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INFLIGHT MAINTENANCE AS A
VIABLE PROGRAM ELEMENT

SUMMARY

Inflight Maintenance (IFM), as addressed by this bulletin, refers to

those tasks which were performed aboard Skylab to either correct a

problem (repair) or to prevent a problem from occurring (servicing).

The major emphasis is placed upon the problem correcting process, with
selected examples provided to indicate the range of IFM tasks accomplished
and the importance of these tasks to the successful conduct of the

Skylab missions.

The raw data appendix includes a detailed listing of those events that
occurred during the Skylab missions which were considered to be off-
nominal happenings. From this total inventory those events which were
corrected by crew activity have been extracted and plotted by major
subsystem and experiment category. The resulting graphs depict trend
data across mission time with respect to the cumulative IFM tasks which
were not scheduled as part of the routine daily timeline. These figures
indicate classical maintainability curves in terms of numerous difficulties
showing up upon system initialization with fewer instances of problems

as operating time and experience increased. The primary point to be made
is that multiple instances of problems did occur and that the crew was
equipped to perform IFM tasks and either return systems or experiments

to full operational status or at least render them partially useful.



These IFM tasks were encountered and accomplished both in the IVA and
EVA environments. Building upon this experience by incorporating IFM
as a viable program element in future manned programs will enhance the
opportunities for success while making use of the flexibility and
capability that "man-in-the-loop" provides to the exploration and

utilization of space.



PRE-SKYLAB EXPERIENCE

Manned space programs prior to Skylab demonstrated that man in space

is capable of conducting many of the activities that he accomplished

on earth. Confined to the small volume space vehicles and short duration
missions of pre-Skylab programs, the crewman could only realize a limited
part of the broad spectrﬁm of possible task and work activities. Thus,
data concerning the crew's ability to use tools and assemble and dis-
assemble equipment as functions of IFM were naturally limited. A major
contributor to this limitation of data has been the dependence upon
reliability and redundancy to eliminate the need for IFM. Manned programs
prior to Skylab were not planned to accommodate IFM as an integral element
of the overall inflight capability. This decision was strongly influenced
by weight, cost, schedule, and crew timeline considerations. Also, the
spacecraft used during these programs were flown only once for a very limited
time, not revisited by different crews as was Skylab. 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. However, even with
limited tools and available onboard materials, man's ability to perform
IFM was dramatically illustrated on the Apollo 13 mission. Jury-rigged
environmental control elements, fabricated from various items scavanged
from numerous sources on board, kept the spacecraft atmosphere habitable

through the recovery phase of the mission.



SKYLAB DESIGN

The Skylab Program used the design mediums of reliability and redundancy
to short-stop the need for inflight maintenance. However, in a departure
from previous practice, a conmittee of NASA and industry engineers was
established during Skylab's design and production phases to study inflight
maintenance and to recommend a set of tools and a 1ist of candidate tasks
for incorporation into the mission profiles. A standard set of mechanical
tools was recommended and will be addressed in detail in a subsequent
bulletin. The tasks selected as candidate IFM chores are listed in

reference 1, appendix pages 1-5.

The design approach for the Skylab Program was not to incorporate IFM
requirements in systems designs unless definite operational and/or cost
advantages could justify these requirements. As justifications for
onboard maintenance tasks were presented and accepted, appropriate tools
and spares were added to the onboard inventory to support the tasks.

These proved to be of significant value during the Skylab missions.

In summary, the Skylab IFM program was implemented through the following

steps:

(1) Identification of candidate IFM component items, based
on contractor reliability and design trade-offs that
established the need for consideration of IFM as a means

of meeting reliability requirements.



(2) Definition of the related support requirements for the
candidate IFM item. This included tools, spares, part
numbers, and stowage locations. Data on recommended

quantities and approved quantities was also included.

(3) Inclusion of each newly defined task and its related
support requirements within a qualitative priority
grouping and rating of all such tasks (154 had been
jdentified by SL-1 launch) based on criticality,
probability, redundancy, alternate operating modes,

complexity, mission and crew effect.
SKYLAB EXPERIENCE

Overview

The bar graph shown in Figure 1 illustrates by subsystem and major
experiment category those problem events corrected by unscheduled IFM
during the SL-2, SL-3, and SL-4 missions. The data are based on the
JSC/MSFC SL problem tracking lists (ref. 2, appendix pages 6-22 and
ref. 3, appendix pages 23-46) and present cumulative IFM trends.

