

Computer

drive drive stud
5+ turns

(disengage)

PGT: A3, CCW
3,105

Computer

drive j-bolts 4-6
turns (4)

10

exchange
DBA/DBA-2

11

mnvr to DBA-2

Motion

12

open DBA-2
thermal cover

13

PGT: A3, CCW
3, 10.5 short-adj
ext

Computer

14

drive j-bolts 4-6
turns (4)

4

15

remove DBA-2
fromRAC

1

A

Table 5.11 DBA Changeout task breakdown (continued on next page)




Step

Primitive

Bolt Drive

Delicate Pinch

Hitch

HT Pinch

Lubricant Tool

MWS

Pinch

PIP

Small Handrail

Tether Tool

Unknown

16

mnvr to
DBA-2
swap

17

inspect
connectors

Camera

18

mnvr to
RAC stbd
shelf

Motion

19

install

DBA on
outboard
sthd shelf
(connectors
inboard)

20

PGT: A3,
CW 3, 10.5

Computer

21

drivej-
bolts 4-6
turns (4-

engage)

22

close
thermal
cover
(DBA)

23

install
DBA-2

24

drivej-
bolts 4-6
turns (4-

engage)

25

inspect X
connector--
check no
spring
interference
with
keyhole

Camera

26

position
connector
on keyway
bolts (X)

27

EVA
Ratchet:
Ccw

1

Computer

Table5.11 DBA Changeout task breakdown (continued on next page)
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Step

Primitive

Bolt Drive

Delicate Pinch

Hitch

HT Pinch

Lubricant Tool

IMWS

Pinch

PIP

Small Handrail

Tether Tool

Unknown

28

drivedrive
stud 3.5
turns

(engage)

>

29

PGT: A2,
CwW 2,55
or EVA
Ratchet:
CwW

Computer

30

drivedrive
stud 1.5
turns

(engage)

31

check
bracket
flush with
rail

Camera

32

PGT: A3,
CW 3, 10.5

Computer

33

drive
keyway
bolts 4-6
turns (2-

engage)

demate
harness
(TLM) P3
from DBA-
20

Table 5.11 DBA Changeout task breakdown (continued on next page)
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|
Bolt Drive
Hitch
HT Pinch
L ubricant Tool
IMWS
Pinch
PIP
Small Handrail
Tether Tool
Unknown

m .
Step | Primitive Inst. | Name
retrieve
35 | DBC cross 1

strap

> |Ddlicate Pinch

Remove
turn around
plug (-V2
P1)

Stow turn
around

37 | plugin 1 A
trash (-V2
P1)

36

mate DBC
cross strap
P1(-) to

DBA-2J1

38

notify
MCC X
connector
39 mated and 1 Computer
FF clear of

worksite
Table 5.11 DBA Changeout task breakdown (continued on next page)

In this example, fourteen total end-effector exchanges are necessary between both
arms. The changeouts are summarized in Table 5.12. The table lists the starting end-
effector and what it is changed to. In the “Change From” column, the arm—A or B—that

requires the changed end-effector is label ed.
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Between Step #'s Change From ChangeTo
STARTING END-EFFECTOR | A:N/A Bolt Drive
STARTING END-EFFECTOR | B: N/A Small Handrail

9& 10 A: Bolt Drive Small Handrail
11& 12 A: Small Handrail Delicate Pinch
13& 14 A: Délicate Pinch Bolt Drive
14 & 15 A: Bolt Drive Small Handrail
20& 21 A: Smal Handrail Bolt Drive

21 & 22 A: Bolt Drive Pinch

22 & 23 A: Pinch Small Handrail
23& 24 A: Smal Handrail Bolt Drive
24 & 25 A: Bolt Drive Small Handrail
27 & 28 A: Smal Handrail Bolt Drive
33& 34 A: Bolt Drive Delicate Pinch
33& 34 B: Small Handrail Pinch

35& 36 A: Delicate Pinch Pinch

36 & 37 A: Pinch Ddlicate Pinch

Table 5.12 End-effector exchangesfor DBA Changeout task

Obvioudly, fourteen end-effector changeouts over 39 task primitives is a bit
excessive. In the case of using a Ranger-style robot to accomplish these servicing tasks,
each end-effector exchange takes time. Having so many exchanges may be a limiting
factor against using robots for satellite servicing. The number and type of end-effector
changeouts required may also lead to using one style of robot over another; i.e. using a
BarrettHand or Robonaut-style robot instead of a Ranger-style robot. Thus, this level of
task analysis may prove beneficial for determining which system to use for a given
servicing mission, if the tasks for the mission are known in advance.

However, the checklists presented here have been specifically designed and
planned for human servicing. The checklist minimizes inefficiencies for human
performance. Since robots are different servicers, these checklists may be modified for

robotic optimization. Such optimization includes minimizing the number of end-effector

changeouts by scheduling task primitives in a proper order to maintain the spacecraft’s
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systems and to lump together as many primitives requiring the same end-effector as
possible. This is beyond the scope of this study; however, it is an important aspect of
robotic servicing mission planning.

Based on these analyses, a pardlel was drawn between human and robotic
satellite servicing. In EVA, the grasps most often used were pinch and heavy wrap
variants. These grasp types were translated into comparable robotic end-effectors, all
requiring one controllable degree of freedom. Other robotic end-effectors were based on
CATS tools used on EVA. In the next chapter, the implications of these findings will be

discussed, in addition to possible directions for future work.
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Chapter 6: Conclusions and Future Work

6.1 Conclusions

The analysis conducted in this study suggess that EV A astronauts, in conducting
on-orbit servicing, use only a few of the grasps described by Cutkosky's taxonomy.
Excluding the primitives involving PIP pins, al of the direct manipulations performed on
the mission were one degree of freedom manipulations. It is expected that with the
change to the newer style of PIP pin, this style of primitive will also require a one degree
of freedom manipulation. All of the human grasps were developed into proposed
comparable robotic end-effectors. In the case where the EVA astronauts used CATS or
other tools to complete a primitive, it is proposed that end-effectors can be made by
modifying the existing tools for use on arobotic arm.

6.1.1 Implications for Robotic HST Servicing Missions

SM3B was the most complex servicing mission to date. The analysis presented in
this thesis suggests that a toolbox of nine end-effectors would suffice to complete all the
tasks of SM3B, assuming the PIP tasks can be done with a pinch end-effector. These
end-effectors include a bolt drive, delicate pinch and pinch end-effectors, and a handrail
gripper end-effector. The “bare-hand” end-effectors, those directly extended from a
grasp, not atool, are the delicate pinch, handrail gripper, and pinch end-effectors. These
end-effectors account for approximately 47% of the overall instances and about 61.5% of
the manipul ative instances.

Approximately 8% of the manipulative primitives in the robotic servicing

scenario can be completed with end-effectors uniquely necessary for this particular
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mission. These end-effectors are the HT pinch end-effector, the hitch pin end-effector,
the tether tool end-effector, the lubricant applicator end-effector, and the MWS end-
effector. These end-effectors are al “specia purpose” end-effectors for this mission.
Depending on the needs of future missions, these may or may not be included in future
servicing mission toolboxes as robotic end-effectors. The final 9% of manipulative
primitives were identified as unknown end-effector type.

The analysis presented here suggests that the number of primitives and
manipulative instances required for a robotic servicing scenario may be significantly
fewer than the number required for the EVA servicing. This does not imply, however,
that a robotic servicing mission would take a shorter time to complete than a human
servicing mission would. A timeline analysis comparing the two missions using
demonstrated robotic capabilities should be completed as a part of future work. Indeed,
rather than working from an EVA timeline, it will be important to find the optimal task
schedule for arobotic mission which takes into account the capabilities and limitations of
the robotic system.

It is interesting to note that al of the robotic end-effectors presented for this
mission required only one controllable degree of freedom. This suggests that any robot
capable of reaching al of the points at the worksite should be able to complete a similar
servicing mission. Future tests should be conducted to determine which robot style might
accomplish these tasks most efficiently and effectively. It may be determined that one
robot design style would be best for certain missions, while other design styles are best

for other situations, depending on environment and control needs. For example, a trade
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study should be performed to compare a reconfigurable end-effector to a system using
multiple fixed-grip end-effectors.
6.1.2 Implications for General Satellite Servicing

Based on the analysis for the human servicing scenario, the most prevalent grasp
types were the pinch and heavy wrap variants, and the most prevaent tool used was the
bolt drive and its variants. This trandates to the pinch end-effectors, the handrail end-
effector, and the bolt drive end-effector for the robotic servicing scenario. In this
scenario, these four end-effectors are used for approximately 83% of the manipulative
primitives. The ubiquity of these four end-effectors in SM3B suggests that they will be
an important part of an end-effector tool set in any robotic servicing mission.

As stated previoudly, al of the end-effectors proposed here require only one
controllable degree of freedom. All of the end-effectors, excluding the bolt drive end-
effector, are prismatic end-effectors. That is, their range of motion is in one line
perpendicular to the worksite face. The bolt drive end-effectors inherently requires
revolute motion of the end-effector mechanism to serve its function. It is possible, using
various mechanisms, to convert rotational motion into translational motion. Thus, it is
only required for the end-effector mechanism to have one controllable degree of
freedom, which may be rotational. However, incorporating a design with two
controllable degrees of freedom allows the possibility for other types of end-effectors as
the need arises. If this analysis were to be applied to other servicing missions, a need for
two controllable degrees of freedom may be revealed. This may be the case for missions
involving PIP pins that are not “dual-acting.” In this case, two perpendicular forces are
required in the grasp to remove and install the PIP pin, which will require two actuated

degrees of freedom to accomplish. It may be possible to create a one degree of freedom
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end-effector to remove the standard PIP pin, though it is specifically a two degree of
freedom task.

This study demonstrates that robotic on-orbit satellite servicing is possible, and
reveals a basic set of end-effector requirements for on-orbit robotic servicers. For a
servicing mission equivalent to SM3B, a robot would require two arms, each with at least
six degrees of positioning freedom and two controllable degrees of freedom in the end-
effector. Given the specific mission, the robot should be capable of reaching and
performing manipulations at any point in the workspace. It was assumed herein that the
robot would incorporate a design to be able to exchange end-effectors for different tasks.
At aminimum, four basic end-effectors would be included in the robot’ s toolbox. These
end-effectors would be a bolt drive, a pinch end-effector, a handrail gripper, and a
delicate pinch end-effector. Other end-effector needs would be addressed by analyzing
the specific mission and determining what other grasp types are necessary.

The results of this study do not suggest that one style of telerobotic servicer may
be preferable over another type. That is, each servicer type offers distinct advantages and
disadvantages. While a humanoid robot with anthropomorphic hands may be preferred
for operational, or even public outreach reasons, this research does clearly demonstrate

that servicing complexity does not mandate robotic complexity.

6.2 Future Work

This study was an initial effort to understanding the basic end-effector
requirements for a robotic on-orbit servicing mission. However, there are a number of

areas that need to be addressed further.
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Most importantly, the primitives with unknown grasp types or end-effectors
should be studied so that the end-effectors can be identified. While the unknown end-
effector requirements only account for 9% of the manipulative task primitives, it may be
determined that certain primitives cannot be accomplished robotically and may expose a
weakness in robotic on-orbit servicing. At the sametime, it will be useful to expand this
study to other servicing missions, including ISS, to determine if any other end-effectors
would be required.

Once each primitive end-effector requirement has been identified, it will be
important to develop a systematic primitive checklist for robotic servicing. For this
study, the primitive steps were developed from the HST EVA checklists published for
each mission. While these steps would make sense for a human performing the servicing
tasks, they are not necessarily the proper sequence of steps for a robotic servicer to use.
In order to maximize productivity, ideally one would want to minimize the number of
end-effector change-outs completed, since each change-out takes an amount of time that
can be significant when totaled and compared with actual task-interface time.

A natural extension of the study presented here would be to produce each end-
effector described here and perform a hardware study using the end-effectors on a robot
similar to the Ranger robot, or any robot that has the capability to change end-effectors.
This sort of study would provide useful data about whether or not it is possible and
practical to use a simple robot to conduct on-orbit servicing tasks. Incorporated into this
study should be atimeline of events in order to compare robotic on-orbit servicing with
human on-orbit servicing, and as a way to compare different robotic servicers.

Comparing the performance, reliability, and cost of a simple robot to a more complex one



would build on this study to determine which type of servicer is more appropriate for a
servicing mission; or it may suggest certain types of mission where one is favored over
the other and vice-versa.

The study presented here has demonstrated the feasibility for state-of-the-art
robots with a selection of simple end-effectors to perform complex satellite servicing.
Given the ambitious new program in human planetary exploration and the ever-
expanding presence of satellites in space, this work should be continued, in order to

effectively utilize our investment in space.
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@,

# | EV Primitive Task Name Need? | Broad Prim 1st EE Ingt # 2nd EE Inst #
. DAY 1

Trandation Aid

11 Setup
remove PIP pinfrom | Trandation Aid

1002 | FF mini-TA Sefup No PIP 1
rotate mini-TA handle | Trandation Aid :

1003 | FF 140 deg Setup No Small handrail 1
install PIP pinto Trandation Aid

1004 | FF mini-TA Setup No PIP 1
install hitch pinto Trandation Aid .

1005 | FF mini-TA Setup No Hitch 1

1006 | FF | SXtendTAtube(stbd) | Transiation Aid No small handrail | 1 | Small handrail | 1
if nec Setup

1007 | FF | rotate TA joint (sthd) ;tal:‘s ation Aid No Small handrail | 1

1008 | FF | SXtendTAtube(port) | Trandation Aid No small handrail | 1 | Small handrail | 1
if nec Setup

1009 | FF | rotate TA joint (port) ';retalrj]satlon Aid No Small handrail 1
Trandation

112 Adaption

perform trandlation . . peffor”?

1011 | RMS adaoti Trandation Adaption unk trandation Unknown 1

laption adeoti
aption

release groundstrap . . release : .

1012 | RMS (SA-3) Trandation Adaption Yes groundstrap delicate pinch 1
stow groundstrap . . stow/retrieve : .

1013 | RMS (SA-3) Trandation Adaption Yes groundstrap delicate pinch 1

1014 | RMs | FEMOvePIPpIn(fwd | oy ion Adaption | unk | InSt@llfremove ) g 1
latch) PIP
stow PIP pin (fwd . . install/remove

1015 | RMS latch) Trandation Adaption unk PIP PIP 1

1016 | RMS [;Tr‘]’)"e PIPPIN (At | 1 oqation Adaption | unk 'F',‘ISFE""”/ remove | pip 1




stow PIP pin (aft . . install/remove

1017 | RMS latch) Trandation Adaption unk PIP PIP 1

1018 | RMS | retrieve MLI tent Trandation Adaption Yes it/lolil:/ /tr;? eve delicate pinch 1

1019 | RMS | stow MLI tent Trandation Adaption Yes ?/IOIY:I /tr;? eve delicate pinch 1

13 MFR Setup

1021 | FF | MANSlAEtOOMDItr ) \ep g Yes | Moveabout Motion 1
bay 10 worksite

1022 | FF | tether MFR to APC MFR Setup No Tether tool 1

1023 | FF | unlatch MFR MFR Setup No Unknown 1

1024 | pr | MS@IMFRINRMS | o s No Unknown 1
grapple fixture

1025 | FF | remove APC tether MFR Setup No Tether tool 1
install tether

1026 | FF (MER/RMS) MFR Setup No Tether tool 1
tighten tether

1027 | FF (MER/RMS) MFR Setup No Unknown 1
LGAP Cover

14 Installation

remove PIP pin 1 LGAP Cover install/remove

1029\ FF from LGAP cover Installation Yes PIP PIP 1
remove PIP pin 2 LGAP Cover install/remove

1030 | FF from LGAP cover Installation Yes PIP PIP 1
remove hitch pin 1 LGAP Cover install/remove .

1031\ FF from LGAP cover Installation Yes hitch pin Hitch 1
remove hitch pin 2 LGAP Cover install/remove .

1032\ FF from LGAP cover Installation Yes hitch pin Hitch 1
trandate to LGA LGAP Cover move about .

1033 | FF |t ywdistbd) Installation Y& | \worksite Motion 1
install PIP pin (LGAP | LGAP Cover install/remove

1034 | FF cover) Installation Yes PIP PIP !
pull LGAP cover LGAP Cover pull LGAP cover

1035\ FF latch assembly knob Installation Yes latch assy knob Unknown 1




rotate LGAP cover

LGAP Cover

rotate LGAP

1036 | FF | dome (while hold ; Yes Unknown
Installation cover dome
latch assembly knob)
15 BAPS Post
Installation
release Velcro straps | BAPS Post secure/remove : .
1038 | FF | gapsumbilicd) | Installation unk | Velcro delicate pinch
. BAPS Post install/remove
1039 | FF | remove PIP pin (port) Installation unk PP PIP
. BAPS Post install/remove
1040 | FF | remove PIP pin (sthd) Installation unk PP PIP
tether BAPS fwd end
1041 | FF | towrist (Ig. hook- BAPS Post No Tether tool
Installation
fwd)
1042 | FF | removeBAPSpost | BAPSPost unk | FEMOVEBAPS | gl handrail
Installation post
1043 | FF install BAPS post fwd | BAPS P.OSt unk install BAPSend | Unknown
end Installation
BAPS Post secure/remove : .
1044 | FF | secureVelcro (BAPS) Installation unk vecro delicate pinch
1045 | EF release _BAPS post BAPS P_ost unk release BAP_S Unknown
mechanism Installation post mechanism
1046 | FF | extend BAPSpost | BAPSPost unk | SENABAPS | ol handrail Small handrail
Installation post
1047 | FF install BAPS post aft | BAPS P.OSt unk install BAPSend | Unknown
end Installation
BAPS Post secure/remove : .
1048 | FF | secureVelcro (BAPS) Installation unk velcro delicate pinch
install PIP pins BAPS Post install/remove
1049 1 FF 1 gAPS center) Installation unk | pip PIP
inspect p105 and BAPS Post . .
1050 | FF 0106 covers Installation Yes inspect worksite | Camera
1|6 PFR Retrieval
remove PIP pinto . :
1052 | FF retrieve APE PFR Retrieval No PIP Large handrail
1053 | FF | install APE on HST PFR Retrieval No PIP Large handrail




PFR

1054 | FF | config APE 0 deg PFR Retrieval No Unknown
1055 | FF | remove HST PFR PFR Retrieval No Large handrail
transfer HST PFR to . .
1056 | FF RMS EV PFR Retrieval No Large handrail
1057 | RMS | oo e toFSS PFR Retrieval No Motion
1058 | RMS | receive HST PFR PFR Retrieval No Large handrail
pull slide lock on . i
1059 | RMS APE (hold) PFR Retrieval No Pinch
rotate locking lever
1060 | RMS | on APE (still holding | PFR Retrieval No Pinch
dlide lock on APE)
1061 | RMS | rotate socket on APE | PFR Retrieval No Large handrail
rotate locking lever
1062 | RMS | on APE back to PFR Retrieval No Pinch
locked
17 PDM Retract
1064 | FF | trandateto port ATM | PDM Retract Yes move _about Motion
worksite
pull tee handle out 90 push/pull tee :
1065 | FF deg (port ATM) PDM Retract Yes handle Small handrail
1066 | FF rotate tee handle 90 PDM Retract Yes rotate tee handle | Small handrail
deg (port ATM)
1067 | FF | open ATM (port) PDM Retract Yes open/close ATM | Small handrail
1068 | RMS | mnvr to FR8 PDM Retract Yes | Moveabout Motion
worksite
1069 | FF retrieve DBC cross PDM Retract Yes retrieve cross delicate pinch
strap strap
1070 | FF | close ATM (port) PDM Retract Yes open/close ATM | Small handrail
1071 | Fp | rotaeteehandie0 | pony; ooy Yes | rotatetechandle | Small handrail
deg (port ATM)
push tee handle down push/pull tee :
1072 | FF 90 deg (port ATM) PDM Retract Yes handle Small handrail




stow DBC on

1073 | FF handrail (temp) PDM Retract Yes stow DBC Unknown 1
1074 | FF | ingress PFR PDM Retract No Large handrail 1
1075 | FF E_\i/nAriFSf‘éChet CCW, | pDM Retract Yes | setbolt drive COMPUTER 1
1076 | FF | drive PDM 5.7 turns PDM Retract Yes drive bolt Bolt drive 1
1077 | FF (rj“ea'g”t""' nSAdewat0 | oy Retract Yes g‘:ﬂ:‘ta'” SA Bolt drive 1 | Small handrail
1078 | RMS (rj“ea'g”t"’“” SAdewa 0 | o\ retract No Unknown 1
grasp handrails on rasp SA
1079 | RMS | SA-2 (fwd) when SA- | PDM Retract Yes ﬁ aﬁdl Small handrail 1
2 near fwd latch
1080 | RMs | IV GOtoremove | pr Retract Yes | check GO COMPUTER 1
1081 | FF | EVA Ratchet: CW PDM Retract Yes set bolt drive COMPUTER 1
1082 | RMs | SELSA-2intolatch | oy ey o ves | Insalfremove | g pandrail | 1
fitting SA
1083 | RMS ggﬁﬁoocf g€ | ppM Retract Yes | check GO COMPUTER 1
1084 | FF dcr\l/://eazai\)ﬂ V2tum | oo Retract Yes | drivebolt Bolt drive 1
1085 | FF install connector strap PDM Retract Yes install/remove delicate pinch 1 delicate pinch
(SA-2) connector strap
118 WF/PC Cover
Installation
1087 | RMS | mnvr to WF/PC cover WHPC C over Yes move about Motion 1
Installation worksite
. WF/PC Cover stow/retrieve .
1088 | RMS | retrieve WF/PC cover Installation Yes WE/PC cover Small handrail 1
. WF/PC Cover stow/retrieve . .
1089 | RMS | retrieve FHST covers Installation Yes EHST covers delicate pinch 2
mnvr to -V 3 aft WF/PC Cover move about .
1090 | RMS shroud Installation Yes worksite Motion 1




. WF/PC Cover install/remove . . .
1091 | RMS | install WF/PC cover Installation Yes WE/PC cover delicate pinch Small handrail
install FHST covers WF/PC Cover install/remove
1092 | RMS 2 Installation Yes FHST cover Unknown
DBA Connector
19
Demate
release Velcro DBA Connector secure/remove . .
1094\ FF restraint strap (Y/2) Demate ves Velcro delicate pinch
PGT: A3, CCW 3, DBA Connector .
1095 | FF 10,5, 6-in wobble Demate Yes set bolt drive COMPUTER
driveZ and Y keyway
1096 | FF | bolts4-6 turns (4- DBA Connector Yes drive bolt Bolt drive
) Demate
disengage)
1007 | pr | POT-A3 CCWL, DBA Connector Yes | setbolt drive COMPUTER
105 Demate
1098 | FF drive Z _drlve stud, 5+ | DBA Connector Yes drive bolt Bolt drive
turns (disengage) Demate
stow connector DBA Connector stow connector
1099 | FF | bracket on connector Yes bracket on Unknown
Demate
strap connector strap
1100 | Fr | PCT-A3 CCW L, DBA Connector Yes | setbolt drive COMPUTER
105 Demate
1101 | FF drive’Y _dnve stud, 5+ | DBA Connector Yes drive bolt Bolt drive
turns (disengage) Demate
pull slide lock on DBA Connector i
1102 | FF APE (hold) Demate No Pinch
rotate locking lever
1103 | FF | (whilestill holding | DBA Connector No Pinch
. Demate
slide lock)
rotate socket so DBA Connector .
1104 | FF APE=K Demate No Large handrail
rotate locking lever
1105 | FF | on APE back to DBA Connector No Pinch

locked

Demate




release Velcro DBA Connector secure/remove . .
1106 | FF restraint strap (W) Demate Yes Velcro delicate pinch
1107 | Fr | POT-A3 CCWS, DBA Connector Yes | setbolt drive COMPUTER
105 Demate
drive W keyway bolts
1108 | FF | 4-6turns (2- DBA Connector Yes drive bolt Bolt drive
. Demate
disengage)
1100 | Fr | POT-A3 CCW L, DBA Connector Yes | setbolt drive COMPUTER
105 Demate
1110 | FF drive W dr[ve stud, DBA Connector Yes drive bolt Bolt drive
5+ turns (disengage) Demate
stow connector DBA Connector stow connector
1111 | FF | bracket on connector Yes bracket on Unknown
Demate
strap connector strap
SA-2 Removal From
1]10 HST
1113 | RMS | mnvr to -V2 SA-2 SA-2 Removal From Yes move about Motion
HST worksite
1114 | RMS | setup MFR f'ASTZ Removal From No Unknown
grasp SA-2 aft SA-2 Removal From grasp SA :
115 | RMS | | ondrails (stabilize) | HST Y& | pandrail Small handrail
1116 | FF | PGT: B2, CW 2,25 aASTZ Removal From |y oo | et bolt drive COMPUTER
drive SADA clamp
1117 | FF | (Ieft) 20 turns f'ASTZ Removal From | yos | grive bolt Bolt drive
(disengage)
1118 | FF | CHECK OPEN 2 Removal FIom | yos | inspect worksite | Camera
1119 | RMS | Remove SA-2 ﬁASTZ Removal From |y o g‘ASta“/ remove | gl handrail Small handrail
maintain SADA SA-2 Removal From maintain SADA
1120 | FF clearance with HST HST Yes clearance Unknown
mnvr to RAC stbd SA-2 Removal From move about .
1121 | RMS shelf HST Yes worksite Motion




inspect SADA clamp

SA-2 Removal From

1122 | FF for damage, distortion | HST Yes inspect worksite | Camera

inspect surrounding )
1123 | FF | MLI for soft dock f'ASTZ Removal From | v oo | inspect worksite | Camera

interference

transate to RAC stbd | SA-2 Removal From move about .
1124\ FF SADA clamp HST Yes worksite Motion

) engage/disengage

1125 | FE rellease SADA clamp | SA-2 Removal From Yes SADA dlamp Unknown

spindle lock HST A

spindle lock

guide SA-2 into SA-2 Removal From guide SA into . .
1126 | FF SADA dlamp HST Yes SADA dlamp Small handrail Small handrail
1127 | FF | roteSA-2into SA-2Remova From | ves | orate SA small handrail small handrail

latches HST

guide SA-2 into SA-2 Removal From . .
1128 | RMS SADA damp HST No Small handrail Small handrail
1129 | RMs | rotate SA-2into SA-2Removal From |\, small handrail small handrail

latches HST
1130 | Fp | PET-B2,CW 2,25 | SA-2Removal From | yos | o pot drive COMPUTER

MTL HST

drive SADA clamp
1131 | FF | 22tumsunil MTL | So2RemovalFrom - yes | grive polt Small handrail Bolt drive

slips (engage)

grasp SA-2 while FF )
1132 | RMS | EV engage SADA | 22 Removal From |\, Small handrail

clamp
1133 | FF | CHECK CLOSED f'ASTZ Removal From | v os | ingpect worksite | Camera

