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DEFINITIONS

Inflight Maintenance (IFM) refers to those tasks which were performed
aboard Skylab to either correct a problem (repair) or to prevent a problem
from occurring (servicing). -

Scheduled Maintenance consisted of those in-flight housekeeping tasks and
component replacement tasks to be accomplished on a regular basis to enhance
equipment Tife. Typical tasks included inspecting, cleaning and replacing
various filters and screens.

Unscheduled Maintenance consisted of those in-flight repair tasks for which
tools and procedures were provided but which were not scheduled in the
mission timeline. Unscheduled maintenance was performed when discrepancies
were noted during normal operations or while performing scheduled mainten-
ance. Fault isolation, repair and reverification were the usual steps.
Repair consisted primarily of removing and replacing failed items.

Contingency Maintenance refers to those in-flight maintenance tasks for
which no specific tools, spares or procedures were provided. Each such
task had to be treated in real time as it occurred.

Sparing - Selected spare parts were provided to permit in-flight replacement
of critical components.
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TOOLS, TEST EQUIPMENT AND CONSUMABLES
REQUIRED TO SUPPORT INFLIGHT MAINTENANCE

SUMMARY

Tools selected for Skylab were primarily those required for specific
tasks that were approved for inflight accomplishment plus a few general
purpose tools such as a pry bar, hammer, and Swiss Army knife. Skylab

crewmen found a use for virtually every tool they had on board.

Two primary complaints were voiced by Skylab crewmen regarding tools.
First,all the necessary tools were not included; and, secondly, if a

tool was available, it sometimes did not perform well because of safety
requirements that had been imposed to render the tools ready for flight.
Most of the tools were stripped of their original finish and replated with
safety-acceptable exterior coatings; this resq]ted in some instances of
poor fits between interconnecting elements such as handles, driveérs,

extensions, and end fittings.

Arrangement of tools in the tool kits and the method of retention were
also criticized by the Skylab crewmen. A common complaint was that some
tools fit tightly into the drawer cutouts while others were so loose
that they were not restrained at all. The crewmen also indicated that
the placement of tools and tool kits at numerous locations throughout
the cluster was undesirable and they recommended that all tools be

grouped in one specific area.



2
The most significant conclusion derived from the post mission assessment
was that if viable inflight maintenance programs are to be implemented
on future manned missioné, a complete range of hand tools, test equipment,

and consumables should be included within the onboard inventory.



PRE-SKYLAB EXPERIENCE

Although manned space programs prjor to Skylab dehonstrated that man in

space is capable of conducting many of the activities that he accomplishes

on earth, the crewman could only realize a limited part of the broad spectrum
of possible task and work activities because of the confinement of the

small volume space vehicles and short duration missions of pre-Skylab
programs, i.e., Mercury, Gemini and Apollo. Thus, data concerning the

crew's ability to use tools and assemble and disassemble equipment as

functions of IFM were naturally limited.

Although no IFM capability was designed into the Mercury and Gemini vehicles,
a small tool kit consisting of screwdrivers, a crescent wrench, a pair of
needle nose pliers and a roll of tape was included in the Gemini cockpit

for contingency use. A limited set of tools was developed for the Apollo
missions but no planned IFM program was implemented as a ‘nominal portion Of.
the missions. The crewman tool set (Fig. 1) carried in the Apollo Command
Module, provided multipurpose tools and/or attachments for Apollo mission
activities. The Apollo crewman tool set contained the following items:

a tool set pouch, a torque wrench, an emergency wrench, two T-handles, an
adapter handle, two end wrenches, 6" x 7/16" driver, 10" x 5/32" driver,

4" x 5/32" driver, 4" x 7/32" driver, a hook, D-ring extension handle, and

a 20" tether. Each tool had a tether ring with velcro strap attached. All
tools were capable of being used with a PGA gloved hand. The Tunar module
inflight tool set (Fig. 2) contained a torque wrench, docking tool, and
driver. A staging failure contingency kit contaiﬁing cables, mylar cutters,

and connector pliers was flown on the later LMs.
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Figure 2 - Inflight Tool Set (Apollo Lunar Module)

In the event the space suit PGA was damaged it could be repaired by use

of the Apollo EMU maintenance kit. The kit was approximately 20.32 by
15.24 by 3.81 centimeters (8 by 6 by 1.5 inches) and weighed 0.17 kilograms
(0.38 pounds). There was one kit aboard the command module, stowed in a

locker on the aft bulkhead.