The bar graph data correlate well with maintainability history in
terms of IFM activity as a function of previous experience with the
systems and hardware being flown, the complexity of the particular
system, and the use rate of that system. Those systems with previous

flight experience offered few problems, while those being flown for
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the first time had to undergo their "shakedown" cruise difficulties. For
the most part, the experiment equipment was experiencing its first flight
exposure, but the incidence of IFM attention needed by this hardware

was remarkably low. One of the prime factors contributing to this Tow
maintenance rate was probably the extensive use of flight-type hardware
in ground test programs and crew training exercises, which tended to
"flush out" numerous potential bugs which could be corrected in the
flight hardware prior to the SL-1 Taunch. The Skylab Medical Experiment
Altitude Test Program (SMEAT) is a prime example of a maintenance
engineering and servicing test bed experience, and no doubt was one

of the prime contributors to the comparatively few events requiring

IFM for medical experiments (shown in Figure 1)

Skylab conclusively showed the need for an integrated preflight main-
tenance engineering effort. Viable IFM programs must begin with a
maintenance engineering analysis conducted concurrently with the pre-
liminary and detailed design, development, and testing phases of manned
spacecraft and their associated payloads. Once maintainable equipment
has been identified, and candidate IFM tasks proposed, attention must
focus on providing the crewmen with proper access to the potential
problem item, tools and test equipment to perform the task required,
and an IFM worksite at which to accomplish the task. Each of these

areas will be given detail treatment in subsequent bulletins.



Spacecraft Systems

The cumulative unscheduled systems IFM during the entire Skylab Program
is depicted in Figures 2 and 3. It is interesting to note that the
basic trend is one of less unscheduled IFM with successive manned
mission time after the SL-2 mission. The curves exhibit an initial
steep positive slope, with a gradual leveling off during the SL-3 mission
which continues to flatten into a uniform linear rate approaching a
horizontal asymptote (except for curve I), during the SL-4 mission.

This shape is consistent with early mission identification of system
problem areas (anomalies and discrepancies) followed by later stabiliza-
tion of functions as a result of operating experience and successful

IFM procedures. Typical problem events requiring crew correction (IFM)
are listed below for selected subsystems as representative examples of
the range of IFM tasks accomplished by the Skylab crews. Parenthetical

comments address crew IFM action taken in each case.

Instrumentation and Communications Systems

1. Failure of video tape recorder (changeout, disassembly and

inspection, retrieval of suspect component).
2. TV camera failure (replacement).
3. Airlock Module tape recorder failure (changeout).

4. Speaker Intercom Assembly failure (changeout).
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Electrical Power System

1. Stuck relay in Charger Battery Relay Module (mechanically freed).

2. Failures in electrically controlled doors (mechanically freed or

pinned).

Environmental Control System

1. 50% decrease in OWS heat exchanger gas flow (heat exchangers

cleaned).
2. Condensate dump system blockage (dump probe replaced).

3. Loss of coolant in secondary coolant loop (loop reserviced with

replacement coolant).

Stabilization and Control System

1. Rate gyro failures (installation of rate gyro 6-pack).

The history of inflight problems and subsequent subsystem unscheduled
IFM indicates that an initial period of difficulty can be expected
with practically any subsystem being flown for the first time or aboard
the first in a series of manned vehicles. Crews should be prepared

to deal with these problems through the medium of inflight maintenance.

Experiments

Figure 4 shows unscheduled IFM trend curves for the four major Skylab

experiment categories: ATM, Corollary, Earth Resources and Medical
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Experiments. In spite of the magnitude of the experiments program
(a multidisciplinary complement of more than 100 experiments), the
number of unscheduled IFM events is only about 2/3 that of the four
systems IFM summaries presented in the previous section. However,
it is recognized that the experiments did not function 24 hrs/day as

the subsystems were required to do.

The shape of the experiments curves in Figure 4 is essentially the same
as those presented earlier for the vehicle subsystems. The same starting
transients seem to apply to all flight hardware in terms of early
mission "debugging" and subsequent settling into routine patterns of
operation. The ATM (curve V) suffered a somewhat steeper slope early

in the program, but settled into a linear format of problem presentation
as a function of time. The corollary curve fluctuates somewhat in shape
over various short time segments as a function of the emphasis upon
those particular experiments as scientific priorities shifted during

the course of the missions. Nevertheless, curve VI tends to follow the
same overall trend pattern as the other experiment and subsystem curves.
Again, typical examples of inflight problems resulting in crew action

(IFM) will be listed to show representative tasks.

