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INTRODUCTION

The STS-60 Space Shuttle Program Mission Report summarizes the Payload
activities as well as the Orbiter, External Tank (ET), Solid Rocket Booster
(SRB), Redesigned Solid Rocket Motor (RSRM), and the Space Shuttle main engine
(SSME) systems performance during the sixtieth tlight of the Space Shuttle
Program and eighteenth flight of the Orbiter vehicle Discovery (0V-103). 1In
addition to the Orbiter, the flight vehicle consisted of an ET designated at
ET-61 (Block 10); three SSME’s which vere designated as serial numbers 2012,
2034, and 2032 in positions 1, 2, and 3, respectively; and two SRB’s which vere
designated BI-062. The RSRMs that were installed in each SRB were designated as

360L035A (lightveight) for the left SRB, and 360Q035B (quarterveight) for the
right SRB.

This STS-60 Space Shuttle Program Mission Report fulfills the Space Shuttle
Program requirement as documented in NSTS 07700, Volume VIII, Appendix E. That
document requires that each major organizational element supporting the Program
report the results of their hardware evaluation and mission performance plus
identify all related in-flight anomalies.

The primary objectives of the STS-60 mission were to deploy and retrieve the
Vake Shield Facility-1 (VSF-1), and to activate the Spacehab-2 payload and
perform on-orbit experiments. Secondary objectives of this flight were to
activate and command the Capillary Pumped Loop/Orbital Debris Radar Calibration
Spheres/Breman Satellite Experiment/Getavay Special (GAS) Bridge Assembly
(CAPL/ODERACS/BREMSAT/GBA) payload, the Auroral Photography Experiment-B
(APE-B), and the Shuttle Amateur Radio Experiment-IT (SAREX-II).

The STS-60 mission was planned as a nominal eight-day mission with two
contingency days available should Orbiter contingency operations or weather
avoidance be required. The sequence of events for the STS-60 mission is shown
in Table I. The official Orbiter Project Office Problem Tracking List is shown
in Table II. The official Government Furnished Equipment (GFE) Problem Tracking
List is shown in Table III, and the official MSFC Problem Tracking List is shown
in Table.IV. 1In addition, the Integration and Payload in-flight anomalies are
referenced in the applicable sections of the report. Appendix A lists the
sources of data, both formal and informal, that vere used in the preparation of
this document. Appendix B provides the definition of acronyms and abbreviations
used in this document. All times are given in Greenwich mean time (G.m.t.) as
well as mission elapsed time (MET).

The six-person crew for this sixtieth flight of the Space Shuttle Program
consisted of Charles F. Bolden, Jr., Col., U. S. Marine Corps, Commander;
Kenneth S. Reightler, Jr., Capt. U. S. Navy, Pilot; N. Jan Davis, Ph.D.,
Civilian, Mission Specialist 1; Ronald M. Sega, Ph.D., Civilian, Mission
Specialist 2; Franklin R. Chang-Diaz, Ph.D. Civilian, Mission Specialist 3:; and
Sergei Konstantinovich Krikalev, Civilian and Russian Cosmonaut, Mission
Specialist 4. STS-60 was the fourth space flight for the Pilot and Mission
Specialist 3, the second space flight for the Pilot and Mission Specialist 1;
the first space flight for Mission Specialist 2; and the first U. §. space '
flight for Mission Specialist 4; however, Mission Specialist 4 has flown on two
Soyuz/Mir missions.




MISSION SUMMARY

The countdown for the STS-60 launch was completed with no unplanned holds, and
this resulted in an on-time launch on a 57-degree inclination at
034:12:10:00.000 G.m.t. (7:10 a.m. e.s.t.) on February 3, 1994, from launch
complex 39A. Evaluation showed that all SSME and RSRM start sequences occurred
as expected, and the launch phase performance was satisfactory in all respects.
SRB separation, entry, deceleration, and water impact occurred as anticipated
with no anomalies noted. Performance of the SSMEs, ET, and main propulsion
system (MPS) was nominal. A determination of overall vehicle performance during
ascent was made using vehicle acceleration and preflight propulsion prediction
data. From these data, the average flight-derived engine Isp, as determined for
the time period between SRB separation and start of 3-g throttling, was

452.47 seconds as compared to an MPS tag value of 452.63 seconds.

As a result of the nominal ascent vehicle performance on the direct insertion
trajectory, no orbital maneuvering subsystem (OMS) 1 maneuver was required.. A
nominal OMS 2 maneuver was performed at 034:12:52:16 G.m.t. (00:00:42:16 MET),
and all OMS parameters indicated normal subsystem performance. OMS 2 was
163.5 seconds in duration and imparted a differential velocity (A4V) of

268.7 ft/sec. The orbit achieved as a result was 191.4 by 189.6 nmi.

The payload bay doors were opened by 034:13:41:20 G.m.t. (00:01:31:20 MET) in a
normal manner.

During Spacehab activation, a procedure which consisted of removing a diffuser
cap from the middeck floor air duct fitting and placing it on the tunnel adapter
floor fitting was to be performed. However, because of the lack of sufficient
clearance between the tunnel adapter floor fitting and the tunnel adapter floor,
nominal positioning of the diffuser cap could not be completed. The diffuser

cap was grey-taped into position and functioned as intended for the remainder of
the mission.

Major activities for flight day 3 included Wake Shield Facility (WSF) unberthing
and a subsequent reberthing after the WSF deployment was waved off.

Difficulties were encountered commanding the WSF, and another deployment attempt
was performed on flight day 4.

Following the supply water dump at 036:09:44 G.m.t. (01:21:34 MET), 10 discrete
instances of supply-water dump-valve leakage were noted. The leakage occurred
over a 1l6-hour 33-minute period which included the time during which the WSF was
being maneuvered by the remote manipulator system (RMS). Following the
post-sleep activities on flight day 4, the crew purged the supply dump line;
Subsequent supply water dumps were performed with the WSF berthed and were
followed by a supply vater dump line purge. Similar leakage has been noted on
previous OV-103 flights (STS-48, STS-53, and STS-56). However, the leakage
occurrences on STS-60 were more numerous and encompassed a longer time period
than those experienced on previous flights.

von,

el




g p”

The major activity for flight day 4 was a second attempt to deploy the WSF.
Problems were encountered with the WSF attitude control system and the
deployment was again waved off. The VSF remained attached to the end of the RMS
wvhere many of its planned science operations were completed.

WVhile the VWSF remained on the RMS, excess supply watep (95 lb) was transferred
to a contingency water container (CWC) at 037:22:31 G.m.t. (03:10:21 MET). This
action was performed to prevent VWSF contamination, which could occur during a
wvater dump.

The final berthing of the WSF was completed at 040:12:18:27 G.m.t.
(06:00:08:27 MET). Also, deployment of six Orbital Debris Radar Calibration
Spheres (ODERACS) occurred at 040:14:53:24 G.m.t. (06:02:43:24 MET), and
deployment of the Bremen Satellite (BREMSAT) was completed at 040:19:23:17
G.m.t. (06:07:13:17 MET).

On flight day 8, the flight control system (FCS) checkout and the reaction
control subsystem (RCS) hot-fire test were performed with no anomalies noted.
Auxiliary power unit (APU) 1 ran for 6 minutes 8 seconds during the FCS

checkout, and all thrusters operated satisfactorily during the RCS hot-fire
test.

All stovage activities in preparation for entry were completed. The payload bay
doors were closed at 042:14:09:17 G.m.t. (08:01:59:17 MET) and latched at
042:14:10:30 G.m.t. (08:02:00:30 MET). Because the weather conditions at the
KSC Shuttle Landing Facility (SLF) were unacceptable for landing operations, the
first landing opportunity was waived. However, the weather improved and
conditions were acceptable for landing on the second opportunity. The deorbit
maneuver was initiated at 042:18:14:50 G.m.t. (08:06:04:50 MET). The maneuver
was approximately 234.4 seconds in duration and the 4V was 407.0 ft/sec. Entry
interface occurred at 042:18:47:51 G.m.t. (08:06:37:51 MET).

Main landing gear touchdown occurred at the SLF on concrete runway 15 at
042:19:19:22 G.m.t. (08:07:09:22 MET) on February 11, 1994. The Orbiter drag
chute was deployed satisfactorily at 042:19:19:32.5 G.m.t., and nose landing
gear touchdown occurred 9.5 seconds after drag chute deployment. The drag chute
wvas jettisoned at 042:19:19:54.9 G.m.t. with wheels stop occurring at
042:19:20:13 G.m.t. Indications are that the rollout was normal in all
respects. The flight duration was 08 days 07 hours 09 minutes 22 seconds. All
three APU’s vere powered down by 042:19:35:38.80 G.m.t. The crev completed the
required postflight reconfigurations and departed the Orbiter landing area.




i PAYLOADS

SPACEHAB SYSTEM PERFORMANCE

The Spacehab Flight Unit-2 Module and its systems exhibited the same
near-flawless performance on STS-60 as Flight Unit-1 demonstrated on STS-57.
There were no Spacehab Launch Commit Criteria (LCC) violations during the

countdown, and performance of the Spacehab was nominal throughout the launch
phase.

During Spacehab activation, a procedure which consisted of removing a diffuser
cap from the middeck floor air duct fitting and placing it on the tunnel adapter
floor fitting was to be performed. However, because of the lack of sufficient
clearance betveen the tunnel adapter floor fitting and the tunnel adapter floor,
nominal positioning of the diffuser cap could not be completed (Flight Problem
STS-60-V-01). The diffuser cap was grey-taped into position and functioned.

as intended for the remainder of the mission.

During activation, a cross-talk problem was noted between the
intercommunications loops and the Spacehab caution and warning system that was
heard on the air-to-ground communications. This problem is discussed in the
Communications and Tracking section of this report.

The Spacehab module interior temperature was more closely controlled on this
mission, and the crev was kept more comfortable throughout the flight.
Calibration of the thermal control system after STS-57 allowed the active
control of module interior temperature on ST$-60 by controlled mixing of the hot
and cold water upstream of the module heat exchangers. Performance of the
thermal control system components was nominal during the mission.

The only significant problem that affected Spacehab systems occurred on flight
day 3 when the flight crew noted that the flexible rubber duct connecting the
Orbiter environmental control and life support system (ECLSS) supply line to the
Spacehab floor fitting was partially collapsed. Subsequent troubleshooting
identified the cause as blockage of the Spacehab atmospheric revitalization
system (ARS) fan inlet debris screen in the fan inlet muffler. This blockage
increased the suction in the ECLSS supply line and collapsed the duct. An
in-flight maintenance (IFM) procedure was successfully performed on flight day 4
to clean the debris screen and reinforce the flexible duct by inserting a flight
data file cover (plastic) inside the flexible duct. The Spacehab ARS fan
performance was restored to nominal levels. The module electrical pover and
command and data systems performed nominally throughout the mission with no
anomalies or evidence of performance degradation noted.

SCIENTIFIC RESULTS OF SPACEHAB EXPERIMENTS.

Astroculture-3

Performance of the Astroculture (ASC-3) plant growth system was nearly perfect.
Some scientific parameters were downlinked through the portable audio data modem
(PADM). Final results will be determined through postflight hardware and data
analysis. Results of this experiment will be published in separate
documentation.
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Bioserve Pilot Laboratory

The Bioserve Pilot Laboratory (BPL) processed perfectly all but one of the
bioprocessing modules (BPMs). Upon activation of that one BPM, the crew noticed
a drop of fluid in the vicinity of the sample valve. The BPM, which was already
double-bagged for containment, was stoved immediatelys according to the plan.
Subsequent to the mission, the fluid at the valve was determined to have been
residual water from a preflight leak check of the BPM. The BPL experiment
results will be determined through postflight analysis of all BPMs, and these
results will be reported in separate documentation.

Commercial Generic Bioprocessing Apparatus

The Commercial Generic Bioprocessing Apparatus (CGBA) system performed well with
no significant anomalies. The monitoring time for one of the group activation
packs (GAPs) was reduced, consequently, a small amount (1 - 2 percent) of
science results were lost.

Commercial Protein Crystal Growth

The commercial protein crystal growth (CPCG) experiment hardware operated
satisfactorily. The crewv reported detection of the beginning of nucleation
process on flight day 2. This was the first time that protein nucleation has
been detected in space. Because of a delay in reprogramming a temperature
profile, the Protein Crystal Facility Light Scattering Unit was paused overnight
and reprogrammed approximately 13 hours later. This 13-hour pause and
reprogramming resulted in a loss of visibility into the nucleation process.
However, later downlinked information confirmed the growth of human-insulin
crystals. After completion of sample inspection and other data analysis, the
results of this experiment will be published in a separate document.