The CM tool set pouch had a tool retention device made of synthetic cloth.
The pouch had pockets with retention flaps and Velcro tabs; for zero-g
stowage, it had Velcro pile exposed so it could be attached to the CM
structure. For launch and entry stowage, it was rolled and fitted into

a re-inforced bag alongside of the CWG/LCG stowage bag.
SKYLAB DESIGN

Initial Tool and Equipment Selection

The tools and associated equipment selected for the Skylab Program were
primarily those required for specific tasks that were approved for inflight

accomplishment, and a few tools of a general purpose classification such




as a pry bar, Swiss Army knife and hammer. Most of the tools and main-
tenance equipment on-board Skylab were contained in five kits as shown

in Figure 3. Standard tool sets were provided, however, there were

specific deletions of certain items in a continuous set when no particular
task could be identified that required that individual tool. Obvious debris
generators (saws, drills, etc.) and all types of test equipment were

excluded from the initially launched inventory of maintenance equipment.

Tool and Equipment Description

The complete Skylab tool/maintenance equipment inventory initially launched
on-board the SWS is listed in ref. 1, Appendix page 1-3. The categoriza-
tion of the tool/maintenance equipment consists of the following complement

of five basic kits:

(1) Tool Kits 1 and 2 were stowed in two experiment compartment
stowage lockers, E623 and E624 as shown in Figure 4. Each
tool kit (Figures 5 and 6) was a portable, drawered metal box
with a carrying handle. Each tool kit had five drawers mounted
on tracks as shown in Figure 6.with drawer 2c removed for use

as a separate unit.

(2) The portable repair kit (Figures 4 and 7) Tocated in the OWS,
locker E620, contained supplies to perform meteoroid puncture
repairs on the pressurized SWS structure, miscellaneous house-
keeping repairs, and atmosphere leak detection. The teflon tape

and sealant putty was provided for use in sealing joints, and
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Figure 3 - Skylab Tool Kits
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tape was also provided to repair fabric damage to items such
as air ducts and sleep privacy curtains. Adhesive-backed
Velcro and grid mounted snaps were provided to allow for con-

venient restraint of repair kit stowed items.

(3) The MDA hatch tool kit (Figure 8) located on the forward side
of the MDA axial port hatch contained tools required for dis-
assembly of the AM forward hatch, AM aft hatch, and OWS hatch,
should 'a hatch jam during opening. The kit contained sockets,
a ratchet handle, a pinch bar, wrenches, a tool caddy, and a

utility belt.

(4) The Activation/Contingency tool kit was located in the MDA
Tocker M144 (Figure 3), and provided the tools and materials
that might be required during periods when the SL tool kits in
the OWS were not accessible; i.e., prior to OWS activation and
during EVA. The kit had three drawers, drawer 1 is shown in

Figure 9.

The tool caddy (Figure 10) was provided as a portable tool carrier to
restrain tools and small parts for ready access during maintenance tasks.
Large or long tools were restrained through use of pockets. Elastic
strips and two see-through pouches with slotted, fluorocarbon rubber
diaphfams on one side, provided temporary stowage for small tools and

small parts. Three tool caddies were provided.
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The portable utility belt (Figure 11), an adjustable belt worn around
the crewman's waist, was used to restrain the tool caddy, disposable

bags, and miscellaneous items while conducting maintenance tasks.

The Skylab tool/maintenance equipment inventory was supplemented with
additional special purpose tool kits, tools, materials, etc. Reference 1
(Appendix pages 1-3) lists these items in tabular form including the EMU
and PGA maintenance kits (Figures 12 and 13), S190 tools (Figure 14),
CSM tool kit (Figure 15), water system servicing equipment, spare and

miscellaneous tools and maintenance equipment items.

