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JOINT SHUTTLE-ISS OPERATIONAL FLIGHT RULES ANNEX
STS-115/12A, 12A-12A.1 STAGE
FINAL
PREFACE

THIS DOCUMENT, DATED JULY 31, 2006, CONTAINS THE FINAL VERSION OF THE
12A/STS-115, 12A-12A.1 STAGE FLIGHT-SPECIFIC FLIGHT RULES AND IS
INTENDED TO BE USED IN CONJUNCTION WITH NSTS-12820, SPACE SHUTTLE
OPERATIONAL FLIGHT RULES, VOLUME A; ISS GENERIC OPERATIONAL FLIGHT
RULES, VOLUME B; JOINT SHUTTLE/ISS GENERIC OPERATIONAL FLIGHT RULES,
VOLUME C, OR SOYUZ/PROGRESS/ISS JOINT FLIGHT RULES, VOLUME D, WHICH
CONTAIN THE GENERIC FLIGHT RULES FOR ALL FLIGHTS.

IT IS REQUESTED THAT ANY ORGANIZATION HAVING COMMENTS, QUESTIONS,
OR SUGGESTIONS CONCERNING THESE FLIGHT RULES CONTACT DA8/ B. A.
LEVY, FLIGHT DIRECTOR OFFICE, BUILDING 4 NORTH, ROOM 3027A, PHONE
281-483-8586.

ALL FLIGHT RULES ARE AVAILABLE ON THE INTERNET. THE URL IS:
HTTP://MOD.JSC.NASA.GOV/DA8. NO ID OR PASSWORD WILL BE REQUIRED TO
ACCESS ANY OF THE RULES PROVIDED THE USER IS ACCESSING FROM A TRUSTED
SITE (ALL NASA CENTERS, CONTRACTORS AND INTERNATIONAL PARTNERS). IF
UNABLE TO ACCESS, USERS NEED TO SEND AN E-MAIL NOTE TO DA8/M. L. GRIFFITH
(MARY.L.GRIFFITH@NASA.GOV) WITH THEIR FULL NAME, COMPANY, IP ADDRESS, AND
A JUSTIFICATION STATEMENT FOR ACCESS.

THIS IS A CONTROLLED DOCUMENT AND ANY CHANGES ARE SUBJECT TO THE CHANGE
CONTROL PROCEDURES DELINEATED IN APPENDIX B. THIS DOCUMENT IS NOT TO BE
REPRODUCED WITHOUT THE WRITTEN APPROVAL OF THE CHIEF, FLIGHT DIRECTOR
OFFICE, DA8, LYNDON B. JOHNSON SPACE CENTER, HOUSTON, TEXAS.

APPROVED BY:

(Signature pending or on file)
PAUL F. DYE VICTOR SVIRIN

STS-115/12A
LEAD SHUTTLE FLIGHT DIRECTOR

JOHN A. MCCULLOUGH
STS-115/12A
LEAD ISS FLIGHT DIRECTOR

PHILIP L. ENGELAUF
CHIEF, FLIGHT DIRECTOR OFFICE

G. ALLEN FLYNT
DIRECTOR, MISSION OPERATIONS

MICHAEL T. SUFFREDINI
MANAGER, INTERNATIONAL SPACE
STATION PROGRAM

REPRESENTATIVE TO THE FRCB FROM
RSA/RSC - ENERGIA

(Signature pending or on file)

VLADIMIR SOLOVIEV
DEPUTY DIRECTOR, INTERNATIONAL
SPACE STATION, ENERGIA

VALERI RYUMIN
DIRECTOR, INTERNATIONAL SPACE
STATION, ENERGIA

(Signature pending or on file)

BENOIT MARCOTTE ~
MANAGER, CANADIAN SPACE STATION
PROGRAM

N. WAYNE HALE
MANAGER, SPACE SHUTTLE PROGRAM

Verify that this is the correct version before use.



JOINT SHUTTLE-ISS OPERATIONAL FLIGHT RULES ANNEX

STS-115/12A

(12A-12A.1 STAGE)

FINAL

JULY 31,

2006

THIS DOCUMENT INCORPORATES CHANGES TO THE FOLLOWING RULES

BASIC, REV A, DATED MAY 11,
AND CHANGE REQUESTS

(DN'"S)
RULE NO.

12A A1-2
122 A1-3

12A A2-2
12A A2-4
12A A2-6
12A A2-7
12A A2-8
12A A2-9
12A A2-10
12A A2-11
12A A2-11
12A A2-12
12A A2-13
12a C2-1
12A C2-12
12A C2-13
12A_C2-15
128 C2-16
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12A_C2-33
12A_C2-41
128 C2-47
12A_C2-48
12A C2-49
12A_C2-52
12A C2-53
12A_C2-54
12A_C2-55
12A_C2-59
12a C2-61
12A_C2-62
12A C2-62
12A_C2-64
12A C2-65
12A C2-65
12A_C2-66
12a_C2-101
12A_C2-102
12A C2-103
12A_C2-104
12A_C2-105

DN/CR NO.

2006)
(CR"S) .

RUSSIAN

CR
CR

CR
CR
CR
CR
CR
CR
CR
CR
CR
CR
CR
CR
CR
CR
CR
CR
CR
CR
CR
CR
CR
CR
CR
CR
CR
CR
CR
CR
CR
CR
CR
ED
CR
CR
CR
CR
CR
CR
CR
CR
CR

7334
7419

7689
7687
7560
7560
7590
7617
7601
7692
7704
7690
7691
7625A
7588
7650
7402
7667
7686
7494
7495
7618
7606A
7528
7534
7669
7680
7665
7698
7699A
7553
7688
7694

7635
7660C
7706
7593A
7663
7661
7641
7641
7641

Verify that this is the correct version before use.

REFERENCE

(SINCE THE
BY THE APPLICABLE DISCREPANCY NOTICES

RULE NO. DN/CR NO. RUSSTIAN
REFERENCE

12A A3-1 CR 7442A

12A A3-2 CR 7629

12A A4-1 CR 7626

12A A4-2 CR 7627

12A A4-5 CR 7628

12A B4-1 CR 7659A [RC]

12A A5-1 CR 7621

12A A5-2 CR 7622

12A A5-3 CR 7623

12A A8-1 CR 7639

12A B8-1 CR 7530

12A A9-1 CR 7599A

12A A9-2 CR 7599A

12A A9-3 CR 7609

12A A9-4 CR 7609

12A A9-5 CR 7609 [RI]

123 _A9-6 CR 7609

12A B9-5 CR 7608B [RI]

12A B9-12  CR 7555A

12A_B9-13  CR 7654 [RI]

12A_C9-1 CR 7646

12A A10-1 CR 7560

12A A10-2 CR 7613

128 A10-3 CR 7614

12A A10-4 CR 7615

12A_A10-5 CR 7616

12A C10-1 CR 7666

12A_C10-2 CR 7668

12A C10-3 CR 7670

12A_C10-4 CR 7697

12A_C10-5 CR 7671

12A_C10-6 CR 7672

12A_C10-7 CR 7674

12A A11-8  CR 7493

12A B11-2 CR 7636

12A B11-3 CR 7637B [RI]

12A B11-4 CR 7711A

12A_C11-1 CR 7633

12A_C11-3 CR 7518



12A C11-4 CR 7709

RULE NO. DN/CR NO. RUSSIAN RULE NO. DN/CR NO. RUSSTIAN
REFERENCE REFERENCE
12A A12-1 CR 7701 12A B15-4  CR 7649 [RC]
123 A12-2 CR 7701 12A B15-5 CR 7651
128 A12-3 CR 7701 128 B15-7 CR 7655 [RI]
123 A12-4 CR 7701 12A B15-8  CR 7656A [RI]
128 A12-11 CR 7701 12A_C15-7 CR 7657
12 A12-13 CR 7701
128 A12-21 CR 7701 12A A17-1 CR 7603
12 A12-22 CR 7701 12A_A17-2  CR 7705
12 A12-31 CR 7701
12A A12-41 CR 7701 12A A18-1 CR 7474
12a C12-4 CR 7701
12a C12-5 CR 7701 12A B19-1 CR 7638
128 B19-2  CR 7638
12A A13-1 CR 7480 122 B19-3 CR 7638
127 C13-2 CR 7700 128 B19-4 CR 7638
122 B19-5 CR 7714
12A A15-1 CR 7642 128 B19-6 CR 7713B
123 A15-2 CR 7643
122 A15-3 CR 7644
12A B15-1 CR 7645
122 B15-2 CR 7647 BOOK MGR BAL 07/31/06
12A B15-3 CR 7648 FINAL QA ned 07/31/06

Verify that this is the correct version before use.
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NASA - JOHNSON SPACE CENTER

FLIGHT RULES

SECTION 1 - GENERAL, AUTHORITY, AND DEFINITIONS

SHUTTLE ONLY RULES

12A Al-1 CONFLICTING RULES

FOR ANY RULE IN THIS VOLUME THAT MAY CONFLICT WITH RULES IN
VOLUMES A, B, OR C, THE RULE IN THIS VOLUME TAKES PRECEDENCE AS
A ONE FLIGHT/ONE SUB-INCREMENT WAIVER TO THE GENERIC BOOKS.