Equipment for Controlled Liquid Phase Sintering Experiment - Spacehab

The Equipment for Controlled Liquid Phase Sintering Experiment - Spacehab
(ECLIPSE: - Hab) met all of its processing objectives, although a brief false-
start occurred because of a software discrepancy. Results will be published in
a separdte document after all analysis and inspections are completed.

Immunology Experiment-01

The Immunology Experiment-01 (IMMUNE-01) worked well and temperatures remained
within the expected band. All of the animals used in the experiment survived
the flight, and results of the experiment will be based on laboratory analysis.
The results of this experiment will be published in a separate document.

Organic Separation

The Organic Separation (ORSEP) facility experienced mechanical failure of both
sample transfer disks. This resulted in no activation of any of the experiments
vithin the ORSEP facility. The source of the failure was an incompatibility of
the sample fluids and sealing grease which resulted in the two rotating plates
bonding together. Additionally, there was a failure of the thermal control
system on one of the two transfer disks that, although not a safety hazard, did

5




significantly compromise the viability of the experiment. There is an effort
underway at the experiment’s home institution to try to glean some science from
the flight, but no results have as yet been reported.

Pennsylvania State Biomodule

During the late access/installation, the failure of a circuit board in the
Pennsylvania State Biomodule (PSB) caused the loss of a status display panel.
Procedures were developed and implemented to allow the crew to control PSB "in
the blind" during the mission. However, postflight analysis revealed that the
biomodule failed to activate properly on-orbit, thereby minimizing science
return on this experiment.

Space Acceleration Measurement System

The Space Acceleration Measurement System (SAMS) hardware operation was

excellent. Only minor data losses occurred, and these were caused by late .disk
changes.

Space Experiment Facility

The Space Experiment Facility (SEF) hardware worked well with no anomalies. Due
to the unavailability of onboard real-time TV downlink, the Principal
Investigator was unable to prevent spurious nucleation of the transparent
furnace "A" side semiconductor crystal growth. The "B" side semiconductor
crystal, however, appears to have grown exceptionally well and produced a
well-formed crystal. The SEF opaque furnace ran according to its pre-programmed

profile, and results (dependent on sample analysis) will be reported in separate
documentation.

Stirling Orbiter Refrigerator/Freezer

The Stirling Orbiter Refrigerator/Freezer (SOR/F) performed satisfactorily.
Just before the planned switch to refrigerator mode, a small amount of frost in
an air duct caused a loss of cooling. Conversion to the refrigerator mode

cleared the frost, and the unit operated properly for the remainder of the
mission.

Sample Return Experiment

The Sample Return Experiment (SRE), which is a passive cosmic dust collector,
showed no anomalies on downlink television. Results of this experiment will be
obtained from laboratory analysis and will be reported in separate
documentation.

Three-Dimensional Microgravity Accelerometer

The Three-Dimensional Microgravity Accelerometer (3-DMA) front panel g-level
displays failed to activate. A problem with the experiment prevented data from
being downlinked; however, onboard data recording hardware worked properly for
on-orbit acceleration measurements. Results of that data will be obtained
through ground-data analysis. An operational problem during experiment
installation prevented the instrument “rom recording ascent and descent data.

6
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VAKE SHIELD FACILITY

The pre-deployment checkout of the WSF and the RMS vent well, and as a result,
the WSF was grappled at 036:11:13.57 G.m.t. (01:23:03:57 MET) with unberthing at
036:12:23:41 G.m.t. (02:00:13:41 MET). After moving into the ram-cleaning
position, the proper configuration became uncertain .due to the status lights
being masked by the sunlight. Troubleshooting resulted in a loss of
communication capability. The WSF free-flyer (FF) was berthed overnight at
036:20:58:21 G.m.t. (02:08:48:21 MET). Evaluation of the events indicated the
communication problem was related to near-field radio frequency (RF) multipath
interference on the VWSF or a payload RF communication problem. On flight day 4,
the VSF FF vas again grappled at 037:11:14:10 G.m.t. (02:23:04:10 MET) and
unberthed at 037:11:53:51 G.m.t. (02:23:43:51 MET). Additional communication
losses occurred, but communication was recovered with a hard reboot of the
spacecraft computer (SC 2).

During the checkout of the attitude determination and control system (ADACS),
the data indicated the inability of the ADACS to properly determine the WSF
attitude. Troubleshooting was unsuccessful. At this point in the mission, time
prevented accomplishing alternate methods for deployment and retrieval.
Therefore, an agreement was reached to not deploy the WSF. Vith the WSF on the
RMS in the Molecular Beam Epitaxy (MBE) grovth position, five crystals were
grown. The Reflection High Energy Election Diffraction (RHEED) gun filament
that monitors the growth rate and surface characteristics of the epitaxially
grown material during processing failed. This failure did not inhibit crystal
growth. Charge Analysis and Vake Study (CHAVS) data collection followed the
crystal growths, but the study was occasionally perturbed by commanding
problems. The final berthing of the WSF FF occurred at 040:12:18:27 G.m.t.
(06:00:08:27 MET) and the RMS was ungrappled from the WSF at 040:12:45:29 G.m.t.
(06:00:35:29 MET).

Approximately four hours after latching the WSF to its carrier, the Payload
Latch 2 Release Command indicator changed state to show that the release command
vas present (Flight Problem STS-60-V-05). The logic power and mechanical power
to the latches were off at the time, and the latch microswitches continued to
indicate-a latched condition. The latches were not povered up again, and
multiple inhibits to latch movement werve present throughout the remainder of the
mission. This problem is discussed in the Avionics and Software Support section
of this report.

At 062:13:55 G.m.t. (08:01:45 MET), the Payload Latch 2 latch indication A
changed from a latched to a not-latched state. The payload Latch 2 system B
indication had transferred 1.6 seconds earlier than system A during WSF
latching. This resulted in the system A microswitch being minimally actuated.
The failure has been isolated during KSC troubleshooting to payload latch
rigging, which will be rigged correctly prior to the next flight. This problem
has been assigned to the KSC Payloads group for resolution and documentation.

CAPL/ODERACS/BREMSAT/GAS BRIDGE ASSEMBLY

Capillary Pumped Loop

WVhile only nine of the 67 planned tests were completed, much was learned about

the use of a capillary system as a thermal control system for spacecraft.
7




Specifirally, the Capillary Pumped Loop (CAPL) science revealed that the
ground-verified start-up procedures will not work reliably in zero-g. This
information will be incorporated into the design of the Earth Observation System
(EOS). The effect of extended time in cold attitudes (experienced during the
WSF activities) made start-up even more difficult. A redesign of the CAPL is

undervay with plans for flying the experiment on a future flight of Space
Shuttle.

Orbital Debris Radar Calibration Spheres

The six Orbital Debris Radar Calibration Spheres (ODERACS) were deployed on time
at 040:14:53:24 G.m.t. (06:02:53:24 MET). All tracking stations locked onto the
spheres as predicted.

Bremen Satellite Experiment

After warming the Bremen Satellite Experiment (BREMSAT) up to -12 °C, the
BREMSAT was successfully deployed at 040:19:23:17 G.m.t. (06:07:13:17 MET).- The
ground station at the University of Bremen reported that the spacecraft is
healthy with the attitude control system operating nominally. Two experiments’
data recording during the first 48 hours of the mission was lost due to a
spacecraft malfunction. The atomic oxygen experiment (experiment 6) and the
dust detector experiment (experiment 3) are operating nominally and providing
good data. Experiments 4 and 5 have not been operated as of this writing.
Reactivation of experiments 1 and 2 is planned for the future.

Getaway Special Bridge Assembly

The Getaway Specials (GAS) experiments located on the bridge assembly in the
payload bay were nominally performed by the crew. Data from these experiments
was processed after the flight, and the success of these experiments will be
determined from postflight data review and analysis. The results will be
published in separate documentation.

AURORAL PHOTOGRAPHY EXPERIMENT-B

The Auroral Photography Experiment-B (APE-B) primary purpose on this flight was
to support the WSF CHAWS experiment. Two opportunities were available for
additional APE-B operations. Success of these operations will be determined
upon examination of the photography during the postflight time frame.

SHUTTLE AMATEUR RADIO EXPERIMENT

The Shuttle Amateur Radio Experiment (SAREX) was successfully used in making
five school contacts. These contacts were with schools in Moscow, Russia;
Boise, Idaho; Mars, Pennsylvania; Chariton, Iowa; and Sidney, Maine. 1In
addition, the SAREX was to be 'used to contact Mir (Russian Space Station)
personnel, but all attempts at communicating with the Mir were unsuccessful.
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VEHICLE PERFORMANCE

SOLID ROCKET BOOSTER

All Solid Rocket Booster (SRB) systems performed as expected. The SRB prelaunch
countdown was normal. The right-hand SRB rock hydraulic power unit (HPU) gas
generator (GG) bed temperature measurement (primary A) became erratic shortly
after GG bed heater activation. The right-hand secondary GG bed temperature
sensor was used to control the heater for that system. No SRB LCC or Operations

and Maintenance Requirements and Specifications Document (OMRSD) violations
occurred.

Both SRBs were successfully separated from the External Tank (ET) 125.1 seconds
after liftoff, and reports from the recovery area indicated that the
deceleration subsystems performed satisfactorily.

A suspension line and the confluence keeper on the right-hand drogue parachute
was severed during drogue parachute deployment. This is a first-time occurrence
of this problem. Investigation has concluded that the line tvisted during
deployment, partially cutting the line on a metal staple used by the
manufacturer during sewing operations. The weakened line then broke under the
load. Further details can be found in the Space Shuttle STS-60 Flight
Evaluation Report, Volume II, MSFC-RPT-2051.

Both SRBs were recovered and towed back to Port Canaveral from where the SRBs
vere transferred to KSC for disassembly and refurbishment.

REDESIGNED SOLID ROCKET MOTOR

This thirty-fifth RSRM flight set performed nominally, and no LCC violations
occurred. No RSRM anomalies have been identified from the data analysis.

Power-up and operation of all igniter and field-joint heaters was accomplished
routinely. The igniter joint heaters operated for 18 hours 14 minutes, with
pover being applied to the heating element 98 percent of the time to maintain
the igniter joints in their normal operating range. The field joint heater
pover vas applied 59 percent of the time during the LCC time frame to keep the
joint temperatures within their normal operating range.

The aft skirt GN, purge was operated intermittently prior to launch for a total
of 42 hours and 29 minutes. To ensure that all hazardous gases were removed
from the aft skirt compartment, the purge was operated at the high flow-rate
prior to launch. As a result of the purge operation, the calculated flex
bearing mean bulk temperature was 86 °F.

Propulsion performance data shown in the following table shov that the flight
performance of both RSRMs was within the contract end item (CEI) specification
limits, and was typical of the performance observed on previous flights. The
RSRM propellant bulk temperature (PMBT) was 61 °F at liftoff, but for the
purposes of evaluation, the PMBT was adjusted to 60 °F standard.




RSRM PROPULSION PERFORMANCE

Parameter Left motor, 61 °F Right motor, 61 °F
Predicted Actual Predicted Actual
Impulse gates 4
I-20, 10, lbf-sec 65.19 65.28 65.35 65.44
I-60, 10, 1lbf-sec 173.95 174.67 174.35 174.80
I-AT, 10= lbf-sec 296.67 297.59 296.91 296.97
Vacuum Isp, lbf-sec/lbm 268.40 -269.30 268.40 268.50
Burn rate, in/sec @ 60°F 0.3695 0.3694 0.3698 0.3703
at 625 psia
Burn rate, in/sec @ 72°F 0.3698 0.3697 0.3701 0.3706
at 625 psia ]
Event times, seconds
Ignition_interval 0.232 N/A 0.232 N/A
Veb time? 110.4 110.1 110.2 110.2
Separation cue, 50 psia 120.2 120.2 120.0 119.7
Action time 122.3 122.0 122.1 122.1
Separation command 125.1 125.1 124.9 125.1
PMBT, °F 61.00 61.00 61.00 61.00
Maximum ignition rise rate, 90.4 N/A 90.4 N/A
psia/l10 ms
Decay time, seconds 2.8 2.5 2.8 3.3
(59.4 psia to 85 K)
Tailoff imbalance Impulse Predicted Actua%
differential, KLBF-sec N/a 250.5
Notes:

All times are referenced to ignition command time except where noted by the
letter a. Those items are referenced to lift-off time (ignition interval).
Impulse imbalance = left motor - right motor

All ground environment instrumentation (GEI) and operational flight
instrumentation (OFI) performed within established requirements. Postflight
inspection of the motors indicated nominal performance. No abnormal insulation
erosion was noted. All J-joint (igniter and field) performed as designed.