Additional tool/maintenance equipment was launched on each manned
mission. These items supported specific inflight maintenance tasks and
replaced Tost or broken tools from previous missions. See ref. 2
Appendix page 4 for a listing of these additional, resupplied tools in

tabular form by mission.
SKYLAB EXPERIENCE

Overall Assessment

L]

Skylab crewmen found a use for virtually every tool they had on board.
Sufficient tools were provided on board to perform all planned activation,
operational and scheduled maintenance tasks. The onboard tools also
proved to be adequate for most of the unscheduled and contingency main-
tenance tasks. However, some additional tools were required and launched

onboard the three CSM's to provide capability to correct equipment



7

(1739 ALITILN)
T-€65£881 N/d 1739 ALITILN - L ®4nbLy

—

!

TR

*




18

(NW3 LI JONVYNILNIVW SMO)
10-00080S-9714Y N/d “NW3 LIX JONYNILNIVW SMO - Z| @4nbL4

LTy
‘-'l-l'——'... T .

T3
B e

SHE

g




19

(LIX JONYNILNIVIW V9d)

11-000£05-19Y N/d LIN JONVNILNIVW ¥9d - gL 34nbiyg

$ t:l.-l,l!»iff.nﬁ?).ﬂ.l. Y- .._.u
8 W
j {5

i

= RS Y =




20

N

100L 061S - ¢| @unbLy




21

(€) MIYIS ANIVI

HINIY M
N3 N3dO
11avisnray —

SIAINDS AVl

AINIQYIWI

19S|00] uewMaA) - G| dunbL4

SEINELC I ¥G eI R
I Sl i 135 INDYOL 2 MIIS LV e 13HD0S L 8/E
> 77 IN0YOL 0L “ON Bl aeld Fo 8 e i G o
o 7 - _ :
o g e \A_\
mmmw\w s u s > o= (2I1-9) HONFYM

7 i
\ p \ LAHDLYY [3201TW
WO S o

- /TP

i

YA A

<7 INIOL-N “/

b 3
N
\\\\x @) 1onwe

2 4ILdVaY

1 LHN

gaAl g HIHLAL

135 3IN0YOL

HONIYM

LIGTO9-9EN
(308NN HINO

-



vz

malfunctions which were unanticipated. For a detailed listing of overall

tool usage during the Skylab missions see ref. 3, Appendix pages 5-13.

A subjective evaluation guide was designed to evaluate the overall

adequacy of the equipment in the tool inventory. See ref. 4, Appendix

pages 14, 15 for the evaluation definitions used and the listed tool
inventory. The subjective evaluations of the tools are listed in Figure 16,
showing the individual ratings of crewmembers and the overall group rating.
The first two items listed are tool kits #1 and #2 which were rated adequate,
e.g., some shortcomings weré found and a‘few improvements are desirable.

The arrangement of tools in the tool kits and the method of retention

were criticized by the crewmen. Another complaint was that some tools

fit tightly into the drawer cutouts while others were so loose that they
were not restrained at all. The crewmen also indicated that all tools
should be grouped in one specific stowage area and that tools of similar
function should-be stowed together within this area. The following

typical crew comments sum up the Skylab crewmen's evaluation of tool

kits #1 and #2:

o SL-2 Crew Comments - SL-2 CDR: "I think our general feeling

was that everybody had thought out the tools that we needed
pretty well ... we used just about everything that was in the

tool box. We were happy to have all of it." (Sys. Debriefing)

o SL-3 Crew Comments - CDR: Drawer A--"fit in here is too tight.

They should have fit Jooser with a 1ittle Velcro on them to hold
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em down in their places" ... "screwdriver bits ought to be
located in order of size" ... "There's Velcro on the tools
but there's no Velcro on the drawer" ... “tdo1s should be

arranged systematically."

PLT: tool kit number 1 and 2 ... "we got a wide assortment of
tools and they're most of the tools that we need to do the job"
. "the tools don't fit the Mosite very well. They're loose

and we had to put tape around them or over them to keep them in."

SL-4 Crew Comments - CDR: "Tool kit number 1 and 2. I would

essentially rate them as very good."