All rules in this volume are approved by the appropriate authorities as the specific rules for STS-115,
Stage 124.

12A Al-2 STS-115 DEVELOPMENT TEST OBJECTIVE (DTO)/SHORT
DURATION BIOASTRONAUTICS INVESTIGATION (SDBI) FCR
RESPONSIBILITIES ®DN34 ] ®CR7334 |

THE FOLLOWING FCR POSITIONS ARE RESPONSIBLE FOR THE LISTED DTO’S
AND SDBI’S:

A. FLIGHT DYNAMICS OFFICER (FDO) :

DTO 805 CROSSWIND LANDING PERFORMANCE (DTO OF OPPORTUNITY)

B. SURGEON: ®[DN34 ]

SDBI 1490 BIOAVAILABILITY AND PERFORMANCE EFFECTS OF
PROMETHAZINE DURING SPACE FLIGHT, PROTOCOL B
(PRE-, IN-, AND POSTFLIGHT)

SDBI 1493 MONITORING LATENT VIRUS REACTIVATION AND SHEDDING
IN ASTRONAUTS (PRE-, IN-, AND POSTFLIGHT)

SDBI 1634 SLEEP-WAKE ACTIGRAPHY AND LIGHT EXPOSURE DURING
SPACE FLIGHT (PRE-, IN-, AND POSTFLIGHT) ®[CR7334 ]

THIS RULE CONTINUED ON NEXT PAGE

12A/STS-115 07/31/06 FINAL GENERAL, AUTHORITY, 11
12A-12A.1 STAGE AND DEFINITIONS
Verify that this is the correct version before use.



NASA - JOHNSON SPACE CENTER

FLIGHT RULES

12A A1-2

SDBI 1490B

SDBI 1493

SDBI 1634

C. EMERGENCY,

STS-115 DEVELOPMENT TEST OBJECTIVE (DTO)/DETAILED
SUPPLEMENTARY OBJECTIVE (DSO)/SHORT DURATION
BIOASTRONAUTICS INVESTIGATION (SDBI) FCR
RESPONSIBILITIES (CONTINUED)

BIOAVAILABILITY AND PERFORMANCE EFFECTS OF
PROMETHAZINE DURING SPACE FLIGHT ®DN34 ] ®CR7334 ]

MONITORING LATENT VIRUS REACTIVATION AND SHEDDING
IN ASTRONAUTS

SLEEP-WAKE ACTIGRAPHY AND LIGHT EXPOSURE DURING
SPACEFLIGHT

ENVIRONMENTAL, AND CONSUMABLES MANAGER (EECOM) :

SDTO 12004-U SHUTTLE BOOSTER FAN BYPASS

D. EXTRAVEHICULAR ACTIVITIES OFFICER (EVA):

DTO 851

IR CAMERA OBJECTIVE 1 ®DN34 ]

12A/STS-115
12A-12A.1 STAGE

07/31/06 FINAL GENERAL, AUTHORITY, 1-2
AND DEFINITIONS
Verify that this is the correct version before use.



NASA - JOHNSON SPACE CENTER

FLIGHT RULES

12A Al-3

STS-115 VEHICLE CONFIGURATION

STS-115/0V-104 FLIGHT SPECIFIC VEHICLE CONFIGURATIONS AS RELATED
TO THE GENERIC RULES ARE LISTED IN THE FOLLOWING TABLE:

VEHICLE CONFIG DEPENDENT COMPONENT/ CONFIGURATION
RULES SYSTEM
{A10-361}, {A10-362}, {A10-363}, {A10-364}, | VIEWPORT NO
{A10-365)
{A15-201}, {A15-202}, {A17-202}, {A17-302}, | AIRLOCK EXTERNAL
{A18-60}, {A18-61}, {A18-62}, {A18-306}
{A17-202}, {A17-302} TUNNEL ADAPTER | NO
{A10-341}, {A10-342}, {A10-343}, {A10-344}, | ODS YES
{A10-345}, {A10-346}
{A10-281} PRLA 4 PRLA (2 MIDDLEWEIGHT, 2 SUPER
MIDDLEWEIGHT)
2 AKA (STANDARD WEIGHT)
{A2-112}, SECTION 12 PDRS YES
{A2-105}, {A2-1001}, DISPLAY SYSTEM | MEDS
{A7-102}, {A7-5}, {A7-109}, {A7-1001},
{A8-18}
{A15-26} SSOR/SSER YES
{A9-257}, {A9-262} CRYO TANK SET |5
{A17-202}, {A17-302} N TANK SET 6
{A2-1001}, {A13-152}, {A13-155}, {A17-53), | CO, CONTROL LIOH

{A17-106}, {A17-155}, {A17-156}, {A17-
1001}

{A10-73} HYD BELLOWS (ALL)
ACCUMULATOR

{A13-30}, {A17-551} IODINE REMOVAL | GIRA

{A2-1001}, {A9-154}, {A18-256}, {A18-1001} | RAD ISOLATION | YES

VALVE

{A9-154}, {A17-3}, {A17-103}, {A17-151},
{A17-153}, {A17-154}, {A17-1001}

AV BAY 3A FAN

STD AVIONICS BAY FAN

{A2-265)

GPS

SINGLE STRING

THIS RULE CONTINUED ON NEXT PAGE

12A/STS-115
12A-12A.1 STAGE

07/31/06

FINAL

GENERAL, AUTHORITY,
AND DEFINITIONS

Verify that this is the correct version before use.
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NASA - JOHNSON SPACE CENTER

FLIGHT RULES

12A_A1—3 STS-115 VEHICLE CONFIGURATION (CONTINUED)
VEHICLE CONFIG DEPENDENT | COMPONENT/ CONFIGURATION
RULES SYSTEM
{A9-154} TACAN SLOTS 1,2,3 COLLINS
{A5-2}, {A5-10}, {A5-11}, {A5-12}, {A5- SSME C- TBD
153} L- TBD
R- TBD
(PHASE II, BLOCK I, BLOCK II, OR BLOCK IIA)
{AB-2}, {A6-3} OoMS L- 108
R- 109
(SERIAL NUMBER)
{A2-105} SPARE HUD NO
{A2-105} PAYLOAD NO
RECORDER
{A2-323} SPARE PDI NO
®[CR7419 |
12A/STS-115 07/31/06 FINAL GENERAL, AUTHORITY, 1-4

12A-12A.1 STAGE

AND DEFINITIONS

Verify that this is the correct version before use.



NASA - JOHNSON SPACE CENTER

FLIGHT RULES

ISS ONLY RULES

12A Bl1-1 ISS SUPPORT EQUIPMENT FCR RESPONSIBILITY

A. PCS HARDWARE AND SOFTWARE - ODIN
B. SSC, OPS LAN - CIO
C. OCA - OPS PLAN
D. UOP
1. POWER OUTLETS - PHALCON
2. DATA OUTLETS - ODIN

3. ISS PLUG-IN PLAN - CIO

12A/STS-115 07/31/06 FINAL GENERAL, AUTHORITY, 1-5
12A-12A.1 STAGE AND DEFINITIONS
Verify that this is the correct version before use.



NASA - JOHNSON SPACE CENTER

FLIGHT RULES

JOINT SHUTTLE/ISS RULES

12a c1-1 FLIGHT CONTROL TEAM (FCT) [RI]

A.

THE FCT IS RESPONSIBLE FOR EXECUTING THE FLIGHT WITHIN THE
GUIDELINES AND AUTHORITY ESTABLISHED WITHIN THE SPACE SHUTTLE
OPERATIONAL FLIGHT RULES.