, . EXTERNAL TANK
All objectives and requirements associated with the ET propellant loading and
flight operations were met. 4ll ET electrical equipment and instrumentation

operated satisfactorily. The ET purge and heater operation were monitored, and
all performed satisfactorily. No ET LCC or OMRSD violations wvere identified.
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The nose cone purge heater and temperature control System operated successfully.
There were no LCC or OMRSD temperature violations, but unusually wide
oscillations in heater outlet and nose cone compartment temperatures did occur
until the heater reached maximum pover.

Typical ice/frost formations were observed on the ET during the countdown.

There vas light frost, but no ice on the acreage areas of the ET. Normal
quantities of ice or frost were present on the liquid oxygen (LO,) and liquid
hydrogen (LH,) feedlines and on the pressurization line brackets? and some frost
or ice vas present along the LH protuberance air load (PAL) ramps. These
observations were all acceptablé per NSTS-08303. The Ice/Frost "Red Team"

reported that there were no anomalous thermal protection system (TPS)
conditions.

The ET pressurization system functioned properly throughout engine start and

flight. The minimum LO2 ullage pressure experienced during the ullage pressure
slump vas 12.7 psid.

ET separation was confirmed, and the ET entry and breakup occurred 58 nmi.
uprange of the preflight prediction. Post-separation photography of the ET from
the Orbiter revealed no anomalous conditions that were visible to the cameras.

A more detailed discussion of the ET photography is contained in the Development
Test Objective section under the DTQ 312 discussion.

SPACE SHUTTLE MAIN ENGINES

All Space Shuttle main engine (SSME) parameters were normal throughout the
prelaunch countdown and were typical of prelaunch parameters observed on
previous flights. Engine "ready" was achieved at the proper time; all LCC were
met; and*engine start and thrust buildup were normal.

Flight data indicate that the SSME performance during mainstage, throttling,
shutdown, and propellant dump operations was normal. High pressure oxidizer
turbopump (HPOTP) and high pressure fuel turbopump (HPFTP) temperatures appeared
to be well within the specification limits throughout engine operation. Space
Shuttle main engine cutoff (MECO) occurred 512 seconds after liftoff.

An anomalous pressure spike was observed 1.72 seconds after SSME 1 start in the
emergency shutdown (EMSD) pressure measurement data (Flight Problem STS-60-E-1).
The spike was deemed unreal data and a possible transducer failure. This
pressure sensor is not flight critical; hovever, it is used during chill, start,
and main stage to verify the emergency shutdown solenoid function and can cause
a scrub or pad abort. During purge sequence 3 (PSN-3) the EMSD pressure is
verified to be between 600 and 900 psia. A sensor outside these limits inhibits
engine start. From PSN-4 to start enable, the pressure is verified to be less
than 50 psia. Again, a sensor above this limit vill inhibit engine start. From
engine start to the end of mainstage, the EMSD pressure must indicate outside
the 600 to 900 psia limits. A sensor indicating between these limits will cause
a pad abort before SRB ignition. An EMSD pressure between 600 and 900 psia
would indicate that the EMSD solenoid has failed open (deenergized).

11




SHUTTLE RANGE SAFETY SYSTEM

The Shuttle Range Safety Systenm (SRSS) closed-loop testing was completed as
scheduled during the launch countdown. &ll SRSS safe and arm (S&A) devices were
armed and system inhibits turned off at the appropriate times. All SRSS

measurements indicated that the System operated satisfactorily throughout the
countdown and flight.

One gage of holddown stud 6 recorded unusual data during SSME thrust buildup.
The redundant gage of holddown stud 6 did not show any anomalous behavior, which
indicates the stud functioned properly.

As planned, the SRB S&A devices were safed, and SRB system power was turned off

prior to SRB separation. The ET system remained active until ET separation from
the Orbiter.

ORBITER SUBSYSTEMS

Main Propulsion System

The overall performance of the main propulsion system (MPS) was nominal with no
OMRSD or LCC violations. LO, and LH2 loading were performed as planned with no
stop-flows or reverts. Howeler, the speed sensors for LH, recirculation pumps 1
and 3 indicated zero throughout the loading process. MeaSurements of pump
current, pump voltage, and pump AP provided a satisfactory alternate means of
determining pump operation. This type of failure has been seen seven times.
Previous failures have been attributed to cryogenic fatigue. Subsequent
troubleshooting of 0V-103 verified the continuity at ambient temperatures, which
is needed to satisfy dry-spin tests performed in the Vehicle Assembly Building.

As long as the indicators operate at ambient temperatures, no further action
will need to be taken.

Throughout the period of preflight operations, no significant hazardous gas
concentrations were detected. The maximum hydrogen concentration level in the
Orbiter aft compartment (occurred shortly after start of fast-£fill) was

approximately 101 ppm, which compares favorably with previous data for this
vehicle.

The LH, loading operations were normal through chilldown, slow-fill, fast-fill,
topping and replenish. Based on an analysis of loading system data, the LH
load at the end of replenish was 231,739 1lbm. A comparison of the actual 1§ad
with the inventory (predicted) load of 231,853 1b yields a difference of

-0.05 percent, which is within the required MPS loading accuracy of

+ 0.37 percent.

The LO, loading operations were normal through chilldown, slow-fill, fast-fill,
topping and replenish. Based ®n an analysis of loading system data, the LO

load at the end of replenish was 1,387,917 lbm. A comparison of the actual“load
with the inventory (predicted) load of 1,387,828 1bm yields a difference of

+0.01 percent, which is within the required MPS loading accuracy of
+ 0.43 percent.
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Ascent MPS performance was completely normal. Data indicate that the LO. and
I..H2 pressurization systems performed as planned, and satisfied all tank iillage
préssure requirements. Performance analysis of the propulsion systems during
start, mainstage and shutdown operations indicated that performance was nominal
and all requirements were satisfied.

The gaseous hydrogen (GH,) flow control valves opératéh nominally with 71 cycles
on SSME 1, 68 cycles on SSME 2, and 37 cycles on SSME 3.

The only problem noted was the rate of MPS pneumatic regulator pressure decay,
wvhich was twice the rate expected based on historical data but within
specification. Troubleshooting revealed that three-way solenoids LV78, 79, and

84 vere leaking excessively. The valves were replaced during turnaround
operations.

The MPS helium system performed as expected and met all requirements during
povered flight operation as well as propellant dump and vacuum inerting.

All MPS components performed nominally during entry and landing. Helium

consumption during entry was 59.0 1lbm, which is within the flight history of
ov-103.

There were two new MPS configurations on STS-60. The MPS liquid oxygen (LOZ)
bleed check valves were redesigned and flown for the first time on 0V-103. “The
spring between the flappers was replaced with a 30-degree wedge. All three
valves performed nominally and closed as verified by the LO2 inlet pressures.
The valves have been replaced on 0V-102, 0V-103, and 0V-1057 S$TS-60 was also
the first flight of actual 750-psi regulator calibrations on 0V-103.

Reaction Control Subsystem

The RCS performed nominally throughout the STS-60 mission with no anomalies or
problems noted. Propellant consumption from the RCS was 4349.3 lbm. In
addition, 2.80 percent of OMS propellant were used from the left OMS pod and
3.41 percent was used from the right OMS pod through the RCS.

The RCS was used for attitude control while the crew was taking pictures of the

ET for DTO 312. Approximately 154 1lbm of propellant was used in excess of the
amount planned.

Vith the WSF on the RMS during flight day 4, the Orbiter maintained a
tail-to~earth gravity-gradient attitude to minimize RCS thruster firings. 1In
this attitude, RCS thruster F5L experienced a cold environment (coupled with no
vernier thruster firings) that caused the oxidizer valve temperature to fall
below the redundancy management (RM) deselection limit of 130 °F during the crew
sleep period. The thruster was deselected by RM at 038:05:48 G.m.t.

(03:17:38 MET), along with vernier attitude control. The thruster was
reselected after the crew sleep period. Anticipating a similar false
"fail-leak" annunciation during the following sleep period, the forward RCS
manifold 5 thruster heater switch was turned off to allow both F5L and F5R to
annunciate their alarms prior to the sleep period. Following this second crew
sleep period, and a subsequent recovery of the injector temperatures to above
130 °F, the two vernier thrusters vere reselected.
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Orbital Maneuvering Subsystem

The OMS performed very satisfactorily with a total of 397.9 seconds of firing
time during which 15,769.8 1lbm of propellants were used. In addition, the OMS
wvas interconnected to the RCS, during which time the RCS used 2.80 percent of
the left OMS pod propellants and 3.41 percent of the right OMS propellants.
Details of the two maneuvers performed are shown in the following table.

OMS Engine Time, G.m.t./MET Firing av
firing used duration, ft/sec
sec
2 Both 034:12:52:16.3 G.m.¢. ~ 163.5 268.3

00:00:42:16.3 MET

Deorbit Both 042:18:14:50.3 G.m.t. 234.4 | e
08:06:04:50.3 MET

OMS problems noted during the data review were that the left forward fuel probe
was reading off-scale high, and the left aft fuel probe was indicating high
after the deorbit maneuver. These are known recurring problems. All other

probes indicated the expected amount of propellant quantities remaining
throughout the mission.

Pover Reactant Storage and Distribution Subsystem 5

The power reactant storage and distribution (PRSD) subsystem performed nominally
throughout the mission, supplying 2090 lbm of oxygen and 263.3 lbm of hydrogen
for fuel cell use and 55 lbm of oxygen for crew breathing. Consumable oxygen
and hydrogen remaining at landing would have provided for a 65-hour mission
extension at the average power level of 15.2 kW.

The quantity sensor for oxygen tank 2 was erratic and read as much as 4-percent
higher than the actual quantity (Flight Problem STS-60-V-04). The erratic
readings were present with or without a demand on the tank, as well as with tank
quantities as low as 30 percent. This condition was also found in data from
previous flights of OV-103 beginning with STS-48 (flight 13). Alternate methods
vere used to accurately ascertain the oxygen tank 2 quantity. No correlation
has been seen between this erratic behavior and vehicle-induced reactions, such
as RCS vernier or primary thruster firings, PRSD manifold valve closures or
check valve leakages, or tank usage. Failures or problems with the quantity
probe or signal conditioner have been investigated, but no cause for this type
of behavior could be isolated.

Oxygen tank 4 was satisfactorily depleted to 5.9 percent, which is below the
defined residual quantity of 6.5 percent. Likewise, hydrogen tank 4 was also

satisfactorily depleted to 2.0 percent, which is below the defined residual
quantity of 2.5 percent.
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Fuel Cell Powerplant Subsystem

The fuel cell powerplant performed nominally throughout the mission. ‘The
Orbiter electrical power averaged 15.2 kW and the total Orbiter load averaged
498 amperes. For the 199.2-hour mission, the fuel cells produced 3029 kWh of
electrical energy and 2,353 1b of potable water. Thg fuel cells consumed
2,090 1b of oxygen and 263.3 1b of hydrogen. Four fuel cell purges were
performed, occurring at approximately 21, 69, 121, and 189 hours MET. The
actual fuel cell voltages at the end of the mission were 0.05 volt above the
level predicted for fuel cell 1, and as predicted for fuel cells 2 and 3.

Auxiliary Pover Unit Subsystem

The APU subsystem performance was satisfactory with no problems or anomalies

identified. The following table shows the run-times for each APU as well as the
fuel consumption for each APU.

APU 1 (S/N 405) APU 2 (S/N 406) APU 3 (S/N 404)
Flight Phase | Time, Fuel Time, Fuel Time, Fuel
min:sec |consumption, |min:sec consumption, {min:sec| consumption,
1b lb 1b
Ascent 20:32 59 20:02 61 20:53 51
FCS checkout 06:08 21
Entry® 60:37 129 45:48 185 60:29 129
Totala’b 87:17 209 105:50 246 81:22 180
Notes:

a APU’s 1, 2, and 3 ran for 16 minutes, 19 seconds after landing.
Totals include ascent, FCS checkout, and entry.

The APU Shutdown Test - DTO 414 was performed after ascent with the APU shutdown

order being 2, 1, and 3. No unusual data signatures wvere noted following the
shutdown. sequence.

Fault detection and annunciation (FDA) alarms occurred at 034:12:30 G.m.t.
(00:00:20 MET) when the APU 1 and APU 2 test line temperature decreased below
the 48 °F FDA limit. APU 1 and 2 test line temperatures decreased to 46 °F and
48 °F, respectively. The crew activated the heaters and nominal performance was
observed. Crew procedures have recently been changed to prevent the alarms by
activating the heaters earlier after APU shutdown following ascent. However, on
this mission, the new procedure still did not require activation of the heaters
early enough to prevent the alarms. Consequently, documentation has been
released to change the FDA limits in the Orbiter software.