SPT: "First of all just the general packaging. I think the

idea of the soft packaging is all right."

PLT: "...there ought to always be a separator between drawers
to keep stuff from the lower drawer from coming up and jamming
the drawer above. This is a general point of philosophy that
should apply throughout the workshop .. it's very frustrating,
and I know that the other flights have experienced the same
problem because the tools that are always floating free had been
taped in by a previous crew.' ...'a major shortcoming of the tool
kits is the stowage provided for them.' 'You can take 50 peunds
of force to pull the tool out one time, and then the next time
you put it in there, it floats free and jams the drawer.'

'the Mosite cutout method of restraint is not satisfactory."
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The other items listed in the tool inventory of the subjective evaluation
format (Figure 16) were also rated as adequate except the tool caddy which
was rated unacceptable. The repair kit was rated as adequate by the SL-3
CDR but it had a Tow use rate because crewmen did not have much to repair
where the kit equipment could be utilized. The S190 maintenance kit did
not have a high use rate but one crewman user per mission rated the kit

as adequate.

The SL-3 CDR rated the M512 tools as adequate but redundant. The EMU
maintenance kit was rated as adequate by the SL-3 crew (CDR and SPT) and
rated very good by the SL-4 CDR and SPT. The tool caddies were used on
several occasions but proved to be inadequate for retaining tools at the
worksite. Two of the SL-2 crewmen used it for activation only, two crewmen
never used it and the group consensus was that the tool caddy was unaccept-
able, i.e., gross shortcomings were found and improvements are mandatory.
The MDA tools were rated as adequate by one crewman user per mission.

The SL-4 PLT complained that "the items come out of their stowage locations

and jam the drawers."

Examples of typical tool use situations are presented in the following
sections to illustrate the need for tools and their many applications

during the course of a given mission.

IVA Tool Usage

Onboard tools, spares and procedures were adequate for all scheduled IVA

IFM activities. However, a number of additional tasks were added and
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the frequency of performance was varied. See ref. 5, Appendix page 16
for a Tisting of the scheduled IVA IFM tasks conducted during the Skylab

missions.

Typical tool and equipment usage for scheduled IVA IFM tasks are Tisted
below as representative examples of the range of IFM tasks accomplished
by the Skylab crews. Parenthetical comments address crew tool usage for

each case.

1. Periodic Cleaning - Vacuum cleaned OWS heat exchanger vanes,

ECS inlet screens, OWS air mixing chamber, MDA and AM circulating fans,

WMC debris (coarse, coarse/fine, fine) filters, etc. (vacuum cieaner).

2. Consumable Replacement - WMC filter and charcoal cartridge (screw-

driver, 5/32 square bit, spin type handle, pliers). WMC odor control
filter (ratchet handle, handle-torque, 5-150 in-1bs, 1/2 in. deep-well
socket). Urine separator (bit, screwdriver, 3/16 hex., 5 in. shank,

4 in. shank, and spin type handle).

Typical tool usage for unscheduled IVA IFM tasks are listed below,

parenthetical notes related to tools actually used.

1. Video tape recorder replacement (5/16 in. open end wrench,
11/32 open end wrench, ratchet handle - 5-150 in-1bs, universal joint,
screwdriver - 5/32 sq. bit, 3/16 hex. - 2 in. and 5 in. shanks, 3/16 hex-

90 degree, hi-torque No. 3, 4 in. and 8 in. extensions).
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2. Replace TV input station (9/16 in. open end wrench, pliers,

ratchet handle, universal joint, 4 in. extension, 3/8 in. std. socket).

3. Replace WMC hot water dispenser valve (torque wrench, 0-600 in.

1bs, 4 in. extension).
4. Replace Mol Sieve Fan (pliers, connector, electrical).
5. TV power cable checkout/replacement (digital multimeter).
6. Replace AM Tape Recorder (Std. screwdriver - 3/16 blade)

7. Replace Teleprinter Assembly (Screwdriver - 5/32 hex, ratchet

handle).

8. Replace fire sensor control panel (screwdriver, 5/32 hex, pliers,

connector, electrical).