THE FLIGHT DIRECTORS AND VARIOUS PAYLOAD OPERATIONS DIRECTORS
ARE THE PRIMARY POINTS OF CONTACT FOR SHUTTLE OPERATIONS
COORDINATION, ALTHOUGH THE PRIMARY PAYLOAD OPERATIONS CONTROL
CENTER (POCC) INTERFACE TO THE MISSION CONTROL CENTER (MCC)
STS FCT IS NOMINALLY THROUGH THE MCC ASSEMBLY AND CHECKOUT
OFFICER.

THE ISS FLIGHT DIRECTORS AND THE PAYLOAD OPERATIONS DIRECTORS
ARE THE PRIMARY POINTS OF CONTACT FOR ISS OPERATIONS
COORDINATION ALTHOUGH IF REQUIRED THE PAYLOAD OPERATIONS
INTEGRATION CENTER (POIC) INTERFACE TO THE MCC ISS FCT IS
THROUGH THE OPS PLANNER FOR OFF NOMINAL SITUATIONS.

THIS RULE CONTINUED ON NEXT PAGE

12A/STS-115 07/31/06 FINAL GENERAL, AUTHORITY, 1-6
12A-12A.1 STAGE AND DEFINITIONS

Verify that this is the correct version before use.



NASA - JOHNSON SPACE CENTER

FLIGHT RULES

12A C1-1 FLIGHT CONTROL TEAM (FCT) [RI] (CONTINUED)
D. PRIMARY POINTS OF CONTACT:
ORGANIZATION LOCATION CALL SIGN TITLE
SPACE SHUTTLE MCC-H SHUTTLE FLIGHT NASA SHUTTLE FLIGHT
DIRECTOR
SPACE STATION MCC-H STATION FLIGHT NASA STATION FLIGHT
DIRECTOR
SPACE STATION MCC-M SRP MCC-M SHIFT FLIGHT
DIRECTOR
SPACE STATION MCC-M PRP AID TO MOSCOW FLIGHT
DIRECTOR
SPACE STATION CSR IMC 12A 1SS MANAGEMENT
CENTER
SPACE STATION MCC-H RIO RUSSIAN INTERFACE
OFFICER
SPACE SHUTTLE & MCC-H ACO  [1] NASA ASSEMBLY AND
SPACE STATION CHECKOUT OFFICER
MCC-H HOUSTON SUPPORT HSG HOUSTON SUPPORT GROUP
ROOM (HSR) @ MCC-M
MCC-M RUSSIAN SUPPORT | RUSSIAN SUPPORT GROUP | RUSSIAN SUPPORT GROUP
ROOM (RSR) @ MCC-H
ISS PAYLOADS MSFC POIC POD PAYLOAD OPS DIRECTOR
RAMBO DOD POCC DOD REP DOD REPRESENTATIVE

NOTES:

[11 THE ASSEMBLY AND CHECKOUT OFFICER (ACO) MONITORS & COORDINATES ISS ASSEMBLY OPERATIONS
AND IS THE MCC INTERFACE FOR THE ISSPO, STS PAYLOADS, AND CERTAIN DTO’S. THE OPS PLANNER IS
THE MCC POC FOR ISS PAYLOADS IF THE MSFC POIC IS UNAVAILABLE FOR ANY REASON.

12A/STS-115
12A-12A.1 STAGE

07/31/06

Verify that this is the correct version before use.

FINAL

GENERAL, AUTHORITY, 1-7
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NASA - JOHNSON SPACE CENTER

FLIGHT RULES

12A C1-2 SHUTTLE SUPPORT EQUIPMENT FCR RESPONSIBILITY

THE FOLLOWING ORBITER SUPPORT EQUIPMENT IS THE RESPONSIBILITY OF
THE FCR DISCIPLINES AS INDICATED:

A. OIU - INCO
B. TCS - GNC
C. DTV - INCO
D. SSV - INCO
E. WvVS - INCO
F. PRLA’S - MMACS
G. SHUTTLE ORBITAL COMMUNICATIONS ADAPTER (OCA) - INCO, FAO
H. PGSC HARDWARE - FAO
I. PGSC/PCS SOFTWARE RESPONSIBILITIES:
1. RPOP/TCS SOFTWARE - RNDZ GPO
2. RPOP/TRAD - GPO
J. PAYLOAD DATA INTERFACE PANEL 1 (PDIP 1):
1. ELECTRICAL OUTLETS - EGIL
2. PAYLOAD AND GENERAL SUPPORT COMPUTER (PGSC) COMM PORTS:
J103 AND J107 - ODIN
J101 AND J105 - INCO
3. KU BAND RATE SWITCH - INCO, FAO
4. DATA I/O PORT - FAO

The PGSC comm ports, J103 and J107, are used by the PCS to connect into the ISS busses. J101 and
J105 are used by the OIU. The data I/0 port is used by OCA.

THIS RULE CONTINUED ON NEXT PAGE

12A/STS-115 07/31/06 FINAL GENERAL, AUTHORITY, 1-8
12A-12A.1 STAGE AND DEFINITIONS
Verify that this is the correct version before use.



NASA - JOHNSON SPACE CENTER

FLIGHT RULES

12A C1-2 SHUTTLE SUPPORT EQUIPMENT FCR RESPONSIBILITY
(CONTINUED)

K. PAYLOAD DATA INTERFACE PANEL 2 (PDIP 2):
1. ELECTRICAL OUTLETS - EGIL
2. PAYLOAD AND GENERAL SUPPORT COMPUTER (PGSC) COMM PORTS:
J101 - GPO
J107 - INCO
The PGSC comm port J101 is used by TCS. JI107 is used by the SVS.
L. SHUTTLE A31P LAPTOP HARDWARE AND SOFTWARE COMPONENTS:

1. LAPTOP SHELL HARDWARE COMPONENTS, INCLUDING HARD DRIVE (S)
AND CD-ROM DRIVE (S) - FAO

2. NETWORK INTERFACE CARD, CABLING AND CONNECTORS - FAO
3. WINDOWS 2000 OPERATING SYSTEM - FAO

4. ONX OPERATING SYSTEM FOR THE LASER CAMERA SYSTEM (LCS) -
INCO

5. LCS APPLICATION SOFTWARE - INCO

6. WING LEADING EDGE SENSORS (WLES) APPLICATION SOFTWARE
(A.K.A. “EWBMTAU-WLE”) - ACO

7. DOUG APPLICATION SOFTWARE - FAO

8. ET UMBILICAL CAMERA SOFTWARE (KODAK DCS CAMERA MANAGER) -
MMACS

M. WLES HARDWARE (LAPTOP RECEIVER UNIT, CABLE RELAY UNITS, AND
CABLES FOR Al3 PANEL) - ACO

N. ET UMBILICAL CAMERA HARDWARE (FIREWIRE CABLE AND CONVERTER) -

MMACS
O. LCS RJ45 CABLE (TO OPP) - INCO
12A/STS-115 07/31/06 FINAL GENERAL, AUTHORITY, 1-9
12A-12A.1 STAGE AND DEFINITIONS

Verify that this is the correct version before use.
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FLIGHT RULES
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FLIGHT RULES

SECTION 2 - FLIGHT OPERATIONS

SHUTTLE ONLY RULES
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FLIGHT RULES

JOINT SHUTTLE/ISS RULES
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SECTION 2 - FLIGHT OPERATIONS

SHUTTLE ONLY RULES

12A A2-1 STS-115 PREDOCK THERMAL ATTITUDES

ORBITER ATTITUDE FROM LAUNCH TO DOCKING WILL BE MANAGED PER THE
FOLLOWING (ATTITUDES IN ORBITER COORDINATES) :

A. THE PREFERRED ATTITUDE IS -ZLV —-XVV (PLB TO EARTH); HOWEVER,
ANY PAYLOAD BAY TO EARTH ATTITUDE IS ACCEPTABLE WITH NO
RECOVERY TIME AFTER RETURN TO —-ZLV -XVV.

This is a benign attitude and maintains all P3/4 components within the desired temperature limits.
Thermal analysis was performed using the preferred attitude and includes OMS burns, planned water
dumps, and IMU alignments.

Source: Launch-to-Activation CIR Status for Flight 124/STS-115, Boeing memo AG-92-J353-STN-RAH-
2002-0014, July 24, 2002.