All three APUs were removed from the vehicle after this flight as the 21-month

vetted time limit for the gas generator valve module (GGVM) will be reached
prior to the next flight of this vehicle.
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Hydrauliecs/Vater Spray Boiler Subsystem gf‘

Performance of the hydraulics/water spray boiler (WSB) subsystem was nominal
throughout the mission.

hydraulics system 3 supply pressure hung up for about 40 seconds when APU 3 was
shut down early during ascent on STS-54. The theory was that the hang-up was
caused by back-driving the System 3 rudder speedbrake (RSB) power drive unit
(PDU) motors. The DTO was performed with a APy 2, APU 1, and APU 3 shutdown
sequence with at least 5 seconds between the shutdown of each individual APU.

No anomalous pressure hang-ups or PDU motor back-driving were noted in the data.

On flight day 2 at 35:07:00 G.m.t. (00:18:50 MET) the WSB 3 gaseous nitrogen
(GN,) regulator demonstrated an internal leak of 25 scem for about 30 minutes,
and " the WSB 3 regulator outlet pressure increased from 26.4 psia to 27.3 psia
(Flight Problem STS-60-V-06). At that point, the leak stopped. Termination of
the internal leak suggests transient contamination; however, the regulator is an
older configuration regulator, and this leak may be an indication of on-going
problems in the older configuration hardware.

During entry, WSB 2 had three minor periods of over-cooling with the minimum
lube 0il temperature observed being approximately 233 °F on the first two
instances and 234 °F on the third instance (normal temperature = 252 °F). This
condition was very minor and did not impact entry operations.

o

Electrical Power Distribution and Control

The electrical power distribution and control (EPDC) subsystem performed

satisfactorily throughout the mission. No problems or anomalies were noted from
the data review.

Environmental Control and Life Support System

The ECLSS performed nominally during the STS-60 mission with two anomalies
identified.

During Spacehab activation, a nominal procedure consisted of removing a diffuser
cap from the middeck floor air duct fitting and then placing it in the tunnel

Insufficient clearance existed between the tunnel adapter floor fitting and the
tunnel adapter floor; consequently, nominal placement of the diffuser cap was
unsuccessful (Flight Problenm STS-60-V-01). The diffuser cap was taped in place
and performed the intended function satisfactorily. The postflight tests at KSC
revealed that the duct was not configured in accordance with the drawing, and
the duct configuration was corrected.

The active thermal control system (ATCS) performed nominally. At
034:13:37 G.m.t. (00:01:27 MET), approximately 15 minutes after radiator flow
initiation, the flash evaporator system (FES) primary A controller shut down in
the full-up mode. The FES was restarted, only to shut down again when the crew
cycled the primary controller off and then on. At 034:13:47 G.m.t. i
(00:01:37 MET), the crew successfully restarted the FES and it functioned ;
normally for the remainder of the mission. The first shutdown was caused by a
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known phenomenon in the 0V-103 FES, which has a unique midpoint-sensor block
design. The unique design introduces a thermal lag into the control system that
results in outlet-temperature oscillations which may cause the FES to shut down.
The second shutdown has been attributed to a combination of a low heat load on
the FES and the thermal lag of the midpoint temperature sensor block. This
phenomenon is not a problem. e

The radiator coldsoak provided cooling during entry through touchdown plus

11 minutes when ammonia system A was activated. Ammonia system A controlled the
Freon evaporator outlet temperature to 37 °F using the unique 0V-102/0V-103
procedures to prevent under-temperature operation of the boiler. System A
operated for 28 minutes before it was depleted, after which System B was

activated. System B operated at 37 °F for 10 minutes before the ground cooling
was activated.

The supply water and waste management systems performed adequately. Supply
vater was managed through the use of the overboard dump system and the FES.

Five supply water dumps were performed at an average dump rate of

1.47 percent/minute (2.43 1b/minute). One supply vater dump was also made to a
CWC because of the payload constraints on dumping vater. This dump was
performed at an average dump rate of 2.54 percent/minute (4.20 1b/min). The CVC
wvas later dumped overboard via the waste vater dump line at an average rate of
0.80 percent/min (1.32 1b/min). The supply water dump line temperature was
maintained between the satisfactory levels of 64 °F and 106 °F throughout the
mission with the operation of the line heater.

Vaste vater was gathered at approximately the predicted rate. Four vaste water
dumps were performed at an average rate of 1.9 percent/minute (3.13 1b/min).
The waste water dump line temperature was maintained between the satisfactory

levels of 56 °F and 86 °F throughout the mission with the operation of the line
heater.

Following the supply water dump at 036:09:44 G.m.t. (01:21:34 MET), 10 discrete
instances of supply-water dump-valve leakage were noted (Flight Problem
STS-60-V-02). The leakage occurred over a 16-hour 33-minute period which
included. the time during which the WSF wvas being maneuvered by the RMS.
Following the post-sleep activities on flight day 4, the crew purged the supply
dump line, and subsequent supply water dumps were performed with the WSF berthed
and wvere followed by a supply water dump line purge. This "burping" phenomenon
has occurred on STS-53, STS-48, STS-44, STS-56, and STS-51 prior to this
mission, and is suspected to have occurred on previous flights of 0V-103 and
OV-104. However, the leakage occurrences on STS-60 were more numerous and
encompassed a longer time period than those experienced on previous flights.

Corrective actions from the previous flights have included removing and
replacing the supply water dump line and valve (STS-48), and revrapping the dump
line heater (STS-53). It is theorized that the intermittent leakage (burping)
from the supply water dump valve may have been caused by ice formation at the
valve outlet bellows. The scenario for this condition is that after termination
of the dump, some water remains trapped in the outlet bellows convolutions; the
vater then freezes causing the outlet bellows to expand; this makes the bellows
shaft move which unseats the poppet, thus allowing water to leak (burp); the
leakage water is warmer, therefore causing the ice to melt and the poppet to
reseat. The process could repeat depending on the conditions of each dump.

17




The waste collection system (WCS) performed normally during the mission. One jr
transient shutdown of the WCS fan separator occurred; however, it is suspected

to be due to inadvertent switch operation because the WCS performed

satisfactorily for the remainder of the mission.

The ARS performed nominally; however, the water coolant loop bypass valve on
system 2 responded slowly. This is an acceptable condition for 0V-103.

The atmospheric revitalization pressure control system (ARPCS) performance was
nominal. During the period of the mission when WSF operations vere ongoing, the
cabin pressure reached 15.2 psia, the alarm limit for overpressurization, at
039:23:05 G.m.t. (05:10:55% MET). During the flight day 6 sleep period, the
alarm limit was raised to 15.4 psia to preclude nuisance alarms, and the oxygen
supply to the oxygen bleed orifice was inhibited to prevent additional gas flow
into the cabin. After inhibiting the oxygen bleed orifice, the cabin pressure
remained stable at 15.04 psia overnight. The cabin pressure alarm was caused by
a combination of factors which included the following: -

a. The closed WCS vacuum vent valve (to prevent WSF contamination vhile on
the RMS) resulted in reduced overboard venting by 6.0 lb/day;

b. Small amount of Orbiter, tunnel adapter, and Spacehab structural
leakage;

c. Partial pressure of oxXygen was slowly increasing and that was indicative
of the oxygen bleed orifice flowing at a slightly higher rate than the 6-man '
metabolic consumption rate;

P

d. Normal venting of GN2 into the cabin as the water tanks filled (minimal
effect);

e. Cabin humidity increase and varmer air temperatures in the avionics bays

because of warmer water loop temperatures caused by high evaporator outlet
temperatures; and

f. GN, freezer in middeck venting 0.912 lb/day of nitrogen into the crew
compartmen%.

Based on these factors, it has been concluded that no out-of-specification
leakage existed in the Orbiter ARPCS. After resuming normal cabin operations,
the cabin pressure returned to its normal control band (14.7 +0.2 psia).

Smoke Detection and Fire Suppression Subsystem

The smoke detection and fire suppression system monitoring parameters indicated
nominal performance and no smoke generation during the mission. Use of the fire
suppression subsystem was not fequired.

Airlock Support System

All airlock support system parameters indicated normal performance throughout
the flight. No extravehicular activity was performed, consequently, the airlock N
support components were not used. o
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Avionics and Software Support System

The integrated guidance, navigation and control subsystem performed nominally as
also did the flight control system and star trackers.

The inertial measurement units (IMUs), which were alls KT-70s, performed
nominally. New compensation values were uplinked to the IMUs three times during
the mission. These KT-70 units will be replaced with high accuracy inertial
navigation system (HAINS) units prior to the next flight of this vehicle.

One item of interest was noted at 040:14:35 G.m.t. (06:02:25 MET), when an IMU 2
BITE (Built In Test Equipment) occurred at IMU 2 deselect. The BITE occurrence
is believed to have been caused by an I/0 (input/output) reset. This condition
has occurred in the past and is not an IMU problem.

At 034:12:18 G.m.t. (00:00:08 MET), display electronics unit (DEU) 3 experienced
a symbol generator character parity error, as indicated in the backup flight
system (BFS) software error buffer. Further BFS keystrokes were normal (no
parity error). The crew did not report any cathode ray tube (CRT) display
anomalies or tripping of the DEU BITE flag. CRT 3 was povered off in accordance
with nominal on-orbit procedures, and this configuration was maintained until
flight day 8 when DEU 3 and CRT 3 were powvered up for 1 hour 42 minutes to
support FCS checkout. Both units performed satisfactorily during the checkout.
This condition is characterized as a single event upset and is not a concern.

Several hours after VSF operations on the RMS were completed and the WSF was
latched into its carrier, a latch 2 release indicator [multiplexer/demultiplexer
(MDM) operational forward (OF) 2 discrete input high (DIH) card 4 channel 0

bit 16] changed state at 40:16:07 G.m.t. (06:03:57 MET) to indicate the release
command was present (Flight Problem ST5-60-V-05). The logic power and
mechanical power to the latches were off at the time, and the latch
microswitches continued to indicate a latched condition which vas verified by
the crev. This was not a problem that could impact operations as the latch was
povered off. Postflight troubleshooting at KSC was performed after the Orbiter
vas powered down. When the vehicle was powered back up, the anomaly was no
longer present. The switch was cycled several times and did not exhibit any
anomalous characteristics. MDM troubleshooting is in progress as this report is
being written; however, the hardware involved including the MDM will remain on
the vehicle unless further anomalous behavior is demonstrated.

Communications and Tracking Subsystems

The communications and tracking subsystems performed nominally except for the
tvo anomalies and two occurrences discussed in the following paragraphs.

When the crev transitioned to the on-orbit communications configuration (very
lightweight headsets), the Pilot’s HIU failed (Flight Problem STS-60-V-03). The
crev svitched to a backup HIU. The failed headset was marked for postflight
testing which will be performed at JSC upon return of the headset.

The closed circuit television (CCTV) camera B was noted to have burned-in spots
and a curved line in the upper part of the image. This condition was visible in
the lens when the iris was fully closed at 40:20:43 G.m.t. (06:08:33 MET).
Standard postflight camera processing tests and checkout will be performed.
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Instances of intercommunications (ICOM), air-to-ground (A/G) 2, and Spacehab
caution and warning tone "bleedover" onto the A/G 1 channel were noted. The
bleedover was at a very low volume level and did not impact the use of A/G 1.
After Spacehab power down, the "bleedover" condition was not observed.

Procedures are being developed to test for "bleedover" during integrated vehicle
testing on Spacehab and Spacelab flights.

Structures and Mechanical Subsystems

The structures and mechanical subsystems performed nominally. The landing and

braking data are presented in the following table.

LANDING AND BRAKING PARAMETERS

From
Parameter threshold, Speed, Sink rate, ft/sec Pitch rate,
ft keas deg/sec
Main gear touchdown 2463 204.1 2.0 n/a
Nose gear touchdown 7455 .134.6 n/a 3.52
Braking initiation speed 111.6 knots (keas)
Brake-on time 26.6 seconds (sustained)
Rollout distance 7,771 feet
Rollout time 49.8 seconds
Runway 15 (concrete) at KSC SLF
Orbiter weight at landing 216,594.5 1b (landing estimate)
Peak
Brake sensor location pressure, Brake assembly Energy,
psia million ft-~1b
Left-hand inboard 1 1097 Left-hand outboard 13.19
Left-hand inboard 3 1057 Left~hand inboard 16.68
Left-hand outboard 2 1018 Right-hand inboard 18.90
Left-hand outboard 4 1084 Right-hand outboard 15.25
Right-hand inboard 1 1176
Right-hand inboard 3 1282
Right-hand outboard 2 1150
Right-hand outboard 4 1097

Drag chute performance was satisfactory.

successfully demonstrated the effect of th
vehicles’ directional stability.
at the beginning of nose wheel'derotation wvith the
prior to nose gear touchdown. 'For STS-60
vere required and the vehicle did not dev
STS-47, the chute caused the Orbiter to s
The effect of the

runway cente

rline.)