) engage/disengage

1134 | RMs | S1929e SADA clamp | SA-2Removal From |y o | SADA dlamp | Unknown

spindle lock HST A

spindle lock

translate to fwd end SA-2 Removal From move about ,
1135 | FF SA-2 HST Yes worksite Motion
1136 | RMS inspect fwd latch SA-2 Removal From Yes inspect worksite | Camera

alignment

HST




remove PIP pin (fwd | SA-2 Removal From install/remove
1137 FF constraint) HST Yes PIP PIP
grasp SA-2 in latches )
1138 | RMS | (stabilize) while FE | SA-2 Removal From | Small handrail Small handrail
) ; HST
EV insert PIP pin
dide bracket against SA-2 Removal From dlide bracket :
1139 | FF SA-2 HsT Yes against SA Small handrail
Install PIP pin while .
1140 | FF | hold bracket against | >h-2 Removal From |y o | installfremove | gy bl PIP
SA-D HST PIP
SA-2 Removal From secure/remove . .
1141 | FF | secureVelcro HsT Yes vecro delicate pinch
111 DBA Changeout
1143 | FF | trandateto-V2FR8 | DBA Changeout Yes | Moveabout Motion
worksite
1144 | FF | ingressHST PFR DBA Changeout No Large handrail
1145 | FF | PGT: A2,CW 3,55 | DBA Changeout Yes set bolt drive COMPUTER
driveY and Z keyway
1146 | FF | bolts 7-9turns (4- DBA Changeout Yes drive bolt Bolt drive
engage)
1147 | FF Eg,:__)r A3, CCW3, DBA Changeout Yes set bolt drive COMPUTER
drive X connector
1148 | FF | keyway bolts 5-6 DBA Changeout Yes drive bolt Bolt drive
turns (2-disengage)
1149 | FF Eg,:__)r B6, CCW 1, DBA Changeout Yes set bolt drive COMPUTER
1150 | FF drive dr_| ve stud 5+ DBA Changeout Yes drive bolt Bolt drive
turns (disengage)
1151 | FF Eg,:__)r A3, CCW'3, DBA Changeout Yes set bolt drive COMPUTER
1152 | FF ((j:)\/e j-bolts4-6turns | g Changeout Yes | drivebolt Bolt drive
1153 | FF | SOMN9eDBADBA- | ppa Changeout Yes | exchangeDBA | Small handrail Small handrail
1154 | FF | receive DBA-2 DBA Changeout No Small handrail




move about

1155 | RMS | mnvr to DBA-2 DBA Changeout Yes . Motion 1
worksite
1156 | RMS | OPenDBA-2thermal | o oo geout ves | Openclose DelicatePinch | 1
cover thermal cover
PGT: A3, CCW 3, .
1157 | RMS 10.5 short-adj ext DBA Changeout Yes set bolt drive COMPUTER 1
1158 | RMS ‘(j;')"ej'bons A-6WMS | he A Changeout Yes | drivebolt Bolt drive 4
remove DBA-2 from install/remove :
1159 | RMS RAC DBA Changeout Yes DBA Small handrail 1
1160 | RMS | mnvr to DBA-2 swap | DBA Changeout Yes wg;/fsit;out Motion 1
1161 | RMS | inspect connectors DBA Changeout Yes inspect worksite | Camera 1
1162 | RMS | foeveDBA fromFF | e A Changeout No Small handrail | 1
1163 | RMS | transfer DBA-2 DBA Changeout No Small handrail 1
1164 | RMS | MMWIORACSbA | o changeout Yes | Moveabout Motion 1
shelf worksite
install DBA on install/remove
1165 | RMS | outboard stbd shelf DBA Changeout Yes DBA Small handrail 1
(connectors inboard)
1166 | RMS | PGT: A3, CW 3,10.5 | DBA Changeout Yes set bolt drive COMPUTER 1
1167 | RMg | dVel-bolts4-6tums | oy oot Yes | drivebolt Bolt drive 4
(4-engage)
close thermal cover open/close : !
1168 | RMS (DBA) DBA Changeout Yes thermal cover Delicate Pinch 1
1169 | FF | install DBA-2 DBA Changeot Yes | ptalremove | g handrail | 1
1170 | pr | divel-bolts4-6tums | o) cponoenut Yes | drivebolt Bolt drive 4
(4-engage)
inspect X connector--
1171 | FF check no spring DBA Changeout Yes inspect worksite | Pinch 1 Camera

interference with
keyhole




1172 | FE position connector on DBA Changeot Yes position Pinch
keyway bolts (X) connector
1173 | FF | EVA Ratchet: CW DBA Changeout Yes set bolt drive COMPUTER
1174 | FF drive drive stud 3.5 DBA Changeout Yes drive bolt Bolt drive
turns (engage)
PGT: A2,CW 2,55 .
1175 | FF or EVA Ratchet: CW DBA Changeout Yes set bolt drive COMPUTER
1176 | FF drive drive stud 1.5 DBA Changeout Yes drive bolt Bolt drive
turns (engage)
1177 | FF \(,:\t:teﬁltal?lracket flush DBA Changeout Yes inspect worksite | Camera
1178 | FF | PGT: A3,CW 3,10.5 | DBA Changeout Yes set bolt drive COMPUTER
1179 | FF drive keyway bolts 4- DBA Changeout Yes drive bolt Bolt drive
6 turns (2-engage)
demate harness mate/demate
1180 | FF | (TLM) P3from DBA Changeout Yes Delicate Pinch Pinch
connector
DBA-2 J1
1181 | FF | [ENeveDBCCOSS | phpa changeout Yes | EEVECIOSS | pyicate Pinch
strap strap
Remove turn around install/remove '
1182 | FF olug (V2 P1) DBA Changeout Yes turn-around plug Pinch
Stow turn around stow turn-around .
1183 | FF olug in trash (-V2 P1) DBA Changeout Yes olug Pinch
mate DBC cross strap mate/demate . . .
1184 | FF P1(-) to DBA-2 J1 DBA Changeout Yes connector Pinch Delicate Pinch
pull slide lock on i
1185 | FF APE (hold) DBA Changeout No Pinch
rotate locking lever
1186 | FF | (while till holding DBA Changeout No Pinch
dlide lock)
1187 | FF | Fotete socket o DBA Changeot No Large handrail
APE=K
1188 | pr | rotaelockinglever | o) chongeout No Pinch

on APE back to




locked

notify MCC X
1189 | FF | connector mated and | DBA Changeout Yes notify MCC COMPUTER
FF clear of worksite
112 SA-3 Removal
1191 | RMS | mnvr to laich 5 SA-3 Removal Yes move gbout Motion
worksite
PGT: A6, CCW 2, .
1192 | RMS 305, 120 ft Ib SA-3 Removal Yes set bolt drive COMPUTER
1193 | RMS dr!ve laich 5, 8+ turns SA-3 Removal Yes drive bolt Bolt drive
(disengage)
1194 | RMS | PGT: A3,CW 2,10.5 | SA-3 Removal Yes set bolt drive COMPUTER
drive bolt in lower
1195 | RMS | fitting, engage 8+ SA-3 Remova Yes drive bolt Bolt drive
turns (stow)
1196 | RMS deploy mast 90 deg to SA-3 Removal Yes deploy mast Unknown
engage soft dock
1197 | RMS | mnvr to mast bolts SA-3 Removal Yes move _about Motion
worksite
1198 | RMS drive mast bolts 8+ SA-3 Removal Yes drive bolt Bolt drive
turns (2-engage)
1199 | RMS | GCA tolatch 2 SA-3 Removal Yes move about Motion
worksite
PGT: A6, CCW 2, .
1200 | RMS 305, 183t Ib SA-3 Removal Yes set bolt drive COMPUTER
1201 | RMS drive Ia@ch 212-15 SA-3 Removal Yes drive bolt Bolt drive
turns (disengage)
1202 | RMS lrztp():cr)]rtzturn count for SA-3 Removal Yes report turn count | COMPUTER
1203 | RMS | GCA tolatch 1 SA-3 Removal Yes move about Motion
worksite
1204 | FF trandateto RAC, SA-3 Removal Yes move about Motion
latch 3 worksite
1205 | FF | ingressaft PFR SA-3 Removal No Large handrail




PGT: A6, CCW 2,

1206 | FF 305, 120 ft Ib SA-3 Removal Yes set bolt drive COMPUTER 1
drive latch 3 until

1207 | FF | clampclearstang, 7-9 | SA-3 Removal Yes drive bolt Bolt drive 1
turns (release)

1208 | FF f;;’gt latch 3todlear | gp 3 Removal Yes | pivot laich Small handrail | 1

1209 | FF | tether to tang SA-3 Removal No Tether tool 1

1210 | FF | PGT: A2,CCW 2,5.5 | SA-3 Removal Yes set bolt drive COMPUTER 1

1211 | FF drive tang bolts 9-10 SA-3 Removal Yes drive bolt Bolt drive 2
turns (2-disengage)

1212 | FF | stowtangon CSS SA-3 Removal Yes stow tang Bolt drive 1 Small handrail

1213 | FF | PGT: A2,CW 2,55 | SA-3Remova Yes set bolt drive COMPUTER 1

1214 | FF drivetang bolts 9-10 SA-3 Removal Yes drive bolt Bolt drive 2
turns (2-engage)

1215 | pr | Pivotlach3to SA-3 Removal Yes | pivotlatch Small handrail | 1
stowed position

1216 | FF | ingal PIP pin SA-3 Removal Yes g}%a”/ remove 1 pip 1

1217 | FF depl oy MLI flap over SA-3 Removal Yes deploy MLI delicate pinch 1
tang interface
PGT: A6, CCW 2, .

1218 | FF 305, 8.7 ft Ib SA-3 Removal Yes set bolt drive COMPUTER 1

1219 | pe | drivelach410-15 SA-3 Removal Yes | drivebolt Bolt drive 1
turns (release)

1220 | FF | oOr fum count for 1 sa-3 Removal Yes | reportturncount | COMPUTER 1

1201 | pr | gEPSAduringlach | op 3 pongyg No Small handrail | 1 | Small handrail
1 release (stahilize)
PGT: A6, CCW 2, .

1222 | RMS 30.5, 24.0 ft Ib SA-3 Removal Yes set bolt drive COMPUTER 1

1223 | RMS drivelatch 1, 19+ SA-3 Removal Yes drive bolt Bolt drive 1 Small handrail
turns (release)

1224 | RMs | MNVrto SA-3top SA-3 Removal Yes | Moveabout Motion 1
handrails at c.g. mark worksite




remove SA-3 (slide

1225 | RMS . SA-3 Removal No Small handrail Small handrail
out contingency slots)
1226 | FF | remove SA-3 SA-3 Removal Yes g]:talllremove Small handrail Small handrail
113 SA-3 Installation
1228 | RMs | Q/AUACSABMESS | g 3 |tglation Yes | SvAudemass | coypyTER
handling handling
1229 | RMS | mnvr to SA-3 rotate SA-3 Installation Yes move gbout Motion
worksite
1230 | RMS | rotate SA-3 for install | SA-3 Installation Yes rotate SA Small handrail Small handrail
remaove connector Sow/remove
1231 | FF | fromconnector strap | SA-3 Instalation Yes Pinch delicate pinch
W) connector
stow connector on stow connector
1232 | FF | RAC connector SA-3 Ingtallation Yes on connector Pinch
stowage braket (W) stowage bracket
remaove connector Sow/remove
1233 | FF | fromconnector strap | SA-3 Installation Yes Pinch delicate pinch
) connector
stow connector on stow connector
1234 | FF | RAC connector SA-3 Installation Yes on connector Pinch
stowage bracket (Y) stowage bracket
Remove connector stow/remove
1235 | FF | fromconnector strap | SA-3 Instalation Yes Pinch delicate pinch
2 connector
stow connector on stow connector
1236 | FF | RAC connector SA-3 Installation Yes on connector Pinch
stowage bracket (2) stowage bracket
1237 | FF | trandateto-V2, FR8 | SA-3Installation Yes move about Motion
worksite
1238 | FF | route DBC cross-strap | SA-3 Ingtallation Yes route crossstrap | delicate pinch
1239 | RMs | MMVIOSA-3PIE | g 3 netallation Yes | Moveabout Motion
install worksite
1240 | Fr | INGrESSHSTPRRYaW | o) 3 |ngtallation No Large handrail

foot plate




posn SADM for FF

1241 | RMS SA-3 Installation Yes position SADM Unknown 1
EV access

1242 | FF | install SA-3 SA-3 Installation Yes | talllemove | gl hendrail | 1| Small handrail

1243 | RMS | install SA-3 SA-3 Installation No Small handrail 1 Small handrail

1244 | FF check soft docks SA-3 Installation Yes inspect worksite | Camera 3
engaged (3)

1245 | FF | PGT: B2,CCW 2,5.5 | SA-3 Installation Yes set bolt drive COMPUTER 1
drive SADA clamp

1246 | FF | (left) 19-20 turns SA-3 Installation Yes drive bolt Bolt drive 1
(engage)

1247 | FF gr:;':jSA DA clamp SA-3 Installation Yes inspect worksite | Camera 1
release Velcro secure/remove

1248 | FF | restraint strap (W SA-3 Installation Yes vecro delicate pinch 1
harness)
PGT: A2, CCW 1,5.5

1249 | FF | or EVA Ratchet: SA-3 Installation Yes set bolt drive COMPUTER 1
CCW
drive W bracket drive

1250 | FF | stud 5+ turns SA-3 Installation Yes drive bolt Bolt drive 1
(disengage)

1251 | FF inspect HST and W SA-3 Ingtallation Yes inspect worksite | Pinch 1 Camera
connector
install connector on . mate/demate )

1252 | FF HST (W) SA-3 Installation Yes connector Pinch 1

1253 | FF | EVA Ratchet: CW SA-3 Installation Yes set bolt drive COMPUTER 1

1254 | FF drive drive Siud 3.5 SA-3 Installation Yes drive bolt Bolt drive 1
turns (engage)
PGT: A2, CW 2,55 . .

1255 | FF or EVA Ratchet: CW SA-3 Installation Yes set bolt drive COMPUTER 1

1256 | FF drive drive stud 1.5 SA-3 Installation Yes drive bolt Bolt drive 1
turns (engage)

1257 | FF check bracket flush SA-3 Ingtallation Yes inspect worksite | Camera 1

with rail




remove palm wheel ) . remove palm
1258 | FF from EVA ratchet SA-3 Installation unk whed Unknown 1
1259 | FF tsrtg E:lgm wheel in SA-3 Installation unk stow palm wheel | Unknown 1
1260 | FF | PGT: A3, CW 2,10.5 | SA-3Installation Yes set bolt drive COMPUTER 1
1261 | pr | drivekeywayboltsd- | o 5 callation Yes | drivebolt Bolt drive 2
6 turns (2-engage)
1262 | Fr | removecap (B)onW | op 31 galation ves | Insalfremove 0 1
bracket connector cap
1263 | FF Et:gw c3p (J3) in trash SA-3 Installation Yes ?;pw connector Pinch 1 Pinch
1264 | FF mate TLM harness P3 SA-3 Installation Yes mate/demate delicate pinch 1 Pinch
to J3 connector
secure W harnessto . secure harness to . . .
1265 | FF SADA soft-dock SA-3 Installation Yes SADA soft-dock delicate pinch 1 Small handrail
pull slide lock on ) . i
1266 | FF APE (hold) SA-3 Installation No Pinch 1
rotate locking lever
1267 | FF | (while still holding SA-3 Installation No Pinch 1
slide lock)
1268 | FF f;?;tigo cketto SA-3 Installation No Large handrail 1
rotate locking lever
1269 | FF | on APE back to SA-3 Installation No Pinch 1
locked
release Velcro secure/remove Deicate
1270 | FF | restraint strap SA-3 Ingtallation Yes delicate pinch 1 .
Velcro narrow pinch
(harness)
1271 | FF | inspect P5A SA-3 Installation Yes inspect worksite | Pinch 1 Camera
1272 | FF | MateP5A SA-3 Installation Yes | Mate/demate Pinch 1
connector
1273 | FF | inspect P6A SA-3 Installation Yes inspect worksite | Pinch 1 Camera
1274 | FF | MatePsA SA-3 Ingtallation Yes | Maeldemae o0, 1
connector
1275 | FF | inspect P7A SA-3 Installation Yes inspect worksite | Pinch 1 Camera




mate/demate

1276 | FF | Mate P7A SA-3 Installation Yes Pinch
connector
1277 | FF | inspect PSA SA-3 Ingtallation Yes inspect worksite | Pinch Camera
1278 | FF | Mate P8A SA-3 Ingtallation ves |Mae/demae | g
connector
1279 | pp | SeCurehamessbundle | o 51 ciaion Yes | SOUrEhamessto | o o pondrail delicate pinch
to Bay A handrail handrail
1280 | FF | config HST PFR SA-3 Installation No Unknown
1281 | FF | route DBC cross-strap | SA-3 Instalation Yes route crossstrap | delicate pinch
114 SA Closeout
mnvr to RAC sthd move about .
1283 | RMS shelf aft lateh SA Closeout Yes worksite Motion
EVA Ratchet: CW, .
1284 | RMS MTL 23, short ad] ext SA Closeout Yes set bolt drive COMPUTER
drive latch 1.5 turns
1285 | RMS | (engage aft latch) 30 | SA Closeout Yes drive bolt Bolt drive
deg/sec max
1286 | RMS Ch.ECk prel pad SA Closeout Yes inspect worksite | Camera
pointers aligned
1287 | RMS | mnvr to fwd latch SA Closeout Yes move gbout Motion
worksite
drive latch 1.5 turns
1288 | RMS | (engage fwd latch) 30 | SA Closeout Yes drive bolt Bolt drive
deg/sec max
1289 | RMS chgck prel pad SA Closeout Yes inspect worksite | Camera
poitners aligned
1290 | RMS GCA to fwd SA Closeout Yes move about Motion
constraint bolts worksite
EVA Ratchet: CW,
1291 | RMS | MT 23 or PGT: B4, SA Closeout Yes set bolt drive COMPUTER
CW 1,235
drive fwd constraint
1292 | RMS | bolts 1-2 turns (2- SA Closeout Yes drive bolt Bolt drive
engage)
1293 | RMS | stow EV A ratchet SA Closeout No COMPUTER




1294 | RMS | boot plate O deg SA Closeout No Unknown 1
1295 | RMs | MMV O SA-3panel | o) cjogenut ves | Moveabout Motion 1
deploy worksite
1]15 SA-3 Panel Deploy
grasp SA-3 during
1297 | RMS | strap removal SA-3 Panel Deploy No Small handrail 1 Small handrail
(stabilize)
remove panel restraint stow/remove SA
1298 | FF strap SA-3 Panel Deploy Yes panel restraint delicate pinch 1 Small handrail
strap
stow panel restraint stow/remove SA
1299 | FF ! SA-3 Panel Deploy Yes panel restraint delicate pinch 1
strap in trash bag strap
1300 | RMS gggl oy panel to ~160 SA-3 Panel Deploy Yes deploy SA panel | Unknown 1
1301 | RMS (io(;negji?: deployment SA-3 Panel Deploy Yes deploy SA panel | Unknown 1
1302 | FF | route DBC cross-strap | SA-3 Panel Deploy Yes route crossstrap | delicate pinch 1
1303 | RMs | MVrtopanellock | a3 pandl Deploy Yes | Moveabout Motion 1
bolts worksite
1304 | RMS | boot plate 90L SA-3 Panel Deploy No Unknown 1
PGT: A5, CW 2, .
1305 | RMS 15,5, short adj ext SA-3 Panel Deploy Yes set bolt drive COMPUTER 1
drive panel locking
1306 | RMS | bolts 11-12 turns (2- SA-3 Panel Deploy Yes drive bolt Bolt drive 2
engage)
drive panel locking . .
1307 | RMS bolts (retorque) SA-3 Panel Deploy Yes drive bolt Bolt drive 2
1308 | RMS | check no gap at hinge | SA-3 Panel Deploy Yes inspect worksite | Camera 1
1309 | RMS | GCA to HST PFR SA-3 Panel Deploy No Motion 1
1310 | RMS | Boot plate 90R SA-3 Panel Deploy No Unknown 1
1311 | FF | EVA Ratchet: CCW SA-3 Panel Deploy Yes set bolt drive COMPUTER 1
drive SADM brake B . .
1312 | FF 11-14 turns (el ease) SA-3 Panel Deploy Yes drive bolt Bolt drive 1
1313 | FF | report number of SA-3 Panel Deploy Yes report turn count | COMPUTER 1




brake B turns

inspect SADM for

1314 | FF ML interference SA-3 Panel Deploy Yes inspect worksite | Camera 1
1315 | FF | egressPFR SA-3 Panel Deploy No Large handrail 1
1316 | RMS | remove HST PFR SA-3 Panel Deploy No Large handrail 1
stow HST PFR on .
1317 | RMS stanchion (temp) SA-3 Panel Deploy No Large handrail 1
route DBC cross-strap . .
1318 | FF 10 +V2 side SA-3 Panel Deploy Yes route crossstrap | delicate pinch 1
secure DBC cross- rel secure
1319 | FF | strap on SSM SA-3 Panel Deploy Yes Cross SiT delicate pinch 1
handrail standoffs P
secure +V:2 turn install/remove
1320 | FF | around plug near +V2 | SA-3 Panel Deploy Yes Pinch 1
DBA turn-around plug
install DBC cross- install cross str
1321 | FF | strap harnessclip near | SA-3 Panel Deploy Yes harness clip @ | Unknown 1
+V2 DBA
remove connector Stow/remove
1322 | FF | fromconnector strap | SA-3 Panel Deploy Yes connector Pinch 1 delicate pinch
(W) if required
Stow connector on Stow connector
1323 | FF gﬁvfl: C(ént;]r Z((::tlgert W) SA-3 Panel Deploy Yes onh connector Pinch 1
" reqalﬂr od stowage bracket
remaove connector Sow/remove
1324 | FF | fromconnector strap | SA-3 Panel Deploy Yes connector Pinch 1 delicate pinch
(Y) if required
Stow connector on tow connector
1325 | FF g'ca)\v? C(ént; ?aitlgét ) SA-3 Panel Deploy Yes on connector Pinch 1
if reqalﬂr od stowage bracket
Remove connector stow/remove
1326 | FF | fromconnector strap | SA-3 Panel Deploy Yes connector Pinch 1 delicate pinch

(2) if required




1327

FF

stow connector on
RAC connector
stowage bracket (2) if
required

SA-3 Panel Deploy

Yes

stow connector
on connector
stowage bracket

Pinch

1329

RMS

stow PGT

SA-3 Panel Deploy

No

COMPUTER

1]16

MFR Swap

1330

FF

trandate to MFR

MFR Swap

No

Motion

1331

FF

Daisy chain extra
waist tether to RMS
EV

MFR Swap

No

Unknown

1332

RMS

Daisy chain extra
waist tether to FF EV

MFR Swap

No

Unknown

1333

FF

Disconnect RMS
EV's safety tether
from EMU D-ring

MFR Swap

No

Tether tool

1334

RMS

Disconnect FF EV's
safety tether from
EMU D-ring

MFR Swap

No

Tether tool

1335

FF

Mate RMSEV's
safety tether to FF EV
EMU D-ring

MFR Swap

No

Tether tool

1336

RMS

Mate FF EV's safety
tether to RMS EV
EMU D-ring

MFR Swap

No

Tether tool

1337

FF

Check safety tether
gate closed

MFR Swap

No

Camera

1338

RMS

Check safety tether
gate closed

MFR Swap

No

Camera

1339

FF

Disconnect RMS
EV's prime waist
tether from EMU D-
ring

MFR Swap

No

Tether tool

1340

RMS

Disconnect FF EV's
prime waist tether
from EMU D-ring

MFR Swap

No

Tether tool




Mate RMSEV's

1341 | FF | primewaist tetherto | MFR Swap No Tether tool
FF EV EMU D-ring
Mate FF EV's prime
1342 | RMS | waist tether to RMS MFR Swap No Tether tool
EV EMU D-ring
Disconnect extra
1343 | FF | waist tether daisy MFR Swap No Unknown
chain
Disconnect extra
1344 | RMS | waist tether daisy MFR Swap No Unknown
chain
1345 | FF | PGT swapif required | MFR Swap No Large handrail
1346 | RMS | PGT swap if required | MFR Swap No Large handrail
117 Bay 5 & 10 Thermal
Cover
1348 | FF |trandatetoAsipE | BY5&10Thermal |y | move about Motion
Cover worksite
retrieve thermal cover | Bay 5 & 10 Thermal stow/retrieve : .
1349 | FF (bay 10) Cover Yes thermal cover delicate pinch
1350 | FE trandate stbd to Bay Bay 5& 10 Thermal Yes move _about Motion
10 Cover worksite
1351 | FF | insgtall thermal cover Bay 5& 10 Thermal Yes install/remove delicate pinch
Cover thermal cover
1352 | FF | trandatetoAsipE | B 5&10Thermal |y o | move about Motion
Cover worksite
1353 | FE retrieve vent plugs (4) | Bay 5& 10 Thermal Yes retrieve vent plug | Pinch
(Bay 5) Cover
1354 | FE retrieve thermal cover | Bay 5 & 10 Thermal Yes stow/retrieve delicate pinch
(bay 5) Cover thermal cover
1355 | FE tr.ansll ate port to Bay Bay 5& 10 Thermal Yes move about Motion
5; fairlead Cover worksite
1356 | FF | install thermal cover | B 5& 10Thermal 1y | installfremove | oy oo inen Small handrail
Cover thermal cover
1357 | FF | ingtal vent plugs (2) Bay 5& 10 Thermal Yes install vent plug | Pinch




Cover

118 P601 M ate

1359 | RMS | stanchion 135R P601 Mate No Unknown 1

1360 | RMS ][f;%e‘;i"n"ﬂ OEFR P601 Mate No Large handrail 1

1361 | RMS | mnvr to FR19 P601 Mate No Motion 1

1362 | RMS | boot plate 90L P601 Mate No Unknown 1
pull slide lock on i

1363 | RMS APE (hold) P601 Mate No Pinch 1
rotate locking lever

1364 | RMS | (while still holding P601 Mate No Pinch 1
slide lock)

1365 | RMS f;,aEti;OCket s PEO1 Mate No Large handrail | 1
rotate locking lever

1366 | RMS | on APE back to P601 Mate No Pinch 1
locked

1367 | RMS | config HST PFR P601 Mate No Unknown 1

1368 | RMS | Install APE to 75R P601 Mate No PIP 1 Small handrail

1369 | RMS | mnvr to EPS panel P601 Mate Yes move about Motion 1

worksite

1370 | RMS | PGT: 5/32 driver P601 Mate Yes set bolt drive COMPUTER 1

1371 | RMS | PGT: A2, CCW 2,5.5 | P601 Mate Yes set bolt drive COMPUTER 1

1372 | RMS ‘;rt'l‘jreng’zs_(';’i"i;ﬁgggg)s P01 Mate Yes | drivebolt Bolt drive 2
remove EPS panel remove EPS

1373 | RMS | using MWS end P601 Mate Yes andl MWS EE 1
effector P

1374 | RMs | rEmove connector cap P01 Mate Yes install/remove Pinch 1
(Pe01) connector cap
remove DBC cross- install/remove

1375 | RMS | strap P601 connector | P601 Mate Yes Pinch 1 delicate pinch

connector cap

cap




mate DBC cross-strap mate/demate . . .
1376 | RMS P6O1 to EPS P01 P601 Mate Yes connector Pinch 1 delicate pinch
1377 | RMS Efatg MCCPBOL | pgo1 Mate Yes | notify MCC COMPUTER 1
1378 | Rms | feVeMLUET | 6ot Mate Yes fﬂoﬁ’:” retfieve | deficate pinch 1
1379 | RMS | ingtall MLI tent P601 Mate Yes install MLI tent delicate pinch 1
DAY 2
Trandation
21 Adaption
. perform
2002 | RMS Sgrfot::;transj aion Trandation Adaption unk trandation Unknown 1
P adaption
2003 | RS | reMovePIPpin(twd | & ation Adaption | unk | InSt@liremove g 1
latch) PIP
stow PIP pin (fwd . . install/remove
2004 | RMS latch) Trandation Adaption unk PIP PIP 1
2005 | RMS | FEMOVePIPPIN (At | & ation Adaption | unk | InSt@lfremove g 1
latch) PIP
stow PIP pin (aft . . install/remove
2006 | RMS latch) Trandation Adaption unk PIP PIP 1
212 BAPS Post Setup
install PIP pins install/remove
2008 | FF (BAPS center) BAPS Post Setup unk PIP PIP 2
23 MFR Setup
2010 | RMS E‘ég‘fgl'\;\e’vlintf;g © | MFR Setup No Tether tool 1
2011 | RMS | ingress MFR MFR Setup No Large handrail 1
2012 | RMS | stow PGT MFR Setup No COMPUTER 1
2013 | RMS rl‘gglgetgo' interface | \1eR setup No Unknown 1
Trandation Aid
2l4 Setup
2015 | Er | remove PIP pinfrom | Trandation Aid No PIP 1

mini-TA if nec

Setup




2016 | FE rotate handle 140 deg | Trandation Aid No Small handrail
(mini-TA) Setup
install PIP pin (mini- | Trandation Aid
2017 | FF TA) Setup No PIP
install hitch pin Trandation Aid :
2018 | FF (Mini-TA) Sefup No Hitch
2019 | FF | Stend TAtube(stbd) | Translation Aid No Small handrail Small handrail
if nec Setup
2020 | FF | rotate TA joint (sthd) ;agg ation Aid No Small handrail
o001 | FF | &tend TAtube (port) | Translation Aid No Small handrail Small handrail
if nec Setup
2022 | FF | rotate TA joint (port) ngtagg ation Aid No Small handrail
2|5 PFR Retrieval
o024 | EE _translate to FSSAPC | Trandation Aid No Motion
if req Setup
2025 | RMS Boot plate O deg if Trandation Aid No Unknown
req Setup
2026 | RMS stanchion 180 deg if Trandation Aid No Unknown
req Setup
2027 | RMS | MPVr to FSSAPC if Trandlation Aid No Motion
req Setup
2028 | FF | retrieve APEif req ;al:]s ation Aid No PIP Large handrail
install APE on HST Trandlation Aid .
2029 | FF PFRIf req Setup No PIP Large handrail
2030 | FF | remove HST PFR ;al:]s ation Aid No Large handrail
transfer HST PFRto | Trandation Aid .
2031 | FF RMSEV if req Setup No Large handrail
2032 | RMS | receive HST PFR ;al:]s ation Aid No Large handrail
2033 | RMS | config HST PFR ;al:]s ation Aid No Unknown

26

PDM Retract




2035 | FF tlrg”gate +V2FR | by Retract Yes v'"cg;’fsigom Motion
2036 | FF | ingressPFR PDM Retract No Large handrail
2037 | RMS | mnvr to FR 19 PDM Retract Yes | Moveabout Motion
worksite
2038 | RMS Lre‘aa” APEIO75RIT | b Retract No pIP Large handrail
2039 | FF E_\i/rfrgf‘é‘:het CCW. | pDM Retract Yes | setbolt drive COMPUTER
drive PDM 5.7 turns
2040 | FF | maintain SA dewat 0 | PDM Retract Yes drive bolt Small handrail Bolt drive
deg
2041 | RMS {:eérgi})PDM (@sst | ooy Retract No Unknown
2042 | RMis | I asjg-z fwd PDM Retract No Small handrail Small handrail
2043 | RMS fg;c" GOtoremove | ph\i Retract Yes | check GO COMPUTER
2044 | RMs | S SA-2intolaich | o oo Yes | Installfremove | oo handrail
fitting SA
2045 | RMS ‘rf,%e,‘\:ﬂk I(jé)(to eNgage | poM Retract Yes | check GO COMPUTER
2046 | FF | EVA Ratchet: CW PDM Retract Yes | setbolt drive COMPUTER
drive PDM lock to
2047 | FF | ON 1/2 turn CW PDM Retract Yes drive bolt Bolt drive
(engage)
2048 | FF install connector strap PDM Retract Yes install/remove delicate pinch delicate pinch
(SA-2) connector strap
o7 Bay Door Bolt
Disengage
2050 | RMS | Mnvr to Bay 4 Bay Door Bolt Yes | Moveabout Motion
Disengage worksite
2051 | RMS | Stanchion 135L Bay Door Bolt No Unknown
Disengage
2052 | RMS | Boot plate 90R Bay Door Bolt No Unknown

Disengage




PGT: A3, CCW 3, Bay Door Bolt .
2053 | RMS 10,5, short adl Disengage Yes set bolt drive COMPUTER
2054 | RMS drive J—_bolts (5) 4-6 Bgy Door Bolt Yes drive bolt Bolt drive
turns (disengage) Disengage
2055 | RMS | GCA to Bay 3 Bay Door Bolt Yes | Moveabout Motion
Disengage worksite
2056 | RMs | PCT-A3, CCW 3, | Bay Door Bolt Yes |setboltdive | COMPUTER
10.5 Disengage
2057 | RMg | drive bolts(5) 4-6 | Bay Door Bolt Yes | drivebolt Bolt drive
turns (disengage) Disengage
2058 | RMS | GCA to Bay 2 Bay Door Bolt Yes | Moveabout Motion
Disengage worksite
2059 | RMs | PCT-A3, CCW 3, | Bay Door Bolt Yes |setboltdive | COMPUTER
10.5 Disengage
2060 | RMs | drive Jbolts (5) 4-6 | Bay Door Bolt Yes | drivebolt Bolt drive
turns (disengage) Disengage
DBA Connector
2|8
Demate
release Velcro DBA Connector secure/remove . .
2062 | FF restraint strap (Y/2) Demate ves Velcro delicate pinch
PGT: A3, CCW 3, DBA Connector .
2063 | FF 105, 6-in wobble Demate Yes set bolt drive COMPUTER
drive keyway (Z&Y)
2064 | FF | bolts4-6 turns (4- DBA Connector Yes drive bolt Bolt drive
) Demate
disengage)
2065 | FF | PGT-A3,CCWI, | DBA Connector Yes |setboltdive | COMPUTER
10.5 Demate
2066 | FF drive Z d rive stud, 5+ | DBA Connector Yes drive bolt Bolt drive
turns (disengage) Demate
stow connector DBA Connector stow connector
2067 | FF | bracket on connector Yes bracket on Unknown
Demate
strap connector strap
2068 | FF drive Y _dnve siud, 5+ | DBA Connector Yes drive bolt Bolt drive
turns (disengage) Demate
2069 | FF | pull didelock on DBA Connector No Pinch




APE (hold)

Demate

rotate locking lever

DBA Connector

2070 | FF | (whilestill holding Demate No Pinch
slide lock)
rotate socket so DBA Connector .