B. THE NOMINAL RNDZ PROFILE, FOR ALL BETA ANGLE CASES, WILL
MAINTAIN ALL P3/4 COMPONENTS ABOVE THEIR SURVIVAL LIMITS.
THE FOLLOWING DEVIATIONS ARE ACCEPTABLE:

1. TI DELAY/ONE REV LATE
2. LOSS OF RNDZ RADAR RNDZ PROFILE
3. LOSS OF -Z STAR TRACKER RNDZ PROFILE

The thermal analysis timeline includes the nominal rendezvous profile. The above deviations do not
adversely affect the desired thermal condition of the P3/4 truss element.

Source: Launch-to-Activation CIR Status for Flight 12A/STS-115, Boeing memo AG-92-J353-STN-RAH-
2002-0014, July 24, 2002.

THIS RULE CONTINUED ON NEXT PAGE
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12A A2-1 STS-115 PREDOCK THERMAL ATTITUDES (CONTINUED)

C. THREE HOURS IN THE HEADS-UP OMS BURN ATTITUDE (+ZLV) IS
ACCEPTABLE. FOLLOWING AN OMS BURN, 2 HOURS IN AN ATTITUDE
DEFINED IN PARAGRAPH A IS REQUIRED PRIOR TO THE NEXT ATTITUDE
DEVIATION OR THE START OF THE RNDZ PROFILE.

The heads-up OMS burn attitude is an acceptable deviation for the time limit specified above. The
recovery time allows P3/4 components to return within the predicted temperature band.

Source: Launch-to-Activation CIR Status for Flight 12A/STS-115, Boeing memo AG-92-J353-STN-RAH-
2002-0014, July 24, 2002.

D. PRIOR TO DOCKING, ANY ATTITUDE THAT PLACES SUN IN THE PLB IS
ACCEPTABLE FOR UP TO 3 HOURS. AFTER THIS DEVIATION, 10 HOURS
IN AN ATTITUDE DEFINED IN PARAGRAPH A IS REQUIRED PRIOR TO
THE NEXT ATTITUDE DEVIATION OR THE START OF THE RNDZ PROFILE.

Attitudes that place Sun in the PLB could cause P3/4 components to exceed their upper temperature
limits within 3 hours.

Source: Launch-to-Activation CIR Status for Flight 124/STS-115, Boeing memo AG-92-J353-STN-RAH-
2002-0014, July 24, 2002.

E. PRIOR TO DOCKING, ANY ATTITUDE THAT PLACES NO SUN IN THE PLB
IS ACCEPTABLE FOR UP TO 5 HOURS. AFTER THIS DEVIATION, 10
HOURS IN AN ATTITUDE DEFINED IN PARAGRAPH A IS REQUIRED PRIOR
TO THE NEXT ATTITUDE DEVIATION OR THE START OF THE RNDZ
PROFILE.

Attitudes that place no Sun in the PLB could cause P3/4 components to exceed their lower temperature
limits within 5 hours.

Source: Launch-to-Activation CIR Status for Flight 12A/STS-115, Boeing memo AG-92-J353-STN-RAH-
2002-0014, July 24, 2002.
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12A A2-2 STS-115 CONTAMINATION CONSTRAINTS MATRIX

TABLE 12A A2-2-I - CONTAMINATION CONSTRAINTS MATRIX

ISS ELEMENT HoO DUMPS ORBITER LEAKS FUEL CELL
OR PAYLOAD (SUPPLY, WASTE, FES) (OMS/RCS/APU) PURGES
RAMBO DESIRABLE: INHIBIT 15 NONE DESIRABLE: INHIBIT 15
MINUTES PRIOR TO TEST MINUTES PRIOR TO
THROUGH 5 MINUTES AFTER TEST THROUGH 5
TEST COMPLETE MINUTES AFTER TEST
COMPLETE
MAUI DESIRABLE: INHIBIT 15 NONE DESIRABLE: INHIBIT 15
MINUTES PRIOR TO TEST MINUTES PRIOR TO
THROUGH 5 MINUTES AFTER TEST THROUGH 5
TEST COMPLETE MINUTES AFTER TEST
COMPLETE
P3/P4 HIGHLY DESIRABLE TO NONE NONE
INHIBIT SUPPLY AND WASTE
H20 NOZZLE DUMPS AFTER
4A SAW DEPLOY.
®DN25 | ®CR7689 |

The RAMBO and MAUI water dump and fuel cell purge constraints are desired to minimize potential
interference during burn observations, but neither payload will decline an observation opportunity if
these constraints are not met. 1t is highly desired to inhibit supply and waste H»O nozzle dumps (supply,
waste, or CWC/PWR dumps) following 44 SAW deploy due to contamination concerns. Flash
Evaporator System (FES) dumps, if needed, are permitted. If situation demands, nozzle-based supply,
waste, and CWC/PWR H»O will be considered on a case-by-case basis. ®DN35 | ®DN25 ]

Sources: Ram Burn Observation PIP (NSTS 21508), Basic + CHG-1, section 4.2.2.4, January 2002, and
Maui Analysis of Upper-Atmospheric Injections PIP (NSTS 21530), Basic + CHG-1, section 4.2.2.4, May

2005. ®DN35 | ®[CR7689 ]
12A A2-3 RESERVED @®[DN33 ]
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12A A2-4 WLES ON-ORBIT OPERATIONS PRIORITIES

ON-ORBIT OPERATIONS WILL BE CONDUCTED SO AS TO MANAGE SYSTEM
BATTERY POWER TO SUPPORT THE FOLLOWING PRIORITIES:

A. ACCESS TO ASCENT DATA MUST BE MAINTAINED THROUGH THE OPENING
OF THE FOCUSED INSPECTION CHIT OR THE MMT DECISION NOT TO
CONDUCT AN ASCENT DEBRIS FOCUSED INSPECTION. DURING THIS

TIMEFRAME, ANY OF THE FOLLOWING ACTIVITIES ARE ACCEPTABLE:
®[CR 7687 |

1. ASCENT DATA COLLECTION, PROCESSING, AND RETRIEVAL

2. ALL ACTIVITIES REQUIRED TO MAINTAIN OR RECOVER SYSTEM
CAPABILITY (E.G., DOWNLINK OF HEALTH AND STATUS DATA)

3. ANY ENGINEERING EVALUATION DATA TAKE OF NO MORE THAN 5
SECONDS (APPROXIMATELY 0.5 AMPERE-SECOND)

4. ANY ENGINEERING EVALUATION DATA TAKE GREATER THAN 5
SECONDS THAT DOES NOT REDUCE BATTERY CAPACITY BELOW WHAT
IS REQUIRED TO DOWNLOAD 40 HALF-SECOND RAW WINDOWS
(APPROXIMATELY 480 AMPERE-SECONDS), USING THE WORST CASE
PREDICTED TEMPERATURE FOR ESTIMATING BATTERY CAPACITY
THAT IS REMAINING

B. ACCESS TO ASCENT SUMMARY DATA MUST BE MAINTAINED THROUGH THE
BEGINNING OF THE FD5 MMT MEETING. THIS REQUIREMENT MAY BE
MET BY THE DOWNLINK OF ALL ASCENT SUMMARY DATA THAT IS
REQUIRED BY WLE MER PERSONNEL.

C. COLLECTION AND DOWNLINK OF MMOD MONITORING DATA

Access to data in the wing-mounted sensor units is constrained by limited battery power and loss of
system access at low temperatures (due to the battery output voltage dropping below the electronics
cutoff voltage limit). However, within those constraints, the system will be operated to ensure that the
SSPO has access to WLES data when needed to corroborate other sources of TPS assessment data. At
the opening of the focused inspection chit, all requests for WLES data to corroborate other sources
should have been satisfied. By the beginning of the FD5 MMT meeting, any additional corroboration
requests that are created out of the focused inspection should have been satisfied. ®[CR7687 |
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12A A2-4 WLES ON-ORBIT OPERATIONS PRIORITIES (CONTINUED)

Ascent raw data is the highest fidelity source, but the large amount of raw data and limited data transfer
rates make it impractical to downlink all ascent raw data during flight. Ascent summary data provides
insight into probable impacts and uses file sizes that allow the downlink of all summary data. Use of
summary data for corroborating other TPS assessment sources after the opening of the focused inspection
chit was reviewed and approved by the Orbiter Configuration Control Board (OCCB) on June 27, 2006,
and reviewed and approved by the SSPO in Chit 3902 on July 6, 2006. Note that the nominal plan is to
downlink all required ascent summary data on FD1. WLE MER decides what summary data is required to
most efficiently identify impacts. This involves setting user-defined parameters that alter the way summary
data is calculated in addition to deciding which summary file types are value added. ®[CR7687 |

System use for engineering evaluations was reviewed and approved at the Orbiter Configuration
Control Board on June 27, 2006. A data take of 5 seconds requires approximately 4 percent of the
battery capacity required to accomplish one half-second raw data download and, therefore, has no
significant effect upon capability to access ascent raw data. To date, the download of 5-10 half-second
raw windows from any single sensor unit is typical, so protecting forty half-second raw data windows
provides approximately six times the capacity needed. ®DN32 | ®[CR7687 |

12A A2-5 A31P LAPTOP USAGE PRIORITIES - TBR

A. ACCESS TO WING LEADING EDGE SENSORS (WLES) ASCENT PEAKS DATA

WLES ascent peaks data is considered highest priority since it provides a direct indicator of debris
impacts to orbiter TPS. Even though it is currently only a crit 3 system, it is a tool that the SSP is
installing on the vehicle to support ascent detection capability. A secondary function is to detect MMOD
impact during orbit operations. The availability and analysis results of the WLES data will be used to
perform detailed robotic inspection with the Orbiter Boom Sensing System (OBSS) planned throughout
the mission.