As with STS-47,

The STS-60 drag chute deployment

e recent refinements to increase the
the chute system was initiated
main parachute fully inflated
, no lateral directional corrections
iate because of chute forces. (During
tray approximately 27 feet from the

chute was very evident as an effective

tool in bringing the vehicle to a stop.
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At 041:15:55 G.m.t. (07:03:45 MET), the Commander reported that the crew felt a
shudder in conjunction with hearing a loud noise, similar to the sound of a
primary RCS thruster firing. However, the phenomenon was not associated with a
primary RCS thruster firing. A review of data for all subsystems indicated no
anomalies, and there were no measured accelerations associated with the
phenomenon. The most likely cause of the phenomenon vas load relief of the
Spacehab retention hardware with the noise and shudder being transmitted to the
crev cabin through the tunnel adapter structure. The Commander of STS-57 (first
Spacehab mission) reported a similar phenomenon, and the Spacelab
modules/tunnels have a known similar phenomenon of load relief on-orbit. There
vas no concern for entry.

At 042:13:55 G.m.t. (08:01:45 MET), the payload latch 2 latch indication A
changed from a latch to a not-latched state. The payload latch 2 system B
indication had transferred 1.6 seconds earlier than system A during WSF
latching. This results in the system A microswitch being minimally actuated.
The failure has been isolated during KSC troubleshooting to payload latch
rigging. This anomaly has been transferred to the KSC Payloads Group for
resolution and documentation.

Integrated Aerodynamics, Heating and Thermal Interfaces

The ascent and entry aerodynamics were nominal with no problems, anomalies, or
unexpected conditions identified in the data. The aerodynamic and plume
heating were nominal during ascent and the aerodynamic heating to the SSME
nozzles during descent was nominal. The prelaunch analysis of the thermal
interfaces showed no temperatures in excess of limits. In addition, the gaseous
helium and gaseous nitrogen ET/Orbiter electrical disconnect pressures were
within limits, and the aft compartment helium concentration was within the
experience base.

Thermal Control Subsystem

The performance of the thermal control subsystem (TCS) was nominal during all

phases of the mission, and all Orbiter subsystem temperatures were maintained
vithin acceptable limits.

One item of interest was that the APU 3 fuel pump drain line temperature 1
cycled near to the lower FDA limit of 48 °F while on-orbit. The lower FDA limit
vas changed to 43 °F to ensure that temperatures remained within limits.
Additional details on this problem are found in the Auxiliary Power Unit
Subsystem section of this report.

Aerothermodynamics

The acreage heating was nominal during entry, and no unusual local heating was
noted. The heating to a one-foot radius sphere showed that the trajectory was
slightly higher in peak heating rate and load than previously experienced on
0V-103, but within the experience base for all Orbiters. The thermocouples
reflected this with a slight increase in temperature. Boundary layer transition
on the lower surface was late, at Mach 7.3, but within both 0V-103 and all
Orbiters’ experience. The surface temperatures of the left and right OMS pods
vere within the experience data base, not showing any significant heating
asymmetry due to the 0.5-degree sideslip.
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An initial report, which showed an off-nominal aileron excursion around a
relative velocity of 10,000 ft/sec, was incorrect in that the large negative
Y c.g. of this flight required up-aileron to trim. Therefore, as the elevon
schedule moved the elevon more negative around 10,000 ft/sec, the more up-
elevator was less aerodynamically effective resulting in a further up
deflection, thus resulting in the aileron excursion during entry.

Thermal Protection Subsystem

The thermal protection subsystem (TPS) performed satisfactorily. Structural
temperature response data show that the entry heating was above average, and the
TPS performed as designed in Preventing heating damage effectively during ascent
and entry. The overall boundary layer transition from laminar flow to turbulent
flow occurred 1235 seconds after entry interface on the forward centerline and

the aft centerline of the vehicle. Transition was symmetric from right to left
on the vehicle.

During flight day 6 activities, the crew observed a damaged TPS blanket on -

the upper forward RCS module just aft of the F1U thruster. An RMS video camera
inspection showed that the outer cover material of an advanced flexible reusable
surface insulation (AFRSI) blanket had torn and was protruding. The blanket was
identified as a part of part number V070-391134-050 blanket, which is 6 in. by

5 in. long, and is bonded to an aluminum carrier panel. The torn section was
approximately 4 in. by 1.5 in. in size, and was later determined to be a
degraded patch repair. The blanket batting material was intact. This type of
damage is typical for AFRSI blankets in this location. A review of this
particular blanket’s history revealed several minor repairs had been performed
on the blanket as well as having been patched. The blanket covered a carrier
plate and no critical subsystems were located immediately below this area. A
worst-case thermal analysis that assumed a complete loss of the blanket, but
with the room-temperature vulcanizing (RTV) adhesive intact, predicted that the
maximum carrier plate temperature would be 385 °F (positive margin-of-safety)
during entry with the only anticipated damage being to the blanket itself. It
is not uncommon for this particular blanket to see wear damage.

Orbiter debris damage was less than average with only 106 hits, of which 15 had
a major dimension of one inch or greater. However, this number does not include
the numerous hits on the base heat shield that were caused by the flame
arrestment sparkler system. Of the 106 total hits, 48 were on the lower
surface, 28 were on the upper surface, 2 were on the right side, 4 were on the
left side, 7 were on the right OMS pod, and 17 were on the left OMS pod. The
distribution of hits on the vehicle, especially the lower surface, does not
suggest a single source of ascent debris, but indicates a shedding of ice and
TPS debris from random sources. Furthermore, the postflight inspection showed
that none of the tile damage resulted from micrometeorites or on-orbit debris,

and none of the damage was attributed to material from the wheels, tires, or
brakes. '

The main landing gear door (MLGD) thermal barriers were in good condition
overall, although minor damage was noted on some of the thermal barriers from
both the left and right main gear areas. The ET door thermal barriers were in
excellent condition overall. Damage to the ET door tiles was minor, and the
elevon cove and elevon gap tiles and thermal barriers were all in good
condition.
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The engine dome-mounted heat shield blankets were in good condition with minor
fraying to the SSME 3 lower closeout pillow. No damage occurred to tiles as a
result of drag chute deployment.

Orbiter windows 3 and 4 exhibited moderate hazing with some streaks. Only a
very light haze was present on the other windovs. Sutface wipes were taken from
all the windows for chemical analysis sampling.

The Shuttle thermal imager (STI) was used to measure the surface temperature of
several areas of the vehicle. The Orbiter nosecap reinforced carbon carbon
(RCC) temperature was 170 °F 24 minutes after landing. The leading edge
temperature of RCC panel 9 was 104 °F 27 minutes after landing, and panel 17 was
99 °F at that same time.

The potential identification of debris damage sources for STS-60 will be based
on the laboratory analysis of Orbiter postlanding microchemical samples,
inspection of the recovered SRB components, and film analysis (including
on-orbit photography of the ET). The results of these analyses will be
documented in the STS-60 Ice/Debris/TPS Assessment and Integrated Photographic
Analysis Report (NASA Technical Memorandum 109193).

REMOTE‘MANIPULATOR SYSTEM

The RMS performed satisfactorily in support of Wake Shield Facility activities,
and no RMS anomalies were identified.

The RMS checkout was performed at 35:11:30 G.m.t. (00:23:30 MET), and all
signatures were nominal. At the end of the checkout, the RMS remained in use to
conduct a premission planned CCTV survey of the payload bay. The survey was
shortened, however, to protect the timeline for the planned Spacehab operations.
The RMS was cradled and latched at 35:13:28 G.m.t. (01:01:18 MET).

The RMS activities began wvith the grapple of the berthed WSF at

36:11:13:57 G.m.t. (01:23:03:57 MET). By 36:12:37 G.m.t. (02:00:27 MET), the
WSF was maneuvered to a position placing the experiment carrier on the WSF into
the velocity vector of the Orbiter for cleaning by atomic oxygen impact. WSF
communications difficulties were encountered prior to its planned deployment as
a free-flyer. The deployment procedures were replaced with a series of payload
troubleshooting measures. WSF performance did not varrant a deployment on
flight day 3, and the WSF was reberthed in the Orbiter at 36:20:58:21 G.m.t.
(02:08:48:21 MET) after which the RMS was cradled and latched.

The VWSF deployment was attempted again on flight day 4. After the RMS vas
povered and uncradled, grapple with WSF was completed at 37:11:14:10 G.m.¢t.
(02:23:04:10 MET). The WSF was maneuvered to the cleaning position using the
normal deployment procedures. At 37:14:45 G.m.t. (03:02:35 MET), the WSF was
driven by RMS auto-sequence to a preplanned checkout position prior to
deployment. Again, hovever, communications and WSF attitude control system
problems prevented deployment. After a second series of troubleshooting ,
maneuvers, the decision was made to place the RMS/WSF in a contingency overnight
parking configuration. During the crew sleep period that followed, crystal
growth was initiated on the WSF.
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On flight day 5, the VWSF was berthed in the Orbiter payvload bay at

38:17:21:32 G.m.t. (04:05:11:32 MET) to protect its experiment packages from
contamination during a required Orbiter supply and waste water dump. The WSF
was again unberthed at 38:20:51:29 G.m.t. (04:08:41:29 MET) and for the second
time parked in the contingency crystal growth position for overnight.

A supply water dump was also required on flight day 6, during which time the WSF
was berthed at 39:11:59:05 G.m.t. (04:23:49:05 MET) and unberthed at

39:14:34:49 G.m.¢t. (05:02:24:49 MET). Following unberthing, the WSF was placed
in a preplanned configuration for a CHAWS activity. At 39:20:30 G.m.¢t.
(05:08:20 MET), troubleshooting of the WSF attitude control system involved
firing its main thruster while on the end of the RMS. The low-impulse firing
caused no noticeable RMS movement. At 39:21:19 G.m.t. (05:09:09 MET), the
RMS/VSF was once more placed in the overnight park crystal growth position.

The final berthing of the WSF occurred on flight day 6 with the WSF 1atched;in
the payload bay at 40:12:18:27 G.m.t. (06:00:08:27 MET). After ungrappling from
the WSF at 40:12:45:29 G.m.t. (06:00:35:29 MET), the RMS vas used to perform
Tile Survey H of the Orbiter’s forvard fuselage prior to cradling and latching
the RMS which occurred at 40:14:08 G.m.t. (06:01:58 MET). The manipulator

positioning mechanisms (MPMs) were then rolled in and STS-60 RMS operations were
complete,

FLIGHT CREV EQUIPMENT/GOVERNMENT FURNISHED EQUIPMENT

The crew reported that the ac pover cable was not connected to the back of the
thermal impulse printer system (TIPS) (Flight Problem STS-60-F-01). The crew
had to remove the printer from its locker to make the connection.

During flight day 2 activities, the crew asked for the stowage location of the

tunnel adapter stowage net that had been used during training. A check of the

stovage documentation revealed that this net was not onboard as expected by the
crew (Flight Problem STS-60-F-02).

At 039:22:15 G.m.t. (05:10:05 MET), the crew reported that Hasselblad camera
(s/n 1002) had shutter pieces floating around in the 250-mm lens which was

jammed on the camera (Flight Problem STS-60-F-03). Two additional Hasselblad
cameras were onboard and were used by the crew in place of the failed camera.

CARGO INTEGRATION

Cargo integration hardware performed nominally; however, one anomaly was
identified in this area. During Spacehab activation, a diffuser cap could not
be installed on the tunnel adapter floor fitting and had to be taped in place
(Flight Problem STS-60-V-01). A more detailed discussion of this problem is

contained in the Environmental Control and Life Support System section of this
report.
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DEVELNPMEMT TEST OBJECTIVES/DETAILED SUPPLEMENTARY OBJECTIVES

A total of 14 DTOs and 10 detailed supplementary objectives (DSOs) were assigned
to the STS-60 mission. Data were not collected for two DTOs and one DSO.

DEVELOPMENT TEST OBJECTIVES

DTO 301D - Ascent Structural Capability Evaluation - Data were recorded during
ascent for this DTO. The data have been given to the sponsor for analysis, and
the results of the analysis will be reported in separate documentation.

DTO 305D - Ascent Compartment Venting Evaluation - Data were recorded during
ascent for this DTO. The data have been given to the sponsor for analysis and
evaluation, and the results of that effort vill be reported in separate
documentation.