Tools and materials were also placed on-board Skylab to provide a general
maintenance capability in order to permit repair of failed equipment for
which no specific IVA IFM activity was anticipated. Additional mainten-
ance tools and equipment were launched on-board the three CSM's to provide

capability to correct equipment malfunctions which were unanticipated.

Typical tool and equipment usage for contingency IFM tasks are listed

below. Parenthetical notes indicate tools used for each event.

1. Condensate System Leak Check (open end wrenches - 9/16 inch and
11/16 in., adjustable wrench, 1-3/8 in. crowfoot wrench, torque wrench,

0-600 in-1bs, socket-std, 3/8 in., ratchet handle).
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2. Install Rate Gyro Package (Multimeter, open end wrench, and the
following RGP tools - ratchet handle - 1/4 in. drive, extension - 6 in. -
1/4 in. drive, universal joint - 1/4 in. drive, ratchet handle - 3/8 in. |
drive, screwdriver - bit, 3/16 hex - 1/4 in. drive, screwdriver - bit -

Hi Torque No. 3 - 1/4 in. drive, removal tool-cable plug and socket -

deepwell - 9/16 in. thin-wall).

3. S009 Drive Motor Replacement (ratchet handle, screwdriver - bit -
3/32 hex - 3-1/2 in. shank, screwdriver - Phillips No. 1, and pliers -

pin straightener - electrical connector).

4. Ergometer Pedal Screw Replacement (Swiss Army Knife, handle-

torque 5-150 in-1bs, vise-bench type).

5. Dump Probe Troubleshooting (multimeter, spin type handle, seal

assembly).

6. Remove Video Tape Recorder Circuit Boards (screwdriver - bit -

3/16 hex - 90 degree, extension - 4 in., std. screwdriver - 3/16 blade).

7% Priméry Coolant Loop Servicing (screwdriver - bit - 3/16 hex -
3-1/2 inch, handle torque - 5-150 in-1bs, 3/8 in. std. socket, pressure

sensitive tape.

8. S019 Extension Mechanism Repair (spin type handle, Phillips No. 1

screwdriver).
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S. S192 Attenuator Adjustment (Swiss Army Knife - filed blade for

screwdriver).

10. Install T027 Tripod (screwdriver - bit - 3/16 hex - 5 in. shank,

ratchet handle).

Tools were also placed on-board Skylab to support the many servicing

functions (assembly/disassembly) required as each new crew came on-board.
This was an especially active period for the SL-2 crew during the initial
activation of the OWS. Some duplicate tools were included for use during

activation when the same tool was concurrently required by two crewmen.

Typical tool usage for activation tasks are listed below. Parenthetical

notes indicate actual tools used.

1. Remove Trash Airlock Launch Restraints (screwdriver, bit -
3/16 hex - 90 degree, handle-speeder brace type, screwdriver - bit -

3/16 hex - 51in. shank).

2. Shower Activation (screwdrivers (1/4 and 5/32 hex), pliers -
connector - electrical, ratchet handle, spin type handle and 7/16 in.

std. socket).

3. SAL Window Initial Installation (spin type handle and 7/16 in.

std. socket).

4, Remove Food Tray & Table Cover Launch Restraints (screwdriver -

bit 3/16 hex - 2 in. shank, ratchet handle).
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5. Unstow M508 AME from Launch Configuration (screwdriver - bit,
3/16 hex - 2 in. shank, ratchet handle, 8 in. extension 7/16 in. deep-

well socket).

6. Vacuum Cleaner Activation (pliers - needle nose, spin type

handle).
7. Install CSM/MDA Interchange Duct (screwdriver - bit, 5/32 square).

8. Fecal/Urine Collector Activation (screwdriver - 5/32 hex,

ratchet handle).

EVA Tool Usage

It should be noted that none of the tools in the initial tool inventory
were designed for EVA usage. In order to properly interface with the

EVA glove, tool handles had to be enlarged by wrapping them with tape.
Since the tools were not equipped with tethers or tether attach points,

it was necessary to also use tape to attach the required tethers. However,
the tools proved to be adequate for EVA after handles were taped and

tethers attached.