B. ACCESS TO WLES DETAILED DATA IF REQUIRED TO IDENTIFY
SUSPECTED ASCENT IMPACT LOCATION

C. LASER CAMERA SYSTEM (LCS) OPERATIONS

LCS data is a sensor used for direct measurement of TPS integrity. The LCS provides the capability to
perform direct measurement of specific areas of concern that may be identified by other
inspection/detection assets.

THIS RULE CONTINUED ON NEXT PAGE
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12A A2-5 A31P LAPTOP USAGE PRIORITIES - TBR (CONTINUED)

D. DOUG FOR UNTRAINED ROBOTIC OPERATIONS

The robotic operations required during the SRMS/OBSS’s inspection of the orbiter WLE and Nose Cap
are very complex and very close to orbiter structure. Dynamic Onboard Ubiquitous Graphics (DOUG)
functions as a situational awareness (SA) tool. DOUG provides the robotics operator with a 3D
visualization of the operational environment independent of H/W limitations presented by camera and
window views. In addition, DOUG will be used by the crew to review uplinked procedures for focused
inspections, which will be created and uplinked R/T during the mission. This capability would meet NSTS
60514 Systems Requirements Document for the Orbiter Boom Sensor System, 3.2.1.8.4 Situational
Awareness.

E. DOUG FOR TRAINED ROBOTIC OPERATIONS

For normal operations, the crew should not utilize DOUG as a real-time clearance monitoring tool as the
tool has not been certified for this function, but it is highly desirable as a situational awareness tool. For
all nominal Robotic/OBSS inspection operations, the crew will be well trained to ensure proper clearance
between the OBSS and orbiter structure.

F. DOWNLINK OF EXTERNAL TANK (ET) UMBILICAL WELL DIGITAL CAMERA
IMAGERY

ET imagery is used to determine if ET debris prevention measures are effective. Retrieval of the ET
imagery can wait if there are conflicts with the computer resources required to retrieve the images. In
addition, all ET imagery can be retrieved after landing, since the images are not lost if not downlinked in
real time.

ET imagery is used to determine if ET debris prevention measures are effective. Any acquired digital still
imagery of the ET shall be downlinked within 24 hours after ET separation. Retrieval of the ET imagery
has a high priority to the Shuttle Program/Flight Control Team and the need for this data must be
factored into other conflicts with the computer resources required to retrieve the images. ET imagery can
be retrieved after landing, since the images are stored onboard if not downlinked in real time, but the
need for this data during the mission must be factored into any decision that would prevent real-time
analysis of ET umbilical well digital camera imagery. ®DN36 |

Source: Flight Requirements Document, STS-115, NSTS 17462-115, Rev 028, section 3.1 m 6. ®DN36 |

G. MANAGEMENT AND DOWNLINK OF WLES ON-ORBIT DATA

Management of the WLES post ascent is lowest priority due to potential lack of capability that the system
batteries have to last for the entire mission. Life expectancy of the battery operation is not predictable
even with voltage monitoring capability. In addition, all WLES data can be retrieved after landing, since
data is not lost if not downlinked in real time.
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12A A2-6 IN-FLIGHT MAINTENANCE (IFM) [HC]

A. DEFINITIONS: ®[CR7560 ]

1. SCHEDULED IN-FLIGHT MAINTENANCE (IFM) IS ACCOMPLISHED ON
A PERIODIC (NOT NECESSARILY TIMELINED) BASIS TO KEEP
EQUIPMENT OPERATIONAL AND EXTEND ITS LIFE. SCHEDULED IFM
TASKS INCLUDE INSPECTION, CLEANING, AND REPLACING FILTERS
AND CONSUMABLES. SPECIFICALLY EXCLUDED FROM THIS
DEFINITION ARE REPAIR TYPE ACTIVITIES TO CORRECT OR WORK
AROUND MALFUNCTIONS.

Examples of this type of maintenance are filter cleaning, LiOH canister replacement, and calibration of
equipment.

2. UNSCHEDULED IFM IS UNDERTAKEN AS A RESULT OF ANOMALIES
AND SPECIFICALLY INCLUDES TEST, MEASUREMENT, INSPECTION,
AND REPAIR TYPE ACTIVITIES TO CORRECT OR WORK AROUND
MALFUNCTIONS.

Definitions of categories of maintenance provide common terms for activities which may be constrained
by flight rules. For example, scheduled maintenance is planned and approved preflight and usually
accomplished without real-time consultation with the MCC-H. Unscheduled maintenance, which is
conducted as a result of a hardware malfunction, is usually reviewed real time by the MCC-H whether
or not it was preflight approved. This real-time review is conducted to determine orbiter/crew safety
impacts.

B. IMPLEMENTATION OF IFM
1. SCHEDULED IFM:

a. IN GENERAL, SCHEDULED MAINTENANCE IS PERFORMED AS
REQUIRED WITHOUT CONSULTING MCC. EXCEPTIONS TO THIS
RULE MAY BE REQUIRED FOR EQUIPMENT WHICH CANNOT BE
ISOLATED FROM THE ORBITER ELECTRICAL POWER SYSTEM,
AIR REVITALIZATION SYSTEM, PRESSURE CONTROL SYSTEM,
OR THERMAL SYSTEM. THOSE SCHEDULED IFM PROCEDURES
WHICH REQUIRE MCC NOTIFICATION PRIOR TO
IMPLEMENTATION WILL BE NOTED IN THE FLIGHT SPECIFIC
FLIGHT RULE ANNEX.

Scheduled maintenance is usually considered a routine task. These procedures are reviewed preflight for
impact on orbiter systems. In the interest of safety, some procedures may require MCC notification prior
to implementation. ®[CR7560 ]

THIS RULE CONTINUED ON NEXT PAGE
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12A A2-6

b.

IN-FLIGHT MAINTENANCE (IFM) [HC] (CONTINUED)

SCHEDULED IFM PROCEDURES ON ORBITER HARDWARE WILL BE
PERFORMED BY THE CDR, PLT, OR MISSION SPECIALISTS.
PAYLOAD HARDWARE MAY BE MAINTAINED BY PAYLOAD
SPECIALISTS. ®[CR7560 ]

CDR’s, PLT’s, and MS’s undergo training specific to orbiter scheduled maintenance.

2. UNSCHEDULED IFM:

a.

UNSCHEDULED IFM PROCEDURES ON ORBITER HARDWARE WILL
BE PERFORMED BY THE CDR, PLT, OR MISSION SPECIALISTS.
REPATR PROCEDURES ON PAYLOAD HARDWARE MAY BE
PERFORMED BY PAYLOAD SPECIALISTS IF THE CDR/PLT OR MS
IS COGNIZANT OF THIS ACTIVITY.

CDR’s, PLT’s, and MS’s have an experience and training base to assess the overall impact of a repair
procedure on hardware in general and the orbiter in particular.

b.