DTO 306D - Descent Compartment Venting Evaluation - Data were fecorded during
descent for this DTO. The data have been given to the sponsor for analysis, and
the results of the analysis effort will be reported in separate documentation.

DTO 307D - Entry Structural Capability - Data were recorded during entry for
this DTO. The data have been given to the sponsor for analysis, and the results
of the analysis effort will be reported in separate documentation.

DTO 312 - ET TPS Performance (Method 3) - Thirty-seven excellent quality
photographs of the ET (after Separation) wvere acquired using a Nikon camera with
a 300-mm lens and a 2X extender (Method 3). The photographs were taken by crew
member Sergei Krikalev (Soviet Cosmonaut). All sides of the ET vere
photographed, although the +Y (right) side of the ET did not come into view
until near the end of the film sequence when the ET was much further awvay. The
first picture was taken at 034:12:23:54 G.m.t. (00:00:13:54 MET) and the last
picture was taken approximately 11 minutes later.

The photographic evaluation showed the ET to be in excellent condition. The
usual SRB booster separation motor (BSM) burn scars and charring of the TPS on
the aft dome and the LH, tank (aft) are visible. A small light-colored mark is
visible on the -Y (1eft§ side of the LO, tank TPS just above the intertank area.
A second mark is visible nearby on the EO tank-to-intertank closeout flange. A
third mark is visible on the intertank TP% below and to the left of the left SRB
forvard attach point.

Fifteen minutes of excellent quality video of the ET (after separation) was also
taken by crev member Jan Davis. A camcorder with a 2X extender and a 15 to 1
zoom lens was used to image the ET. A1l sides of the ET were imaged. The video
analysis showed the ET to be in the expected good condition. No significant ET
surface features vere observed that were not seen in the 35 mm film.

DTO 319D - Shuttle/Payload Low Frequency Environment - Data vere recorded for
this DTO, and these data have been given to the sponsor for evaluation. The
results of the evaluation will be reported in separate documentation.

DTO 414 - APU Shutdown Test, Sequence B - This DTO was performed at APU shutdown
after ascent with the shutdown sequence being APU 2, APU 1, and APU 3,
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respegtively. No PDU back-driving was noted, and all pressure slope changes
corresponded to switching-valve changes of state as expected. Final results of
this DTO will be published in separate documentation.

DTO 623 - Cabin Air Monitoring - Data were collected for this DTO. These data
have been given to the sponsor for analysis. The results of that analysis will
be documented in other publications.

DTO 656 - Payload General Support Computer (PGSC) Single Event Upset Monitoring
- Data wvere collected for this DTO. These data are being analyzed by the
sponsor, and the results will be published in separate documentation.

DTO 664 - Cabin Temperature Survey - Temperature data were collected during the
mission, and these data have been given to the sponsor for evaluation. The
results of that evaluation will be published in separate documentation.

DTO 670 - Evaluation of Passive Cycle Isolation System - The DTO was not
performed as the hardware required for the investigation was removed prior to
launch.

DTO 700-2 - Laser Range and Range Rate Device - This DTO was not performed
since the WSF deployment and rendezvous were canceled because of operational
problems. As a result, the laser was only used to obtain range and range rate
data on the BREMSAT following its deployment. The major activity for this DTO
was to be in conjunction with the rendezvous with the WSF.

DTO 700-7 - Orbiter Data for Real-Time Navigation Evaluation - The primary
objective of the DTO was not accomplished because of the cancellation of the WSF
rendezvous and plume tests experiment. However, the hardware for this DTO did
enable an onboard PGSC pulse code modulation master unit (PCMMU) interface
during the WSF CHAVWS activities, providing the crew with downlink data, thereby
enhancing the operations and air-to-ground communications.

DTO 805 - Crosswind Landing Performance - This DTO was to be performed if
environmental (crosswind) conditions at landing met the minimum criteria for the
DTO. Crosswinds were below the minimum requirements of the DTO, therefore it
was not performed.

DETAILED SUPPLEMENTARY OBJECTIVES

DSO 200 - Joint U.S./Russian Investigation: Radiobiological Effects - The Tissue
Equivalent Proportional Counter (TEPC) and the U. S. and Russian dosimeters were
set up to collect data according to premission planning. These data have been
given to the sponsors for evaluation, and the results of that evaluation will be
published in separate documentation.

DSO 201 - Joint U.S./Russian 8ensory-Motor Investigations - Most of the science
objectives for the voluntary head movements (VHM) and Optokinetic Nystagmus

(ON) were met. The activities required more time than expected; therefore, some
deletions of tests were necessary to fit within the tight timeline.
Approximately 30 to 50 percent of the science was estimated to have been lost
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over what was planned premission. Autonomic and Gastric Function activities
were completed as planned. Postflight, the data were given to the sponsors for
analysis to determine scientific return. The results of the analysis will be
published in separate documentation.

DSO 202 - Joint U.S./Russian Investigations: Metabolie - All activities in
support of this DSO were completed, and the scientific return from this DSO is
expected to be very significant. The data have been given to the sponsors for
analysis, and the results of that analysis wvill be published in separate
documentation.

DSO 204 - Joint U.S./Russian Investigations: Visual Observations from Space -
A11 activities in support of this DSO vere completed according to premission
plans. The data obtained during the DSO observations have been given to the
sponsor for analysis, and the results of that analysis will be published in
separate documentation.

DSO 325 - Dried Blood Method for In-Flight Storage (Protocol 1) - This DSO wvas
not performed because of timeline ‘constraints.

DSO 326 - VWindow Impact Observations - Observations in support of this DSO were
made and the results of those observations have been given to the sponsor for

analysis. The results of the analysis will be published in separate
documentation.

DSO 487 - Immunological Assessment of Crewmembers - Data for this DSO were
collected during preflight and postflight activities. These data have been
given to the sponsor for analysis. The results of that analysis will be
published in separate documentation.

DSO 901 - Documentary Television - Many Public Affairs Office (PAO) events
occurred on this flight and have been documented on video tape. These special
events included:

a. TFirst live hookup between the Orbiter and Mir via ’'Good Morning America’;
b. A conference with President Bill Clinton;

¢. A conference with the Director General of the Russian Space Agency, Mr.
Yuri Koptev; '

d. A conference with Russian Prime Minister Chernomyrdin;

e. An interview with Ron Sega and Sergei Krikalev on CNN; and

f. An interview with Charles Bolden and Franklin Chang-Diaz on BET.
DSO 902 - Documentary Motion Picture Photography - Motion picture photography
obtained for this DSO have been turned over to the sponsor for analysis. The
results of that analysis will be reported in separate documentation.
DSO 903 - Documentary Still Photography - Still photographs were obtained
in support of this DSO. These data have been given to the sponsor for analysis.

The results of that analysis will be reported in separate documentation.
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PHOTOGRAPHY AND TELEVISION ANALYSES

LAUNCH PHOTOGRAPHY AND VIDEQ ANALYSIS

On launch day, 24 videos of the launch were screened, and no anomalies vere
noted. Following the launch day, 54 of the planned 55 films of the launch wvere

revieved, and no potential anomalies were noted. The film from camera E-222 was
not delivered.

Multiple pieces of debris were photographed falling aft of the Shuttle vehicle at
liftoff, throughout the roll maneuver, and beyond on the launch tracking vievs.
Most of the debris sightings were apparently either paper that is used to cover
the RCS thrusters during prelaunch operations or ice from the ET/Orbiter
umbilicals. During ascent, multiple pieces of debris exited the SRB exhaust
plume between 65 and 80 seconds after liftoff. None of the debris was observed
to strike the vehicle.

ON-ORBIT PHOTOGRAPHY AND VIDEO ANALYSIS

On-orbit video of the ODERACS experiment deployment was screened to determine the
velocity of the metal spheres as the spheres departed the GAS canister. The
calculated velocity of these spheres ranged from 1.53 to 3.34 meters/second. An

analysis was also performed to determine the separation angles between spheres
following deployment.

The results of the on-orbit photography of the ET in support of DTO 312 are
presented in the Development Test Objective section of this report.

LANDING PHOTOGRAPHY AND VIDEO ANALYSIS
Eleven videos of the approach and landing phase plus NASA Select, (which uses
multiple views in real-time) were screened, and no anomalies were noted. 1In

addition, 16 landing films were also reviewed, and again, no anomalies were
noted.

28

oy

foe,




i
?“"’"%?“

TABLE I.- STS-60 SEQUENCE OF EVENTS

Event Description Actual time,
G.m.t.
APU Activation APU-1 GG chamber pressure 034:12:05:10.87
APU-2 GG chamber pressure 034:12:05:12.27
APU-3 GG chamber pressure 034:12:05:13.71
SRB HPU Activation® LH HPU system A start command 034:12:09:32.120
LH HPU system B start command 034:12:09:32.280
RH BPU system A start command 034:12:09:32.440
RH HPU system B start command 034:12:09:32.600
Main Propulsion System | Engine 3 start command accepted | 034:12:09:53.446
Start Engine 2 start command accepted | 034:12:09:53.567
Engine 1 start command accepted | 034:12:09:53.695
SRB Ignition Command SRB ignition command to SRB 034:12:10:00.000
(lift-off)
Throttle Up to Engine 3 command accepted 034:12:10:04.246
104 Percent Thrust® Engine 2 command accepted 034:12:10:04.247
Engine 1 command accepted 034:12:10:04.256
Throttle Down to Engine 3 command accepted 034:12:10:25.686
70 Percent Thrust? Engine 2 command accepted 034:12:10:25.688
Engine 1 command accepted 034:12:10:25.696
Maximum Dynamic Derived ascent dynamic 034:12:10:52
Pressure (q) pressure
Throttle Up to Engine 3 command accepted 034:12:10:57.207
104 Percent Thrust? Engine 2 command accepted 034:12:10:57.208
Engine 1 command accepted 034:12:10:57.217
Both SRM’s Chamber LH SRM chamber pressure 034:12:11:59.520
Pressure at 50 psia mid-range select
RH SRM chamber pressure 034:12:12:00.040
mid-range select
End SRM Action® LB SRM chamber pressure 034:12:12:02.190
mid-range select
RH SRM chamber pressure 034:12:12:02.320
mid-range select
SRB Separation Command SRB separation command flag 034:12:12:05
SRB Physical LH rate APU A turbine speed LOS | 034:12:12:05.080
Separation RH rate APU A turbine speed LOS | 034:12:12:05.080
3g Acceleration Total load factor 034:12:17:27.8
Throttle Down for Engine 3 command accepted 034:12:17:27.932
3g Acceleration Engine 2 command accepted 034:12:17:27.936
Engine 1 command accepted 034:12:17:27.944
Throttle Down to Engine 3 command accepted 034:12:18:25.852
67 Percent Thrust® Engine 2 command accepted 034:12:18:25.857
Engine 1 command accepted 034:12:18:25.865
MECO Command flag 034:12:18:32
Engine Shutdown® Engine 3 command accept 034:12:18:32.052
Engine 2 command accept 034:12:18:32.057
Engine 1 command accept 034:12:18:32.065
MECO Confirm flag 034:12:18:33

2MSFC supplied data
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TABLE I.- STS-60 SEQUENCE OF EVENTS (Continued)

Event

Description

Actual time,
G.m.t.