ATM Experiments

1. Camera door failures (pinned open during EVA).
2. Degradation of H-alpha 1 TV image (changeout).

3. Camera lens contamination (cleaned during EVA).
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Corollary Experiments

1. S009 drive motor failure (replaced).

2. SO19 tilt and rotation gear jam (repaired).

Earth Resources Experiments

1. TV power cable failure (replaced).
2. S193 antenna scan failure (partially repaired).

3. Tape recorder failure (changeout).

Medical Experiments

—
.

MO74 electronics package failure (replaced).
2. Bicycle ergometer pedal failure (repaired).
3. Mark I exerciser failed (repaired).
4

M092 blood pressure cuff failure (changeout).
EVA

Some of the most mission critical problems encountered on Skylab were
resolved during the EVA periods. Thus it seems appropriate to present
a representative summation of the unscheduled IFM tasks accomplished

during EVA.

There were 12 IFM repair tasks accomplished through EVA during the
Skylab missions, including at least one major repair item during each

mission.
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Mission SL-2

1. Solar Panel Erection - After the restraining debris was cut,

the crewman stood up under an attached deployment tether until the

solar panel beam restraint bracket was sheared and the panel deployed.

2. CBRM Relay Release - A malfunction in one of the CBRM's was

corrected by a crewman striking the module with a ball-pean hammer;

the blows freed a stuck internal relay.

Mission SL-3

1. First EVA - During the first EVA performed by the SL-3 crew,
the crew deployed the twin pole sun shade, performed visual trouble-
shooting inspections, removed a ramp latch on the ATM S055 telescope

aperature door, and installed the S149 experiment.

2. Second EVA - Performed the EVA portion of the rate gyro 6-pack
installation task, removed ramp latches on the S056 and S082A aperature

doors.

3. Third EVA - Retrieved the S149 experiment.

Mission SL-4

1. First EVA - Installation and operation of the T025 experiment,
S193 experiment installation and repair (antenna system was corrected),
inspection, diagnostic and repair operations were performed e.g.
potentiometers inspected/cleaned, installed a jumper box, replaced

launch lock with gimbal lock, installed cover over jumper box, etc.
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2. Second EVA - S020 experiment mounting and operation, S054

filter wheel repair, mounting of S201 hardware on ATM truss.

3. Third EVA - No EVA IFM performed--only scheduled, routine EVA

activities.

4. Fourth EVA - Zero-g fixture cover retrieval (this task involved

using a ratchet wrench with a straight screwdriver blade attachment to

remove several flat-head slotted screws), 5020 experiment and S149

experiment mounting, and T025 experiment installation and operation.

CONCLUSIONS/RECOMMENDATIONS

1%

The numerous IFM events during Skylab gave each crew ample
opportunity to perform in this area, with the subsequent conclusion
being drawn that given proper tools, worksites, restraints,
accessibility, and procedures, man can perform maintenance tasks

(both EVA and IVA) as readily in zero-g as he can on the earth.

Skylab manned mission experience should offset the tendency to
under-estimate, for future programs, the effect of cumulative
inflight subsystem and experiment problems which will require crew

IFM corrective action.

Maintenance engineering studies should be a part of preliminary
and detailed design development in future programs. Concurrent

systems and accessibility analyses should determine the recommended
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level of inflight maintenance. The definition of basic hand tool
kit sets, tool stowage and deployment concepts, special IFM test
equipment, and crew maintenance aids to support the recommended

level of IFM should be based upon these studies.

Good developmental design testing contributed significantly to
the relatively low incidence of Skylab experiment malfunctions,

particularly in the medical experiments.

Trend analysis of IFM events on previous missions and programs
should be considered as an integral part of IFM planning for future

missions.

The status of the maintenance engineering discipline should be
elevated to be comparable to the status of weight, cost, safety

and other mature subsystem engineering disciplines.
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3

5. INFLIGHT MAINTENANCE TASKS/SUPPORT REQUIREMENTS

The IFM Maintenance Tasks/Support Requirements Charts in Section I
list, in task reference number (TRN) order, the inflight maintenance
tasks approved for the Skylab program. The data elements portrayed
are as follows:

Task Reference No. - A controlling number assigned to each
task for control purposes.

Task Title - A descriptive title of the inflight maintenance
task.

Module or Experiment - The module or experiment the task is
applicable to. If the task is common to more than one module
or experiment, all applications will be shown.

Priority Group - A groupingindicating relative priority of

the task. Groups are indicated by a rating of 10, 20, 30 or
40, with 10 the highest priority and 40 the lowest priority.
This rating is described in ED-2002-1169 and is assigned
considering the criticality of the failure, the probability of
failure occurrence, the redundancy installed, the existence

of an alternate mode of operation, the complexity of the
maintenance task, the effect of the failure on the mission

and the crew. Groups 10, 20, and 30 will have onboard

support and Group 40 will have back-up support at KSC.