2071 | FF APE=C Demate No Large handrail
rotate locking lever

2072 | FF | on APE back to BZ’TA{ aIC(:aonnector No Pinch
locked

2073 | FF | config PFR YAW=6 gzﬁ mi"””ecmr No Unknown
release Velcro DBA Connector secure/remove . .

2074 | FF restraint strap (W) Demate Yes veero delicate pinch

2075 | pF | PCT-AS, CCWS, DBA Connector Yes | setbolt drive COMPUTER
105 Demate
drive keyway bolts

2076 | FF | (W) 4-6turns (2- gg’ﬁ‘ atCéonnector Yes drive bolt Bolt drive
disengage)

2077 | P | POT-AS CCWL, DBA Connector Yes | setboltdrive COMPUTER
10.5 Demate

2078 | FF drive dnve_stud (W), | DBA Connector Yes drive bolt Bolt drive
5+ turns (disengage) Demate
stow connector DBA Connector stow connector

2079 | FF | bracket on connector Demate Yes bracket on Unknown
strap connector strap

29 SA-2 Removal From

HST

2081 | RMS | mnvr to +V2 SA-2 f'ASTZ Removal From |y e wgyfsﬁz"”t Motion

2082 | RMS | setup MFR f'ASTZ Removal From No Unknown
grasp SA-2 aft )

2083 | RMS | handrails (tabilize | S’ Removal From |y o orasp 84 Small handrail
SA-2)

o084 | EE pull slide lock on SA-2 Removal From No Pinch

APE (hold)

HST




rotate locking lever

SA-2 Removal From

2085 | FF | (whilestill holding No Pinch
) HST
slide lock)
rotate socket so SA-2 Removal From .
2086 | FF APE=K HsT No Large handrail
rotate locking lever
2087 | FF | on APE back to SA-2Removal From |, Pinch
HST
locked
. SA-2 Removal From move about .
2088 | FF | ingress HST Yes worksite Motion
2089 | Fp | PCT:-B2,CW2,25 | SA-2Removal From | v oo | oot it drive COMPUTER
turns HST
drive SADA clamp
2090 | FF | (right-disengage) 20 aASTZ Removal From Yes drive bolt Bolt drive
turns
2091 | FF | CHECK OPEN aASTZ Removal From Yes inspect worksite | Camera
2092 | RMS | Remove SA-2 SAZRemoval From |y | (DAITeMOVe | gl handrai Small handrail
maintain SADA o
2093 | FF | clearance with HST aASTZ Removal From Yes anrr?]:eSADA Unknown
(assist RMS EV)
mnvr to RAC port SA-2 Removal From move about .
2094 | RMS shelf HST Yes worksite Motion
inspect SADA clamp | SA-2 Removal From . .
2095 | FF for damage, distortion | HST Yes inspect worksite | Camera
inspect surrounding )
2096 | FF | MLI for soft dock aASTZ Removal From Yes inspect worksite | Camera
interference
2007 | Fr | PCT-B2,CW2,25 | SA-2Remova From |y oo | o poit drive COMPUTER
MTL HST
pull slide lock on SA-2 Removal From !
2098 | FF APE (hold) HsT No Pinch
rotate locking lever
2009 | FF | (whilestill holding | SA-2 Removal From | Pinch

dlide lock)

HST




2100

FF

rotate socket so

SA-2 Removal From

No

Large handrail

APE=F HST
rotate locking lever SA-2 Removal From
2101 | FF | on APE back to No Pinch
HST
locked
trandateto RAC port | SA-2 Removal From move about .
2102 ) FF SADA clamp HST Yes worksite Motion
release groundstrap SA-2 Removal From release . .
2103 | FF (SA-3) HST Yes groundstrap delicate pinch
stow groundstrap SA-2 Removal From stow/retrieve . .
2104 | FF (SA-3) HST Yes groundstrap delicate pinch
) engage/disengage
2105 | FF rel_ease SADA dlamp | SA-2 Removal From Yes SADA clamp Unknown
spindle lock HST .
spindle lock
guide SA-2 into SA-2 Removal From guide SA into . .
2106 | FF SADA dlamp HsT Yes SADA damp Small handrail Small handrail
2107 | FF | [O1AESA-2into SA-2Removal From | ves | 1otate SA small handrail Small handrail
latches HST
guide SA-2 into SA-2 Removal From . .
2108 | RMS SADA damp HST No Small handrail Small handrail
2100 | RMs | O1&e SA-2into SA-2Removal From |, small handrail Small handrail
latches HST
drive SADA clamp
2110 | FF | 22turnsuntil MTL ﬁAs:rz Removal From Yes drive bolt Small handrail Bolt drive
slips (engage)
grasp SA-2 while FF )
2111 | RMS | EV engage SADA | -2 Removal From | Small handrail Small handrail
. HST
clamp (stabilize)
2112 | FF | CHECK CLOSED f'ASTZ Removal From |y s | inspect worksite | Camera
) engage/disengage
2113 | FF | SN9a0e SADA clamp | SA-2 Removal From Yes SADA clamp Unknown
spindle lock HST .
spindle lock
o114 | g | remove connector SA-2 Removal From Yes stow/remove Pinch delicate pinch
from connector strap | HST connector




(W)

stow connector on

SA-2 Removal From

stow connector

2115 | FF | RAC connector HsT Yes on connector Pinch
stowage bracket (W) stowage bracket
remove connector
2116 | FF | from connector strap SA-2 Removal From Yes stow/remove Pinch delicate pinch
Y) HST connector
Stow connector on stow connector
2117 | FF | RAC connector aAS}Z Removal From Yes on connector Pinch
stowage bracket (Y) stowage bracket
remove connector
2118 | FF | from connector strap SA-2 Removal From Yes sow/remove Pinch delicate pinch
2 HST connector
stow connector on stow connector
2119 | FF | RAC connector aAS}Z Removal From Yes on connector Pinch
stowage bracket (2) stowage bracket
trandlate to fwd end SA-2 Removal From move about .
2120 | FF SA-2 HST Yes worksite Motion
2121 | FF |n§pect fwd latch SA-2 Removal From Yes inspect worksite | Camera
alignment HST
remove PIP pin (fwd | SA-2 Removal From install/remove
2122 | FF constraint) HST Yes PIP PIP
grasp SA-2in latches )
2123 | RMS | while FF EV insart f'ASTZ Removal From |\, Small handrail Small handrail
PIP pin
Slide bracket against | SA-2 Removal From slide bracket :
2124 | FF SA-2 HsT Yes against SA Small handrail
install PIP pin while .
2125 | FE | hold slide bracket SA-2Removal From |y o | installfremove | o ol PIP
: HST PIP
against SA-2
SA-2 Removal From secure/remove . .
2126 | FF | secureVelcro HsT Yes vecro delicate pinch
2|10 DBA Changeout
2128 | FF | trandateto +V2 FR19 | DBA Changeout Yes move about Motion




worksite

2129 | FF | ingressHST PFR DBA Changeout No Large handrail

2130 | FF | PGT: A2,CW 3,55 | DBA Changeout Yes set bolt drive COMPUTER
drive keyway (Z&Y)

2131 | FF | bolts 7-9 turns (4- DBA Changeout Yes drive bolt Bolt drive
engage)

2132 | FF Tg,:__)r A3, CCW3, DBA Changeout Yes set bolt drive COMPUTER
drive connector (X)

2133 | FF | keyway bolts5-6 DBA Changeout Yes drive bolt Bolt drive
turns (2-disengage)

2134 | FF TC()S-SF B6, CCW 1, DBA Changeout Yes set bolt drive COMPUTER

2135 | FF drive dr_| vesiud 5+ DBA Changeout Yes drive bolt Bolt drive
turns (disengage)

2136 | Fr | drivei-boltsa-6wns | g, Changeout Yes | drivebolt Bolt drive
(4-release)

2137 | FF | SNeNgeDBADBA- | pga changeout Yes | exchangeDBA | Small handrail Small handrail

2138 | FF | receive DBA-2 DBA Changeout No Small handrail

2139 | RMS | mnvr to DBA-2 DBA Changeout Yes move _about Motion

worksite

2140 | RV | 0PN DBA-2thermal | b p ~pangeout ves | Openclose delicate pinch
cover thermal cover

2141 | RMS Tg,:__)r A3, CCW3, DBA Changeout Yes set bolt drive COMPUTER

2142 | Rug | drivei-boltsa-6wrns | g Changeout Yes | drivebolt Bolt drive
(4-release)
remove DBA-2 from install/remove :

2143 | RMS RAC DBA Changeout Yes DBA Small handrail

2144 | RMS | mnvr to DBA-2 swap | DBA Changeout Yes move _about Motion

worksite
2145 | RMS | inspect connectors DBA Changeout Yes inspect worksite | Camera Pinch
2146 | RS | MECVEDBA oM FF | bp i changeout No Small handrail

EV




2147 | RMS | transfer DBA-2 DBA Changeout No Small handrail
2148 | RMs | MMVTORACOt | e A Changeout Yes | Moveabout Motion
shelf worksite
install DBA on install/remove
2149 | RMS | outboard port shelf DBA Changeout Yes DBA Small handrail
(connectors inboard)
2150 | RMS | PGT: A3, CW 3,10.5 | DBA Changeout Yes set bolt drive COMPUTER
2151 | Mg | drivel-boltsa-6trns | oy Changeout Yes | drivebolt Bolt drive
(4-engage)
close thermal cover open/close : .
2152 | RMS (DBA) DBA Changeout Yes thermal cover delicate pinch
2153 | FF | install DBA-2 DBA Changeot Yes | pAleMOve | gl handrai
2154 | pr | drivej-boltsa-6tns | o Changeout Yes | drivebolt Bolt drive
(4-engage)
inspect connector--
2155 | FF _check No spring DBA Changeout Yes inspect worksite | Pinch Camera
interference with
keyhole (X)
2156 | FE position connector on DBA Changeout Yes position Pinch
keyway bolts (X) connector
2157 | FF | EVA Ratchet: CW DBA Changeout Yes set bolt drive COMPUTER
2158 | FF drive drive stud 3.5 DBA Changeout Yes drive bolt Bolt drive
turns (engage)
PGT: A2,CW 2,55 .
2159 | FF or EVA Ratchet: CW DBA Changeout Yes set bolt drive COMPUTER
2160 | FF drive drive stud 1.5 DBA Changeout Yes drive bolt Bolt drive
turns (engage)
2161 | FF S\Z(taﬁl;ati)lracket flush DBA Changeout Yes inspect worksite | Camera
2162 | FF | PGT: A3, CW 3,10.5 | DBA Changeout Yes set bolt drive COMPUTER
2163 | Fr | drivekeyway boltsd- | pp Changeout Yes | drivebolt Bolt drive

6 turns (2-engage)




demate harness

mate/demate

2164 | FF | (TLM) P3from DBA Changeout Yes delicate pinch Pinch
DBA-2 J1 connector
2165 | Fr | re1€aeDBCCOSS | hp changeout ves | réleeselsecure | it pinch
strap Cross strap
remove turn around install/remove .
2166 | FF olug (+V2 P1) DBA Changeout Yes turn-around plug Pinch
Stow turn around stow turn-around
2167 | FF | plugintrash (+V2 DBA Changeout Yes Pinch
P1) plug
mate DBC cross strap mate/demate . . .
2168 | FF P1(+) to DBA-2 J1 DBA Changeout Yes connector Pinch delicate pinch
check DBC cross
2169 | FF | strap clip secured to DBA Changeout Yes inspect worksite | Camera
SSM clip
check cross strap
2170 | FF | harnessclear of DBA | DBA Changeout Yes inspect worksite | Camera
face
pull dlidelock on .
2171 | FF APE (hold) DBA Changeout No Pinch
rotate locking lever
2172 | FF | (whilestill holding DBA Changeout No Pinch
slide lock)
2173 | FF f;?ztiio cket o DBA Changeout No Large handrail
rotate locking lever
2174 | FF | on APE back to DBA Changeout No Pinch
locked
211 SA-3 Removal
2176 | RMS | mnvr to latch 5 SA-3 Removal Yes move about Motion
worksite
PGT: A6, CCW 2, .
2177 | RMS 305,151 ft Ib SA-3 Removal Yes set bolt drive COMPUTER
2178 | RMS drivelatch 5, 8+ turns SA-3 Removal Yes drive bolt Bolt drive

(disengage)




2179 | RMS | PGT: A3, CW 2,10.5 | SA-3 Removal Yes set bolt drive COMPUTER 1
drive bolt in lower
2180 | RMS | fitting, engage 8+ SA-3 Removal Yes drive bolt Bolt drive 1
turns (stow)
2181 | RMS deploy mast 90 deg to SA-3 Removal Yes deploy mast Unknown 1
engage soft dock
2182 | RMS | mnvr to mast bolts SA-3 Removal Yes move gbout Motion 1
worksite
2183 | RMS drive mast bolts 8+ SA-3 Removal Yes drive bolt Bolt drive 2
turns (2-engage)
2184 | RMS | GCA to latch 2 SA-3 Removal Yes | Moveabout Motion 1
worksite
PGT: A6, CCW 2, .
2185 | RMS 30,5, 183t Ib SA-3 Removal Yes set bolt drive COMPUTER 1
2186 | RMS drive Iat_ch 212-15 SA-3 Removal Yes drive bolt Bolt drive 1
turns (disengage)
2187 | RMS | [P0t Count for 1 sa-3 Removal Yes | reportturncount | COMPUTER 1
2188 | RMS | GCA to latch 1 SA-3 Removal Yes | Moveabout Motion 1
worksite
2189 | FF | ranSAetoORAC, SA-3 Removal Yes | Moveabout Motion 1
latch 3 worksite
2190 | FF | ingress PFR (fwd) SA-3 Removal No Large handrail 1
PGT: A6, CCW 2, .
2191 | FF 30,5, 12.0 ft Ib SA-3 Removal Yes set bolt drive COMPUTER 1
drive latch 3 until
2192 | FF | clampclearstang, 7-9 | SA-3 Removal Yes drive bolt Bolt drive 1
turns (release)
2193 | FF f;’gt latch 3toclear | gp 3 Removal Yes | pivot laich Small handrail | 1
2194 | FF | tether totang SA-3 Remova No Tether tool 1
2195 | FF | PGT: A2, CCW 2,5.5 | SA-3 Removal Yes set bolt drive COMPUTER 1
2196 | FF drive tang bolts 9-10 SA-3 Removal Yes drive bolt Bolt drive 2
turns (2-disengage)
2197 | FF | stow tang on CSS SA-3 Removal Yes stow tang Bolt drive 1 Small handrail




2198 | FF | PGT:A2,CW 2,55 | SA-3 Removal Yes set bolt drive COMPUTER 1

2199 | FF drive tang bolts 9-10 SA-3 Removal Yes drive bolt Bolt drive 2
turns (2-engage)

2000 | FF | PIVotlach3to SA-3 Removal Yes | pivot laich Small handrail | 1
stowed position

2201 | FF | instal PIP pin SA-3 Removal Yes 'F',‘ISFE""”/ remove 1 pip 1

2202 | Fr | deployMLIflapover | o) 5 peoval Yes | deploy MLI delicate pinch 1
tang interface
PGT: A6, CCW 2, )

2203 | FF 305, 8. Ft b SA-3 Removal Yes set bolt drive COMPUTER 1

2204 | FF drivelaich 4 10-15 SA-3 Removal Yes drive bolt Bolt drive 1
turns (release)

2205 | FF Ir;etp():cr)]r;turn count for SA-3 Removal Yes report turn count | COMPUTER 1
grasp SA during latch ) grasp SA :

2206 | FF 1 release (tabilize) SA-3 Removal Yes handrail Small handrail 1
PGT: A6, CCW 2, .

2207 | RMS 305, 24.0ft Ib SA-3 Removal Yes set bolt drive COMPUTER 1

2208 | RMS drivelatch 1, 19+ SA-3 Removal Yes drive bolt Bolt drive 1
turns (release)

2209 | RMs | MVr o SA-3top SA-3 Removal Yes move about Motion 1
handrails at c.g. mark worksite

2210 | RMS | remove SA-3 SA-3 Removal Yes g]:talllremove Small handrail 1 Small handrail

2211 | FF | remove SA-3 SA-3 Removal No Small handrail 1 Small handrail

2|12 SA-3 Installation

2213 | R | Evaluate mass SA-3 Installation Yes |SvAudtemass | oy orER 1
handling handling

2214 | RMS | mnvr to SA-3 rotate SA-3 Installation Yes move _about Motion 1

worksite

2215 | RMS | rotate SA-3 for install | SA-3 Installation Yes rotate SA Small handrail 1 Small handrail

2216 | FF | FASaeto+Vv2, SA-3 Installation Yes | Moveabout Motion 1
FR19 worksite

2217 | RMS | mnvr to SA-3 pre- SA-3 Installation Yes move about Motion 1




install worksite
2218 | FF | INIress HST PFR yaw SA-3 Installation No Large handrail 1
foot plate
2219 | RMS | POSTSADMITOr FE | op 3 gtallation Yes | position SADM | Unknown 1
EV access
2220 | FF | install SA-3 SA-3 Ingtallation Yes | oAlemOve | gl hendrail | 1| Small handrail
2221 | RMS | install SA-3 SA-3 Installation No Small handrail 1 Small handrail
2222 | FF check soft docks SA-3 Ingtallation Yes inspect worksite | Camera 3
engaged (3)
2223 | FF | PGT:B2,CW 2,55 SA-3 Installation Yes set bolt drive COMPUTER 1
drive SADA clamp
2224 | FF | (right) 19-20 turns SA-3 Installation Yes drive bolt Bolt drive 1
(engage)
2225 | FF glhoe;I;SADA clamp SA-3 Installation Yes inspect worksite | Camera 1
release Velcro secure/remove
2226 | FF | restraint strap SA-3 Installation Yes delicate pinch 1
Velcro
(harness)
2227 | FF st';o)\ect connector SA-3 Installation Yes inspect worksite | Pinch 1 Camera
2228 | FF | Mate connector P5A SA-3 Installation Yes mate/demate Pinch 1
connector
2229 | FF :;]GSXeCt connector SA-3 Installation Yes inspect worksite | Pinch 1 Camera
2230 | FF | mate connector P6A SA-3 Installation Yes mate/demate Pinch 1
connector
2231 | FF |Pr1752ect connector SA-3 Installation Yes inspect worksite | Pinch 1 Camera
2232 | FF | mate connector P7A SA-3 Installation Yes mate/demate Pinch 1
connector
2233 | FF :ggged connector SA-3 Ingtallation Yes inspect worksite | Pinch 1 Camera
2234 | FF | mate connector PSA SA-3 Installation Yes mate/demate Pinch 1

connector




secure harness bundle

secure harness to

2235 | FF to_SADA soft dock SA-3 Ingtallation Yes SADA soft-dock Small handrail delicate pinch
with Velcro strap
pull slide lock on ) . i

2236 | FF APE (hold) SA-3 Ingtallation No Pinch
rotate locking lever

2237 | FF | (whilestill holding SA-3 Installation No Pinch
slide lock)

2238 | FF f;?ztigo cket to SA-3 Installation No Large handrail
rotate locking lever

2239 | FF | on APE back to SA-3 Installation No Pinch
locked
PGT: A2,CCW 1,5.5

2240 | FF | or EVA Ratchet: SA-3 Installation Yes set bolt drive COMPUTER
CCW
drive W bracket drive

2241 | FF | stud 5+ turns SA-3 Ingtallation Yes drive bolt Bolt drive
(disengage)

2242 | FF inspect HST and W SA-3 Installation Yes inspect worksite | Pinch Camera
connector

2243 | FF | install connector (W) | SA-3Instalation Yes mate/demate Pinch

connector

2244 | FF | EVA Ratchet: CW SA-3 Installation Yes set bolt drive COMPUTER

2245 | FF drive drive stud 3.5 SA-3 Installation Yes drive bolt Bolt drive
turns (engage)

2246 | FF S\Z(taﬁl;ati)lracket flush SA-3 Installation Yes inspect worksite | Camera
PGT: A2,CW 2,5.5 . .

2247 | FF or EVA Ratchet: CW SA-3 Installation Yes set bolt drive COMPUTER

2248 | FF drive drive stud 1.5 SA-3 Installation Yes drive bolt Bolt drive
turns (engage)
remove palm wheel ) . remove palm

2249 | FF from EVA ratchet SA-3 Installation unk whesl Unknown

2250 | FF | Stow palm wheel in SA-3 Ingtallation unk stow palm wheel | Unknown




trash bag

2251 | FF | PGT: A3, CW 2,10.5 | SA-3Installation Yes set bolt drive COMPUTER
252 | pr | drivekeyway boltsd- | op 5 alation Yes | drivebolt Bolt drive
6 turns (2-engage)
2053 | FE | removecap (B)onW | op 3 qalation ves | Insalfremove 0
bracket connector cap
2254 | FF stow cep (J3) from W SA-3 Installation Yes stow connector Pinch
bracket in trash bag cap
2255 | FF mate TLM harness P3 SA-3 Ingtallation Yes mate/demate delicate pinch Pinch
to J3 connector
secure W harnessto secure harness to
2256 | FF | Bay Jhandrail w/ SA-3 Installation Yes X delicate pinch Small handrail
. handrail
restraint strap
2|13 SA Closeout
mnvr to RAC port move about .
2258 | RMS shalf aft latch SA Closeout Yes worksite Motion
EVA Ratchet: CW, .
2259 | RMS MTL 23, short adj ext SA Closeout Yes set bolt drive COMPUTER
drive latch (aft) 1.5
2260 | RMS | turns (engage) 30 SA Closeout Yes drive bolt Bolt drive
deg/sec max
2261 | RMS ch(_ack prel pad SA Closeout Yes inspect worksite | Camera
pointers aligned
2262 | RMS | mnvr to fwd latch SA Closeout Yes move _about Motion
worksite
drive latch (fwd) 1.5
2263 | RMS | turns (engage) 30 SA Closeout Yes drive bolt Bolt drive
deg/sec max
2264 | RMS Ch.ECk prel pad SA Closeout Yes inspect worksite | Camera
poitners aligned
2265 | RMs | CCA tofwd SA Closeout Yes | Moveabout Motion
constraint bolts worksite
EVA Ratchet: CW,
2266 | RMS | MTL 23 or PGT: B3, | SA Closeout Yes set bolt drive COMPUTER

CW 1,235




drive fwd constraint

2267 | RMS | bolts 1-2 turns (2- SA Closeout Yes drive bolt Bolt drive 2
engage)
2268 | RMS | stow EVA Ratchet SA Closeout No COMPUTER 1
2269 | RMs | MMVI 0 SA-3pandl | gp ¢joseout Yes | Moveabout Motion 1
deploy worksite
214 SA-3 Panel Deploy
grasp SA-3 during
2271 | RMS | strap removal SA-3 Panel Deploy No Small handrail 1 Small handrail
(stabilize)
remove panel restraint stow/ remove SA . . .
2272 | FF strap SA-3 Panel Deploy Yes ganel restraint delicate pinch 1 Small handrail
rap
stow panel restraint stow/remov_e A : .
2273 | FF . SA-3 Panel Deploy Yes panel restraint delicate pinch 1
strap in trash bag strap
2074 | Fr | Pull slidelock on SA-3 Panel Deploy No Pinch 1
APE (hold)
rotate locking lever
2275 | FF | (whiledtill holding SA-3 Panel Deploy No Pinch 1
dlide lock)
2276 | FF | setsocket so APE=K | SA-3 Panel Deploy No Large handrail 1
rotate locking lever
2277 | FF | on APE back to SA-3 Panel Deploy No Pinch 1
locked
2278 | FF | config HST PFR SA-3 Panel Deploy No Unknown 1
2279 | FF | ingressPFR SA-3 Panel Deploy No Large handrail 1
2280 | RMS gggl oy panel to ~160 SA-3 Panel Deploy Yes deploy SA panel | Unknown 1
2281 | RMS (ioéneg}i?: deployment SA-3 Panel Deploy Yes deploy SA panel | Unknown 1
2282 | RMS | stanchion 135R SA-3 Panel Deploy No Unknown 1
2283 | RMS | boot plate 90L SA-3 Panel Deploy No Unknown 1
2084 | RMs | MV for panef lock SA-3 Panel Deploy Yes move about Motion 1

bolts

worksite




PGT: A5, CW 2,

2285 | RMS 15,5, short adj ext SA-3 Panel Deploy Yes set bolt drive COMPUTER 1
drive panel locking

2286 | RMS | bolts11-12 turns (2- | SA-3 Panel Deploy Yes drive bolt Bolt drive 2
engage)
drive panel locking . .

2287 | RMS bolts (retorque) SA-3 Panel Deploy Yes drive bolt Bolt drive 2

2288 | RMS | check no gap at hinge | SA-3 Panel Deploy Yes inspect worksite | Camera 1
drive panel locking

2289 | FF | bolts11-12 turns (2- SA-3 Panel Deploy Yes drive bolt Bolt drive 2
engage)
drive panel locking . .

2290 | FF bolts (retorque) SA-3 Panel Deploy Yes drive bolt Bolt drive 2

2291 | FF | check nogap at hinge | SA-3 Panel Deploy Yes inspect worksite | Camera 1

2292 | FF | EVA Ratchet: CCW SA-3 Panel Deploy Yes set bolt drive COMPUTER 1
drive SADM brake B . .

2293 | FF 11-14 turns (el ease) SA-3 Panel Deploy Yes drive bolt Bolt drive 1
report number of )

2294 | FF brake B turns SA-3 Panel Deploy Yes report turn count | COMPUTER 1
inspect SADM for ) . .

2295 | FF MLI interference SA-3 Panel Deploy Yes inspect worksite | Camera 1

2|15 HST PFR Stow

2297 | FF | egressHST PFR HST PFR Stow No Large handrail 1

2208 | RMs | MVFTOrHSTPER | et peR Stow No Motion 1
retrieval

2299 | FF | remove HST PFR HST PFR Stow No Large handrail 1

2300 | FF | remove APE HST PFR Stow No PIP 1 Large handrail
transfer HST PFR to .

2301 | FF RMS EV HST PFR Stow No Large handrail 1

2302 | FF téf‘/s”fer APEORMS | s PR Stow No Large handrail

2303 | FF | trandateto FSSAPC | HST PFR Stow No Motion

2304 | RMs | fecave HST PFR HST PFR Stow No Large handrail 1

from FF EV




receive APE from FF

2305 | RMS EV HST PFR Stow No Large handrail 1

2306 | RMS | tether to toe loop HST PFR Stow No Tether tool 1
mnvr to SA PFR stow .

2307 | RMS for PER handoff HST PFR Stow No Motion 1
config HST PFR

2308 | RMS —IYA/AA/A HST PFR Stow No Unknown 1

2309 | RMS gﬁ”gver HSTPFRTO | 15T PER Stow No Large handrail 1
receive HST PFR .