See ref. 2, Appendix page 4 for a listing of the special tools launched
to support the SEVA operation, parasol deployment (on SL-2 and SL-3),

and the IVA/EVA rate gyro package installation.

The following 1ist of typical EVA tool usage tasks will indicate the
extensive use made of tools in the EVA environment. Parenthetical notes

address the actual tools used.
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1. SAS wing deployment (cable cutter, double prong tool, metal

cutter, mushroom tool, wing deployment tool)(see Figure 17).
2. Freeing of relay in CBRM #15 (ball peen hammer).

3. EVA portion of Rate Gyro 6-pack installation (special electrical

connector pliers and 24 ft. cable).

4. S055, S056, and S082A door ramp latch removal (7/16-inch open

end/box wrench).

5. S193 Antenna repair (vice grips, hammer, screwdriver, allen bit,

connector pliers, disable plug and jumper box). .

6. S054 filter wheel repair (screwdriver, penlight, extension

mirrors).

7. Zero-g fixture cover retrieval (ratchet wrench and straight

screwdriver blade attachment).

Tool Losses and Failures

During the Skylab missions, a ratchet handle failed, the 4-inch diagonal
cutters and a 5-inch long, 3/16-hex screwdriver bit were broken and a

pinch bar was lost.

The ratchet handle mechanism fell apart during activation. The 4-inch
diagonal cutters were broken during an attempt to remove the spheres from

the M553 sphere forming wheel. The 5-inch long, 3/16-hex screwdriver
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bit was defective, i.e., the bit shank turned in the socket adapter.
The pinch bar was left tethered to the SAS wing during the OWS solar

wing deployment EVA.

Post Mission "Tools Needed" Evaluation

During inflight and postflight debriefings the crews expressed preference
for the following "tools needed" which were not within their on-board

inventory:

o SL-2 Crew Comments - hacksaw, hand and power drills, whetstone,

rubber mallet, metal shears, and files (rattail and round file).

® SL-3 Crew Comments - hacksaw, electric drill with bits, epoxy,

drill, soldering iron, crimpers, emery cloth, oil and polishing
cloth, pair of good dykes, good strong wire cutters, cable cutters,

and "a good light that you wear on your head".

o SL-4 Crew Comments - crimper/cutter, soldering gun, files,

electrician's screwdriver, metals shears, rubber mallet, hacksaw,
additional screwdrivers and wrenches (high use rate), additional
rolls of tape, screwdrivers with larger blades, file on Swiss

Army knife, pegboard, and leak detector.

CONCLUSIONS/RECOMMENDATIONS

1. If viable inflight maintenance programs are to be implemented on

future manned missions, a complete range of hand tools, test
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equipment, and maintenance consumables should be included within

the onboard inventory.
Unplated IVA tools should be designed for compatibility with EVA use.

The Skylab crewmen demonstrated that tools could be effectively

employed (IVA and EVA) in the zero-g environment.

A tool summary or listing should be available onboard for crew
visibility of the entire tool inventory during future manned

spacecraft missions.

Skylab manned mission experience indicates that future spacecraft

tool kit design should include tools that don't have a preflight
specific use, but might be used, rather than justifying each onboard
tool before flight. This will result in a more complete off-the-shelf

tool inventory for IFM contingency tasks.

The Skylab crewmen concluded that the tool caddy was unacceptable
for off-line maintenance tasks. Design studies should be implemented

to develop a more useful tool transport and retention device.
A11 tools should be stowed in one specific area.

Sufficient tools were provided onboard to perform all planned
maintenance tasks. Off-the-shelf type hand tools were adequate

and no special features are required for use in space.
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Based on Skylab experience, additional tools should be added to the
tool inventory, especially those needed but not available aboard
Skylab, e.g., hacksaw, hand or power drill, whetstone, metal shears,
crimper/cutter, soldering iron crimpers, soldering gun, rubber mallet,

leak detector, emery cloth, 0il and polishing cloth.

Tools should be arranged systematically in the tool kit drawers with
separators between drawers to keep tools in the lower drawer from

coming up and jamming the drawer above.
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