Spares/Material Identification - These data identify the
spares and materials by part number and nomenclature required
to support the respective IFM tasks.

OAttaching (Non-Captive) Hardware: Items that may be
damaged or lost from their original attachments during
Cluster Maintenance.

Spares/Material Quantities - The quantity of spares/materials
recommended by each module/experiment contractor required to
support their respective IFM tasks is provided here with the
total cluster requirements (NASA approved quantity) and the
hardware supplier.

Stowage Location - This column identifies the module in which
the spare is to be stowed.

Tool Requirements - The necessary tools required in the per-
formance of the maintenance task are shown here.




SECTION I

INDEX
TASK SUPPORT REQUIREMENTS
TASK REF. MODULE/ SCHED./
NUMBER TASK TITLE EXPERIMENT UNSCHED. PRIORITY
la Replace CO, Cartridge (Active) AM S 10
Inlet
1b Replace CO, Cartridge (Passive) AM S 10
Inlet
Tc Replace CO, Cartridge (Active) AM ! S 10
Qutiet |
1d Replace CO, Cartridge (Passive) AM . S 10
Outlet |
2 Replace Umbilical CCU AM | U 10
3 Repair Axial Port Hatch MDA MDA § U 10
4 Repair Structure AM,MDA,OWS | U 10
5 Replace Intercom AM,MDA,OWS | U 20
7 Replace Tape Recorder AM ! S 20
8 Replace Manual Pointing ATM (C&D) | U 20
Controller |
9 Replace - Valve Hot Water OWS U 20
13 Replace Dispenser Drinking OWS f U 20
Water |
21 Clean Chamber Assy. - Air OWS ! S 20
Mixing j
22 Replace Fan AM,MDA,OWS | U 20
23 Replace Valve Water Dispenser OWS § U 20
24 Replace Sensor PPQ AM ; S 20
25 Replace Mol Sieve Fan AM i U 20
26 Replace Solids Trap Assy. AM } S , 20
27 Replace Power Module OWS i U ‘ 20
28 Replace Precision Clock ATM (C&D) g ] 1 30
29 Repair Flex Duct Assy. MDA U ! 30
30 Replace Probe OWS U ; 30
31 Replace Control Unit Window MDA S/U ' 40
Heating | !
32 Replace Filter Odor OWS S/U i 30
34 Replace Light Bulb AM U , 30
95 Replace Light Bulb Assy. OWS, MDA U ! 30
36 Replace Charcoal Canister AM | S 30
37 Replace Batteries AM i U 30
38 Clean Filter Upstream OWS ’ S 30
Ventilation Unit
39 Repair - ECS Duct OWS 3 u 30
40 Replace Power Module OWS | U 30
|

Page I-1.1



TASK REF. MODULE/ SCHED./
NUMBER TASK TITLE EXPERIMENT UNSCHED. PRIORITY
41 Replace Filter and Charcoal OWS S 30
Cartridge
42 Replace 0-Ring OWS, MDA U 30
43 Replace Seal OWS U 30
45 Replace Filter AM S 30
47 Replace Indexing Cleat OWS ] 30
48 Replace Indexing Cleat OWS U 30
49 Replace Heater Assy. OWS U 30
50 Replace Plug 0-Ring Sub Assy OWS U 30
51 Replace Video Switch MDA U 30
55 Replace Repair Sealing Device OWS, MDA u 30
56 Replace Seal OWS U 20
57 Replace Panel Assy. OWS U 20
58 Replace Fire Sensor AM, MDA, OWS U 20
59 Replace Water Separator AM U 20
Plates
60 Replace Gas Separator AM S 20
61 Replace - Crewman Com. Umb. AM,MDA ,OWS ] 20
62 Replace - Teleprinter AM U 30
Cartridge
63 Replace - Teleprinter Assy. AM U 30
64 Replace - Window Heater Cable MDA S/U 40
65 Replace - TV Input Station AM,MDA ,0WS U 30
66 Clean Fan Inlet Screen MDA U 30
67 Replace - Fire Sensor Panel AM,MDA ,OWS U 20
68 Replace - Electronics Module M074 U 40
69 Replace - VCG Cable M093 U 30
70 Replace - Electrode Harness M093 U 30
72 Replace Electronics Module M172 U 40
78 Replace Drive Assy. S190 U 30
79 Replace Desicant Assy. S190 S 30
80 Replace CDO Assy. S192 U 30
81 Replace Tape Recorder EREP ] 30
82 Replace Paper Spool AM U 30
83 Replace Control Head Cable Assy. AM/MDA/QWS U 20
84 Replace Battery AM U 30
85 Replace Condensate Module AM U 20
86 Replace CO, Detector End Plate, AM U 10
Inlet
87 Replace CO, Detector End Plate, AM U 10
Outlet
88 Replace Digital Display Unit AM U 20
89 Replace Indicator Lamp Assy. AM/MDA/QWS U 20
90 Replace DAS Input Unit MDA U 30