2310 | FF from RMS EV HST PFR Stow No Large handrail 1

2311 | FF | stow HST PFR HST PFR Stow No Unknown

2312 | FF | ek HSTPFR HST PFR Stow No Camera
latched

2313 | FF 'FE‘FStF?)" PIPPIN(HST | st PRR Stow No PIP 1

2314 | FF | remove APE HST PFR Stow No PIP 1 Large handrail

2315 | FF | stow APE at 15R HST PFR Stow No PIP 1 Large handrail

2316 | FF | secureVelcro HST PFR Stow No delicate pinch 1
config PFR

2317 | FF “NN/A/AA/4 HST PFR Stow No Unknown 1

2|16 RWA1 Removal

2319 | RMS | mnvr to Bay 6 RWA1 Removal Yes move about Motion 1

worksite

2320 | RMS | stanchion 180 deg RWA1 Removal No Unknown 1

2321 | RMS | Boot plate 0 RWA1 Removal No Unknown 1

2322 | FF m‘vsger trashbagto | p\ya1 Removal No delicate pinch 1

2303 | RMs | POT A3 CCW3, | a1 Remova Yes |setboltdrive | COMPUTER 1
10.5, short adj

2304 | RMs | QVej-DOItS4-61ums | oy r ¢ Remoya Yes | drivebolt Bolt drive 6
(6-disengage)

2325 | RMS | open door RWA1 Removal Yes | SPENVEIODRY | gl hendrail | 1

2326 | RMS | install door stay on RWA1 Removal Yes install/remove Small handrail 1




bay door door stay

2307 | R | HONten EVAknobon | oy n 1 Removal ves |lUgntenrelease | 1
bay door EVA knob
install door stay on tighten/release .

2328 | RMS EVA bolt RWA1 Removad Yes EVA knob Pinch 1
tighten EVA knob on tighten/release .

2329 | RMS EVA bolt RWA1 Removal Yes EVA knob Pinch 1

2330 | RMS | set door opening RWA1 Removal Yes g?)enz E:isnsgset door Pinch 1

2331 | RV | demate P1from RWA1 Removal Yes | Mate/demate Pinch 1
RWA-1 connector

2332 | RV | SIOW PLDenind RWA | oy 21 Removal Yes | Slow/remove Pinch 1
mount connector

2333 | RV | demate P3from RWA1 Removal Yes | Mate/demate Pinch 1
RWA-1 connector

2334 | RV | SIOW P3benind RWA | by A1 Removal Yes | Slow/remove Pinch 1
mount connector

2335 | RM | demate P1from RWA1 Removal Yes | Mate/demate Pinch 1
heater connector
velcro connector P1 securefremove

2336 | RMS RWA1 Removal Yes Velcro to Pinch 1 delicate pinch
to handle

connector

2337 | RMs | demate P2 from RWA1 Removal Yes | Mate/demate Pinch 1
heater connector
velcro connector P2 secLrefremove

2338 | RMS to handle RWA1 Removal Yes Velcroto Pinch 1 delicate pinch

connector

2339 | RMS ggg: A6, CCW2, | pwA1 Removal Yes | setbolt drive COMPUTER 1

2340 | RMS drive key\{vay bolts 7 RWA1 Removal Yes drive bolt Bolt drive 3
turns (3-disengage)

2341 | RMS | PGT: A4,CW 2,235 | RWA1 Removd Yes set bolt drive COMPUTER 1

2342 | RMS | Remove RWA-1 RWA1 Removal Yes remove RWA Small handrail 1 Small handrail

2343 | FF | trandateto LOPE RWA1 Removal Yes | Moveabout Motion 1

worksite




2344 | FF | fairlead to LOPE RWA1 Removal No Unknown
o345 | Fr | POT:A3, CCW3, | biya1 Removal Yes |setboltdrive | COMPUTER
10.5, 6-in wobble
2346 | FF dr|v_ej-bolt55 turns RWA1 Removal Yes drive bolt Bolt drive
(4-disengage)
2347 | FF | openlid RWA1 Removal Yes open/close LOPE | Small handrail
2348 | FF | [E€MOVE connector P1 RWA1 Removad Yes stow/remove Pinch delicate pinch
from pouch connector
velcro connector P1 securefremove
2349 | FF RWA1 Remova Yes Velcroto Pinch delicate pinch
to handle
connector
2350 | FF | fEMOve connector P2 RWA1 Removal Yes stow/remove Pinch delicate pinch
from pouch connector
velcro connector P2 securefremove
2351 | FF RWA1 Removal Yes Velcro to Pinch delicate pinch
to handle
connector
2352 | FF gg g: AB, CCW 2, RWA1 Remova Yes set bolt drive COMPUTER
2353 | FE | drivekeywaybolts7 | pun g Removal Yes | drivebolt Bolt drive
turns (3-disengage)
2354 | FF | PGT: A4,CW 2,235 | RWA1 Removd Yes set bolt drive COMPUTER
2|17 RWA Swap
2356 | FF | ReleaseVelcrostrap | RWA Swap Yes {s/e;lérri/remove delicate pinch
Secure Velcro strap to secure/remove . .
2357 | FF LOPE lid RWA Swap Yes Velcro delicate pinch
2358 | RMS | Mnvr to LOPE RWA Swap Yes | Moveabout Motion
worksite
2359 | FF | Remove RWA-1R RWA Swap Yes remove RWA Small handrail Small handrail
Translate to sthd move about .
2360 | FF MULE RWA Swap Yes worksite Motion
Transfer RWA-1R to .
2361 | FF RMS EV RWA Swap No Small handrail
2362 | RS | EXhange RWA- RWA Swap Yes | exchangeRWA | Small handrail Small handrail

1R/RWA-1




2363 | FF | Config RWA tethers | RWA Swap No Tether tool 1 Small handrail
2364 | RMS l;alr:lff/er RWA-Lt0 | A Swap No Small handrail | 1
Receive RWA-1 from :
2365 | FF RMS EV RWA Swap No Small handrail 1
2366 | FF f‘é"gERWA'l in RWA Swap Yes | sow RWA Small handrail | 1 | Small handrail
Secure Velcro strap to secure/remove . .
2367 | FF LOPE lid RWA Swap Yes Velcro delicate pinch 1
2368 | FF | PGT: A4,CW 2,235 | RWA Swap Yes set bolt drive COMPUTER 1
2369 | FF drive keyway bolts RWA Swap Yes drive bolt Bolt drive 3
(3) 7 turns (engage)
2370 | FF Stow cable P1in RWA Swap Yes stow/remove delicate pinch 1 delicate pinch
pouch connector
2371 Stow cable P2 in RWA Swap Yes stow/remove delicate pinch 1 delicate pinch
pouch connector
2372 | FF | PGT: A3,CW 3,105 | RWA Swap Yes set bolt drive COMPUTER 1
2373 | FF | Close LOPE RWA Swap Yes open/close LOPE | Small handrail 1
o374 | Fr | diVELOPE JDolts | oy oo Yes | drivebolt Bolt drive 4
(4) 5 turns (engage)
2|18 RWA Installation
2376 | RMS | mnvr to Bay 6 RWA Installation Yes move about Motion 1
worksite
2377 | RMS | PGT: A4, CW 2,235 | RWA Ingtalation Yes set bolt drive COMPUTER 1
2378 | RMS drive keyway bolts 7 RWA [nstallation Yes drive bolt Bolt drive 3
turns (3-engage)
2379 | RMs | drivebolts (3- RWA Installation Yes | drivebolt Bolt drive 3
retorque)
2380 | RMS | mate heater P1 cables | RWA Installation Yes | Maeldemate o 1
connector
2381 | RMS | mate heater P2 cables | RWA Installation Yes | Maedemate o 1
connector
2382 | RMS | remove caps (2) RWA Installation Yes install/remove Pinch 2
connector cap
2383 | RMS | stow capsintrash bag | RWA Installation Yes stow connector Pinch 2




cap

2384 | RMS | inspect connector pins | RWA Installation Yes inspect worksite | Pinch 2 Camera
2385 | RMS | mate PLon RWA-1R | RWA Installation ves | Mae/demate Pinch 1
connector
2386 | RMS | mate P3on RWA-1R | RWA Installation Yves | Mate/demate Pinch 1
connector

2387 | RMS | remove door stay RWA Installation Yes :jrgsct)?llsltgmove Small handrail 1

2388 | RMs | Sowdoorstayon |y | ngalation Yes | Sowhetrieve | nown 1
stanchion door stay

2389 | RMS | PGT: A3, CW 3,105 | RWA Ingtalation Yes set bolt drive COMPUTER 1

2390 | RMS | close door RWA [nstallation Yes gggrr]/cl 0se bay Small handrail 1

2301 | RMs | GVeJ-DoItS4-61Ums | o r et ation Yes | drivebolt Bolt drive 6
(engage)

2392 | RM | Perform tool RWA Installation No Unknown 1
inventory

2393 | RMS | egressMFR RWA Installation No Large handrail 1
DAY 3

31 MFR Setup

transfer MFR handle :

3002 | RMS to EF EV MFR Setup No Small handrail 1

3003 | RMS | egressairlock MFR Setup No Motion 1

3004 | RMs | AENMWStetherto | ep oo No Tether tool 1
boot plate lanyard

3005 | RMS | ingress MFR MFR Setup No Large handrail 1
receive MFR handle .

3006 | RMS from EE EV MFR Setup No Small handrail 1

3007 | RMS | install MFR handle MFR Setup No Small handrail 1

3008 | RMs | roetoolinterface 1\ ep oo No Unknown 1
180 deg

32 BAPS Post Setup

install PIP pins (2) install/remove

3010 | FF (Center BAPS) BAPS Post Setup unk PIP PIP 2




Trandation Aid

33 Setup

remove PIP pin from | Trandation Aid

3012 | FF mini-TA if nec Setup No PIP

3013 | EF rotate handle 140 deg | Trandation Aid No Small handrail
(mini-TA) Setup
install PIP pin (mini- | Trandation Aid

3014 | FF TA) Setup No PIP
install hitch pin Trandation Aid .

3015 | FF (Mini-TA) Setup No Hitch

3016 | Fr | SXtendTA tube(stbd) | Transiation Aid No small handrail small handrail
if nec Setup

3017 | FF | rotate TA joint (stbd) ;""Sg ation Aid No Small handrail

3018 | FF | StENdTA tube(port) | Transiation Aid No small handrail Small handrail
if nec Setup

3019 | FF | rotate TA joint (port) ngtagg ation Aid No Small handrail

34 Bay 5 Thermal

Cover

3021 | FF | trandatetoBay5 Bay 5 Therma Cover Yes move _about Motion

worksite
3022 | FF | fairlead to TA (port) Bay 5 Therma Cover No Unknown
3023 | FF ggcesrevmt plugs Bay 5 Therma Cover Yes inspect worksite | Camera
open/close : .

3024 | FF | deploy thermal cover | Bay 5 Thermal Cover Yes thermal cover delicate pinch
notify MCC bay 5

3025 | FF | thermal cover Bay 5 Therma Cover Yes notify MCC COMPUTER
deployed

3026 | FF retrieve DBA thermal Bay 5 Thermal Cover Yes stow/retrieve delicate pinch
cover thermal cover
trandateto +V2 move about .

3027 | FF DBA-2 Bay 5 Therma Cover Yes worksite Motion

3028 | FF | install thermal cover Bay 5 Therma Cover Yes install/remove delicate pinch

thermal cover




Thermal Cover

35 Installation
Thermal Cover move about .
3030 | FF | trandatetoBay 10 Installation Yes worksite Motion
3031 | FF check vent plugs Thermal_ Cover Yes inspect worksite | Camera
secure Installation
Thermal Cover open/close : .
3032 | FF | deploy thermal cover Installation Yes thermal cover delicate pinch
2033 | FE retrieve DBA thermal Thermal_ Cover Yes stow/retrieve delicate pinch
cover Installation thermal cover
3034 | EF trandate to -V2 DBA- Thermal_ Cover Yes move about Motion
2 Installation worksite
. Thermal Cover install/remove . .
3035 | FF | install thermal cover Installation Yes thermal cover delicate pinch
3036 | FF | trandateto FHST Thermal_ Cover Yes move about Motion
Installation worksite
deploy FHST covers | Therma Cover deploy/retract . .
3037 | FF 3) Installation Yes EHST cover delicate pinch
inform MCC FHST Thermal Cover .
3038 | FF covers deployed Installation Yes notify MCC COMPUTER
3039 | FF | trandateto SAC Thermal Cover Yes | Moveabout Motion
Installation worksite
. Thermal Cover stow/retrieve .
3040 | FF | retrieve HRD Installation Yes HRD Small handrail
Thermal Cover move about .
3041 | FF | trandatetoBay 4 Installation Yes worksite Motion
fairlead on aft/port Thermal Cover
3042 | FF | ASIPE latch Installation No Unknown
3043 | pr | transfer HRDtoRMS | Thermal Cover Yes | transfer HRD Small handrail Small handrail
EV Installation
3044 | FF | trandateto SAC Thermal_ Cover Yes move about Motion
Installation worksite
retrieve PCU Thermal Cover stow/retrieve .
3045 | FF | pandhold Installation Y& | pcU handhold | Small handrail




stow PCU handhold Thermal Cover stow/retrieve .
3046 | FF on +V2 trunnion Installation Yes PCU handhold Small handral
3047 | FF | trandateto airlock Thermal_ Cover Yes move about Motion
Installation worksite
retrieve ASLRsfrom | Thermal Cover .
3048 | FF SAC (2) Installation Yes retrieve ASLR Unknown
3049 | Fr | SOWASLRsIn Thermal Cover Yes | stow ASLR Unknown
airlock Installation
. . Thermal Cover -
3050 | FF | ingressairlock Installation No Motion
3051 | FF | connect SCU Thermal_ Cover No Unknown
Installation
check EV-1 O2 vlv- Thermal Cover
3052 | FF op Installation No Camera
check O2 P~ 850 and | Therma Cover
3053 | FF | gaple Installation No Camera
3054 | FF | demate SCU Thermal Cover No Unknown
Installation
. Thermal Cover .
3055 | FF | egressairlock Ingtallation No Motion
Thermal Cover open/close : .
3056 | FF | closethermal cover Installation Yes thermal cover delicate pinch
3057 | RMS | stow PGT Thermal Cover NoO COMPUTER
Installation
3058 | FF | trandateto MFR Thermal_ Cover No Motion
Installation
Daisy chain extra
3059 | FF | waist tether to RMS Thermal_ Cover No Unknown
EV Installation
Daisy chain extra Thermal Cover
3060 | RMS || st tether to FEEV | Installation No Unknown
Disconnect RMS Thermal Cover
3061 | FF | EV'ssafety tether : No Tether tool
. Installation
from EMU D-ring
3062 | RMS Disconnect FF EV's Thermal Cover No Tether tool

safety tether from

Installation




EMU D-ring

Mate RMSEV's Thermal Cover
3063 | FF | safety tether to FFEV : No Tether tool
. Installation
EMU D-ring
Mate FF EV's safety
3064 | RMS | tether toRMSEY | | nermal Cover No Tether tool
) Installation
EMU D-ring
Check safety tether Thermal Cover
3065 | FF gate closed Installation No Camera
Check safety tether Thermal Cover
3066 | RMS gate closed Installation No Camera
Disconnect RMS
EV's prime waist Thermal Cover
3067 | FF | {cther from EMU D- | Installation No Tether tool
ring
Disconnect FF EV's Thermal Cover
3068 | RMS | prime waist tether . No Tether tool
. Installation
from EMU D-ring
Mae RMSEV's Thermal Cover
3069 | FF | primewaist tether to Installation No Tether tool
FF EV EMU D-ring
Mate FF EV's prime
3070 | RMS | waist tether to RMS rnge;'}‘gi Cover No Tether tool
EV EMU D-ring
Disconnect extra Thermal Cover
3071 | FF | waist tether daisy : No Unknown
; Installation
chain
Disconnect extra
3072 | RMS | waist tether daisy Thermal_ Cowver No Unknown
) Installation
chain
. Thermal Cover .
3073 | RMS | PGT swap if nec Installation No Large handrail
. Thermal Cover .
3074 | FF | PGT swap if nec Ingtallation No Large handrail
3075 | FF | stow PCU connector Thermal Cover No COMPUTER




tool Installation
stow PCU caddy on Thermal Cover
3076 | FF tanchion Installation Yes stow PCU caddy | Unknown
transfer PCU Thermal Cover transfer PCU . .
3077 | FF handhold Installation Yes handhold Small handrail Small handrail
retrieve PCU Thermal Cover : .
3078 | FF | handhold tether Ingtallation No delicate pinch
transfer PCU Thermal Cover
3079 | FF | handhold tether to Installation No delicate pinch
RMSEV
36 Bay 3 Battery
Demate
3081 | RMS | mnvr to Bay 3 Bay 3 Battery Yes move _about Motion
Demate worksite
3082 | RMS | stanchion 180 deg | B2 3 Battery No Unknown
Demate
Bay 3 Battery
3083 | RMS | Boot plate 0 deg Demate No Unknown
PGT: A3, CCW 3, Bay 3 Battery .
3084 | RMS 105, 12-in wobble Demate Yes set bolt drive COMPUTER
3085 | RMs | drivei-bolt4-6twrns | Bay 3 Battery Yes | drivebolt Bolt drive
(1-disengage) Demate
3086 | RMS | open door Bay 3 Battery Yes open/close bay Small handrail
Demate door
3087 | RMS install door stay on Bay 3 Battery Yes install/remove Small handrail
bay door Demate door stay
tighten EVA knob on | Bay 3 Battery tighten/release .
3088 | RMS bay door Demate Yes EVA knob Pinch
install door stay on Bay 3 Battery tighten/release .
3089 | RMS | £y/A bolt Demate Y& | EVA knob Pinch
tighten EVA knob on | Bay 3 Battery tighten/release .
3030 | RMS bolt Demate Yes EVA knob Pinch
3091 | RMS | set door opening gay 3 Battery Yes rel aselSet door Pinch
emate opening
3092 | RMS | boot plate 90L Bay 3 Battery No Unknown




Demate

inform MCC starting

Bay 3 Battery

3093 | RMS Bay 3 battery demate | Demate Yes notify MCC COMPUTER
3094 | RMS | demate P1A Bay 3 Battery Yes | Mmae/demate Pinch
Demate connector
3095 | RMS | install capon 1A | B 3 Battery ves | Insalfremove 0 Pinch
Demate connector cap
3096 | RMS | mate P1A to cap Bay 3 Battery Yes | Mate/demate Pinch Pinch
Demate connector
3097 | RMS | demate P1B Bay 3 Battery Yes | Mate/demate Pinch
Demate connector
3098 | RMS | install caponig | B 3 Battery ves | Insalfremove g0 Pinch
Demate connector cap
3099 | RMS | mate P1B to cap Bay 3 Battery Yes mate/demate Pinch Pinch
Demate connector
3100 | RMS | demate PLC Bay 3 Battery Yes | Mae/demae o0
Demate connector
3101 | RMS | install capongic | B 3 Battery ves | Insalfremove 0 Pinch
Demate connector cap
3102 | RMS | mate P1C to cap Bay 3 Battery Yes mate/demate Pinch Pinch
Demate connector
3103 | RMS | release door opening Bay 3 Battery Yes rel easerset door Pinch
Demate opening
Release door stay Bay 3 Battery tighten/release .
3104 | RMS from EVA bolt Demate Yes EVA knob Pinch
Remove door stay Bay 3 Battery tighten/release .
3105 | RMS from EV A bolt Demate Yes EVA knob Pinch
3106 | RMS Release door stay Bay 3 Battery Yes install/remove Small handrail
from bay door Demate door stay
3107 | RMS Remove door stay Bay 3 Battery Yes install/remove Small handrail
from bay door Demate door stay
3108 | RMS | close door Bay 3 Battery Yes open/close bay Small handrail
Demate door
3109 | RMS | drivej-bolt (engage) Bay 3 Battery Yes drive bolt Bolt drive




Demate

37 Bay 2 Battery
Demate
3111 | RMS | mnvr to Bay 2 Bay 2 Battery Yes move about Motion
Demate worksite
3112 | RMS | stanchion 180 deg Bay 2 Battery No Unknown
Demate
Bay 2 Battery
3113 | RMS | Boot plate 0 deg Demate No Unknown
3114 | Rms | PCTFAS, CCW3, | Bay 2 Battery Yes | setbolt drive COMPUTER
10.5 Demate
3115 | RMS dr!vej-bolt 4-6tuns | Bay 2 Battery Yes drive bolt Bolt drive
(disengage) Demate
3116 | RMS | open door Bay 2 Battery Yes open/close bay Small handrail
Demate door
3117 | RMS install door stay on Bay 2 Battery Yes install/remove Small handrail
bay door Demate door stay
tighten EVA knob on | Bay 2 Battery tighten/release .
3118 | RMS bay door Demate Yes EVA knob Pinch
install door stay on Bay 2 Battery tighten/release .
3119 | RMS | £y A bolt Demate Y& | EVA knob Pinch
tighten EVA knob on | Bay 2 Battery tighten/release .
3120 | RMS | £y A ot Demate Y& | EVA knob Pinch
3121 | RMS | set door opening gay 2 Battery Yes rel aselSet door Pinch
emate opening
3122 | RMS | boot plate 90R Bay 2 Battery No Unknown
Demate
inform MCC starting | Bay 2 Battery .
3123 | RMS Bay 2 battery demate | Demate Yes notify MCC COMPUTER
3124 | RMS | demate P1A Bay 2 Battery Yes | Mae/demae o0
Demate connector
3125 | RMS | install cap on J1A Bay 2 Battery Yes intall/remove Pinch Pinch
Demate connector cap
3126 | RMS | mate P1A to cap Bay 2 Battery Yes mate/demate Pinch Pinch
Demate connector




3127 | RMS | demate P1B Bay 2 Battery Yes | Mmaedemate Pinch
Demate connector
3128 | RMS | install cap on J1B gay 2 Battery Yes intall/remove Pinch Pinch
emate connector cap
3129 | RMS | mate P1B to cap Bay 2 Battery Yes mate/demate Pinch Pinch
Demate connector
3130 | RMS | demate PLC Bay 2 Battery Yes | Mae/demae o0
Demate connector
3131 | RMS | install cap on J1C Bay 2 Battery Yes install/remove Pinch Pinch
Demate connector cap
3132 | RMS | mate P1C to cap Bay 2 Battery Yes | Mate/demate Pinch Pinch
Demate connector
3133 | RMS | release door opening Bay 2 Battery Yes rel easerset door Pinch
Demate opening
Release door stay Bay 2 Battery tighten/release .
3134 | RMS from EV A bolt Demate Yes EVA knob Pinch
Remove door stay Bay 2 Battery tighten/release .
3135 | RMS from EVA bolt Demate Yes EVA knob Pinch
3136 | RMS Release door stay Bay 2 Battery Yes install/remove Small handrail
from bay door Demate door stay
3137 | RMS Remove door stay Bay 2 Battery Yes install/remove Small handrail
from bay door Demate door stay
3138 | RMS | close door Bay 2 Battery Yes open/close bay Small handrail
Demate door
- Bay 2 Battery . .
3139 | RMS | drivej-bolt (engage) Demate Yes drive bolt Bolt drive
3/8 Bay 4 Setup
move about .
3141 | RMS | mnvr to Bay 4 Bay 4 Setup Yes worksite Motion
3142 | RMS | stanchion 135R Bay 4 Setup No Unknown
3143 | RMS | Boot plate 0 deg Bay 4 Setup No Unknown
retrieve manual stow/retrieve
3144 | RMS | doorstay from MFR Bay 4 Setup Yes Small handrail
handle door stay
3145 | RMS | transfer connector Bay 4 Setup No COMPUTER




tool

PGT: A3, CCW 3,

3146 | RMS 105 Bay 4 Setup Yes set bolt drive COMPUTER
3147 | R | rivel-boltd-6tums | g 4 o Yes | drivebolt Bolt drive
(disengage)
3148 | RMS | open door Bay 4 Setup Yes ggs?/d ose bay Small handrail
3149 | RMS | transfer HRD Bay 4 Setup Yes transfer HRD Small handrail Small handrail
. install/remove :
3150 | RMS | install HRD Bay 4 Setup Yes HRD Small handrail
. stow/retrieve :
3151 | RMS | retrieve door stay Bay 4 Setup Yes door stay Small handrail
3152 | RMS install door stay on Bay 4 Setup Yes install/remove Small handrail
bay door door stay
tighten EVA knob on tighten/release .
3153 | RMS bay door Bay 4 Setup Yes EVA knob Pinch
install door stay on tighten/release .
3154 | RMS EVA bolt Bay 4 Setup Yes EVA knob Pinch
tighten EVA knob on tighten/release .
3155 | RMS EVA bolt Bay 4 Setup Yes EVA knob Pinch
3156 | RMS | set door opening Bay 4 Setup Yes rel easerset door Pinch
opening
:)(Iagglge(\:/:dz))?#;rlfnse stow/retrieve _
3157 | RMS stanchion (on MCC Bay 4 Setup Yes Eal?jl(j fuse plug Pinch
GO) y
. install/remove
3158 | RMS 'Crsg” PDUfuseplug | gy 4 setup Yes | PDUfuseplug | Pinch Pinch
y
caddy
open PDU fuse plu open/close PDU
3159 | RMs | P g Bay 4 Setup Yes fuse plug caddy delicate pinch
caddy
cover
remove fuse plug on install/remove .
3160 | RMS MCC GO Bay 4 Setup Yes fuse plug Pinch
3161 | RMS | stow fuse plugin Bay 4 Setup Yes stow fuse plug Pinch




caddy

install/remove

3162 | RMS | install stringer cap Bay 4 Setup Yes stringer cap Unknown 1
close PDU fuse plug open/close PDU

3163 | RMS caddy cover Bay 4 Setup Yes 1(‘:1(1)?/8 eEJIug caddy delicate pinch 1

3164 | RMS | boot plate 0 deg Bay 4 Setup No Unknown 1

3165 | RMS Tg; A3, CCW'3, Bay 4 Setup Yes set bolt drive COMPUTER 1
drive PCU keyway

3166 | RMS | bolts (Ieft-2 & right- Bay 4 Setup Yes drive bolt Bolt drive 7
5) 6 turns (disengage)

319 PCU Demate

Demate connectors mate/demate !

3168 | RMS (28-l¢ft side PCU) PCU Demate Yes PCU connector HT Pinch 28
Stow connectors stow PCU . .