UNSCHEDULED IFM PROCEDURES SHALL BE INITIATED ONLY
WITH THE APPROVAL OF MCC-H. WHEN COMMUNICATION WITH
THE MCC-H IS NOT POSSIBLE AND THE CDR DETERMINES THE
SITUATION TO BE CRITICAL, REPAIR MAY BE PERFORMED TO
ENSURE THE INTEGRITY OF THE ORBITER OR SAFETY OF THE
CREW. SPECIFIC PAYLOAD REPATIR PROCEDURES MAY BE
EXEMPTED FROM THIS RULE PREFLIGHT FOR EQUIPMENT
ISOLATED FROM THE ORBITER ELECTRICAL POWER SYSTEM,
AIR REVITALIZATION SYSTEM, PRESSURE CONTROL SYSTEM,
OR THERMAL SYSTEM. THESE EXEMPTIONS WILL BE NOTED IN
THE MISSION SPECIFIC FLIGHT RULES ANNEX.

Repair procedures are written preflight assuming particular hardware configurations, interrelationships,
and sequences of hardware failures. In the interest of safety, the procedure is reviewed real time by the
MCC-H to ensure that the assumptions under which it was written actually exist during on-orbit

operations.

UNSCHEDULED IFM PROCEDURES WILL BE PERFORMED ONLY IF
ADEQUATE TECHNICAL DOCUMENTATION AND POSSIBLY
REPRESENTATIVE HARDWARE ARE AVAILABLE. MCC-H WILL
DETERMINE THE ADEQUACY OF THIS
DOCUMENTATION/HARDWARE, WHICH MAY INCLUDE, BUT IS NOT
LIMITED TO, TECHNICAL DRAWINGS, FLIGHT LIKE HARDWARE,
AND CLOSEOUT PHOTOS. ®[CR7560 1]
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12A A2-6 IN-FLIGHT MAINTENANCE (IFM) [HC] (CONTINUED)

IFM procedures are always verified to the maximum extent possible. Past orbiter flight experience has
shown that, when working to repair hardware, line drawings and specifications are not adequate to
ensure that the final equipment closeout is known. On numerous occasions, preflight closeout photo
documentation has revealed the presence of safety wire, ground straps, and other articles which could
pose a hazard or cause permanent damage to the hardware. Closeout photos in the context of this rule
include interior views of hardware taken during equipment fabrication/assembly as well as final
module/pallet installation. ®[CR7560 |

3. GENERAL:

a. WHEN MULTIPLE TIFM’S ARE REQUIRED, THE FOLLOWING
PRIORITY WILL BE USED IN THEIR IMPLEMENTATION.
MISSION SPECIFIC EXCEPTIONS WILL BE NOTED IN THE
FLIGHT RULE ANNEX.

(1) ORBITER SYSTEMS
(2) SPACELAB SYSTEMS (WHEN APPLICABLE)
(3) EXPERIMENTS/PAYLOADS SELF-EXPLANATORY

b. AN IFM WILL BE PERFORMED ASAP TO REGAIN THE
REDUNDANCY AND/OR CAPABILITY NECESSARY TO SATISFY THE
GO/NO-GO REQUIREMENTS TO CONTINUE PAST THE NEXT PLS
OPPORTUNITY. AN IFM TO ESTABLISH ORBITER FAIL-SAFE
CAPABILITY WILL HAVE PRIORITY OVER ALL FLIGHT
ACTIVITIES AND WILL BE PERFORMED ASAP. FOR EXISTING
VALIDATED IFM REPAIR PROCEDURES, IF TIME DOES NOT
PERMIT COMPLETION PRIOR TO THE NEXT PLS OPPORTUNITY,
A “GO” WILL BE GIVEN ASSUMING A SUCCESSFUL COMPLETION
(FOR REAL-TIME DEVELOPED IFM’S, CONSIDERATION WILL BE
GIVEN TO DECLARING A “GO” PRIOR TO COMPLETION) .

There is a high level of confidence in existing, validated IFM’s. Therefore, the orbiter will remain on orbit,
assuming the IFM will be successful, rather than terminate the mission for lack of time to complete the IFM.
The confidence level may not be as great for real-time developed IFM’s; therefore, the GO to stay on orbit is
not automatic, but instead, depends on the level of confidence in the procedure. ®[CR7560 |
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c. ON ENTRY DAY, PRIOR TO BEGINNING DEORBIT PREPARATION
(DEORBIT TIG MINUS 4.0 HOURS), AN IFM WILL BE
PERFORMED ONLY IF REQUIRED TO REGAIN THE REDUNDANCY
AND/OR CAPABILITY NECESSARY TO SATISFY THE MINIMUM
ENTRY REQUIREMENTS. AN IFM WILL NOT BE ATTEMPTED
DURING DEORBIT PREPARATION EXCEPT FOR THE FOLLOWING
SCENARIOS: ®[CR7560 ]

(1) A ROTATIONAL HAND CONTROLLER (RHC) OR DATA
DISPLAY UNIT (DDU) WILL BE REPLACED IF FAILURES
IN THESE SYSTEMS RESULT IN THE LOSS OF TWO RHC
CHANNELS PRIOR TO ENTERING OPS 3.

(2) ENTRY WILL BE DELAYED TO DO AVIONICS BAY FAN
CHANGEOUT IF BOTH FANS HAVE FAILED IN AVIONICS
BAYS 1 OR 2 AND A FAN CHANGEOUT MAY RECOVER
COOLING IN THAT AVIONICS BAY.

(3) ENTRY WILL BE DELAYED IF IFM CAPABILITY EXISTS
AND IS NEEDED TO MEET ENTRY VENT OPERATION
CONSTRAINTS IN RULE {Al0-261E}, VENT DOOR
MANAGEMENT [HC]:

(A) TO REGAIN REDUNDANCY FOR ZERO FAULT
TOLERANCE, CONSIDERATION WILL BE GIVEN TO
PERFORMING THE IFM IF THE FAILURE OCCURS ANY
TIME PRIOR TO THE DEORBIT BURN.

(B) TO REGAIN CAPABILITY, THE IFM WILL BE
PERFORMED IF THE FAILURE OCCURS AT ANY TIME
PRIOR TO ACHIEVING SAFE HP.

IFM’s require use of equipment and tools which are normally stowed. Their use affects the stowage
timeline and other activities related to preparing the orbiter for entry.

To regain vent door redundancy, consideration will be given to performing an IFM when zero fault
tolerant to the next worse failure. However, increasing this fault tolerance will be weighed against
deorbit consumables (i.e., propellant, water, Oy and N»), available deorbit opportunities, and landing
site weather. After the deorbit burn has been initiated, it is not warranted to stop the burn to regain fault
tolerance.

Rationale for the remaining exceptions is contained under the appropriate system in paragraph C.
®[CR 7560 ]
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d. IFM PROCEDURES ON EXPERIMENTS WITH TOXIC HAZARDS -
NO IFM PROCEDURES WILL BE INITIATED ON AN EXPERIMENT
KNOWN TO REPRESENT A TOXIC HAZARD WITHOUT MCC-H
CONCURRENCE. PROTECTIVE EQUIPMENT MAY BE REQUIRED
(REF. RULE {Al13-155}, ORBITER HAZARDOUS SUBSTANCE
SPILL RESPONSE [HC]). PAYLOAD EQUIPMENT THAT
REPRESENTS A TOXIC HAZARD WILL BE IDENTIFIED IN THE
FLTIGHT RULE ANNEX. ®[CR7560 ]

A real-time assessment of the possibility of repairing and the risk of exposing the crew to a toxic
substance during the repair will be required. The IFM may require that the cleanup equipment specified
in Rule {413-155}, ORBITER HAZARDOUS SUBSTANCE SPILL RESPONSE [HC], be used to minimize

risk of crew exposure to toxic substance.
C. SYSTEMS REPLACEMENT CRITERIA:
1. ANY MDU CAN BE REPLACED WITH ANY OTHER MDU.

Because of the large number of MDU'’s (11), an IFM to replace a failed aft MDU with a forward MDU
may aid the crew in critical aft station operations (RNDZ, dock/undock) without losing any capability in
the forward cockpit. Because of the simple and low risk MDU IFM (45 minutes), the MDU can be
reinstalled in the forward cockpit after the critical aft operations.

2. A KEYBOARD (1 OR 2) WILL BE REPLACED WITH THE AFT KEYBOARD.

The same rationale is used for the keyboard 1 or 2 IFM as for CRT’s and also satisfies the requirement
for fail-safe redundancy in entry-critical LRU's.