Page I-1.1 (cont'd)




Disconnect

TASK REF. MODULE/ SCHED./
NUMBER TASK TITLE EXPERIMENT UNSCHED. PRIORITY
91 Replace Radio Noise Burst MDA S 20
Monitor
92 Remove ECS Duct MDA U 30
93 Replace MDA Power Module MDA U 10
Umbilical
94 Replace MDA No. 2 Control MDA U 20
UmbiTical
95 Replace MDA CSM Cable MDA U 20
96 Replace Filter OWS S/U 30
97 Replace Filter OWS S/U 30
98 Repair - Stowage Compartment OWS u 20
Doors
99 Replace SIB M091/M093 U 30
100 Install Thruster Cap M509 U 30
101 Replace Magazine S190 ] 30
102 Replace Cassette S190 U 30
103 Replace Light Bulb AM U 30
104 Replace Dosimeter OWS ] 30
105 Replace Pressure Gage OWS U 30
106 Replace 0-Ring OWS U 30
107 Replace 0-Ring OWS u 30
108 Replace 0-Ring OWS U 30
109 Replace 0-Ring OWS U 30
110 Replace Bal-Seal OWS U 30
111 Replace Flapper Valve OWS U 30
112 Replace Urine Separator OWS S/U 30
113 Replace Hose Assembly OWs ] 30
114 Replace Flush Water Dispenser OWS U 30
115 Replace Motor and Filter OWS U 30
116 Replace Power Module (017 U 10
117 Replace Packing Preform OWS U 30
118 Replace Support and Filter OWS S 30
119 Replace Packing 0-Ring OWS U 30
120 Replace - Quick Disconnect OWS U 30
Coupling
121 Replace - Quick Disconnect ows U 30
Coupling
122 Replace Hose Wardroom' Separator OWS U 30
123 Replace - Centrifugal Separator OWS U 30
Cable Assy.
124 Replace Food Tray OWS U 30
125 Repair - Entry Hatch, OWS OWS U 10
126 Repair - Forward Hatch, AM AM U 10
127 Replace - Coupling, Quick OWS U 30

Page I-1.1 (cont'd)




Plate

TASK REF. MODULE/ SCHED./
NUMBER TASK TITLE EXPERIMENT UNSCHED. PRIORITY

128 Replace - Screen Assy., OWS u 20
Processor

129 Replace - Package, 0-Ring OWS U 30

130 Replace - Battery, Dry Cell, OWS S/U 30
Size D

131 Replace - Battery, Dry Cell, OWS S/U 30
Size AA

132 Replace - Bellows, Fecal OWs U 30
Collector

133 Replace - Pressure Mechanism OWS U 30
Assy. Processor

134 Replace - Liner Assy., Fecal OWS U 30
Collector

135 Repair - S190 Window Leakage S190 u 10

136 Repair - Aperature Doors, ATM ATM U 10

137 Repair - Indexing Cleat OWS U 30

138 Clean - Screen, Trash Airlock OWS U 30
Ejector

139 Repair - Film Vault Door OWS U 30

140 Repair - Ring Container Door OWS u 20

141 Repair - Urine Collection Drawer OWS U 30

142 Repair - Trash Airlock Ejector OWS U 30

143 Repair - Battery Vent Line, M512 MDA U 30

144 Service/Deservice - Cluster OWS/AM S/U 30
Water Systems

145 Replace - Molded Hose, Air OWS U 30
Return, Separator

146 Replace - Packing, 0-Ring OWS U 20

147 Repair - Equalization Valve, MDA U 10
MDA Hatch

148 Clean - Filter, Suit Drying OWS S 10
Station

149 Replace - Seal, Docking Port MDA 1] 10
Hatch - Axial

150 Replace Wardroom Hot Water Heater OWS U 40

151 Replace WMC Hot Water Heater OWS u 40

152 Replace Wardroom Hot Water Heater OWS u 30

153 Remove Wardroom Hot Water Heater OWS U 30

154 Replace Urine Collection Pressure OWS U 30

Page I-1.1 (Concluded)
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