3169 | RMS (PCU) on HRD PCU Demate Yes connector HT Pinch 28 Pinch on HRD 28

3170 | FF | Trandateto MFR MFR Swap No Motion 1
Daisy chain extra

3171 | FF | waist tether to RMS MFR Swap No Unknown 1
EV
Daisy chain extra

3172 | RMS waist tether to FE EV MFR Swap No Unknown 1
Disconnect RMS

3173 | FF | EV'ssafety tether MFR Swap No Tether tool 1
from EMU D-ring
Disconnect FF EV's

3174 | RMS | safety tether from MFR Swap No Tether tool 1
EMU D-ring
Mate RMSEV's

3175 | FF | safety tetherto FFEV | MFR Swap No Tether tool 1
EMU D-ring
Mate FF EV's safety

3176 | RMS | tether to RMSEV MFR Swap No Tether tool 1

EMU D-ring




3177

FF

Check safety tether
gate closed

MFR Swap

No

Camera

3178

RMS

Check safety tether
gate closed

MFR Swap

No

Camera

3179

FF

Disconnect RMS
EV's prime waist
tether from EMU D-
ring

MFR Swap

No

Tether tool

3180

RMS

Disconnect FF EV's
prime waist tether
from EMU D-ring

MFR Swap

No

Tether tool

3181

FF

Mate RMSEV's
prime waist tether to
FF EV EMU D-ring

MFR Swap

No

Tether tool

3182

RMS

Mate FF EV's prime
waist tether to RMS
EV EMU D-ring

MFR Swap

No

Tether tool

3183

FF

Disconnect extra
waist tether daisy
chain

MFR Swap

No

Unknown

3184

RMS

Disconnect extra
waist tether daisy
chain

MFR Swap

No

Unknown

3185

FF

PGT swap (if
required)

MFR Swap

No

Large handrail

3186

RMS

PGT swap (if
required)

MFR Swap

No

Large handrail

3187

FF

stow PCU connector
tool

PCU Demate

No

COMPUTER

3188

FF

stow PCU caddy on
stanchion

PCU Demate

Yes

stow PCU caddy

Unknown

3189

RMS

Retrieve PCU
connector tool

PCU Demate

No

COMPUTER

3190

RMS

Retrieve inspection
mirror

PCU Demate

unk

retrieve
inspection mirror

Pinch




Demate connectors

mate/demate

Pinch on

3191 | RMS | (left-6 & bottom-2) PCU Demate Yes PCU connector retainer HT Pinch
(PCU)
3192 | RMS Tg; A3, CCW3, PCU Demate Yes set bolt drive COMPUTER
drive PCU keyway
3193 | RMS | bolts (left) 6 turns (3- | PCU Demate Yes drive bolt Bolt drive
disengage)
3104 | FF | Jranster PCU PCU Demate Yes | FansIerPCU | gl handrail small handrail
handhold handhold
Receive PCU :
3195 | RMS handhold from EF EV PCU Demate No Small handrail
Retrieve PCU . .
3196 | FF handhold tether PCU Demate No delicate pinch
Transfer PCU
3197 | FF | handhold tether to PCU Demate No delicate pinch
RMSEV
install PCU : .
3198 | RMS | Install PCU handhold | PCU Demate Yes handhold Small handrail Small handrail
Receive PCU
3199 | RMS | handhold tether from | PCU Demate No delicate pinch
FF EV
3200 | Rmis | POT A3 COW L pey Demate Yes |setboltdive | COMPUTER
3201 | RMS drive grounpistrao bolt PCU Demate Yes drive bolt Bolt drive
2-3 turns (disengage)
3202 | RMS Tg; A3, CCW3, PCU Demate Yes set bolt drive COMPUTER
drive PCU keyway
3203 | RMS | bolt (bottomright) 6 PCU Demate Yes drive bolt Bolt drive
turns (disengage)
3|10 PCU Swap
Trandate to sthd move about .
3205 | FF SAC, PCU-R PCU Swap Yes worksite Motion
3206 | FE | OPeNPCU-Rthermal | ooy oy ves | Openvclose ddlicate pinch
cover thermal cover




secure Velcro strap

secure/remove

3207 | FF | on PCU-R therma PCU Swap Yes delicate pinch delicate pinch
. Velcro
cover (restrain)
3208 | FF | Ingress PFR PCU Swap No Large handrail
Config HST PFR
(AS: 90L, P=10.5,
3209 | FF PFR: Y=6, R=A, PCU Swap No Unknown
P=10.5)
PGT: A3, CCW 3, .
3210 | FF 10,5, 12-in wobble PCU Swap Yes set bolt drive COMPUTER
drive keyway bolts
3211 | FF | (6) 6 (4-6) turns PCU Swap Yes drive bolt Bolt drive
(disengage)
3212 | FF | Remove PCU-R PCU Swap Yes remove PCU Small handrail
3213 | RMS | Remove PCU PCU Swap Yes remove PCU Small handrail
3214 | RMS | Mnvr to SAC PCU Swap Yes | Moveabout Motion
worksite
3215 | FF EXChange PCUIPCU- | by swap Yes | exchangePCU | Small handrail Small handrail
3216 | RMS | FeRVePCUR from | pey swap No Small handrail
3217 | RMS g/ansf erPCUOFF | by swap No Small handrail
Receive PCU from :
3218 | FF RMS EV PCU Swap No Small handrail
3219 | pp | JOWPCUONSAC | by oy Yes | stowPCU Small handrail Small handrail
(connectors inboard)
3220 | FF | PGT: A3,CW 3,105 | PCU Swap Yes set bolt drive COMPUTER
drive keyway bolts
3221 | FF | (6) 6 (4-6) turns PCU Swap Yes drive bolt Bolt drive
(engage)
Tighten PCU
3222 | FF | handhold wing bolts PCU Swap Yes tighten wing bolt | Pinch
(@)
3223 | FF | EgressPFR PCU Swap No Large handrail




install thermal cover install/remove . .
3224 | FF (PCU) PCU Swap Yes thermal cover delicate pinch 1
311 PCU-R Mate

Mate connectors (2- mate/demate Pinch on :
3226 | RMS bottom PCU-R) PCU-R Mate Yes PCU connector retainer 2 HT Pinch

Mate connectors (34- mate/demate Pinch on .
3227 | RMS left PCU-R) PCU-R Mate Yes PCU connector retainer 34 HT Pinch
3228 | RMS Stow_JlB/J14 saver PCU-R Mate Yes stow connector Pinch 5

capsin trash bag cap

V2 Aft Shroud
312 Handrail Covers

inspect +/- V2
3230 | FF | handrailsused for xgn';“j:;”srgg\lﬁrs Yes inspect worksite | Camera 1

ACSand NCS

retrieve handrail V2 Aft Shroud retrieve handrail
s231| FF covers from ASIPE Handrail Covers Yes covers Unknown 1
3232 | FF | ingtal handrail covers V2 Aft .Shroud Yes install handrail Unknown 1

Handrail Covers covers

config HST PFR (aft | V2 Aft Shroud
3233 | FF ASIPE) for ACS Handrail Covers No Unknown 1
3|13 Bay 4 Cleanup
3235 | RMS | remove stringer cap Bay 4 Cleanup Yes grsit%lgegve Unknown 1
3236 | RMS L?Jargggrse plug serial Bay 4 Cleanup Yes inspect worksite | Pinch 1 Camera

install fuse plug install/remove .

reinst use plug

3237 | RMS (reinstall) Bay 4 Cleanup Yes f | Pinch 1

close PDU fuse plug open/close PDU . .
3238 | RMS caddv cover Bay 4 Cleanup Yes fuse plug caddy delicate pinch 1

Y cover
install/remove

3239 | RMs | fémMove PDU fuse Bay 4 Cleanup Yes PDU fuse plug Pinch 1 Pinch

plug caddy

caddy




stow PDU fuse plug

stow/retrieve

3240 | RMS caddy on stanchion Bay 4 Cleanup Yes PDU fuse plug Pinch
caddy
3241 | RMS | remove HRD Bay 4 Cleanup Yes | AUEMOVE | gl handrai
stow HRD on +V2 stow/retrieve .
3242 | RMS trunnion (temp) Bay 4 Cleanup Yes HRD Small handrail
3243 | RMS | remove door stay Bay 4 Cleanup Yes :jnstall/remove Small handrail
oor stay
stow door stay on stow/retrieve
3244 | RMS stanchion Bay 4 Cleanup Yes door stay Unknown
3245 | RMS | PGT: A3,CW 3,10.5 | Bay 4 Cleanup Yes set bolt drive COMPUTER
3246 | RMS | close door Bay 4 Cleanup Yes gggrr]/cl ose bay Small handrail
3247 | RMs | drivel-bolt4-6 turns Bay 4 Cleanup Yes | drivebolt Bolt drive
(engage)
314 Thermal Cover
Removal
trandate to +V2 Thermal Cover move about .
3249 | FF DBA-2 Removal Yes worksite Motion
3250 | FF | retrievethermal cover Thermal Cover Yes stow/retrieve delicate pinch
Removal thermal cover
3051 | EF stow thermal cover on | Thermal Cover Yes stow/retrieve delicate pinch
Bay 5 Removal thermal cover
250 | EE retract Bay 5thermal | Thermal Cover Yes install/remove ddlicate pinch
cover Removal thermal cover
check cross-strap Thermal Cover . .
3253 | FF harness dlip installed | Removal Yes inspect worksite | Camera
3054 | EF trandate to -V2 DBA- | Thermal Cover Yes move about Motion
2 Removal worksite
3255 | FF | retrievethermal cover Thermal Cover Yes stow/retrieve delicate pinch
Removal thermal cover
stow thermal cover on | Thermal Cover stow/retrieve . .
3256 | FF Bay 10 Removal Yes thermal cover delicate pinch
3257 | FF | trandateto +V2 Thermal Cover Yes | move about Motion




trunnion Removal worksite
3258 | FF | retrieve HRD Thermal Cover Yes | Sowhetrieve | g pandrail | 1
Removal HRD
3259 | FF | retrievetether Thermal Cover No delicate pinch 1
Removal
3260 | FF | trandateto SAC Thermal Cover Yes move about Motion 1
Removal worksite
3261 | FF | stow HRD Thermal Cover Yes | Sowhetrieve | g pandrail | 1
Removal HRD
check MCC GO for Thermal Cover
3262 | FF | FHST cover Yes check GO COMPUTER 1
. Removal
retraction
3263 | FF | trandateto -V 3 doors Thermal Cover Yes move _about Motion 1
Removal worksite
retract FHST covers | Thermal Cover deploy/retract . .
3264 | FF (center first) Removal Yes FHST cover delicate pinch 3
3265 | FF | trandateto SAC Thermal Cover Yes move _about Motion 1
Removal worksite
3266 | FF | retrieveASLRs(2) | Lnermal Cover Yes | retrieve ASLR | Unknown 2
Removal
3267 | FF | trandateto airlock Thermal Cover Yes move _about Motion 1
Removal worksite
3068 | FF | SOWASLRs(2) Thermal Cover Yes | stow ASLR Unknown 2
(temp) Removal
3|15 Bay 3 Battery Mate
check MCC GO for
3270 | RMS | Bay 2 & 3 battery Bay 3 Battery Mate Yes check GO COMPUTER 1
mate
move about .
3271 | RMS | mnvr to Bay 3 Bay 3 Battery Mate Yes worksite Motion 1
3272 | RMS | stanchion 180 deg Bay 3 Battery Mate No Unknown 1
3273 | RMS | boot plate 0 deg Bay 3 Battery Mate No Unknown 1
3274 | RMS Tg,:__)r A3, CCW 3, Bay 3 Battery Mate Yes set bolt drive COMPUTER 1
3275 | RMS | drivej-bolt (release) Bay 3 Battery Mate Yes drive bolt Bolt drive 1




open/close bay

3276 | RMS | open door Bay 3 Battery Mate Yes door Small handrail
3277 | RMs | (1A 00N SYON | By 3 pattery Mate | ves | SAITEMOVE g pangrai
ay door door stay
tighten EV A knob on tighten/release .
3278 | RMS bay door Bay 3 Battery Mate Yes EVA knob Pinch
install door stay on tighten/release .
3279 | RMS EVA bolt Bay 3 Battery Mate Yes EVA knob Pinch
tighten EV A knob on tighten/release .
3280 | RMS EVA bolt Bay 3 Battery Mate Yes EVA knob Pinch
3281 | RMS | set door opening Bay 3 Battery Mate Yes :)Taleni ngset door Pinch
3282 | RMS | boot plate 90L Bay 3 Battery Mate No Unknown
3283 | RMS | demate P1A Bay 3 Battery Mate Yes mate/demate Pinch
connector
3284 | RMS | demate cap from JIA | Bay 3 Battery Mate Yes intall/remove Pinch Pinch
connector cap
3085 | RMS | mate P1A to JIA Bay 3 Battery Mate Yes | Mate/demate Pinch Pinch
connector
3086 | RMS | demate P1B Bay 3 Battery Mate Yes | Mate/demate Pinch
connector
3287 | RMS | demate cap from J1IB | Bay 3 Battery Mate Yes install/remove Pinch Pinch
connector cap
3288 | RMS | mate P1B to J1B Bay 3 Battery Mate Yes | Mate/demate Pinch Pinch
connector
3289 | RMS | demate P1C Bay 3 Battery Mate Yes mate/demate Pinch
connector
3290 | RMS | demate cap from JIC | Bay 3 Battery Mate Yes intall/remove Pinch Pinch
connector cap
3291 | RMS | mate P1C to J1C Bay 3 Battery Mate Yes | Mate/demate Pinch Pinch
connector
3292 | RMS | remove door opening | Bay 3 Battery Mate Yes E)epleni ngset door Pinch
remove EVA knob tighten/release .
3293 | RMS from EVA bolt Bay 3 Battery Mate Yes EVA knob Pinch




Remove door stay

tighten/release

3294 | RMS from EVA bolt Bay 3 Battery Mate Yes EVA knob Pinch 1
remove EVA knob tighten/release .

3295 | RMS from bay door Bay 3 Battery Mate Yes EVA knob Pinch 1

3206 | RMs | Removedoor sy | g 3 paery Mate | Yes | MSAlTemOve g bandrail | 1
from bay door door stay

3297 | RMS | PGT: A3, CW 3,10.5 | Bay 3 Battery Mate Yes set bolt drive COMPUTER 1

3298 | RMS | close door Bay 3 Battery Mate Yes gggrr]/cl 0se bay Small handrail 1

3299 | RMs | drivel-bolt4-6 turns Bay 3 Battery Mate Yes | drivebolt Bolt drive 1
(engage)

3|16 Bay 2 Battery Mate

3301 | RMS | mnvr to Bay 2 Bay 2 Battery Mate Yes move about Motion 1

worksite

3302 | RMS | stanchion 180 deg Bay 2 Battery Mate No Unknown 1

3303 | RMS | boot plate 0 deg Bay 2 Battery Mate No Unknown 1

3304 | RMS Tg,:__)r A3, CCW3, Bay 2 Battery Mate Yes set bolt drive COMPUTER 1

3305 | RMS | drivej-bolt (release) Bay 2 Battery Mate Yes drive bolt Bolt drive 1

3306 | RMS | open door Bay 2Battery Mate | Yes | VIOV | gl hancirail | 1

3307 | RMs | M@l doorstayon | g 5 patery Mate | ves | MSANTEMOVE g bandrail | 1
bay door door stay
tighten EV A knob on tighten/release .

3308 | RMS bay door Bay 2 Battery Mate Yes EVA knob Pinch 1
install door stay on tighten/release .

3309 | RMS EVA bolt Bay 2 Battery Mate Yes EVA knob Pinch 1
tighten EVA knob on tighten/release .

3310 | RMS EVA bolt Bay 2 Battery Mate Yes EVA knob Pinch 1

3311 | RMS | set door opening Bay 2 Battery Mate Yes :)%Z?ﬁ%set door Pinch 1

3312 | RMS | boot plate 90R Bay 2 Battery Mate No Unknown 1

3313 | RMS | demate P1A Bay 2 Battery Mate Yes | Mate/demate Pinch 1

connector




install/remove

3314 | RMS | demate cap from JIA | Bay 2 Battery Mate Yes Pinch Pinch
connector cap
3315 | RMS | mate P1A to JIA Bay 2 Battery Mate Yes | Mate/demate Pinch Pinch
connector
3316 | RMS | demate P1B Bay 2 Battery Mate Yes | Mate/demate Pinch
connector
3317 | RMS | demate cap from J1IB | Bay 2 Battery Mate Yes intall/remove Pinch Pinch
connector cap
3318 | RMS | mate P1B to J1B Bay 2 Battery Mate Yes | Mate/demate Pinch Pinch
connector
3319 | RMS | demate P1C Bay 2 Battery Mate Yes | Mate/demate Pinch
connector
3320 | RMS | demate cap from JIC | Bay 2 Battery Mate Yes intall/remove Pinch Pinch
connector cap
3321 | RMS | mate P1C to J1C Bay 2 Battery Mate Yes | Mate/demate Pinch Pinch
connector
notify MCC Bay 2
3322 | RMS | and 3 battery Bay 2 Battery Mate Yes notify MCC COMPUTER
connectors mated
3323 | RMS | remove door opening | Bay 2 Battery Mate Yes E)epleni ngset door Pinch
remove EVA knob tighten/release .
3324 | RMS from EVA bolt Bay 2 Battery Mate Yes EVA knob Pinch
Remove door stay tighten/release .
3325 | RMS from EVA bolt Bay 2 Battery Mate Yes EVA knob Pinch
remove EVA knob tighten/release .
3326 | RMS from bay door Bay 2 Battery Mate Yes EVA knob Pinch
3327 | RMs | Removedoor sty | g s paery Mate | ves | MSElTEMOVE o pandrail
from bay door door stay
3328 | RMS | PGT: A3,CW 3, 10.5 | Bay 2 Battery Mate Yes set bolt drive COMPUTER
3329 | RMS | close door Bay 2 Battery Mate Yes ggs?/d ose bay Small handrail
3330 | RMs | drivei-bolt4-6turns Bay 2 Battery Mate Yes | drivebolt Bolt drive

(engage)




drive j-bolts (bays 2-

3331 | RMS 4) 4-6 turns (engage) Bay 2 Battery Mate Yes drive bolt Bolt drive
FHST & WF/PC
3|17 Cover Removal
Remove WF/PC
3333 | FF | (assist RMSEVas | ST & WF/PC No Small handrail delicate pinch
; Cover Removal
required)
Remove FHST covers
3334 | FF | (assst RMSEV as FHST & WF/PC No delicate pinch
; Cover Removal
required)
3335 | RMS | Mnvr to FHST covers FHST & WF/PC Yes move about Motion
Cover Removal worksite
3336 | RMS | Remove FHST covers FHST & WHPC Yes install/remove Unknown
Cover Removal FHST cover
Slide FHST covers FHST & WF/PC dide FHST . . . .
3337 | RMS together Cover Removal Yes covers together delicate pinch delicate pinch
secure Velcro
3338 | RMS | restraint to FHST FHST & WF/PC Yes secure/remove delicate pinch
Cover Removal Velcro
covers
3339 | RMS Mnvr to WF/PC FHST & WF/PC Yes move about Motion
cover Cover Removal worksite
Remove WF/PC FHST & WF/PC install/remove . . .
3340 | RMS cover Cover Removal Yes WE/PC cover Small handrail delicate pinch
Tighten WF/PC cover | FHST & WF/PC . !
3341 | RMS Zip nuts (2) Cover Removal Yes engage zip nut Pinch
3342 | RMS | Mnvr to SAC FHST & WF/PC Yes move about Motion
Cover Removal worksite
3343 | FF | Transfer FHST covers FHST & WF/PC Yes transfer FHST delicate pinch delicate pinch
Cover Removal covers
Receive FHST covers | FHST & WF/PC . .
3344 | FF fromRMSEV Cover Removal No delicate pinch
FHST & WF/PC stow/retrieve . .
3345 | FF | Stow FHST covers Cover Removal Yes EHST cover delicate pinch




secure Velcro

FHST & WF/PC

secure/remove

3346 | FF (C%r\f);nm ng) for FHST Cover Removal Yes vecro delicate pinch delicate pinch
3347 | RMs | 1Tansfer WHPC FHST & WHPC Yes | TS WHPC | ol handrail small handrail
cover Cover Removal cover
Receive WF/PC cover | FHST & WF/PC :
3348 | FF fromRMS EV Cover Removal No Small handral
FHST & WF/PC stow/retrieve .
3349 | FF | Stow WF/PC cover Cover Removal Yes WE/PC cover Small handrail
secure Velcro
3350 | FF | (grounding) for FHST & WF/PC Yes secure/remove delicate pinch delicate pinch
Cover Removal Velcro
WF/PC cover
3|18 Bay 5MLI Removal
3352 | RMs | Schionsatup (it 1 5 5 1) | Removal No Unknown
necessary)
3353 | RMS | boot plate setup Bay 5 MLI Removal No Unknown
trand ate to stbd move about .
3354 | FF ASIPE pouch Bay 5 MLI Removal Yes worksite Motion
: stow/retrieve
3355 | FF retrieve Bay 5 ML| Bay 5 MLI Removal Yes MLI recovery delicate pinch
recovery bag bag
3356 | FF | trandateto Bay 5 Bay 5MLI Removal Yes | Moveabout Motion
worksite
3357 | RMS | mnvrto HST Bay5 | Bay 5 MLI Removal Yes | Moveabout Motion
worksite
3358 | RMS | release Velcro Bay 5 MLI Removal Yes {slegllérri/remove delicate pinch
cut Bay 5 door MLI cut MLI
3359 | RMS ground straps (2) Bay 5 MLI Removal Yes groundstraps Unknown
3360 | FF transfer Bay 5 ML Bay 5 MLI Removal Yes transfer ML delicate pinch delicate pinch
recovery bag recovery bag
receive MLI recovery . .
3361 | RMS bag from FF EV Bay 5 MLI Removal No delicate pinch
stow MLI recovery stow/retrieve : .
3362 | RMS bag on MWS Bay 5 MLI Removal Yes MLI recovery delicate pinch




bag

3363 | RMS | fold MLI Bay 5 MLI Removal Yes fold MLI delicate pinch delicate pinch
3364 | RMs | SowinBay SMLI Bay 5MLI Removal Yes | stowMLI delicate pinch
recovery bag
3365 | RMS transfer ML recovery Bay 5 MLI Removal Yes transfer ML delicate pinch delicate pinch
bag to stanchion recovery bag
Bay 5& 6 NOBL
319 Retrieval
3367 | RMS | mnvr to NT Bay .5 & 6 NOBL Yes move about Motion
Retrieval worksite
3368 | RMS | stanchion 135R Bay.5 & 6 NOBL No Unknown
Retrieval
3369 | RMS | Boot plate 90L Bay .5 & 6 NOBL No Unknown
Retrieval
3370 | FF | trandateto NT Bay 5& 6NOBL Yes move _about Motion
Retrieval worksite
2371 | EE retrieve NOBL plug Bay_5 & 6 NOBL Yes stow/ret_rleve ddlicate pinch
stringer Retrieval plug stringer
3372 | FF tra_nsfer NOBL plug Bay.5 & 6 NOBL Yes transfer stringer delicate pinch delicate pinch
stringer Retrieval
receive NOBL plug Bay 5& 6 NOBL . .
3373 | RMS stringer from FF EV Retrieval No delicate pinch
3374 | FF | openNT Bay.5 & 6 NOBL Yes open/close NT Small handrail
Retrieval
3375 | FF | retrieve NOBL5& 6 EZtyriSevg;\IG NOBL Yes retrieve NOBL delicate pinch
3376 | FF | transfer NOBL 5& 6 EZtyriSevg;\IG NOBL Yes transfer NOBL delicate pinch delicate pinch
receive NOBL 5& 6 | Bay5& 6 NOBL . .
3377 | RMS from EE EV Retrieval No delicate pinch
3378 | FF | closeNT Bay.5 & 6 NOBL Yes open/close NT Small handrail
Retrieval
Bay 5& 6 NOBL engage/disengage | .
3379 | FF | engage NT latches (3) Retrieval Yes NT latch Pinch




3120

Bay 5& 6 NOBL

Installation
Bay 5& 6 NOBL move about .
3381 | FF | trandatetoBay5 Installation Yes worksite Motion
Bay 5& 6 NOBL move about .
3382 | RMS | mnvr to Bay 6 Installation Yes worksite Motion
3383 | RMS | transfer Bay 5 NOBL ﬁ:;y al5l agtLi (?nNOBL Yes transfer NOBL delicate pinch delicate pinch
receive Bay 5NOBL | Bay 5& 6 NOBL : .
3384 | FF fromRMSEV Installation No delicate pinch
attach door clipsto .
3385 | RMS | door stop (bay 6 Bay 5 &. 6 NOBL Yes attach door clips Unknown
Installation to door stop
NOBL)
securedoor handle | g 5 ¢ 6 NOBL ﬁ?n‘éﬁeedoor
3386 | RMS | attachment to door & Yes Unknown
Installation attachment to
handle
door handle
Bay 5& 6 NOBL move about .
3387 | RMS | mnvr to Bay 5 Installation Yes worksite Motion
3388 | FF | transfer Bay 5 NOBL ﬁg a|5I :iLi g’nNOBL Yes transfer NOBL delicate pinch delicate pinch
receive Bay 5NOBL | Bay 5& 6 NOBL . .
3389 | RMS from FE EV Installation No delicate pinch
3390 | RMS | install Bay 5 NOBL Bay 5 &. 6 NOBL Yes install NOBL Unknown
Installation
3391 | RMS | install NOBL plugs Bay 5 &. 6 NOBL Yes install NOBL Pinch
Installation plugs
connect NOBL Bay 5& 6 NOBL connect ground
3392 | RMS ground cap to j-bolt Installation Yes cap to j-bolt Unknown
stow plug stringer in Bay 5& 6 NOBL stow/retrieve : .
3393 | RMS trash bag Installation Yes plug stringer delicate pinch
DAY 4
41 MFR Setup
4002 | RMS | transfer MFR handle | MFR Setup No Small handrail




to FF EV

4003 | RMS | egressairlock MFR Setup No Motion 1
4004 | RMs | At MWStetherto | oo o1 No Tether tool 1
boot plate lanyard
4005 | RMS | ingressMFR MFR Setup No Large handrail 1
receive MFR handle .
4006 | RMS from EF EV MFR Setup No Small handrail 1
4007 | RMS | ingtall MFR handle MFR Setup No Small handrail 1 Small handrail
4008 | RMs | fowetoolinterface |\ ep o No Unknown 1
180 deg
42 BAPS Post Setup
install PIP pins (2) install/remove
4010 | FF (BAPS Center) BAPS Post Setup unk PIP PIP 2
Trandation Aid
43 Setup
remove PIP pin from . .
4012 | FF | mini-TA (if Trandation Aid No PIP 1
Setup
necessary)
1013 | FE rotate handle 140 deg | Trandation Aid No Small handrail 1
(mini-TA) Setup
install PIP pin (mini- | Trandation Aid
4014 | FF TA) Setup No PIP 1
install hitch pin Trandation Aid .
4015 | FF (Mini-TA) Setup No Hitch 1
4016 | FF | SXteNdTA tube(stbd) | Transiation Aid No Small handrail | 1 | Small handrail
(if necessary) Setup
4017 | FF | rotate TA joint (stbd) ;tal:‘s ation Aid No Small handrail | 1
4018 | FF | SXtendTA tube(port) | Transiation Aid No Small handrail | 1 | Small handrail
(if necessary) Setup
4019 | FF | rotate TA joint (port) ngtags ation Aid No Small handrail 1
414 Aft Fixture Setup




remove hitch pins (2)

install/remove

4021 | FF from aft fixture Aft Fixture Setup Yes hitch pin Hitch

4022 | pr | Sowhitchpins (it | ¢ mtire Setup Yes |insaliremove | G
fixture) hitch pin
remove PIP pins (2) . install/remove

4023 | FF from aft fixture Aft Fixture Setup Yes PP PIP

4024 | pr | Slow PIPpins (aft Aft Fixture Setup ves | Insaliremove |5y
fixture) PIP

4025 | FF | deploy aft fixture Aft Fixture Setup Yes :t)(();/l\ﬁ:eploy at Unknown

a026 | Fr | EngagelockingPIP 1) g itire Setup ves | Insaliremove | oy
pins (2) PIP
check top fork PIP

4027 | FF | pinin proper Aft Fixture Setup Yes inspect worksite | Camera
orientation

4|5 Y-Harness Retrieval

4029 | FF | trandateto port ATM | Y-Harness Retrieval Yes ng:llfS?[t(;OUt Motion

4030 | FF | open ATM (port) Y -Harness Retrieval Yes open/close ATM | Small handrail
retrieve COSTAR Y - Sow/retrieve

4031 | FF | harnesswith small Y -Harness Retrieval Yes Tether tool

harness

hook of retr tether

4032 | FF | close ATM (port) Y -Harness Retrieval Yes open/close ATM | Small handrail
engage ATM latches ) . engage/disengage

4033 | FF @) Y -Harness Retrieval Yes ATM latch Unknown

4034 | FF translate to -V.2 aft Y -Harness Retrieval Yes move _about Motion
shroud worksite

4|6 Open -V2 Doors

4036 | RMs | Mnvrto-v2aft Open -V2 Doors Yes | Moveabout Motion
shroud worksite

4037 | RMS | stanchion 180 deg Open -V2 Doors No Unknown
stow 80-in adj tether Sow/retrieve

4038 | RMS | onright -V2 door Open -V2 Doors unk tether delicate pinch

handrail (temp)




4039

RMS

Apply lubricant to

Open -V2 Doors

Yes

apply lubricant

Lubricant tool

latch bolts (4)
PGT: A4, CCW 3, .