3. A SPECIFIC KEY ON (KEYBOARD 1 OR 2) WILL BE REPLACED WITH THE
“ACK” OR “MSG RST” KEY FROM THE AFT KEYBOARD.

If a specific key in one of the forward keyboards is identified as failed, replacing that key with the ACK
key from the aft keyboard can restore the keyboard to full operational status. Since the ACK key is only
used to acknowledge fault messages by stopping them from flashing and turning off alarm tones, the aft
keyboard may continue to be used even if the ACK key has been removed. As an alternative to the ACK
key, the MSG RST key may be used. Forward keyboards are required for entry purposes, while no
requirement exists _for the aft keyboard. An IFM on a forward keyboard key will be done when required,
while an IFM on an aft keyboard may be done.

4. A DEU (1, 2, OR 3) WILL BE REPLACED WITH DEU 4.

IFM for DEU replacement rationale is the same as the CRT’s except DEU 3, due to its location, is
capable of being replaced whereas CRT 3 is not. ®[CR7560 |
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5. AN RHC (LEFT OR RIGHT) WILL BE REPLACED WITH THE AFT RHC IF
MORE THAN ONE CHANNEL IS FAILED ON THE SAME CONTROLLER. ®[CR7560 ]

Although the loss of two RHC channels does not violate minimum entry requirements (system is still fail-
safe), an RHC will be changed out to increase redundancy anytime prior to OPS 3 transition due to its
criticality in the CSS/takeover role for entry/landing.

6. THE FORWARD THC WILL BE REPLACED WITH THE AFT THC.

An IFM to replace the forward THC with the aft THC is required to ensure at least fail-safe redundancy
is available for manual translational control for the deorbit burn.

7. A DDU (LEFT OR RIGHT) WILL BE REPLACED WITH AFT DDU.

An IFM to replace a failed DDU may be required if necessary to regain RHC redundancy (ref. paragraph
5).

8. THE LEFT OR RIGHT HUD WILL BE REPLACED WITH THE SPARE HUD.
FOR FLIGHTS WHICH DO NOT CARRY A SPARE HUD, REPLACEMENT OF THE
LEFT HUD WITH THE RIGHT HUD WILL BE PERFORMED, TIME PERMITTING,
IF A NIGHT LANDING IS PLANNED.

HUD replacement is considered highly desirable for entry in cases where visibility is restricted on the
outer glide slope or for night landings. If a night landing is planned and no spare is available, the right
HUD can be moved to the left side to provide the CDR with an operable HUD. The decision to perform
the IFM will be based on consideration of the severity of the situation (e.g., weather, day or night, etc.).
Reference: Memorandum CB-89-265.

9. AN ACCU (1 OR 2) WILL BE REPLACED WITH BYPASS CONNECTOR J4.

An IFM to bypass a failed ACCU is required to ensure redundant voice links for entry and to determine
whether next PLS must be declared. A failed IFM would be cause for next PLS with one ACCU down.

10. TRANSPONDER (1 OR 2) BYPASS WILL BE CONSIDERED IF ONE FAILED.
THE BYPASS WILL BE PERFORMED IF BOTH HAVE FAILED.

An IFM to recover S-band downlink telemetry is required if both transponders have failed. If one is
failed, consider expenditure of crew time to perform the IFM to ensure redundancy. ®[CR7560 |
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11. IF BOTH AVIONICS FANS IN AV BAY 1 OR 2 HAVE FAILED, ENTRY
WILL BE DELAYED TO REPLACE ONE FAN WITH A FAN FROM ANOTHER AV
BAY. ®@[CR7560 |

AV bay fan replacement is done to recover cooling for two GPC'’s, which provide redundancy for entry.

12. THE PF1/PF2 MDM’S WILL BE SWAPPED ONLY IF REQUIRED TO CLOSE
PIBD’S. PLBD MOTOR OPERATION UTILIZING THE IFM PIN KIT WILL BE
USED IN LIEU OF SWAPPING PL MDM’S IF, AFTER THE MDM’S ARE
SWAPPED, THE PLBD MOTOR IFM WOULD STILL BE REQUIRED TO CLOSE
AND/OR LATCH THE DOORS.

Due to the potential for connector pin damage during demate/mate operations, replacement or swapping
of PL MDM's is only considered for PLBD closure. No consideration is made to swap PL MDM'’s for
mission success reasons. The PLBD motor operation IFM is a collection of pin kit procedures to recover
PLBD motor functions lost as a result of a failed PL MDM, and the motor driven by the other PL MDM
has hard failed. If swapping PL MDM’s will not recover all the necessary functions to close and latch
the doors, the pin kit procedures will be used to regain the lost functions in lieu of swapping the MDM'’s.

13. FOR FLIGHT CRITICAL MDM’S - FF4 WILL BE SWAPPED WITH FF1,
FF2, OR FF3 AFTER POWER CYCLING AND PORT MODING FAILS TO CLEAR A
NON-GPC CAUSED “I/O ERROR FFX” OR TOTAL OUTPUT CARD FAILURE AND
IT RESULTS IN THE LOSS OF:

a. A SECOND IMU
B. A SECOND ACCELEROMETER ASSEMBLY (AA) (AA4 MUST BE FAILED)
Where previous LRU failures would cause a loss of at least fail-safe redundancy in an entry critical
system, it is considered viable to replace FF1, FF2, or FF3 with FF4. The operation would be

accomplished to recover an IMU for redundancy in onboard navigation for entry. The same is true for an
AA to regain redundancy for entry control. ®|CR7560 ]
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12A A2-7 ENTRY STRING REASSIGNMENT

A. PRIOR TO MM 304, RESTRINGING WILL BE PERFORMED TO REGAIN FULL
CAPABILITY FOLLOWING A GPC FAILURE. ®[CR7560 ]

The timeframe between post-deorbit burn and the transition to MM 304 is generally quiet from a
computer point of view and crew workload. As such, the risk of restringing is considered to be low.
Consequently, restringing will be performed to regain full capability for the dynamic phases of entry
(MM 304/305).

B. RESTRING GPC/STRING COMBINATIONS WILL BE SELECTED WHICH MOVE
THE FEWEST NUMBER OF STRINGS WHILE SATISEFYING CRITICAL
CAPABILITY OR ONE-FAULT TOLERANT REQUIREMENTS AS IDENTIFIED
IN PARAGRAPH C.

The greater the number of strings moved during a restring attempt, the more complicated the restring
process. With this in mind, “good” strings should not be taken from “good” GPC'’s unless there is no
other method of satisfying the identified requirements in orbiter systems.

C. DURING ENTRY/GRTLS (MM 304, 305, 602, AND 603), RESTRINGING
WILL BE PERFORMED AS FOLLOWS (TIME PERMITTING) TO REGAIN THE
FOLLOWING CRITICAL SYSTEMS CAPABILITY:

Certain systems capabilities are required to be maintained for safety considerations where the BFS
cannot provide additional systems capability.

1. NOSE WHEEL STEERING (NWS) (FOR RTLS/TAL/AOA (KSC) OR ANY SITE
WITH KNOWN DIRECTION CONTROL PROBLEMS)

NWS is required to maintain lateral control during rollout at landing sites where the lateral runway
environment is limited. BFS engage at touchdown to recover NWS is an option. However, it was
determined to attempt restring during entry to regain NWS and accept risk of BF'S engage as a result
of the restring instead of nominally engaging the BFS for this case at NGTD. Reference Rule {A10-
1414}, NOSE WHEEL STEERING (NWS) [HC], for NWS directional control requirements.