ET Separation
OMS-1 Ignition

OMS-1 Cutoff

APU Deactivation

OMS-2 Ignition

OMS-2 Cutoff

Payload Bay Doors Open

Wake Shield Facility
Grapple

Unberth

Berth

Ungrapple
Grapple

Unberth

Berth

Ungrapple
Grapple

Unberth

Berth

Unberth

Berth

Ungrapple
ODERACS deployment
BREMSAT deployment
Flight Control
System Checkout

ET separation command flag

Left engine bi-prop valve
position

Right engine bi-prop valve
position

Left engine bi-prop valve
position

Right engine bi-prop valve
position

APU-2 GG chamber pressure

APU-1 GG chamber pressure

APU-3 GG chamber pressure

Left engine bi-prop valve

© position

Right engine bi-prop valve
position

Left engine bi-prop valve
position

Right engine bi-prop valve
position

PLBD right open 1

PLBD left open 1

Payload captured

Payload latch 2A released
Payload latch 2A latched

Payload captured

Payload captured

Payload latch 2A released
Payload latch 2A latched

Payload captured

Payload captured

Payload latch 2A released
Payload latch 2A latched

Payload latch 2A released
Payload latch 2A latched

Payload captured

Voice call

Video call

034:12:18:52

Not performed -
direct insertion
trajectory flown

034:12:25:12.88
034:12:25:42.35
034:12:26:06.60
034:12:52:16.3 °

034:12:52:16.6
034:12:55:00.4
034:12:55:00.4

034:13:40:02
034:13:41:20

036:11:13:57
036:12:23:41
036:20:58:21
036:21:03:19
037:11:14:10
037:11:53:51
038:17:21:32
038:17:24:31
038:17:24:54
038:20:51:29
039:11:59:05
039:14:34:49
040:12:18:27
040:12:45:29
040:14:53:24
040:19:23:17

APU Start APU+1 GG chamber pressure 041:12:29:20.77

APU Stop APU-1 GG chamber pressure 041:12:35:28.77
Payload Bay Doors Close| PLBD left close 1 042:14:06:56
PLBD right close 1 042:14:09:17

30




TABLE I.-

STS-60 SEQUENCE OF EVENTS (Concluded)

Event Description Actual time,
G.m.t.
APU Activation For APU-2 GG chamber pressure 042:18:09:49.95
Entry APU-1 GG chamber pressure 042:1B:34:58.99
APU-3 GG chamber pressure 042:18:35:09.75
Deorbit Maneuver Right engine bi-prop valve 042:18:14:50.3
Ignition position '
Left engine bi-prop valve 042:18:14:50.3
position
Deorbit Maneuver Cutoff| Right engine bi-prop valve 042:18:18:45.0
position
Left engine bi-prop valve 042:18:18:45.0
position
Entry Interface (400K) Current orbital altitude 042:18:47:51
above reference ellipsoid
Blackout Ends Data locked at high sample No blackout
rate
Terminal Area Energy Major mode change (305) 042:19:12:45
Management '
Main Landing Gear LH MLG tire pressure 042:19:19:22
Contact RH MLG tire pressure 042:19:19:22
Main Landing Gear LH MLG weight on wheels 042:19:19:22
§ Veight On Wheels RH MLG weight on wheels 042:19:19:22
- Drag Chute Deploy Drag chute deploy 1 CP Volts 042:19:19:32.5
Nose Landing Gear NLG tire pressure 042:19:19:41
Contact '
Nose Landing Gear NLG VT on VWheels -1 042:19:19:41
Veight On VWheels
Drag Chute Jettison Drag chute jettison 1 CP Volts 042:19:19:54.9
Vheels Stop Velocity with respect to 042:19:20:13
runvay
APU Deatctivation APU-1 GG chamber pressure 042:19:35:36.37
: APU-2 GG chamber pressure 042:19:35:37.70
g APU-3 GG chamber pressure 042:19:35:38.80

31




Ciaamed

‘siojenbe1 uotjeanbyjyuoo pyo eyy ur swayqoiad buvobuo jJo wotrjeosypur
ue aq prnod yeay eyl -1oje[nbel uorjeinbryuod pYo ue ST STYY
TUOTIPUTHEIUOD

jusTsue1yl sysebbns yeey yeuiejur ey3 jo uorjeurwmrey -paddoys yesy
ayy jured 3jeyy v "ersd g-f7 031 p 97 worl peseerdur sinsserd jayIno
Jojernbel ¢ gSM ey3 !sejnuim gf Jnoge 10J WIOS GZ 30 jeal [EUILIUT

L990-61-£~AXH
90JHOINI

103einbey Nzo

€ (gsm) 1o1vog Aeads 1ejem

ue pajerjsuowsp iojeinbs1 ueborjTu ~nosseb ¢ gsm eyy ‘z Kep ybITI uUO "3°W'D 00:L0:GE0 ybnoiyl ebejea1 teursjui| 9¢9-A-09-S1IS
'eInsoy> pue uorirsodsip feurjy 103 dnoio peorded DSN ©3 peiisjysueiy
waiqo1d -burbbri yojey peoihed eyy o3 pejeyost weyqoid :ISA (SAYO1AYd Ol QIYYIISNVHL)
‘@3je3s peyojerum 0100-Ab9 udI UOTIEDTPUI Yo3®] WZ
ue 03 psydjey © wolj pabueys Y UOTIEDTPUT yojey g yojer peojied oyl (g "3°WD GYIET:Zh0] weysAs peotled jo sso1 (@
‘P3TNPaYss eq o3
s1 butjooyseiqnoil 740 WAW "SOTISTIeIDereyd> snojemoue Aue JIQIYX®
30U PIp pue SawI) [eleaes pe[dA> sem YoOIIMS oyl -juasead izebuol ou
sem Arewoue sy3 ‘dn xd>eq peiemod sem eyOIYes oYy UeyM -umop peiremod
sem 19231910 @Yy 1933e uejd burjooysayqnoly) eyy pewiojied :IS) G000—-Ab9 HAI
“440 eq pihoys pue y0dd09 W1 esea[dy sajedtTpul
ASVITIIY SmoYs uoT3esTIpur uoriTsod 7z yoIms yosjeyr uorjuajel peoided (v TITWCD (0:9T:000 YoIms z yoyel JAsm (V| S0-A-09-SiS
*Aytabejuy butaya Ayrien :osy €000-AP9 ¥JI {3WASOID I1II T3ATT)
*SIYBTTJ snotasid uo pejou ueaq sey ioTaeyeq IETIWIS °ITIVIIE £044909 WI orjerrgy
sen (VSOZTOGKA) jusweInsesw 10SUSS £3Tyuenb 7 yuej uebAxo ortuebokip "3'W°D ZE160°HEO Kytyuend z juel uebAxo| LO~A—-09-SIS
*avede1 303 ISN 031 elempiey uinjel o3 IS¥ - stsAyeue
ybrr3Ised 103 3TUn pertey ay3 pabbej/pedey me1d eyi -niH dnydeq| BEO0-E-VLZO0AW dd
8yy 03 psyd3IMS Me1) "pelre] NIH S,30TTd eyl ‘(siespesy ybromaybry 204409 W1 {TWNSOTO 111 13IATI)
Aiea) uorjeInbIJUOD SUOTIEDTUNIREOD ITGIO O3 POUOIITSURIY Meld oy} Ueym “3TUTD QOETIREQ einyted NIH 0TTd| £0-A-09-S1S
‘pearnbe1 uotrioe ON :DSX
‘suoyydo uoTIo® earIdarIOd/sTsATeur 1eyring burjenyeas st OsSr J >
‘burdang 1syjiny jueaeid o3 sdump 1sjem Ayddns [1e 1e3je pebind eq TTIM
eury dump ey) ’‘UOTSSIW STY)} 104 °SUOTISSTW snoTaeid uo sding aeyrETS
Pe3lTqIyXe eaey g0I-AO PUe €0T-AO ~©j2zou 8y} Ybnoiyy buraouw sem jejem S04¥09 W1
Jjeyy sainjeredwe) eyzzou eyy Aq UOTIEDTPUT leyjo euo pue dump 1ejem O §F ¥ «.sdang,, .
pucdes ey3 ieijye (07) ,sdinq, eafes iojem A1ddns jereses eiem eioyy "I GEIO0TI9E0 eateps dumg 1ejeMm A1ddns{ 70-A-09-SIS
‘eous1Inoel jueasid 03 seInseem SATIDIII0D
e)e3 o3 yeuuosied Asumog-Iy¥ pue D>Sr -3jurad o3 Ionp eyy
uinjax o3 DY “jurid 1sd jou aq o3 3Ionp ey) punoj yeuuosied HSY :IHSH
sTnyssedonsun sem des 19snyzIp eyjy jo Jueweowyd
feutwou ‘10013 1ejdepe teuumy ay3 pue Buy3llT) 1007j 1e3depe feuuny
ey3 usemjeq eoueree[d JUSTIDTIFIJNSUT 03 eng ‘uorides rejdepe Touuny (ANSOTD III TIATI)
3eY3 woij uoTions ITe jusaeid o3 burylry 10073 1ejdepe Teuumny eyz ur 3T P000-7-V6TS—OAWN bur3atgd 10074
butoeyd usyy pue Bur33itj Ionp ITe 1007J yoeppiw eyl woij ded xesnyJIp ® 1044909 WI ae3depy feuuny ojur ded
butaows1 jo peisisuoo einpesoid Teurwou ® ‘uorjeatioe qeysseds purang TITWTD FEILTIRED Jesnjy3yra eoeld o3 eiqeun| 10-A-09-S1S
S JUSUNIOD esusiejey oT3ITL 1aqumy
ISTT DNIMOVYL WITE0Yd ¥ILIGYO 09-SIS - IT 19Vl

32



cseaiawed vOOO ongy UCMCMNEUN 8yj esn ued Me1o

(FNSOT> I1I T13ATT)

oyl -eT2TYan 9y} Pleoquo pemo}s seisuwed peiqresseq eeiyjy jo Te3o3 ®
o1e eieyl -eiewed eyy uo peumel ses YITys SUST o3 ur punoie burjeoll sue] w—0GZ pue eiewed
senaxd 19330Yys pey (Z0OT N/S) eiewed PRIqIOSSEH jey3 pejiodel me1d eyl “3ew9 GIiZTI6E0 perqiessel jo einjied| £0-d4-09-S1S
-pieoquo eq 30U 03
paTjiiea sem 38U GYL -pleoquo aq o3 Jeu ey pejoedxe meid eyi "3Idu pemols 30N 3eN
obemols 1ejdepe [euum]} eyj jo UOTIRI0] ebemo3ls eyy 103 peyse mel1d eyL -3 w'D T:60:6E0|0N ebemnols 1ejdepy Teuuny 20~-3-09-S1S
‘uOTSSTW eyj jo lIputewelr eyy 103 Arjpemaou pejeirede SdIL
-uOT3DPUUOD By} }EW 0} 18YD0T ey3 wolij 1ejurad eyy eaowe o3 pey Aoyl
jeys pejiodel merd eyl - {SdIL) wojsAs 1ejurad esyndwl Tewleyl 8yl jo
¥oeq 8y3 03 Peldauucd Jou Sea OTqed 1omod De eyj jeyy pejiodel meld eyl -3-w 5 §T:6T:veo|pebbnydun eyqed 1emod SAIL 10-4-09-S1S
SJUdMMO0D oocmu..ouc.x . sT3tL aequimy
ISTT SNDIOVML WI1godd 349 09-51Is -"III FigvL

o)
(a8}



BEc i

-uotssTE Q9-SIS eyl

03 1013d swr) e17j-3j0Yy JO SPUOIIS 076’7 PUE SIIELIS UGASS pecuatiedxe
pey (€6L16 N/S “LOZ-TOOLST N/d) 1osues 8yl ~pei1inido uorjejora

ou ‘eiojerayy ‘SITWI] losues einsseid ey) usemjaq jou eienm extds

ay) ury31m pajrodea sjuvod viep snojewouw oMy} oYL *(@1d) uotr3edYy
—yjuep] einyle4 e 1e3stbes o3 ebuel eisd 006-009 eyl ueemjeq eq Isnm
sjurod wyep eafyndesuod edlyl -seseyd umopynys-3sod pue ‘ebejsurew
‘{{1y> eyy burinp pajou elem serfewour 10SUGS eansse1rd gsWwid 19Y3jo oN

-hbuty1ej Yyjog SOUTT episinc juede(pe

omy pue ‘bur3isiml seury a3 ‘jJuesaid Hureq seydeys ey uodn juaburiuod
st eantiey stylL ~AITITqeI[a1 6666 0 paptaocad uorjTpuod STyl 03

enp saur] uotsuadsns juede(pe om3 jo einylej peainbelx uo peseq S5920NS
jo A3rrIqeqoid [esTIsTIEIs Iyl -gYsS ue Jo SSOT euy3 ut jInsex pinod
seury episino juedelpe om) Jo einfrey eyy -[re3 Seury ep1sino juedelpe
om) ou pepraoid ‘yrey eypung red sur| euo pInoYs SISTXS uoTITPUOD

ejes [Te] © eyl pejeilsucwsp YosTys peldnpuos sem stsATeue sanyiey ¥

-perte3sur sordeas

aney Afreriusjod Aew yor1ym Buyurewss ybry3 Aquo 8yl ST 65-SIS °“65-SIS
uo peryelsur esoyy 103 jdeoxe ‘peidedsur ueeq eaey sejnyoeied enboip
ITY ~Seurf essyj wolj pescuol elsm seydeis ITV °perieIsur seydeis
pey yotys sefpunq OpT Jo 3Iybre perjrjuepr seury TTE Jo uotjoedsul

- yuemAordep ejnyo enboap burtanp burjysimy pue setdeys 8y}

Aq peonpoijul S3ND JO UOTIRUTQUOD © 03 PIINQrIIe ST eur| uotrsuedsns
eyy jo eanyred -speol burjezedo o3 enp payre; Arjuenbasqns yotym eury
ey3 ybnoayly 109 Aiejeutxoidde 3nd pue aur] 8yl Ul suoTILIQIA auaxIxe
oYy yaIm pajoeea sajdeis eyl “seidels eyl o3 sIUTY uotsuedsns eyy jo
sp1s @3tsoddo ayj bursodxs ‘quaukordep a3jny> enboip HuTINp paoNpolIUT
sem 3stmy oyl -sefdels eyy pue euTy uorsuedsns ay3j uaem3aq JOLIUCD
pue aur{ uotsusdsns ay3 jo HUTISIA} eyl sdAToAUT orieueds sinyyel oyl