4040 | RMS 23.5 short ad Open -V2 Doors Yes set bolt drive COMPUTER 1

4041 | RMS drive Ia@ch bolts (3) 7 Open -V2 Doors Yes drive bolt Bolt drive 3
turns (disengage)

4042 | RMS drive h?”d'e bolt 7 Open -V2 Doors Yes drive bolt Bolt drive 1
turns (disengage)

4043 | RMS Maintain pressre on Open -V2 Doors Yes malntain pressure Small handrail 1
doors on doors

4044 | RMS | Remove PIP pin Open -V2 Doors Yes 'Fqut,a”/ remove 1 pip 1

4045 | RMS drive handle atch Open -V2 Doors Yes release latch Pinch 1
(release)

4046 | RMS | Ingtall PIP pin Open -V2 Doors Yes 'Fqut,a”/ remove 1 pip 1

4047 | RMS | Open doors Open -V2 Doors Yes gggrr]/cl o0seV2 Small handrail 1 Small handrail

4048 | RMS | stow PGT Open -V2 Doors No COMPUTER 1

4049 | RMS | stow lube applicator Open -V2 Doors No Unknown 1

4050 | RMs | CONfig PRT Open -V2 Doors Yes | setbolt drive COMPUTER 1
controller A1

4|7 FOC Removal

4052 | Rms | SBDINIZEFEEVAGT | moe pamoval No Unknown 1
necessary)

a053 | pe | tetherrightaftsroud | oo pooval unk | tethersiroud | e tool 1
door open door

4054 | pp | StOWY-harness FOC Removal Yes | Slowlretrieve | i ate pinch 1
(lower left) harness
check MCC GO for

4055 | FF | FOC connector FOC Remova Yes check GO COMPUTER 1
demate

4056 | FF | tether connectors (4) FOC Removal No Tether tool Pinch

4057 | FF | demate connectors (4) | FOC Removal Yes mate/demate Pinch

connector




disconnect purge

4058 | FF | disconnect purgeline | FOC Removal Yes line Pinch

4059 | FF | stow purgeline FOC Removal Yes stow purge line Unknown

4060 | FF | POTIAS, CCWS, |t pomoval Yes |setholtdrive | COMPUTER
10.5, 6-in wobble

4061 | Fr | drivegroundsrap4-6 | Lo e g Yes | drivebolt Bolt drive
turns (disconnect)

4062 | FF | stow groundstrap FOC Removal Yes stow/retrieve delicate pinch delicate pinch

groundstrap

4063 | RMs | Mnvr for FOC FOC Removal yes | Moveabout Motion
removal worksite

4064 | FF | 'MOVE B" latch FOC Removal Yes install/remove delicate pinch
cover latch cover

4065 | FF g?fe((:z)' ndicator lights FOC Remova Yes inspect worksite | Camera

4066 | FF note ahgnment and FOC Removal Yes inspect worksite | Camera
position of FOC
check "A"

4067 | RMS | LATCHED lightsoff | FOC Removal Yes inspect worksite | Camera
(@)
PRT: RCCW, 38 or

4068 | RMS | EVA Ratchet: CCW, | FOC Removal Yes set bolt drive COMPUTER
MTL 38
drive"A" latch 1/2

4069 | RMS | turn (manual FOC Removal Yes drive bolt Bolt drive
disengage)
PRT: A1, CCW, 5

4070 | FF | (¢al) or PGT: B2, FOC Removal Yes set bolt drive COMPUTER
CCW 3,5.5
drive"A" latch 11.5-

4071 | FF | 15.5turnsto hardstop | FOC Removal Yes drive bolt Bolt drive Camera
(disengage)
check "A"

4072 | RMS | LATCHED lightson | FOC Removal No Bolt drive Camera

(1-2 turns)




note alignment and

4073 | RMS position of FOC FOC Removal No Camera
4074 | RMis | rantan downward | £ Removal No Small handrail
4075 | RMs | Check GO for "B FOC Removal Yes | check GO COMPUTER
latch disengage
4076 | FF Tg; A3, CCW 2, FOC Removal Yes set bolt drive COMPUTER
drive "B" latch 1/2
4077 | FE | turn (disengage) FOC Removal Yes | drivebolt Bolt drive Small handrail
while maintain
downward force
4078 | FF Ili)/lc';r-ll—_ B5, CCW 2,5.5 FOC Removal Yes set bolt drive COMPUTER
drive"B" latch 9.5-
13.5 turns to hardstop
4079 | FF | (disengage) while FOC Removal Yes drive bolt Bolt drive Small handrail
maintain downward
force
4080 | FF ﬁgﬁls( o': TED FOC Removal Yes inspect worksite | Camera
4081 | FF ﬁgﬁls( OE SEATED FOC Removal Yes inspect worksite | Camera
4082 | RMS | remove FOC FOC Removal Yes 'ang“/ remove | gl handrail Small handrail
inform RMS EV
4083 | FF | when"B" READY FOC Removal Yes notify MCC COMPUTER
lights on
4084 | FF Inspect bay (atches FOC Removal Yes inspect worksite | Camera
and all MLI)
4085 | RMS | mnvr to aft fixture FOC Removad Yes move _about Motion
worksite
stow FOC on aft Sow/retrieve
4086 | RMS | fixture (connectors FOC Removal Yes FOC Small handrail Small handrail
fwd)
4087 | RMS | ingtall PIP pin FOC Removal Yes install/remove PIP




PIP

4i8 CASH Ingtallation
4089 | RMS | mnvr to SAC UPS CASH Ingtallation Yes VTSYEQ?‘“ Maotion
4090 | RMS | stow PRT CASH Installation No COMPUTER
4091 | FF | trandateto SACUPS | CASH Installation Yes | Moveabout Motion
worksite
release UPS latches . engage/disengage
4092 | FF @) CASH Installation Yes UPS latch Unknown
4093 | FF | open UPS CASH Installation Yes open/close UPS | Unknown
release CASH . release/secure . .
4094 | FF restraint straps (2) CASH Installation Yes restraint strap delicate pinch
open contamination opervclose
4095 | FF cgver CASH Installation Yes contamination delicate pinch
cover
4096 | FF retrieve primary CASH Installation Yes retrieve CASH Unknown
CASH (lower)
4097 | FF téingf:r primary CASH Installation Yes transfer CASH Unknown Unknown
4098 | RMS 'r:e';:eé\\//e CASH from CASH Installation No Unknown
close contamination opervclose
4099 | FF cover CASH Installation Yes contamination delicate pinch
cover
4100 | FF | SSOUrETeSTANCSIAPS | o a gy | netalation Yes | feleasfsecure e binch
2 restraint strap
4101 | FF | close UPS CASH Installation Yes open/close UPS | Unknown
engage UPS latches . engage/disengage
4102 | FF @) CASH Installation Yes UPS latch Unknown
4103 | RMS | mnvr to -V2 CASH Ingalation Yes | Moveabout Motion
worksite
4104 | pr | UrandlACtO-V2aAt | n g nealation Yes | Moveabout Motion
shroud worksite
4105 | pp | PostionforCASH | o r g | nstallation Yes | Moveabout Motion
install worksite




4106

RMS

stabilize FF EV
during CASH
installation

CASH Installation

No

Unknown

4107

FF

install CASH (+V2/-
V3 vertical handrails-
-bottom of uppermost
section)

CASH Installation

Yes

install CASH

Unknown

409

ACSREetrieval

4109

RMS

Mnvr to ASIPE

ACS Retrieval

Yes

move about
worksite

Motion

4110

RMS

retrieve PRT

ACS Retrievd

No

COMPUTER

4111

RMS

PRT: Al

ACS Retrieval

Yes

set bolt drive

COMPUTER

4112

FF

Config HST PFR (aft
ASIPE) (AS: Y=90R,
P=1; PFR: Y=12,
R=A, P=9.5) (if
required)

ACS Retrieval

No

Unknown

4113

RMS

PRT: RCCW, 38 or
EVA Ratchet: CCW,
MTL 38

ACS Retrieval

Yes

set bolt drive

COMPUTER

4114

RMS

ASIPE "A" latch-
disengage 1/2 turn

ACS Retrieval

Yes

drive bolt

Bolt drive

4115

RMS

PRT: A1, CCW, 5
(stall) or PGT: B2,
CCW 3,55

ACS Retrievad

Yes

set bolt drive

COMPUTER

4116

RMS

ASIPE "A" latch-
diesngage 13-13.5
turns to hardstop

ACS Retrieval

Yes

drive bolt

Bolt drive

4117

RMS

Check "A"
LATCHED Ightson
(1-2 turns) (use PRT
or PGT)

ACS Retrievd

Yes

inspect worksite

Bolt drive

Camera

4118

FF

Open ASIPE

ACS Retrievad

Yes

open/close
ASIPE

Small handrail

4119

FF

Preposition
groundstrap tether

ACS Retrievd

unk

position
groundstrap

delicate pinch

Tether tool




(box end on handrail) tether
PRT: A3, CW, 10 or . .
4120 | RMS PGT- A3, CW 2, 10.5 ACS Retrieval Yes set bolt drive COMPUTER
4121 | FF | Ingress PFR ACS Retrieval No Large handrail
4122 | FF Tg,:__)r A3, CCWS3, ACS Retrieval Yes set bolt drive COMPUTER
drive groundstrap bolt
4123 | FF | 6(4-6) turns ACS Retrieva Yes drive bolt Bolt drive
(disconnect)
drive alignment aid disengage
4124 | FF | stowagelock 6-8 ACS Retrieva Yes alignment aid Pinch
turns (disengage) stowage lock
drive alignment aid engace/di o
4125 | FF | deploymentlock 1/2 | ACS Retrieval Yes gagerdisegag Pinch
. deployment lock
turn (disengage)
4126 | pr | Deplolyaignmentaid | ) oo potrieva Yes | Stowideploy Pinch
90 deg alignment aid
drive deployment enaace/disencage
4127 | FF | lock /2 turn (re- ACS Retrieval Yes 929 929€ | pinch
deployment lock
engage)
4128 | FF EC();; A3, CCW 2, ACS Retrieval Yes set bolt drive COMPUTER
4129 | FF drive B latch 1/2 ACS Retrievad Yes drive bolt Bolt drive
turn (disengage)
4130 | RMs | Maintain aftward ACS Retrieval Yes | MalM@Npressure | g pondrail
force on doors
4131 | FF | CheckGOTOr™B™ 1) s Retrieval Yes | check GO COMPUTER
latch release
4132 | FF Eﬁ.—[ B5, CCW 2,55 ACS Retrieval Yes set bolt drive COMPUTER
drive"B" latch 9.5-
4133 | FF | 13.5turnsto hardstop | ACS Retrieval Yes drive bolt Bolt drive
(disengage)
4134 | FF | Check "B" latch ACS Retrieva Yes inspect worksite | Camera




disengaged

Check "A" SEATED

4135 | FF lights on ACS Retrieva Yes inspect worksite | Camera
4136 | FF ﬁgﬁfs kofIfB READY ACS Retrieva Yes inspect worksite | Camera
4137 | RMS | Remove ACS ACS Retrieval Yes '/;‘gg”/ Femove | gall handrail Small handrail
Remove ACS (assist . : .
4138 | FF RMSEV) ACS Retrievd No Small handrail Small handrail
Inform RMS EV
4139 | FF | when"B" READY ACS Retrieva Yes notify MCC COMPUTER
lights on
4140 | FF :gtsgri(;: ASIPE ACS Retrieva Yes inspect worksite | Camera
Inspect ASIPE "A", . . :
4141 | FF |, B". and "C" latches ACS Retrieva Yes inspect worksite | Camera
4142 | FF | Close ASIPE ACS Retrieval Yes | Qpemdlose Small handrail
i . engage/disengage :
4143 | FF | ASIPE latch-engage | ACS Retrieval Yes ASIPE latch Small handrail
4]10 ACS Ingtallation
4145 | RMs | MNVrto-V2ait ACS Installation Yes | MoOveabout Motion
shroud worksite
4146 | pp | TTASAE0-V2at | ) o) ngaiation Yes | Moveabout Motion
shroud worksite
4147 | FF | PGT: A3,CW 1, 10.5 | ACSInstallation Yes set bolt drive COMPUTER
Insert ACS (assist . : .
4148 | FF RMSEV) ACS Instdlation No Small handrail Small handrail
Insert ACS until front install/remove
4149 | RMS | face clears center ACS Instdlation Yes ACS Small handrail Small handrail
guide rall
Insert ACS until "B" . install/remove . .
4150 | RMS READY lights off ACS Instdlation Yes ACS Small handrail Small handrail
4151 | pe | driveadlignmentad ) ooy noaiarion ves | Sngageldisengage | oy,

deployment lock 1/2

deployment lock




turn (disengage)

a152 | pe | Deployaignmentaid | )\ ooy nqiaiation Yes | Stow/deploy Pinch
arm alignment aid
drive deployment enaace/disencage

4153 | FF | lock /2 turn (re- ACS Ingtalation Yes 9ag 9298 | pinch

deployment lock

engage)
Inform RMS EV

4154 | FF | when"B" READY ACS Instdlation Yes notify MCC COMPUTER
lights of f

4155 | FF ﬁgﬁfs kofIfB READY ACS Ingtalation Yes inspect worksite | Camera

4156 | RMS | Mantan downward | A =5 |nstallation No Small handrail

4157 | FF | PGT: A3,CW 1, 10.5 | ACSInstallation Yes set bolt drive COMPUTER
drive"B" latch 2

4158 | pp | umns(engage) while | ) ooy noiaiation Yes | drivebolt Bolt drive Small handrail
maintain downward
force

4159 | FF Che_ck no ACS ACS Ingtalation Yes inspect worksite | Camera Small handrail
vertical movement

4160 | RMs | Ceck N0 ACS ACS Installation No Camera
vertical movement

4161 | FF drive "B" laich 8-12 ACS Installation Yes | drivebolt Bolt drive
turns (engage)

4162 | FF ﬁgﬁfs kof'? SEATED ACS Ingtalation Yes inspect worksite | Camera
PRT: A3, CW, 10 or . .

4163 | RMS PGT- A3, CW 3, 10.5 ACS Instdlation Yes set bolt drive COMPUTER

4164 | RMs | CEcK GO TOr™A™ | )\ oo | netallation Yes | check GO COMPUTER
latch engage

4165 | RMS drive "A" latch 11.5- ACSInstallation Yes | drivebolt Bolt drive
15.5 turns (engage)

4166 | RMs | PRT-RCW, 38 or ACS Ingtallation Yes | setboltdrive COMPUTER

EVA Ratchet CW, 38




drive"A" latch 1/2

4167 | RMS | turnuntil MTL dlips | ACSInstallation Yes drive bolt Bolt drive
(engage)
Check "A" : . .
4168 | RMS LATCHED lights off ACS Ingtalation Yes inspect worksite | Camera
4169 | RMs | MVrtostabilize FE | ) gy ation No Motion
EV if required
a0 | pe | Replace™BUlach ) oo ngallation ves | Insaliremove i e pinch
cover latch cover
4171 | FF | Stowaignmentaid | ACS Installation Yes | Stow/deploy Pinch
alignment aid
Engage stowage lock . . i
4172 | FF Zip nut hand tight ACS Ingtalation Yes engage zip nut Pinch
Engage deployment .
4173 | FF | lock handtight (1/2 | ACS Installation Yes | Sngegeldisengage | i,
turn) leployment locl
4174 | FF | PGT: B6,CW2,10.5 | ACSInstalation Yes set bolt drive COMPUTER
4175 | FF drive groundstrap bolt ACS Ingtalation Yes drive bolt Pinch Bolt drive
4-6 turns (re-install)
4176 | FF Inspect connector ACS Ingtalation Yes inspect worksite | Pinch Camera
(ACS) P1
Mate connector . mate/demate .
4177 | FF (ACS) P1 ACS Ingtalation Yes connector Pinch
Inspect connector . . . .
4178 | FF (ACS) P2 ACS Ingtalation Yes inspect worksite | Pinch Camera
Mate connector . mate/demate .
4179 | FF (ACS) P2 ACS Ingtalation Yes connector Pinch
Inspect connector . . . .
4180 | FF (ACS) P3 ACS Ingtalation Yes inspect worksite | Pinch Camera
Mate connector . mate/demate .
4181 | FF (ACS) P3 ACS Ingtalation Yes connector Pinch
Inspect connector . . . !
4182 | FF (ACS) P2 ACS Ingtalation Yes inspect worksite | Pinch Camera
Mate connector , mate/demate .
4183 | FF (ACS) P4 ACS Installation Yes connector Pinch




secure Velcro strap to

secure/remove

4184 | FF | restrain CASH ACS Installation Yes vecro delicate pinch

connectors
411 FOC Installation
4186 | RMS | mnvr to aft fixture FOC Installation Yes move about Motion

worksite

4187 | FF | ingress PFR FOC Installation No Large handrail

drive ASIPE latch . engage/disengage :
4188 | FF (disengage) FOC Installation Yes ASIPE |atch Small handrail
4189 | FF | open ASIPE FOC Installation Yes | ORomclose Small handrail
4190 | RMS | retrieve FOC FOC Installation Yes ﬁg"g retrieve Small handrail Small handrail
4191 | RMS | mnvr to ASIPE FOC Installation Yes | Moveabout Motion

worksite

4192 | FF | stow aft fixture FOC Installation Yes fsitg;/l\jﬁgeploy at Unknown
4193 | FF | engagePIPpins(2) | FOC Ingtalation Yes 'Fqut,a”/ remove 1 pip

ingress PFR (aft . .
4194 | FF ASIPE) FOC Installation No Large handrail

insert FOC until "B" . install/remove . .
4195 | RMS READY lights off FOC Installation Yes FOC Small handrail Small handrail

check fwd and aft
4196 | RMS | aignment marks FOC Installation Yes inspect worksite | Camera

visible

inform RMS EV
4197 | FF | when"B" READY FOC Instalation Yes notify MCC COMPUTER

lights of f

check "B" ready . . .
4198 | FF lights OFF FOC Installation Yes inspect worksite | Camera

install FOC into "A" . install/remove . .
4199 | RMS and "C" latches FOC Installation Yes FOC Small handrail Small handrail
4200 | Rvs | Mantan fwdforce | o0 aiation No Small handrail

(orbiter +X)




4201

FF

PGT: B6, CW 1, 10.5

FOC Installation

Yes

set bolt drive

COMPUTER

4202

FF

drive"B" latch 5
turns (engage) while
maintain forward
force

FOC Installation

Yes

drive bolt

Bolt drive

Small handrail

4203

FF

check "B" latch
engages into FOC

FOC Instalation

Yes

inspect worksite

Camera

4204

FF

drive"B" latch 5-9
turns (engage) while
maintain forward
force

FOC Installation

Yes

drive bolt

Bolt drive

Small handrail

4205

FF

report number of "B"
turns

FOC Instalation

Yes

notify MCC

COMPUTER

4206

FF

check "A" SEATED
lights of f

FOC Installation

Yes

inspect worksite

Camera

4207

RMS

check GO for "A"
latch engage

FOC Installation

Yes

check GO

COMPUTER

4208

RMS

PRT: A3, CW, 10 or
PGT: A3, CW 3,105

FOC Installation

Yes

set bolt drive

COMPUTER

4209

RMS

drive"A" latch 13-
13.5 turns (engage)
on FF EV GO

FOC Instalation

Yes

drive bolt

Bolt drive

4210

RMS

PRT: RCW, 38 or
EVA Ratchet CW, 38

FOC Instalation

Yes

set bolt drive

COMPUTER

4211

RMS

drive"A" latch 1/2
turn until MTL dlips

(engage)

FOC Instalation

Yes

drive bolt

Bolt drive

4212

RMS

report number of "A"
turns (TORQUE
CRITICAL)

FOC Installation

Yes

report turn count

COMPUTER

4213

RMS

check "A"
LATCHED lights off

FOC Instalation

Yes

inspect worksite

Camera

4214

FF

PGT: A3, CCW 3,
10.5

FOC Installation

Yes

set bolt drive

COMPUTER




drive groundstrap bolt

4215 | FF | (FOC) 4-6 turns FOC Installation Yes drive bolt Bolt drive
(disengage)

4216 | FF | PGT: A3,CW 2,105 | FOC Installation Yes set bolt drive COMPUTER
drive groundstrap bolt

4217 | FF | (FOC) 4-6 turns FOC Installation Yes drive bolt Bolt drive
(engage)

4218 | FF report number of FOC Installation Yes report turn count | COMPUTER
groundstrap turns

4219 | FF | CloseASIPE FOC Installation Yes | hemdose small handrail

4220 | FF ‘("é"éﬁ o laChes | Eoc Installation Yes | S9RASNG | gl heandrail

4]12 MFR Swap

4222 | RMS | stow PGT MFR Swap No COMPUTER

4223 | FF | trandateto MFR MFR Swap No Motion
Daisy chain extra

4224 | FF | waist tether to RMS MFR Swap No Unknown
EV
Daisy chain extra

4225 | RMS Waj;y e o re gy | MFR Swap No Unknown
Disconnect RMS

4226 | FF | EV'ssafety tether MFR Swap No Tether tool
from EMU D-ring
Disconnect FF EV's

4227 | RMS | safety tether from MFR Swap No Tether tool
EMU D-ring
Mate RMSEV's

4228 | FF | safety tether to FFEV | MFR Swap No Tether tool
EMU D-ring
Mate FF EV's safety

4229 | RMS | tether to RMSEV MFR Swap No Tether tool
EMU D-ring

4230 | pp | Checksafetytether |\ ep quan No Camera

gate closed




Check safety tether

4231 | RMS gate closed MFR Swap No Camera 1
Disconnect RMS
4232 | FF tEe\tLZr B e 5. | MFR Swap No Tether tool 1
ring
Disconnect FF EV's
4233 | RMS | prime waist tether MFR Swap No Tether tool 1
from EMU D-ring
Mate RMSEV's
4234 | FF | primewaisttetherto | MFR Swap No Tether tool 1
FF EV EMU D-ring
Mate FF EV's prime
4235 | RMS | waist tether to RMS MFR Swap No Tether tool 1
EV EMU D-ring
Disconnect extra
4236 | FF | waist tether daisy MFR Swap No Unknown 1
chain
Disconnect extra
4237 | RMS | waist tether daisy MFR Swap No Unknown 1
chain
4238 | FF rpe?;i 2"’5"0 (if MFR Swap No Large handrail 1
4239 | RMS rpe?;i 2"’5"0 (if MFR Swap No Large handrail 1
4240 | FF | retrievesmtrashbag | MFR Swap No delicate pinch 1
413 ESM Retrieval
4242 | FF | trandatetoMULE | ESM Retrieval yes | Moveabout Motion 1
worksite
4243 | RMS | mnvr to MULE ESM Retrieval Yes | Moveabout Motion 1
worksite
4244 | RMS | Boot plate 90L ESM Retrieval No Unknown 1
4245 | RMS | Stanchion 135R ESM Retrieval No Unknown 1
4246 | RMS | stow PRT ESM Retrieval No COMPUTER 1
4247 | FE | OPENESM ESM Retrieval yes | Openvclose ddlicate pinch 1

contamination cover

contamination




cover

4248 | FF 5562 68 |7n \?vggglg, ESM Retrieval Yes set bolt drive COMPUTER 1
drive keyway bolts
4249 | FF | (ESM) 6-8turns (4- ESM Retrieval Yes drive bolt Bolt drive 4
disengage)
4250 | FF | remove ESM ESM Retrieval Yes | pallemove | gl hendrail | 1| Small handrail
4251 | FF | transfer ESM ESM Retrieval Yes transfer ESM Small handrail 1 Small handrail
4252 | Rms | [0SVeESMITOMPE | gy Retrieval No Small handrail | 1
close thermal cover . open/close : .
4253 | FF (ESM) ESM Retrieval Yes thermal cover delicate pinch 1
414 ESM Ingtallation
4255 | pp | rANS@ETO-V2aAt | Equngalation ves | Moveabout Motion 1
shroud worksite
4256 | RMs | MVr to-V2 aft ESM Ingtallation ves | Moveabout Motion 1
shroud worksite
4257 | RMS | Boot plate 0 deg ESM Installation No Unknown 1
4258 | RMS | Stanchion 180 deg ESM Installation No Unknown 1
4259 | RMS | inspect connectors ESM Installation Yes inspect worksite | Camera 1 Pinch
4260 | RMS | install ESM ESM Installation Yes | Poellfemove | gl hendrail | 1| Smal handail
4261 | RMS z%:{ a'zljz CW2,55, ESM Ingtallation Yes set bolt drive COMPUTER 1
4262 | RMS gr;l\fnzezneﬂga'agle?mh " | ESM Installation Yes | drivebolt Bolt drive 1
4263 | FF Ecl)ﬁtﬁglnﬁgvgrwde ESM Installation Yes flip lever Bolt drive 1
extend center guide extend latch
4264 | FF | latch plunger (no ESM Installation Yes | Pinch 1
prel oad) piunger
4265 | FF check plunger nose ESM Installation Yes inspect worksite | Camera 1

cone centered in




middle of hole

preload center guide
4266 | FF | latchplunger until | ESM Installation yes | Preloadiach Pinch 1
plunger
hardstop
check 1/8-in white
4267 | FF | band visibleon ESM Installation Yes inspect worksite | Camera 1
plunger shaft
4268 | FF IE)/I(?FTL A2,CW 2,25 ESM Installation Yes set bolt drive COMPUTER 1
drive inboard
4269 | FF | lockdown bolt .75- ESM Installation Yes drive bolt Bolt drive 1
1.25 turn (engage)
4270 | FF | PGT: A2,CW 2,55 | ESM Installation Yes set bolt drive COMPUTER 1
4271 | FF drive outboard bolt ESM Installation Yes drive bolt Bolt drive 1
.75-1.25 turn (engage)
4272 | RMS | PGT: B6, CW 2,10.5 | ESM Installation Yes set bolt drive COMPUTER 1
install groundstrap . install . i
4273 | RMS (ACS ESM) on ESM ESM Installation Yes groundstrap Bolt drive 1 Pinch
4274 | Rms | drive groundstrap bolt | ey i ation Yes | drivebolt Bolt drive 1
2-4 turns (engage)
4275 | pp | [elnievey-hamess ESM Installation ves | Slow/retrieve delicate pinch 1
from temp stow harness
4276 | FE | rEmoveVelcrofrom i equ ) nqalation Yes | SCUreremove | yoicgtepinch | 1 | Smal handrail
y-harness Velcro
check MCC GO for
4277 | FF | COSTAR connector ESM Installation Yes check GO COMPUTER 1
demate
demate connectors . mate/demate !
4278 | FF (COSTAR) (4) ESM Installation Yes connector Pinch 4
stabilize FF EV
4279 | RMS | during connector ESM Installation No Small handrail 1
mate
mate connectors (Y - . mate/demate . :
4280 | FF harness) to COSTAR ESM Installation Yes connector Pinch 4 Pinch




harness (4)

mate connectors (Y - mate/demate
4281 | FF | harness) to COSTAR | ESM Ingtallation Yes Pinch
@) connector
4282 | FF route Y-harmness ESM Installation Yes route harness delicate pinch delicate pinch
across aft shroud
4283 | FF | transfer Y-harnessto | ESM Installation Yes transfer harness | delicate pinch delicate pinch
receive Y -harness . . . . .
4284 | RMS from FE EV ESM Installation No delicate pinch delicate pinch
4285 | RMS IrEOSUI;[/T Y-hamessto ESM Installation Yes route harness delicate pinch delicate pinch
secure Velcro strap to
secure Y -harness to . secure/remove . . . .
4286 | FF bulkhead rail (4-in ESM Installation Yes Velcro delicate pinch delicate pinch
slack)
stabilize FF EV
4287 | RMS | during connector ESM Installation No Small handrail
mate
mate connector (Y - . mate/demate !
4288 | FF harness) P1 to ESM ESM Installation Yes connector Pinch
mate connector (Y - . mate/demate .
4289 | FF harness) P2 to ESM ESM Installation Yes connector Pinch
mate connector (Y - . mate/demate '
4290 | FF harness) P3 to ESM ESM Installation Yes connector Pinch
mate connector (Y - . mate/demate !
4291 | FF harness) P4 to ESM ESM Installation Yes connector Pinch
release tether securing . release/secure !
4292 | FF CASH connectors ESM Installation unk tether Pinch Tether tool
transfer tether hook to transfer tether
4293 | RMS | FF EV for connector ESM Installation unk hook Pinch Pinch
caps
4204 | pr | recavetetherhook | poy ) allation No Pinch

fromRMSEV




release/secure

4295 | FF | tether connector caps | ESM Installation unk tether Pinch Tether tool
remove connector cap . install/remove !

429 | FF P7 from CASH ESM Installation Yes connector cap Pinch
remove connector cap . install/remove !

4297 | FF P9 from CASH ESM Installation Yes connector cap Pinch

4298 | FF I(E:SXGSC':)C onnector P6 ESM Installation Yes inspect worksite | Pinch Camera
Mate connector P6 . mate/demate !

4299 | FF (CASH) to ESM ESM Installation Yes connector Pinch

4300 | FF I(E:SXGSC':)C onnector P/ ESM Installation Yes inspect worksite | Pinch Camera
mate connector P7 . mate/demate !

4301 | FF (CASH) to ESM ESM Installation Yes connector Pinch

4302 | FF '(ESKZC;)C onnector P9 ESM Installation Yes inspect worksite | Pinch Camera
mate connector P9 . mate/demate !

4303 | FF (CASH) to ESM ESM Installation Yes connector Pinch

4304 | FF '(ESKZC;)C onnector P10 ESM Installation Yes inspect worksite | Pinch Camera
mate connector P10 . mate/demate !

4305 | FF (CASH) to ESM ESM Installation Yes connector Pinch

4306 | RMS | SIOW connector caps | eqy | el ation Yes | Stowconnector | g
(2) intrash bag cap
notify MCC CASH

4307 | FF | and COSTARY- ESM Installation Yes notify MCC COMPUTER
harness mated

4308 | FF check CASH "hook ESM Installation Yes inspect worksite | Camera
engaged
secure Velcro of secure/remove

4309 | FF | CASH integral ESM Installation Yes delicate pinch delicate pinch

) Velcro

black/white onto self
transfer tether from

4310 | FF | Y-harnesstemp stow | ESM Ingtallation unk transfer tether Pinch Pinch

to RMSEV




receive tether from

4311 | RMS FE EV ESM Installation No Pinch
415 Close-V2 Doors
4313 | FF | closedoors (-V2) Close-V2 Doors No Small handrail
4314 | RMS | Close doors(-V2) Close-V2 Doors Yes gggrr]/cl o0seV2 Small handrail Small handrail
4315 | Rvs | Ins@l PIPpinon Close -V2 Doors ves |Indaliremove | pp
handle PIP
PGT: B4, CW 3, 23.5
4316 | RMS | or PRT: B4, CW, 23 Close-V2 Doors Yes set bolt drive COMPUTER
(stall)
4317 | RMS drive handle bolt 6 Close-V2 Doors Yes drive bolt Bolt drive
turns (engage)
4318 | RV | Reportpeakunning | oy /o pogrs Yes | EPOLIUNNING | coppyTER
torque for handle bolt torque
Transfer 80-in tether
4319 | FF | tocenter handrail for | Close-V2 Doors unk transfer tether Pinch
RMSEV
4320 | RMS driveatch bolts (3) 6 Close -V2 Doors Yes drive bolt Bolt drive
turns (engage)
4321 | Rms | Reportpeakrunning | oo \/o poors Yes | ePOtIUNNING | coppyTER
torque for latch bolts torque
4322 | RMS | Check door seals Close-V2 Doors Yes inspect worksite | Camera
4323 | RMS | Retrieve 80-intether | Close-V2 Doors unk '[Ste(t)r\:(\;/r retrieve Pinch
Stow 80-in tether in stow/retrieve .
4324 | RMS trash bag (temp) Close-V2 Doors unk tether Pinch
4116 Bay Door Bolt
Engage
4326 | RMS | Stanchion 135R Bay Door Bolt No Unknown
Engage
4327 | RMS | Boot plate 90L Bay Door Bolt No Unknown
Engage
4328 | RMS | Mnvr to Bay 2 Bay Door Bolt Yes move about Motion
Engage worksite




Bay Door Bolt

4329 | RMS | PGT: A3, CW 3,105 Engage Yes set bolt drive COMPUTER
4330 | RMS drive Jbolts (5) 4-6 Bay Door Bolt Yes drive bolt Bolt drive
turns (engage) Engage
4331 | RMS | Mnvr to Bay 3 Bay Door Bolt Yes move about Motion
Engage worksite
4332 | RMS | PGT: A3, CW 3,105 E%aggor Bolt Yes | st bolt drive COMPUTER
4333 | RMS drive Jbolts (5) 4-6 Bay Door Bolt Yes drive bolt Bolt drive
turns (engage) Engage
4334 | RMS | Mnvr to Bay 4 Bay Door Bolt Yes move gbout Motion
Engage worksite
PGT: A3, CW3, Bay Door Bolt
4335 | RMS | 10.5, short adj or 6-in &y Yes set bolt drive COMPUTER
Engage
wobble
4336 | RMS drive Jbolts (5) 4-6 Bay Door Bolt Yes drive bolt Bolt drive
turns (engage) Engage
a7 Thermal Cover
Removal
4338 | FF | trandatetoBay10 | Lrermal Cover Yes | Moveabout Motion
Removal worksite
4339 | FF check DBA thermal Thermal Cover Yes inspect worksite | Camera
cover secure Removal
remove thermal cover | Thermal Cover install/remove . .
4340 | FF (bay 10) Removal ves thermal cover delicate pinch
4341 | FF | trandateto ASIPE Thermal Cover Yes | Moveabout Motion
Removal worksite
stow thermal cover Thermal Cover stow/retrieve . . . .
4342 | FF (bay 10) Removal Yes thermal cover delicate pinch delicate pinch
secure Velcro for bay | Thermal Cover secure/remove . . . .
4343 | FF 10 thermal cover Removal Yes Velcro delicate pinch delicate pinch
4344 | FF | trandatetoBay 5 Thermal Cover Yes move _about Motion
Removal worksite
4345 | FF check DBA thermal Thermal Cover Yes inspect worksite | Camera
cover secure Removal




remove thermal cover

Thermal Cover

install/remove

4346 | FF (bay 5) Removal Yes thermal cover delicate pinch
. Thermal Cover . }
4347 | FF | ingtall vent plugs (2) Removal Yes install vent plug | Pinch
4348 | FF | trandateto ASIPE Thermal Cover Yes move about Motion
Removal worksite
stow thermal cover Thermal Cover stow/retrieve . . . .
4349 | FF (bay 5) Removal Yes thermal cover delicate pinch delicate pinch
secure Velcro for bay | Thermal Cover secure/remove . : . .
4350 | FF 5 thermal cover Removal Yes vecro delicate pinch delicate pinch
config HST PFR (aft | Thermal Cover
4311 FF 1 ASIPE) for NCS Removal No Unknown
FHST & WF/PC
418 Cover Removal
Remove WF/PC
4353 | FF | (assistRMSEVas | ST & WHPC No delicate pinch Small handrail
; Cover Removal
required)
Remove FHST covers
4354 | FF | (assst RMSEV as FHST & WF/PC No delicate pinch
; Cover Removal
required)
4355 | RMS | Mnvr to FHST covers FHST & WF/PC Yes move about Motion
Cover Removal worksite
4356 | RMS | Remove FHST covers FHST & WHPC Yes install/remove Unknown Unknown
Cover Removal FHST cover
Slide FHST covers FHST & WF/PC dide FHST . . . .
4357 | RMS together Cover Removal Yes covers together delicate pinch delicate pinch
secure Velcro
4358 | RMS | restraint to FHST FHST & WF/PC Yes secure/remove delicate pinch delicate pinch
Cover Removal Velcro
covers
4359 | RMS Mnvr to WF/PC FHST & WF/PC Yes move about Motion
cover Cover Removal worksite
Remove WF/PC FHST & WF/PC install/remove . . .
4360 | RMS cover Cover Removal Yes WE/PC cover delicate pinch Small handrail




Tighten WF/PC cover | FHST & WF/PC . i
4361 | RMS Zip nuts (2) Cover Removal Yes engage zip nut Pinch 2
4362 | RMS | Mnvr to SAC FHST & WHPC ves | Moveabout Motion 1
Cover Remova worksite
4363 | RMS | Transfer FHST covers FHST & WF/PC Yes transfer FHST delicate pinch 1 delicate pinch
Cover Removal covers
Receive FHST covers | FHST & WF/PC :
4364 | FF from RMS EV Cover Remova No Small handrail !
4365 | FF | Stow FHST covers FHST & WF/PC Yes stow/retrieve Small handrail 1 delicate pinch
Cover Remova FHST cover
secure Velcro
. FHST & WF/PC secure/remove . . . .
4366 | FF ((:%I;;)el:ndl ng) on FHST Cover Removal Yes veero delicate pinch 1 delicate pinch
4367 | RMs | [ransfer WH/PC FHST & WF/PC Yes |UASEWHPC | o i handrail | 1 | Small handrail
cover Cover Removal cover
Receive WF/PC cover | FHST & WF/PC
4368 | FF fromRMSEV Cover Removal No Unknown 1
FHST & WF/PC stow/retrieve :
4369 | FF | Stow WF/PC cover Cover Removal Yes WE/PC cover Small handrail 1
Secure Velcro
4370 | FF | (grounding) on FHST & WF/PC Yes secure/remove Pinch 1 Pinch
Cover Removal Velcro
WF/PC cover
DAY 5
51 MFR Setup
transfer MFR handle .
5002 | RMS to EF EV MFR Setup No Small handrail 1
5003 | RMS | egressairlock MFR Setup No Motion 1
5004 | RMs | AENMWStetherto |\ ep oo 1 No Tether tool 1
boot plate lanyard
5005 | RMS | ingress MFR MFR Setup No Large handrail 1
receive MFR handle .
5006 | RMS from EE EV MFR Setup No Small handrail 1
5007 | RMS | install MFR handle MFR Setup No Small handrail 1
5008 | RMS | retrieve 80-in tether MFR Setup unk stow/retrieve Pinch 1




from MFR tether
5000 | RMs | retrievelube MFR Setup No L ube
applicator applicator
5|2 BAPS Post Setup
install PIP pins (2) install/remove
5011 | FF (BAPS Center) BAPS Post Setup unk PIP PIP
Trandation Aid
5|3 Setup
remove PIP pin from . .
5013 | FF | mini-TA (if Trandation Aid No PIP
Setup
necessary)
5014 | EE rotate handle 140 deg | Trandation Aid No Small handrail
(mini-TA) Setup
install PIP pin (mini- | Trandation Aid
5015 | FF TA) Setup No PIP
install hitch pin Trandation Aid .
5016 | FF (Mini-TA) Setup No Hitch
5017 | FF | extend TA tube (stbd) ;tal:‘: ation Aid No Small handrail Small handrail
5018 | FF | rotate TA joint (stbd) ;tal:‘: ation Aid No Small handrail
5019 | FF | extend TA tube (port) ;tal:‘: ation Aid No Small handrail Small handrail
5020 | FF | rotate TA joint (port) -ls—gtags ation Aid No Small handrail
5|4 Tool Setup
5022 | FF | trandateto port ATM | Tool Setup Yes move about Motion
worksite
5023 | FF | open ATM (port) Tool Setup Yes open/close ATM | Small handrail
. stow/retrieve . .
5024 | FF | retrieve CVL bag Tool Setup Yes CVL bag delicate pinch
retrieve NCS sock stow/retrieve . :
5025 | FF bag Tool Setup Yes NCS sock bag delicate pinch
5026 | FF | close ATM (port) Tool Setup Yes open/close ATM | Small handrail




engage ATM latches engage/disengage
5027 | FF (4-port) Tool Setup Yes ATM latch Unknown
5028 | FF retrieve door stop Tool Setup Yes retrieve door stop Unknown
extensions (2) extension
5009 | PP | ANSIACIOAVZAt Loy oy Yes | Moveabout Motion
shroud worksite
stow CVL bag on stow/retrieve : .
5030 | FF stanchion (temp) Tool Setup Yes CVL bag delicate pinch
stow NCS sock bag stow/retrieve
5031 | FF | on aft shroud handrail | Tool Setup Yes delicate pinch
NCS sock bag
(temp)
5032 | EE install _door stop Tool Setup Yes install _door stop Unknown
extensions (2) extension
5033 | FF | trandateto stbd ATM | Tool Setup Yes move about Motion
worksite
5034 | FF | open ATM (stbd) Tool Setup Yes open/close ATM | Small handrail
5035 | FF retrieve NCC Tool Setup Yes stow/retrieve delicate pinch
groundstrap groundstrap
5036 | FF retrieve cryo vent Tool Setup Yes stow/retri eve Unknown
insert cryo vent insert
5037 | FF | retrieve P600 harness | Tool Setup Yes Et;v:ér;tneve delicate pinch
5038 | FF | close ATM (sthd) Tool Setup Yes open/close ATM | Small handrail
engage ATM latches engage/disengage
5039 | FF (2-stbd) Tool Setup Yes ATM latch Unknown
5040 | FF trandateto +V2 aft Tool Setup Yes move about Motion
shroud worksite
5041 | FF stow cryo vent insert Tool Setup Yes stow/ retrieve Unknown
on stanchion (temp) cryo vent insert
open door (assist :
5042 | FF RMSEV) Tool Setup No Small handrail
5043 | FF rotate tool interface Tool Setup No Unknown

180 deg




retrieve fish stringer

stow/retrieve fish

5044 | FF from stanchion Tool Setup Yes stringer delicate pinch
55 Open +V2 Doors

5046 | RMs | MV o V2t Open +V2 Doors Yes | Moveabout Motion
shroud worksite

5047 | RMS | stanchion 180 deg Open +V2 Doors No Unknown
stow 80-in adj tether Sow/retrieve

5048 | RMS | on left door lower Open +V2 Doors unk Pinch

. tether

handrail
apply lubricant to . .

5049 | RMS latch bolts (4) Open +V2 Doors Yes apply lubricant L ubricant tool
PGT: A4, CCW 3,
23.5 short adj or PRT: .

5050 | RMS A4 CCW, 23 short Open +V2 Doors Yes set bolt drive COMPUTER
ad

5051 | RMS drive Iatch bolts 7 Open +V2 Doors Yes drive bolt Bolt drive
turns (3-disengage)

5052 | RMS drive ha_tndle bolt 7 Open +V2 Doors Yes drive bolt Bolt drive
turns (disengage)

5053 | RMS | Mantain pressure on Open +V2 Doors Yes maintain préssure | gl handrail
doors on doors

5054 | RMS | remove PIP pin Open +V2 Doors Yes 'F',‘ISFt,a”/ remove 1 pip

5055 | RMS | release handle latch Open +V2 Doors Yes release latch Small handrail

5056 | RMS | install PIP pin Open +V2 Doors Yes 'F',‘ISFt,a”/ remove 1 pip

5057 | RMS | open doors Open +V2 Doors Yes gggrrw/cl 0seV2 Small handrail Small handrail

5|6 NICMOS Prep

5059 | FF | transfer CVL bag NICMOS Prep Yes transfer CVL bag | delicate pinch delicate pinch
receive CVL bag . .

5060 | RMS from EE EV NICMOS Prep No delicate pinch

5061 | RMs | StoW CVL bagon NICMOS Prep Yes | Slowlretrieve delicate pinch

MWS

CVL bag




stow NCS sock bag stow/retrieve . .

5062 | FF on right bulkhead HR NICMOS Prep Yes NCS sock bag delicate pinch
stow NCC goundstrap .

5063 | FF | onNICMOSshort | NICMOS Prep Yes | Sowhetrieve | i ate pinch
HR groundstrap

5064 | FF | stow fish stringer NICMOS Prep Yes iﬁ%ﬁme\/e fish delicate pinch
release CVL tie-down release CVL tie

5065 | FF | from aft bulkhead NICMOS Prep Yes down delicate pinch
handrail

5066 | FF fgg: éﬁ; vcvgt\)’gl g NICMOS Prep Yes |setboltdrive | COMPUTER
drive keyway bolts

5067 | FF | (NICMOSCVL)5-6 | NICMOS Prep Yes drive bolt Bolt drive
turns (3-disengage)

5068 | RMS Tg; A3, CCW3, NICMOS Prep Yes set bolt drive COMPUTER
drive keyway bolts

5069 | RMS | (bulkhead CVL) 4-7 NICMOS Prep Yes drive bolt Bolt drive
turns (3-disengage)
remove CVL remove CVL

5070 | RMS | mounting flange from | NICMOS Prep Yes mounting flange Unknown
bulkhead

5071 | FE | feMOveNICMOS NICMOS Prep Yes | removeCVL Unknown
CVL mounting flange mounting flange
release CVL tie-down release CVL tie-

5072 | RMS | strap from center NICMOS Prep Yes down delicate pinch
handrail

5073 | RMS | remove CVL NICMOS Prep Yes remove CVL Small handrail

5074 | RMS | back out of aft shroud | NICMOS Prep Yes | Moveabout Motion

worksite

stow CVL inCVL

5075 | RMS | bag using integral NICMOS Prep Yes stow CVL delicate pinch
tether

5076 | RMS | stow CVL bagon NICMOS Prep Yes stow/retrieve delicate pinch




stanchion CVL bag

5077 | RMs | [etrieve cryo vent NICMOS Prep Yes | Sowlretrieve Unknown
insert cryo vent insert
check MCC GO for
NICMOS groundstrap

5078 | FF removal and NCC NICMOS Prep Yes check GO COMPUTER
install

5079 | FF fgg: A3, CCW2, | NicMOS Prep Yes |setboltdrive | COMPUTER
drive groundstrap bolt

5080 | FF | (NICMOS) 4-6turns | NICMOS Prep Yes drive bolt Bolt drive
(disengage)

5081 | RMS | PGT: A3, CW 3,10.5 | NICMOS Prep Yes set bolt drive COMPUTER
drive cryo vent insert

5082 | RMS | (ingtall) handle at 1 NICMOS Prep Yes drive bolt Bolt drive
o'-clock

5083 | RMS rotate cryo vent insert NICMOS Prep Yes rotate cryo vent Unknown
CwW insert

5084 | RMs | drivekeyway boltsd- |\, o\, og pren Yes | drivebolt Bolt drive
6 turns (3-engage)

5085 | RMS | retract latches (3) NICMOS Prep Yes release latch Unknown

5086 | RMs | SEOIIZEFFEV(T 1\, o105 Prep No Unknown
necessary)

5087 | FF | PGT:B6,CW 2,10.5 | NICMOS Prep Yes set bolt drive COMPUTER
drive groundstrap
adapter bolt (NCC) . .

5088 | FF on NICMOS 4-6 NICMOS Prep Yes drive bolt Bolt drive
turns (engage)
install NICMOS
groundstrap on NCC install . :

5089 | FF adapter, engage bolt NICMOS Prep Yes groundstrap Bolt drive Pinch
4-6 turns
check free end of

5090 | FF | NCC groundstrap NICMOS Prep unk inspect worksite | Camera

tethered to NICMOS




handrail

stow/retrieve fish

5091 | FF | retrievefish stringer NICMOS Prep Yes stringer delicate pinch 1
tether CASH
5092 | FF connectors to +V2. NICMOS Prep unk tether connector | Tether tool 1
upper door handrail to
clear NCC worksite
5(7 P600 Retrieval
5094 | FF | trandateto stbd ATM | PG00 Retrieval Yes | Moveabout Motion 1
worksite
5095 | FF | open ATM (stbd) P600 Retrieval Yes open/close ATM | Small handrail 1
5096 | FF | retrieve P600 harness | P600 Retrieval Yes Et;v:ér;tneve delicate pinch 1
5097 | FF | close ATM (sthd) P600 Retrieval Yes open/close ATM | Small handrail 1
engage ATM latches . engage/disengage
5098 | FF (2-stbd) PG00 Retrieval Yes ATM latch Unknown 2
5099 | FF | trandate over ASIPE | P600 Retrieva Yes move about Motion 1
worksite
5100 | FF stow PG00 harness on P600 Retrieval unk stow/retrieve delicate pinch 1
MFR handle harness
open/close
5101 | FF close N.CC. P600 Retrieval Yes contamination delicate pinch 1
contamination cover
cover
5|8 NCC Retreival
5103 | RMS | mnvr to SAC NCC Retrieval Yes | Moveabout Motion 1
worksite
open NCC open/close
5104 | RMS | P S NCC Retrieval Yes contamination delicate pinch 1
contamination cover
cover
5105 | RMS PGT: A4, CCW 3, NCC Retrieval Yes set bolt drive COMPUTER 1

23.5 fully extended




drive keyway bolts

5106 | RMS | (NCC) 5-7 turns (4- NCC Retrieval Yes drive bolt Bolt drive
disengage)

5107 | RMS | PGT: A2,CW 2,55 | NCC Retrieva Yes set bolt drive COMPUTER
5108 | RMS | remove NCC NCC Retrieval Yes mggll/remove Small handrail
open neon bypass open neon bypass

5109 | RMS | valves~130 deg up NCC Retrieval Yes P yp Unknown
@) valve

59 NCC Ingtallation

5111 | Fr | VAS@COHV2At | eengalaion yes | Moveabout Motion
shroud worksite

5112 | RMS | MV o +V2alt NCC Installtion Yes | Moveabout Motion
shroud worksite

5113 | RMS | ingtall NCC NCC Ingtallation Yes | nAITEMOVe | gl handrai

5114 | RMS grt'l‘jren's‘?”eggig 'e*;tCh | NCC Ingtallation Yes | drivebolt Bolt drive
extend center guide extend latch

5115 | FF | latch plunger (no NCC Installation Yes | Pinch
prel oad) piunger

5116 | FF | stabilize NCC NCC Installation Yes stabilize ORU Small handrail
check plunger nose

5117 | FF | conecenteredin NCC Installation Yes inspect worksite | Camera
middle of hole
preload center guide

5118 | FF | latch plunger until NCC Installation Yes preload latch Pinch
hardstop plunger
check 1/8-in white

5119 | FF | bandvisibleon NCC Installation Yes inspect worksite | Camera
plunger shaft

5120 | FF II?/IQF-II-_ A2,CW2,25 NCC Installation Yes set bolt drive COMPUTER
drive lockdown bolt

5121 | FF | (inboard) .75-1.25 NCC Installation Yes drive bolt Bolt drive

turns (engage)




5122 | FF | PGT: A2,CW 2,55 | NCC Instalation Yes set bolt drive COMPUTER
drive lockdown bolt
5123 | FF | (outboard) .75-1.25 NCC Installation Yes drive bolt Bolt drive
turns (engage)
5124 | RMS | PGT: B6, CW 2,10.5 | NCC Installation Yes set bolt drive COMPUTER
drive groundstrap bolt . . . :
5125 | RMS (NCC) (install) NCC Installation Yes drive bolt Bolt drive Pinch
5126 | RMs | drivegroundstrap bolt |~ | o aion Yes | drive bolt Bolt drive
2-4 turns (engage)
5127 | RMS retrieve groundstrap NCC Installation Yes stow/retrieve delicate pinch
tether tether
5128 | RMS | FEmove connector cap NCC I nstallation Yes install/remove Pinch
J7 fromNCC connector cap
5129 | RMS | Fémove connector cap NCC Installation Yes install/remove Pinch
J8 from NCC connector cap
release CASH .
5130 | RMS restraint tether NCC Installation No Tether tool
5131 | RMS remove turn-around NCC I nstallation Yes install/remove Pinch
plug turn-around plug
5132 | RMs | oW lurm-around plug | o | ngtaiation ves |Sowtumraound | o Pinch
on fish stringer plug
5133 | RMS '(ESKZC;)C onnector NCC Installation Yes inspect worksite | Pinch Camera
5134 | RMs | Mate connector NCC Installation Yes | Mmaedemate Pinch
(CASH) connector
5135 | RMS transfe_r stringer to NCC Installation unk transfer stringer delicate pinch
stanchion
5136 | RMS transfer retracta_\ble NCC Installation unk transfer tether Unknown
tether to stanchion
5137 | RMS | SOWCS(T7 & B)in | e | ngallation Yes | StOwcomnector | g Pinch
trash bag cap
5138 | FF | trandateto MULE NCC Installation Yes move about Motion
worksite
5139 | FF release MULE latch NCC Installation Yes release latch Unknown

(lower port)




5140 | FF ?Ce\?vs,e;"%irg“(‘;s) NCC Installation Yes ;”g;gﬁ/:'se”gage Unknown

5141 | FF gg g gﬁtﬁf W4, NCC Installation Yes set bolt drive COMPUTER
drive latch bolts

5142 | FF | (center) 15 turns(3- NCC Installation Yes drive bolt Bolt drive
disengage)

5143 | FF release MULE latch NCC Installation Yes release latch Unknown
(lower sthd)

5144 | FF | MASACWOAVZAL o0 ngalation ves | Moveabout Motion
shroud worksite

5|10 MFR Swap

5146 | RMS | stow PGT MFR Swap No COMPUTER

5147 | FF | trandateto MFR MFR Swap No Motion
Daisy chain extra

5148 | FF | waist tether to RMS MFR Swap No Unknown
EV
Daisy chain extra

5149 | RMS Waiztyt ether to EE EV MFR Swap No Unknown
Disconnect RMS

5150 | FF | EV'ssafety tether MFR Swap No Tether tool
from EMU D-ring
Disconnect FF EV's

5151 | RMS | safety tether from MFR Swap No Tether tool
EMU D-ring
Mate RMSEV's

5152 | FF | safety tether to FFEV | MFR Swap No Tether tool
EMU D-ring
Mate FF EV's safety

5153 | RMS | tether to RMSEV MFR Swap No Tether tool
EMU D-ring

5154 | FF g:tic(':‘l cﬁgty tether | MFR swap No Camera

5155 | RMs | Check safety tether 1o o0 No Camera

gate closed




Disconnect RMS
EV's prime waist

5156 | FF tether from EMU D- MFR Swap No Tether tool 1
ring
Disconnect FF EV's
5157 | RMS | prime waist tether MFR Swap No Tether tool 1
from EMU D-ring
Mate RMSEV's
5158 | FF | primewaist tetherto | MFR Swap No Tether tool 1
FF EV EMU D-ring
Mate FF EV's prime
5159 | RMS | waist tether to RMS MFR Swap No Tether tool 1
EV EMU D-ring
Disconnect extra
5160 | FF | waist tether daisy MFR Swap No Unknown 1
chain
Disconnect extra
5161 | RMS | waist tether daisy MFR Swap No Unknown 1
chain
5162 | FF f:;; rse‘)"’d?p (if MFR Swap No Large handrail 1
PGT swap (if .
5163 | RMS required) MFR Swap No Large handrail 1
5111 Radiator Retrieval
5165 | RMS | mnvr to MULE Radiator Retrieval Yes Vrcg;’lfsﬂte’c’“t Motion 1
5166 | RMS | boot plate 90L Radiator Retrieval No Unknown 1
5167 | RMS | stanchion 135R Radiator Retrieval No Unknown 1
close aft shroud door . . open/close :
5168 | FF (Ieft) (partially) Radiator Retrieval Yes <hroud door Small handrail 1
5169 | FF Elegjsr aft shroud door | i ator Retrieval unk ge;gfr shroud Tether tool 1
5170 | FF | trandateto MULE Radiator Retrieval Yes wgylfsizom Motion 1
5171 | FF release MULE latch Radiator Retrieval Yes release latch Unknown 1

(upper sthd)




5172

RMS

release MULE latch

Radiator Retrieval

Yes

release latch

Unknown

(upper port)
remove NCS radiator . . install/remove . .
5173 | FF from MULE Radiator Retrieval Yes NCS radiator Small handrail Small handrail
5174 | RMs | FeMoveNCSradiator | oo Retrieval No Small handrail Small handrail
from MULE
open handrail (N3) . . engage/disengage :
5175 | FF latch (NCS radiator) Radiator Retrieval Yes handrail latch Small handrail
5176 | RMS | stabilize radiator Radiator Retrieval Yes stabilize ORU Small handrail
5177 | FF | transfer NCSradiator | Radiator Retrieval Yes ﬁ;ﬂ‘;g NCS Small handrail Small handrail
5178 | RMs | recaveNCSradiator | o yivor Retrieval No Unknown
from FF EV
Radiator
5|12 Installation
5180 | FF trandateto +V2 aft Radiator Installation Yes move _about Motion
shroud worksite
5181 | RMS | MMV OHVIV3 At | poojioor Installation | Yes | MOVe about Motion
shroud worksite
5182 | RMS | boot plate 30R Radiator Installation No Unknown
open handrail (N1, enaace/disencage
5183 | RMS | N2) latches (2) (NCS | Radiator Installation Yes 9agEISENGATE | Small handrail
) handrail latch
radiator)
install radiator over . . install/remove . .
5184 | RMS HST handrails Radiator Installation Yes NCS radiator Small handrail Small handrail
check alignment
5185 | RMS | arrows on radiator Radiator Installation Yes inspect worksite | Camera
and FR26
engage radiator enaaoe/disencage
5186 | RMS | handrail (N1, N2) Radiator Installation Yes 9agEISENGATE | Small handrail
handrail latch
latches (2)
5187 | FF | check aignment Radiator Installation Yes inspect worksite | Camera
engage radiator . . engage/disengage :
5188 | FF handrail (N3) latch Radiator Installation Yes handrail latch Small handrail




5189 | RMS | EN9age shear ties CW Radiator Installation Yes engage/dmengage Unknown
52 deg (2) shear tie
check alignment of . . . .
5190 | FF radiator skirt Radiator Installation Yes inspect worksite | Camera
check alignment of . . . .
5191 | RMS radiator skirt Radiator Installation Yes inspect worksite | Camera
check MULE latches
5192 | FF | indetents(2) facing Radiator Installation Yes inspect worksite | Camera
upward
check MULE latches
5193 | RMS | indetents (2) facing Radiator Installation Yes inspect worksite | Camera
downward
5113 NCC P0\_Ner Cable
Ingtallation
retrieve P600 harness | NCC Power Cable stow/retrieve : .
5195 | RMS from stanchion Installation unk harness delicate pinch
retrieve 90 deg .
5196 | RMS | connector tool from NCC Power Cable unk stow/retrieve Small handrail
X Installation connector tool
stanchion
remove connector cap | NCC Power Cable install/remove .
5197 | RMS (J1 diode box) Installation Yes connector cap Pinch
5198 | RMS stow connector cap JL | NCC Po_wer Cable Yes stow connector Pinch Pinch
in trash bag Installation cap
. . NCC Power Cable . . !
5199 | RMS | inspect diode box J1 Installation Yes inspect worksite | Pinch Camera
mate P600 harness P1 | NCC Power Cable mate/demate !
5200 | RMS to diode box J1 Installation Yes connector Pinch
mnvr to EPS test NCC Power Cable move about ,
5201 | RMS panel at +V2 trunnion | Installation Yes worksite Motion
NCC Power Cable . .
5202 | RMS | open MLI tent Installation Yes open MLI tent delicate pinch
remove connector cap | NCC Power Cable install/remove .
5203 | RMS (EPS P600) Installation Yes connector cap Pinch




remove connector cap

NCC Power Cable

install/remove

5204 | RMS | (P600 harness Installation Yes connector cap Pinch
PEO0A)

5205 | RMS | inspect P600 I’:‘;E;I ;?iv(\)lﬁr Cable Yes inspect worksite | Pinch Camera
mate P600 to EPS NCC Power Cable mate/demate .

5206 | RMS P600 Installation ves connector Pinch
stow connector caps NCC Power Cable stow connector .

5207 | RMS (2) intrash bag Installation Yes cap Pinch

5208 | RMS | install MLI tent NCC Power Cable Yes | instal MLItent | delicatepinch
mnvr to radiator NCC Power Cable move about .

5209 | RMS diode box Installation ves worksite Motion
secure Velcro for

5210 | RMS | P600 harness on to I’:‘;E;I ;?iv(\)lﬁr Cable Yes {slegllérri/remove delicate pinch
radiator handrail

5211 | RMS | open diode box cover NCC Po_wer Cable Yes open/close diode Unknown

Installation box cover

check NCS-A and

5212 | RMS | NCS-B LEDs I’\r';gl IZE"(‘)’S Cable Yes | inspect worksite | Camera
illuminated
stow 90 deg NCC Power Cable stow/retrieve :

5213 | RMS connector tool Installation unk connector tool Small handrail

. NCC Power Cable

5214 | RMS | stanchion 180 deg Installation No Unknown

5|14 NCC Prep
open aft shroud door open/close aft :

5216 | FF (partially) NCC Prep Yes <hroud door Small handrail
install COOLANT IN install crvo valve

5217 | FF | cryovave heater NCC Prep Yes heater y Unknown
(outboard)
install COOLANT install crvo valve

5218 | FF | OUT cryovalve NCC Prep Yes y Unknown

heater (inboard)

heater




inspect o-rings (prior

5219 | FF | toneonline NCC Prep Yes inspect worksite | Camera 1
installation)

5220 | FF mstaII_COOLANT IN NCC Prep Yes install neonline | Unknown 1
neon line (outboard)

5221 | FF ggSh ;E?n\g" ng nut CW NCC Prep Yes engagewing nut | Pinch 1
install COOLANT

5222 | FF | OUT neonline NCC Prep Yes install neonline | Unknown 1
(inboard)

5223 | FF gg;] ten wing nut CW NCC Prep Yes engagewing nut | Pinch 1

-5 turns

attach CASH integral

5224 | FF | black/whitetether to | NCC Prep ves | réeasElsecure | ool 1

. tether

long NCC handrail

515 Conduit Installation

5226 | RMS | CCAOPIMAY SOCK | oo it |ngallation | Yes | MOVeadout Motion 1
restraints worksite
config HST PFR (aft : :

5227 | FF ASIPE) Conduit Installation No Unknown 1

5228 | RMS release UPPEFPIMATY | conduit Installation Yes releas;e sock delicate pinch 1
sock restraint restraint
Release upper conduit . . :

5229 | RMS latch 90 deg CCW! Conduit Installation Yes release latch Small handrail 1

5230 | RMS release remaning Conduit Installation Yes rel case sock delicate pinch 1
sock restraints restraint

5231 | RMS | XCUre fixed restraint Conduit Installation Yes rel case/secure delicate pinch 1
under sock restraint strap
release lower conduit . . .