-spre butinjoejnuew Se payle3lsul eiem YoIya

jodeey oYy episur seydels om) pajesael osie uotjoedsuy eyi -~ 1adeey

ey3 03 euI] 8yjy jJOo °prs ejrsoddo ayjy buysodxe ‘1edesy eouenijucd oy}
UTYITA Pa3IsSIA} pey 2uly uotsuadsns peyrej ayL -2InTTe) Yy 03 earjerex
aouepiae o sederd Aexy om) payeeasl eiespiey eoy3y jo uorioadsur tesrsiud

ceisd g €Ts

03 dn Jo v jeuueys uo
ax1ds earyrsed e pelIqyy
_xe 1osues einsseid QsW3
{z10Z3) T-3WSS oWl ‘ (os3)
pueustod jieys eutbue

eyy 193je spucdes ZL°T
Ayejeutxoadde v

(1v8ZEOV)

PIBSTIV

(N} eutbud

utey oINS aoeds

ey 1ds 105Ues
e1nsselgd
{asW3)
umopInYs
Ksuebieuw3
1-3NSS
10-3-09-S1S

34

einyred eur]

-eur] uotsuadsns uayolq oYy jo SID6jFje 03 8np peltej osye uotsuedsng

1adeey sTyl -31edeey eyy o3 jusoelpe saurl epISINC 8Y3 jo euo sem @ury “peyrTe3 eny>
uotsuadsns peire3 sylL -sqel Aq sauty eplsino om) 8Yyy seyoelqe yoTym| Gk eurl eynyoered ‘gus -eied enboig
jadeey edusn{juod © ul peurejal st s[punq yoeg -yoes ssurl uorsuedsns Jybt1 eyy jo jJusmloidap qus wybty
sa13j jo pastiduwod ‘sSeTpung eury uotsuedsns eajem) sey e3nyo> enboip yoel ejnyseied enboip burang| 1985TV (18Sn) €US 1-4-09-S1S
uotydraoseq Juswe il e131L/Wwaqoad

snjels/sjuaunto)d

ISTT ONIMOVHL WI160dd SINIWITI D4SW — Al TTEVL



‘e[DTYea @y) wo13j Teaowel eurbue 193je pejsyduwod
eq TTTA sseuiey pue ‘la[foIjuod ‘losuss ayy jo Burysey ybri3isod

-&3171qeqoad youne escadwy pue YST1 ssesse o} Jdusije

03 dnoib bumyiom II Teadl e Aq metasl iepun A[juaiind aiw juswabeuru
Aouepunpel 10sues pue JD 3WSS TIV - (pezibieuasp) uado payyej sey
prousjos gSW3d 8yl jey3 e3edTpur pynoa Mumn 006 Pu® 009 uaamijaq eimssead
dsw3 Uy - (pueunsod uor3Tubt gYS 4 pue DSI uesmjeq 3T Atuo) jaoqe
ped-uo ue pue ‘JOW Ue ‘QId4 ® UT S]ITNSEl SITUT] esay] usemjeq purjesTput
16sues vy -S3ITWIT ersd 006 ©3 009 9y} JO OPTSINO 8JeDTPUT JIsnu

eanssead gsy3d ayy ‘ebejsuren jo pue eyjl o3 Ds3 woijd -3aeys sutbue
butjueaeid ‘3TQTYUT PaNsSst oyl yiim buoye pejsod sT J4OW eyy pue ‘QIld

e UY S3}TNSel JTWIT STY] @aoqe UOTIEDTPUT 10Sues e ‘ureby -ersd g5 ueyy
ssef 9q O3 peljriea st einsseid eyj ‘eyqeue IS 03 (Spuodes Z+) p-NSd
- woag -3ae3s eutbue burjueserd ‘ITqIYUT Ue SONSST YOTym aeyroajuod

eyy Aq peisod s1 (4OW) sanyre] Juauodwos 1olew e pue ‘grd e utl s3jinsel
S3TWI] esSey} epIsjno 1osues v -ersd Q06 pUe (09 ueemleq eq o3 perjrisa
st einssexd gswd a4l ‘f—(Nsd) eouenbes eband burang -uor3jdunjy prou
—a10s asWd oYy3 Ajriea o3 seseyd ebejsurew pue ‘jie3ys ‘ITTY> ey3 butanp
pesn sT 3T ‘TedT3Tid> IYOTIJ jou SY losues einsseid aswd =y3 ybnoya v

cuoT}Tpucd jaoqe-ped e 10j (£3T1YqIssod ejowe1) [yey o3 sebpriq

omy seitnbal yoTym einsseid ebieyssTp 4id1 eyl Hursq uorjesoy ieyzo eyj
pue :ainssaid asW3 pessnostp eyj buteq euo ji0qe ped e 8sned ued jey;y
SUOT]ED0] OM} UT Pamofe @18 ‘'13a8MOYy ‘SIOSUSS (07— SYL ~SuUCTIEd0]
1e5737T10 IYBT[J-uou 03 Pald>Tijsel ST esn 1Tay) pue ’'siosuss selaes

00Z— @Y3 103 @jex ainfrej Ieybry e paTJTIUGPT daey sesAyeue [edT3sTIR]}S
-p1ing feutbrio ayj @oUTS PeIjriuspi-—al l1o/pue paljrpow i8yyre

usaq eaey S10SUDS (07— 94l ~S1OSUSS S8TIAS Q07— PuU® Q01— oyl :seYTIwe]
om3 ojur pezliobojes ussq saey ubrsap sTY3 jJo siosuads einssaid ausSsS

-e3e7dwod s1 ueid butueeids 1osues W6TTJ eyl jJo uorlejusw

—eydur Tr3un uedo urtewsl TTTA Z0-3-pS-SIS "ou VJI *si1osuds eanssead
IybTI3 Tie jo buryse3 (ANId) uoTideleq esToN 3oedwy ay>T3IeRd EpPNIOUT
T1ta jeyy ueld Butuesids iosuas e Kemiepun Arjueiins sey 3defoid IWSS
syl -seanjeubrs JIND1TO-320Ys UT pajfnser ey sseso1d buranjoejnueu
eyy Hutinp pesnpoijul UOTjRUTWEIUCD Aq pasned alaa sax1ds esayjz jo

1V (20~3-pS5—-SIS pue ‘Tp-3-£5-SiS ‘70-3—L¥y-SIS ’10-3-0G-SLS ~ou VII)
sy41 ojeiedas 1noj uo peydLI}/Pejusumoop uesq eaey pue s3yb1{J snoraead
Inoj uo @IN[YEJ 10SUSS 03 pejanqrijje useq aaey soy1ds 10sues einsseld

SNn3e}S/SsIUI0)

uot3dras

’ -

saq

Juswatl

sT11L/Wa1qoid

ISIT ONINOVHL WI190dd SINIWTII D4SW - Al TI8VL

e

35



DOCUMENT SOURCES

In an attempt to define the official as well as the unofficial sources of data
for this mission report, the following list is provided.

1. Flight Requirements Document

2. Public Affairs Press Kit

3. Customer Support Room Daily Reports
4. MER Daily Reports

5. MER Mission Summary Report

6. MER Quick Look Report

7. MER Problem Tracking List

8. MER Event Times

9. Subsystem Manager Reports/Inputs
10. MOD Systems Anomaly List

11. MSFC Flash Report

12. MSFC Event Times

13. MSFC Interim Report

14. Crev Debriefing comments

15. Shuttle Operational Data Book
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ACRONYMS AND ABBREVIATIONS

The following is a list of the acronyms and abbreviations and their definitions
as these items are used in this document. e

5-DMA  Three-Dimensional Microgravity Accelerometer
ADACS attitude determination and control system

A/G air-to-ground

APE-B  Auroral Photography Experiment-B

APU auxiliary power unit

ARPCS  atmospheric revitalization pressure control system
ARS atmospheric revitalization system

ASC-3  Astroculture-3

ATCS active thermal control system

BFS backup flight system

BITE built-in test equipment

BPL Bioserve Pilot Laboratory

BPM bioprocessing module

BREMSAT Bremen Satellite Experiment

BSM booster separation motor

CAPL Capillary Pumped Loop

CCcTV closed circuit television

CEI Contract end item

c.g. center of gravity

CGBA Commercial Generic Bioprocessing Apparatus

CHAVS  Charge Analysis and Wake Study
CPCG Commercial Protein Crystal Growth

CRT cathode ray tube

CcwcC contingency water container

DEU display electronics unit

DIH discrete input high

DSO Detailed Supplementary Objective
DTO Development Test Objective

ap differential pressure

av differential velocity

ECLIPSE-

HAB  Equipment for Controlled Liquid Phase Sintering Experiment-Spacehab
ECLSS  Environmental Control and Life Support System
EMSD Emergency Shutdown

EOS Earth Observation System

EPDC electrical power distribution and control subsystem
e.s.t. eastern standard time

ET External Tank

FCS flight control system

FDA fault detection annunciation
FES flash evaporator system

FF free flyer

FPB fuel preburner

ft/sec feet per second

GAPS group activation packs

GAS Getaway Special

GBA Getawvay Special Bridge Assembly
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GEI |
GFE
GGVM
GH
G.f.t.

GN
GPE
HAINS
HIU
HPFTP
HPOTP
ICD
ICOM
IFM
IMMUNE-
01
IMU
I/0
Isp
JSC
keas
KsC
kW
k¥h
lbm
LCC
LESC
LH
LO2
luge
MBE
MDM
MECO
MET
Mir
MPM
MPS
MSFC
NASA
nmi.
NPSP
NSTS
ODERACS
OF
OFI
OMRSD
OMS
ON
ORSEP
PADM
PAO
PAL
PCMMU
PDI

ground environment instrumentation
Government furnished equipment

gas generator valve module

gaseous hydrogen

Greenwich mean time

gaseous nitrogen

general purpose computer

High Accuracy Inertial Navigation System
headset interface unit

high pressure fuel turbopump

high pressure oxidizer turbopump
Interface Control Drawing
intercommunications

in-flight maintenance

Immunology Experiment-01

inertial measurement unit

input/output

specific impulse

Johnson Space Center

knots equivalent air speed

Kennedy Space Center

kilowatt

kilowatt hours

pound mass

Launch Commit Criteria

Lockheed Engineering and Sciences Company
liquid hydrogen

liquid oxygen

lubrication

Molecular Beam Epitaxy
multiplexer/demultiplexer

main engine cutoff

mission elapsed time

Russian Space Station

manipulator positioning mechanism

main propulsion system

George C. Marshall Space Flight Center
National Aeronautics and Space Administration
nautical mile

net positive suction pressure

National Space Transportation System
Orbital Debris Radar Calibration Spheres
operational forward

operational flight instrumentation
Operations and Maintenance Requirements and Specifications Document
orbital maneuvering subsystem
Optokinetics Nystagmus

Organic Separation

portable audio data modem

Public Affairs Office

protuberance air load

pulse code modulation master unit
payload data interleaver
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b opou
PGSC
PMBT
ppm
PRSD
PSB
RCC
RCS
RF
RHEED
RM
RMS
RSRM
RSB
S&A
SAMS
SAREX
SC-2
SEF
SLF
s/n
SOR/F
S0YUZ
SRB
SRE

'¥ SRSS

&  SSME
STI
STS
TCS
TEPC
TIPS
TPS
VHM
WCS
WSB
WSF/

pover drive unit

Payload General Support Computer
propellant mean bulk temperature
parts per million

pover reactant storage and distribution
Pennsylvania State Biomodule

reusable carbon carbon

reaction control subsystem

radio frequency

Reflection High Energy Election Diffraction
redundancy management

remote manipulator system

Redesigned Solid Rocket Motor

rudder speedbrake

safe and arm

Space Acceleration Measurement System
Shuttle Amateur Radio Experiment
spacecraft-2 computer

Space Experiment Facility

Shuttle Landing Facility

serial number

Stirling Orbiter Refrigerator/Freezer
Russian spacecraft

Solid Rocket Booster

Sample Return Experiment

Shuttle Range Safety System

Space Shuttle main engine

Shuttle Thermal Imager

Space Transportation System

Thermal Control System

Tissue Equivalent Proportional Counter
Thermal Impulse Printer System
thermal protection subsystem
voluntary head movements

Vaste Collection System

water spray boiler

WSF-1 Vake Shield Facility
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