5232 | RMS latch (1) 90 deg CCW Conduit Installation Yes release latch Small handrail 1

5233 | RMS | pivot conduit Conduit Installation Yes pivot conduit Unknown 1

5234 | FF | ingress PFR Conduit Installation No Large handrail 1

5235 | FF release %cpndary Conduit Installation Yes rdease sock delicate pinch 1
sock restraint restraint




move about

5236 | RMS | mnvr to aft shroud Conduit Installation Yes worksite Motion 1
5237 | RMS | boot plate 0 deg Conduit Installation No Unknown 1
5238 | RMs | OPenaltshrouddoor | oopy it ingtallation | ves | PeV/CIos small handrail | 1
(left) shroud door
5239 | RMS | retrieve 80-in tether Conduit Installation unk ?e(t)r\:(\;/r retrieve Pinch 1
pass adj equip tether
5240 | RMS | through cryo vent Conduit Installation unk transfer tether delicate pinch 1
insert
5241 | FF :;Cr?e;/e adj equip Conduit Installation No delicate pinch 1
5242 | FF attach to sock tether Conduit Installation unk secure tether to Unknown 1
loop loop
check cryo vent insert . . . .
5243 | RMS latches retracted Conduit Installation Yes inspect worksite | Camera 1
5244 | FF feed _condu|t Into cryo Conduit Installation Yes feed conduit delicate pinch 1
vent insert
5245 | FF | route CPL sock Conduit Installation Yes route CPL sock delicate pinch 1
5246 | RMS | egress MFR Conduit Installation No Large handrail 1
5247 | RMS Leat“r:glreCPL o STISL- Conduit Installation unk tether CPL sock | Tether tool 1
5248 | RMS | ingress MFR Conduit Installation No Large handrail 1
5249 | RMs | Engage cryo vent Conduit Ingtallation | Yes | SN9AOECYOVeNt | o) handrail | 3
insert latches (3) insert latch
5250 | FF | egressPFR Conduit Installation No Large handrail 1
5251 | RMS | PGT: A3,CW 2, 10.5 | Conduit Installation Yes set bolt drive COMPUTER 1
drive locking bolts
5252 | RMS | (cryo ventinsert) 4-6 | Conduit Installation Yes drive bolt Bolt drive 2
turns (2-engage)
Radiator Harness
516 Mate
check MCC GO for Radiator Harness
5254 | RMS NCC connector mates | Mate Yes check GO COMPUTER 1
5255 | FF | fairlead to mini-TA Radiator Harness No Unknown 1




Mate

Radiator Harness secure/remove . .
5256 | FF | release Velcro (sock) Mate Yes Velcro delicate pinch
retrieve harnesses . .
5257 | FF | (NCSradiator) P4 Racliator Hamess Yes stlow/retrieve delicate pinch
Mate harness
and P3 (2)
transfer harnesses Radiator Harness . . . .
5258 | FF (radiiator) P4 and P3 Mate Yes transfer harness | delicate pinch delicate pinch
receive harnesses Radiator Harness . .
5259 | RMS (radiiator) P4 and P3 Mate No delicate pinch
inspect harnesses .
5260 | RMS | (NCSradiator) P4 Radiator Harness Yes inspect worksite | Pinch Camera
Mate
and P3
mate harness (NCS Radiator Harness mate/demate .
5261 | RMS radiator) P4 Mate Yes connector Pinch
mate harness (NCS Radiator Harness mate/demate .
5262 | RMS radiator) P3 Mate Yes connector Pinch
open NCC saddle Radiator Harness open/close . .
5263 | RMS thermal cover Mate Yes thermal cover delicate pinch
retrieve harnesses . .
5264 | FF | (NCSradiator) P2 Racliator Hamess Yes stlow/retrieve delicate pinch
Mate harness
and P1 (2)
transfer hamesses Radiator Harness
5265 | FF | (radiator) P2 and P1 Yes transfer harness delicate pinch delicate pinch
Mate
toRMSEV
receive harnesses .
5266 | RMS | (NCSradiator) p2 | Radiator Hamess No delicate pinch
Mate
and P1
inspect harness (NCS | Radiator Harness . . )
5267 | RMS radiator) P1 Mate Yes inspect worksite | Pinch Camera
mate harness (NCS Radiator Harness mate/demate .
5268 | RMS radiator) P2 Mate Yes connector Pinch
mate harness (NCS Radiator Harness mate/demate .
5269 | RMS radiator) P1 Mate Yes connector Pinch
5270 | RMS mnvr to NCS diode Radiator Harness Yes move _about Motion
box Mate worksite




Radiator Harness

5271 | RMS | boot plate 30R Mate No Unknown
route integral tether
from P4 around Radiator Harness . .
5272 | FF dectrical harn Mate unk route tether delicate pinch
4
5073 | EE | SEoure mteg_ral te_ther Radiator Harness unk release/secure Tether tool
to center guiderail Mate tether
5274 | RMS | A sw - ENABLE ,f;a;;amr Harness Yes | flip switch Bolt drive
5275 | RMS | B sw - ENABLE ,\Rﬂﬁ'eamr Harness Yes | flip switch Bolt drive
A sw - ENABLE Radiator Harness . . .
5276 | RMS (NCS) Mate Yes flip switch Bolt drive
B sw - ENABLE Radiator Harness . . .
5277 | RMS (NCS) Mate Yes flip switch Bolt drive
5278 | RMS | A sw - DISABLE ,\Rﬂaa‘:'eator Harness Yes | flip switch Bolt drive
5279 | RMS | B sw - DISABLE ,\Rﬂaa‘:'eator Harness Yes | flip switch Bolt drive
5280 | RMS | close diode box cover Radiiator Harness Yes open/close diode Unknown
Mate box cover
notify MCC NCS Radiator Harness .
5281 | RMS diode box Pwr ON Mate Yes notify MCC COMPUTER
mnvr to +V2 aft Radiator Harness move about .
5282 | RMS shroud Mate Yes worksite Motion
5283 | RMS | boot plate 0 deg ,I\?/Ia;:eator Harness No Unknown
5284 | RMs | POT: BLCCW3, | Radiator Hamess Yes |setboltdive | COMPUTER
235 Mate
drive saddle bolts .
5285 | RMS | (center) 7-8 turns (2- l\R/Iagleator Harness Yes drive bolt Bolt drive
disengage)
5086 | EE | FEmove CPL Radiator Harness Yes install/remove Unknown

evaporator from sock

Mate

CPL evaporator




5287 | EF transfer CPL Radiator Harness Yes transfer CPL Unknown Unknown
evaporator Mate evaporator
5288 | RMS | remove saddle cover I\R/lad| ator Harness Yes remove saddle delicate pinch
ate cover
5289 | RMS stow saddle cover Radiator Harness Yes stow saddle ddlicate pinch
(temp) Mate cover
5200 | RMS receive CPL Radiator Harness No Unknown
evaporator Mate
install CPL Radiator Harness install/remove
5291 | RMS evaporator in saddle Mate Yes CPL evaporator Unknown
5202 | RMS | PGT: B1, CW 2, 235 sagfmr Harness Yes | setbolt drive COMPUTER
drive bolts (center) 7- )
5293 | RMS | 9 turns (2-engage) to l\R/lﬁeator Harness Yes drive bolt Bolt drive
install saddle cover
5294 | RMS | drive bolts (retorque) l\RAaa(ileator Harness Yes drive bolt Bolt drive
close thermal cover Radiator Harness open/close . .
5295 | RMS (NCC saddle) Mate Yes thermal cover delicate pinch
bundle CPL and
electrical harnesses Radiator Harness bundle harnesses
5296 | FF (4) WICPL integral Mate unk with tether Unknown Unknown
tether
attach bundle to .
5297 | FF | center guide bulkhead Radiator Harness Yes attach bundleto delicate pinch delicate pinch
Mate bulkhead bolt
standoff bolt
secure Velcro on pull- .
5298 | FF | thru strap to CPL Radiiator Harness Yes secure/remove delicate pinch
sock Mate Velcro
attach NCS sock bag | Radiator Harness attach NCS sock . .
5299 | FF o MWS Mate Yes bag to MWS delicate pinch
5300 | FF | stow NCSsock in bag l\RAaa(ileator Harness Yes stow NCS sock delicate pinch
517 Close +V2 Doors
5302 | | dosedoOrs(asSst | oy v Doors No Small handrail

RMSEV)




move about

5303 | RMS | mnvr for door closure | Close +V2 Doors Yes . Motion 1
worksite

5304 | RMS | close doors Close +V2 Doors Yes gggrr]/cl 0se V2 Small handrail 1 Small handrail

5305 | RMS | engage handle Close +V2 Doors Yes ﬁnaﬁg?ee V2 door Small handrail 1

5306 | RMs | Instal PIPpin Close +V2 Doors Yes | Installiremove | o 1
(handle) PIP
PGT: B4, CW 3, 23.5

5307 | RMS | or PRT: B4, CW, 23 Close +V2 Doors Yes set bolt drive COMPUTER 1
stall

5308 | RMS drive handle bolt 6 Close +V2 Doors Yes drive bolt Bolt drive 1
turns (engage)

5300 | RMs | Feportpeakrumning | o 1\ poors Yes | fePOILIUNNING | oo pGTER 1
torque torque

5310 | RMS drive laich bolts 6 Close +V2 Doors Yes drive bolt Bolt drive 3
turns (3-engage)

5311 | RMs | rEPOrtpeakrunning | oy oo v poors Yes | fePOILIUNNING | oy pyTER 3
torque torque

5312 | RMS IF;?]ZC toretorque bolt |~ 4v2 Doors Yes | setbolt drive COMPUTER 3

5313 | RMS | check door seals Close +V2 Doors Yes inspect worksite | Camera 1

5314 | RMS | retrieve 80-in tether Close +V2 Doors unk ?e(t)r\:(\;/r retrieve Pinch 1
Stow 80-in tether in stow/retrieve !

5315 | RMS trash bag (temp) Close +V2 Doors unk tether Pinch 1

5316 | RMS | check door seals Close +V2 Doors Yes inspect worksite | Camera 1

518 Sortie Cleanup

5318 | FF | trandateto port ATM | Sortie Cleanup Yes move _about Motion 1

worksite

5319 | FF | open ATM (port) Sortie Cleanup Yes open/close ATM | Small handrail 1

5320 | RMs | MMVITOPOtRAC | o6 Cleanup Yes | Moveabout Motion 1
ATM worksite

5321 | RMS | stow PGT Sortie Cleanup No COMPUTER 1




stow/retrieve

5322 | FF | stow NCS sock bag Sortie Cleanup Yes NCS sock bag delicate pinch
5323 | RMS | transfer CVL bag Sortie Cleanup Yes transfer CVL bag | delicate pinch delicate pinch
receive CVL bag . : .
5324 | FF from RMS EV Sortie Cleanup No delicate pinch
5325 | FF | stow CVL bag Sortie Cleanup Yes Scti)/vl\j/rbeég eve delicate pinch
5326 | FF | close ATM (port) Sortie Cleanup Yes open/close ATM | Small handrail
engage ATM latches . engage/disengage
5327 | FF (port) Sortie Cleanup Yes ATM latich Unknown
519 PLB Cleanup
5329 | FF | trandateto FSS PLB Cleanup Yes move about Motion
worksite
5330 | RMS | mnvr to airlock PLB Cleanup Yes move about Motion
worksite
5331 | FF Inspect main ) PLB Cleanup Yes inspect worksite | Camera
umbilical mechanism
5332 | RV | Fansfer FS camerato | gy g ey yes | WansierF5 Unknown
MFR handle camera
remove PIP pins (2- install/remove
5333 | FF BAPS center) PLB Cleanup unk PIP PIP
5334 | FF | stow PIP pins(BAPS) | PLB Cleanup unk g}%a”/ remove | pip
retract mini-TA
5335 | FF (ASIPE) if nec PLB Cleanup No Unknown
5336 | FF | o1 TA (S If | oy B Cleanup No Unknown
5337 | FF | o0 TA POt | oy B Cleanup No Unknown
5338 | Fp | Performtool PLB Cleanup No Unknown
inventory
5339 | RMs | Performtool PLB Cleanup No Unknown
inventory
5340 | RMS | stanchion O deg PLB Cleanup No Unknown
5341 | RMS | boot plate 0 deg PLB Cleanup No Unknown




config tool interface 0

5342 | RMS deg PLB Cleanup No Unknown 1

5343 | FF | trandateto airlock PLB Cleanup No Motion 1

5344 | FF | openthermal cover PLB Cleanup No delicate pinch 1

5345 | RMS | remove MFR handle | PLB Cleanup No Small handrail 1
transfer MFR handle :

5346 | RMS to EF EV PLB Cleanup No Small handrail 1
receive MFR handle :

5347 | FF from RMS EV PLB Cleanup No Small handrail 1

5348 | RMS | egress MFR PLB Cleanup No Large handrail 1

520 Final PLB Cleanup

5350 | FF | trandateto airlock Final PLB Cleanup No Motion 1

5351 | RMS | mnvr to airlock Final PLB Cleanup No Motion 1

5352 | RMS | transfer F5 camera Final PLB Cleanup Yes '([:r::qsefrzr F5 Unknown 1

5353 | RMs | Perform tool Final PLB Cleanup No Unknown 1
inventory

5354 | RMS g‘fegf'g tool interface 0 | ) by B Cleanup No Unknown 1

5355 | RMS | remove MFR handle | Final PLB Cleanup No Small handrail 1

5356 | RMs | ranster MFRhandle | o) by 5 Gleanup No Small handrail | 1
to FF EV
receive MFR handle ' :

5357 | FF from RMS EV Final PLB Cleanup No Small handrail 1

5358 | Fr | SoWMPRPenden ) gy pr g cleanup No Small handrail | 1

5359 | FF | closethermal cover Final PLB Cleanup No delicate pinch 1

5360 | FF | trandateto mini-TA Final PLB Cleanup No Motion 1

5361 | FF | stow mini-TA Final PLB Cleanup No Unknown 1

5362 | pp | PEraCtTAforlanding | oo by g Cleanup No Unknown 1
(sthd) if nec

5363 | | PEraCtTAforlanding | oo oy g Cleanup No Unknown 1
(port) if nec

5364 | FF | trandateto Orbiter Final PLB Cleanup Yes move about Motion 1




Bay 10 worksite
5365 | FF g,c\’/l""s'\ésge (assist Final PLB Cleanup No Unknown 1
5366 | FF g‘fggcé 0?/1?5 and Final PLB Cleanup Yes inspect worksite | Camera 2
5367 | FF Lnnsw‘l?)?ﬁt:giwr;chanisn Final PLB Cleanup Yes inspect worksite | Camera 1
remove PIP pins (2- ' install/remove
5368 | FF BAPS center) Final PLB Cleanup unk PIP PIP 2
5369 | FF SBtz"‘F’,;' Ppins (center | ) b B Cleanup unk 'F',‘ISFE""”/ remove | pp 2
521 MFR Stow
5371 | RMS ng E)M StoOrbiter | \1ep stow No Motion 1
5372 | RMS | stanchion O deg MFR Stow No Unknown 1
5373 | RMS | boot plate 0 deg MFR Stow No Unknown 1
5374 | RMS gggt plaeD-ing 0 | \;ep siow No Unknown 1
5375 | RMs | &tach boot plate MFR Stow No Tether tool 1
tether to stanchion
5376 | RMS | stow MFR stanchion MFR Stow No Unknown 1
5377 | RMS f;i&gancmn MFR Stow No Camera 1
5378 | RMS | tether MFR to APC MFR Stow No Tether tool 1
5379 | RMS [Stﬁzfe MFRIRMS | \1ER stow No Tether tool 1
5380 | RMS tsg)r\%r MFR/IRMS MFR Stow No delicate pinch 1
5381 | RMS E‘,’\'ﬂds'\ﬂr':;a"gg'lz MFR Stow No Large handrail 1
5382 | Rms | IveV GOtorelease | \/ep qow No COMPUTER 1
5383 | RMS | latch MFR to APC MFR Stow No Unknown 1
5384 | RMS | check MFR latched MFR Stow No Camera 1




5385 | RMS | install PIP pin MFR Stow No PIP
remove tether from

5386 | RMS MER and APC MFR Stow No Tether tool

5387 | RMS | trandate to LGA MFR Stow Yes | Moveabout Motion
worksite

5388 | RMS | remove LGAP cover MFR Stow Yes (r;r\?grve LGAP Unknown

5389 | RMS | trandate to FSS MFR Stow Yes | Moveabout Motion
worksite

5300 | RMS | stow LGAP cover MFR Stow Yes | SOWLGAP Unknown

cover




Appendix B: Comparison of Broad Primitives and End-Effectors

Broad Primitive . # #
—_— First EE Instanes | Second EE I nstances
Apply lubricant ,I&L[:j)?)“((::?t?;r 8

Attach bundle to bulkhead bolt Delicate Pinch 1 Delicate Pinch 1
Attach door clipsto door stop Unknown 1

Attach NCS sock bag to MWS Delicate Pinch 1

Bundle harnesses with tether Unknown 1 Unknown 1
Check GO COMPUTER 14

Connect ground cap to j-bolt Unknown 1

Cut MLI groundstraps Unknown 2

Deploy mast Unknown 2

Deploy MLI Delicate Pinch 2

Deploy SA panel Unknown 4

Deploy/retract FHST cover Delicate Pinch 6

Disconnect purge line Pinch 1

Disengage alignment aid stowage Pinch 1

lock

Drive bolt Bolt Drive 307

Drive bolt Bolt Drive 9 Small Handrail 9
Drive bolt Bolt Drive 1 Camera 1
Drive bolt Bolt Drive 2 Pinch 2
Engage cryo vent insert latch Small Handrail 3

Engage V2 door handle Small Handrail 1

Engage wing nut Pinch 2

Engage zip nut Pinch 5

Engage/disengage ASIPE latch Small Handrail 7

Engage/disengage ATM latch Unknown 13

E)ré?(age/dwengage deployment Pinch 5

Engage/disengage handrail latch | Small Handrail 6

Engage/disengage NT latch Pinch 3

Engage/disengage SADA clam

spi?g?e lock 9eg P Unknown 4

Engage/disengage shear tie Unknown 4

Engage/disengage UPS latch Unknown 8

Evaluate mass handling COMPUTER 2

Exchange DBA Small Handrail 2 Small Handrail 2
Exchange PCU Small Handrail 1 Small Handrail 1
Exchange RWA Small Handrail 1 Small Handrail 1
Extend BAPS post Small Handrail 1 Small Handrail 1
Extend latch plunger Pinch 2

Feed conduit Delicate Pinch 1
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Flip lever/switch Bolt Drive 7

Fold MLI Delicate Pinch 1 Delicate Pinch 1
Grasp SA handrail Small Handrail 4

Guide SA into SADA clamp Small Handrail 2 Small Handrail 2
Inspect worksite Camera 1 Bolt Drive 1
Inspect worksite Camera 92

Inspect worksite Camera 32 Pinch 32
Inspect worksite Camera 1 Small Handrail 1
Install BAPS end Unknown 2

Install CASH Unknown 1

Install cross strap harness clip Unknown 1

Install cryo valve heater Unknown 2

Install door stop extension Unknown 2

Install groundstrap Bolt Drive 2 Pinch 2
Install handrail covers Unknown 1

Install MLI tent Delicate Pinch 2

Install neon line Unknown 2

Install NOBL Unknown 1

Install NOBL plugs Pinch 1

Install PCU handhold Small Handrail 1 Small Handrail 1
Install vent plug Pinch 4

Install/remove ACS Small Handrall 3 Small Handrall 3
Install/remove connector cap Pinch 12

Install/remove connector cap Pinch 1 Delicate Pinch 1
Install/remove connector cap Pinch 12 Pinch 12
Install/remove connector strap Delicate Pinch 2 Delicate Pinch 2
Install/remove CPL evaporator Unknown 2

Install/remove DBA Small Handrall 6

Install/remove door stay Small Handrail 14

Install/remove ESM Small Handrail 2 Small Handrail 2
Install/remove FHST cover Unknown 8

Install/remove FOC Small Handrail 3 Small Handrail 3
Install/remove fuse plug Pinch 2

Install/remove hitch pin Hitch 6

Install/remove HRD Small Handrail 2

Install/remove latch cover Delicate Pinch 2

Install/remove NCC Small Handrail 2

Install/remove NCS radiator Small Handrall 2 Small Handrall 2
Install/remove PDU fuse plug Pinch 5 Pinch 2
caddy

Install/remove PIP PIP 50

Install/remove PIP PIP 2 Small Handrail 2
Install/remove SA Small Handrail 2

Install/remove SA Small Handrall 6 Small Handrall 6
Install/remove stringer cap Unknown 2

Install/remove thermal cover Delicate Pinch 7

Install/remove thermal cover Delicate Pinch 1 Small Handrail 1
Install/remove turn-around plug Pinch 4

Install/remove WF/PC cover Delicate Pinch 3 Small Handrail 3
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Maintain pressure on doors Small Handrail 3

Maintain SA dlew Bolt Drive 1 Small Handrail 1
Maintain SADA clearance Unknown 2

Mate/demate connector Pinch 7 Delicate Pinch 7
Mate/demate connector Pinch 61

Mate/demate connector Pinch 16 Pinch 16
Mate/demate PCU connector HT Pinch 28

Mate/demate PCU connector HT Pinch 44 Pinch 44
Move about worksite Motion 160

Notify MCC COMPUTER 14

Open MLI tent Delicate Pinch 1

Open neon bypass valve Unknown 2

Open/close aft shroud door Small Handrail 1

Open/close ASIPE Small Handrail 4

Open/close ATM Small Handrail 12

Open/close bay door Small Handrail 12

Open/close contamination cover | Delicate Pinch 5

Open/close diode box cover Unknown 2

Open/close LOPE Small Handrail 2

Open/close NT Small Handrail 2

COOF\)/eer;/close PDU fuse plug caddy Delicate Pinch 3

Open/close shroud door Small Handrail 2

Open/close thermal cover Delicate Pinch 11

Open/close UPS Unknown 2

Open/close V2 door Small Handrail 4 Small Handrail 4
Perform translation adaption Unknown 2

Pivot conduit Unknown 1

Pivot latch Small Handrail 4

Position connector Pinch 2

Position groundstrap tether Delicate Pinch 1 Tether Tool 1
Position SADM Unknown 2

Preload latch plunger Pinch 2

Pull LGAP cover latch assy knob | Unknown 1

Push/pull tee handle Small Handrail 2

Release BAPS post mechanism Unknown 1

Release CVL tie-down Delicate Pinch 2

Release groundstrap Delicate Pinch 2

Release latch Pinch 1

Release latch Small Handrail 3

Release latch Unknown 7

Release sock restraint Delicate Pinch 3

Release/secure cross strap Delicate Pinch 2

Rel ease/secure restraint strap Delicate Pinch 5

Release/secure tether Tether Tool 2 Pinch 2
Release/secure tether Tether Tool 2

Release/set door opening Pinch 10

Remove BAPS post Small Handrail 1

Remove CVL Small Handrall 1
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Remove CVL mounting flange

Unknown

2
Remove EPS panel MWS EE 1
Remove LGAP cover Unknown 1
Remove palm wheel Unknown 2
Remove PCU Small Handrail 2
Remove RWA Small Handrail 2 Small Handrail 2
Remove saddle cover Delicate Pinch 1
Report running torque COMPUTER 8
Report turn count COMPUTER 8
Retrieve ASLR Unknown 4
Retrieve CASH Unknown 1
Retrieve cross strap Delicate Pinch 2
Retrieve door stop extension Unknown 2
Retrieve handrail covers Unknown 1
Retrieve inspection mirror Pinch 1
Retrieve NOBL Delicate Pinch 2
Retrieve vent plug Pinch 4
Rotate cryo vent insert Unknown 1
Rotate LGAP cover dome Unknown 1
Rotate SA Small Handrail 4 Small Handrail 4
Rotate tee handle Small Handrail 2
Route CPL sock Delicate Pinch 1
Route cross strap Delicate Pinch 4
Route harness Delicate Pinch 2 Delicate Pinch 2
Route tether Delicate Pinch 1
Secure door handle attachment to
door handle a5l 1
Secure harness to handrail Delicate Pinch 2 Small Handrail 2
Scowehamessto SADA Soft | Delicate Pinch > | Small Handrail | 2
Secure tether to loop Unknown 1
Secure/remove Velcro Delicate Pinch 25
Seure/remove Velcro Delicate Pinch 10 Delicate Pinch 10
Secure/remove Velcro Delicate Pinch 1 Small Handrail 1
Secure/remove Velcro Pinch 1 Pinch 1
Sgﬁz(r;/troermove Velcroto Delicate Pinch 4 Pinch 4
Set bolt drive COMPUTER 149
Slide bracket against SA Small Handrail 2
Slide FHST covers together Delicate Pinch 6 Delicate Pinch 6
Stabilize ORU Small Handrail 2
Stow ASLR Unknown 4
Stow connector bracket on
connector strap a5l &
Stow connector cap Pinch 4 Pinch 4
Stow connector cap Pinch 9
Stow connector on connector Pinch 9
stowage bracket
Stow CVL Delicate Pinch 1
Stow DBC Unknown 1
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Stow fuse plug Pinch 1

Stow LGAP cover Unknown 1

Stow MLI Delicate Pinch 1

Stow NCS sock Delicate Pinch 1

Stow palm wheel Unknown 2

Stow PCU Small Handrail 1 Small Handrail 1
Stow PCU caddy Unknown 2

Stow PCU connector HT Pinch 28 Pinch 28
Stow purge line Unknown 1

Stow RWA Small Handrail 1 Small Handrail 1
Stow saddle cover Delicate Pinch 1

Stow tang Bolt Drive 2 Small Handrail 2
Stow turn-around plug Pinch 2

Stow turn-around plug Pinch 1 Pinch 1
Stow/deploy aft fixture Unknown 2

Stow/deploy alignment aid Pinch 3

Stow/remove connector Delicate Pinch 2 Delicate Pinch 2
Stow/remove connector Pinch 11 Delicate Pinch 11
Stow/remove connector Pinch 2

i‘r"a‘l’;’/ remove SA pandl restraint | b i ot pinch 2 | small Handrail 2
itr(;\g/remove SA panel restraint Delicate Pinch 5

Stow/retrieve connector tool Small Handrail 2

Stow/retrieve cryo vent insert Unknown 3

Stow/retrieve CVL bag Delicate Pinch 5

Stow/retrieve door stay Small Handrail 2

Stow/retrieve door stay Unknown 2

Stow/retrieve FHST cover Delicate Pinch 3

Stow/retrieve FHST cover Small Handrail 1 Delicate Pinch 1
Stow/retrieve fish stringer Delicate Pinch 3

Stow/retrieve FOC Small Handrail 2 Small Handrail 2
Stow/retrieve groundstrap Delicate Pinch 4

Stow/retrieve groundstrap Delicate Pinch 1 Delicate Pinch 1
Stow/retrieve harness Delicate Pinch 10

Stow/retrieve harness Tether Tool 1

Stow/retrieve HRD Small Handrail 4

Stow/retrieve MLI recovery bag | Delicate Pinch 2

Stow/retrieve MLI tent Delicate Pinch 3

Stow/retrieve NCS sock bag Delicate Pinch 4

Stow/retrieve PCU handhold Small Handrail 2

CStag\(/jv)//retrleve PDU fuse plug Pinch 2

Stow/retrieve plug stringer Delicate Pinch 2

Stow/retrieve tether Delicate Pinch 2

Stow/retrieve tether Pinch 7

Stow/retrieve thermal cover Delicate Pinch 8

Stow/retrieve thermal cover Delicate Pinch 2 Delicate Pinch 2
Stow/retrieve WF/PC cover Small Handrail 3
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Tether connector Tether Tool 1
Tether CPL sock Tether Tool 1
Tether shroud door Tether Tool 2
Tighten wing bolt Pinch 2
Tighten/release EV A knob Pinch 28
Transfer CASH Unknown 1 Unknown 1
Transfer CPL evaporator Unknown 1 Unknown 1
Transfer CVL bag Delicate Pinch 2 Delicate Pinch 2
Transfer ESM Small Handrail 1 Small Handrail 1
Transfer F5 camera Unknown 2
Transfer FHST covers Delicate Pinch 2 Delicate Pinch 2
Transfer harness Delicate Pinch 5 Delicate Pinch 5
Transfer HRD Small Handrail 2 Small Handrail 2
Transfer MLI recovery bag Delicate Pinch 2 Delicate Pinch 2
Transfer NCS radiator Small Handrail 1 Small Handrail 1
Transfer NOBL Delicate Pinch 4 Delicate Pinch 4
Transfer PCU handhold Small Handrail 2 Small Handrail 2
Transfer stringer Delicate Pinch 1 Delicate Pinch 1
Transfer stringer Delicate Pinch 1
Transfer tether Delicate Pinch 1
Transfer tether Pinch 1 Pinch 1
Transfer tether Pinch 1
Transfer tether Unknown 1
Transfer tether hook Pinch 1 Pinch 1
Transfer WF/PC cover Small Handrail 2 Small Handrail 2
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