2. ASA COMMAND (MAINTAIN TWO ELEVON, RUDDER, AND SPEEDBRAKE;
MAINTAIN ONE BODY FLAP)

Two elevon, rudder, and speedbrake FCS command channels (each of which have four command
channels) are required since flying with only one FCS channel on an actuator is an uncertified flight
control mode. Only one of three body flap command channels is required to maintain acceptable drive
capability. Control may be available long enough to allow restring procedures to be completed to regain
the required FCS channels rather than defaulting over to the BFS. ®|CR7560 |
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3. VENT DOORS: ®[CR7560 |
A. THE CAPABILITY TO CLOSE ALL VENT DOORS BETWEEN MACH 24 AND MACH 3.5

For loss of close redundancy, the affected door is closed to limit the exposure to the next failure that
would leave the door failed open. Data presented at the Ascent/Entry Flight Techniques Panel (A/E FTP)
#218, March 2006, showed that vent box 3, if left open, is predicted to reach a temperature of 1100 deg F
during the entry profile. Since the melting point of 2024 aluminum is 935 deg F, a breach of the box is
expected to occur, possibly resulting in loss of crew and vehicle. Because the new thermal analysis data
shows temperatures very similar to the old thermal analysis, the previous temperature predictions for
vent doors 1/2, 5, 6, and 8/9 will be used until the new thermal analysis is complete. Currently, if left
open during entry, vent box 1/2 is expected to reach a temperature of 1200 deg F, vent boxes 5 and 6 will
experience 600 to 700 deg F heating, and vent box 8/9 will experience up to 550 deg F heating. Based on
these temperatures, vent box 1/2 will surpass the melting point of 2024 aluminum and would result in a
breach and possible loss of crew and vehicle. The reusability temperature limit of 2024 aluminum is 350
deg F and soon after reaching this temperature, the aluminum starts to lose structural integrity (around
400 deg F). Therefore, 400 deg F was chosen as the temperature limit for which to protect the vent
doors. Even though vent doors 5, 6, and 8/9 do not reach the melting point of 2024 aluminum, they do
exceed the structural integrity limit if left open during entry. Additionally, it is important that these doors
are closed during entry heating above 400 deg F to protect various components in close proximity to the
vent openings from failing, such as electrical wires, Freon lines, hydraulic lines, and APU hydrazine
lines. The Mach number limits are based on the thermal analysis for vent door 3; between Mach 24
(approximately 7.5 min after EI) and Mach 3.5 (approximately 24 min after EI, or approximately 1 min
prior to Vrel = 2400), the vent temperature is predicted to exceed 400 deg F.

B. THE CAPABILITY TO OPEN THE MINIMUM NUMBER OF VENTS DOORS IN ORDER TO
PROVIDE SUFFICIENT VENTING PRIOR TO REACHING AN ALTITUDE OF 70,000 FT:

(1) FORWARD AND AFT COMPARTMENTS: THE LEFT OR RIGHT
SIDE VENTS (SINGLE SIDE) FOR EACH COMPARTMENT,
AND

(2)MIDBODY: ANY FOUR VENTS, OR ANY THREE VENTS IF AT LEAST ONE OF THESE IS LEFT
OR RIGHT VENT 3 ®[CR 7560 ]
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Data presented at the Ascent/Entry Flight Techniques Panel (A/E FTP) #218, March 2006, showed that
adequate venting margins could be maintained if at least one side of the forward compartment, one side
of the aft compartment, and any four midbody vent doors are opened by 70,000 ft. If only three midbody
vents are open by 70,000 fi, adequate venting margins can be maintained if at least one of the midbody
vents open is left or right vent 3. Failures resulting in loss of open capability on both sides of the forward
compartment would result in significantly exceeding Performance Enhancement (PE) certification limits
for compartment pressures and structural loading resulting in loss of crew and vehicle. Failures
resulting in loss of open capability on both sides of the aft compartment would result in compartment
pressures very close to the PE certification limits. Therefore, entry with all aft vent doors closed depends
on all other vents to open nominally and on the 1307 bulkhead check valve to repressurize the aft
compartment. As a result, it is not recommended to enter with all aft vent doors closed due to venting
tolerances. Additionally, failures resulting in more than three midbody vent doors failed closed would
also result in structural failure and loss of crew and vehicle. ®[CR7560 |

Reference Rule {410-261E}, VENT DOOR MANAGEMENT [HC].

The A/EFTP #87 members concluded that a critical bus reassignment should only be performed after loss
of more than two midbody vents has occurred for either vehicle configuration. Restringing for these
cases provides the most prudent venting management plan, trading the effects of a potentially dispersed
entry trajectory with the potential risks of a dynamic restring of flight-critical buses.

4. MPS LHp MANIFOLD ENTRY PRESSURIZATION (FOR RTLS/TAL).

There is insufficient time on RTLS and TAL entries to dump all hydrogen from the Main Propulsion
System (MPS) LH» manifold. The pressurization of the LH» manifold with helium prevents air from
being ingested into the manifold during entry. The loss of this helium pressurization will result in the
creation of an explosive mixture in the LH» manifold as air is ingested and mixes with the hydrogen
residuals. Although difficult to quantify, the hazard to the flight crew from an explosive mixture in the
MPS LH» manifold represents an unnecessary risk. At the A/E FTP #168, October 27, 2000, it was
decided that the recovery technique for the loss of LH» manifold pressurization could be a switch throw,
temporary port mode (to latch the LH» manifold pressurization commands), or restring. In general, a
switch throw will be attempted before a port mode, which will be attempted before a restring; however,
the recovery technique used will depend upon the specific flight phase and failure scenario present in the
orbiter. ®[CR7560 |
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D. RESTRINGING WILL NOT BE PERFORMED WITHOUT PRIOR MCC
COORDINATION. ®[CR7560 ]

The MCC is prime for determining when restringing is required as a result of multiple failures and the
resulting GPC/string assignments required to satisfy critical capability and systems fault tolerance as
identified in the preceding rules. The MCC is prime for determining the acceptability of restringing
based upon the failure signature and conditions and for determining an acceptable data bus reassignment
configuration. As a minimum, voice description of the failure and identification of the proposed bus
reassignment must be coordinated with the MCC prior to performing any restring.

E. FOR A SINGLE GPC FAILURE, RESTRINGING WILL NOT BE PERFORMED
AFTER EI MINUS 5 MINUTES.

EI minus 5 minutes was selected as the last time for which restringing would be performed as a result of a
single GPC failure in order to allow recovery time prior to EI to regain PASS capability should the
restring be unsuccessful.

F. RESTRINGING WILL NOT BE PERFORMED AFTER HAC INTERCEPT.

Crew workload increases after HAC acquisition as concentration is directed towards the immediate
landing tasks. Restringing will not be performed during this timeframe so as not to divert crew attention
away from the critical landing phase tasks. Although no fault tolerance exists, the exposure to the next
failure is minimized since the time between HAC intercept and touchdown is relatively short.

G. RESTRINGING WILL BE PERFORMED TO REGAIN CRITICAL CAPABILITY
INDEPENDENT OF THE BFS STATUS. FOR CASES WHERE RESTRINGING
IS ACCEPTABLE TO REGAIN FAULT TOLERANCE (REF. PARAGRAPH A),
AN ENGAGEABLE BFS MUST BE AVAILABLE.

The BFS is normally required when restringing is performed as a precaution against the low probability
occurrence that the restring action may result in loss of the PASS set. However, when the vehicle has
sustained failures such that less than critical capability remains (a capability which must be maintained
or a loss of crew/vehicle will result), restringing will be performed to regain the needed capability
independent of the BFS status in order to maintain the flying status of the orbiter.

If the BF'S is not available and less than critical capability remains, restring is allowed to recover the
PASS capability to control the orbiter. If the BFS is available and conditions are such that either a BFS
engage or a dynamic restring will recover the critical capability, restring will be attempted if time
permits completion of the restring while still maintaining the BFS engage option. ®|CR7560 |
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12A A2-8 ORBITER ALONE SRMS/OBSS DAP CONSTRAINTS

DURING PERIODS OF SRMS/OBSS OPERATIONS WHILE THE ORBITER IS IN
FREE FLIGHT, THE DAP AND SRMS/OBSS SHALL BE CONFIGURED PER THE
FOLLOWING CONSTRAINTS: ®[CR7590 ]

A. DURING GENERAL SRMS/OBSS OPERATIONS, INCLUDING TPS DATA TAKES

WITH OBSS MOUNTED SENSORS:
THE DAP SHALL BE CONFIGURED PER TABLE lZA_AZ—S—I .
TABLE 12A_A2 -8-I - GENERAL SRMS/OBSS DAP CONSTRAINTS
VERN [2] ALT 21
ROT RATE 0.2 0.2
ATT DB 3.0 5.0
RATE DB 0.2 0.2
JET OPT TAIL
# JETS 1 1]
ON TIME 0.08
DELAY 6.00
CNTL ACC 9 9

NOTES:

[11  DURING PERIODS WHEN OBSS MOUNTED SENSORS ARE NOT PERFORMING DATA TAKES, THE ALT NUMBER
JETS MAY BE SET TO 2 TO IMPROVE MANEUVER RESPONSE.

[2]  DAP: FREE SHALL BE SELECTED WHEN CLEARANCE FROM STRUCTURE IS LESS THAN 2 FT FOR VERN, 5 FT
FOR ALT.

B. WITH RESPECT TO FLIGHT CONTROL PERFORMANCE, THE SRMS SHALL BE
CONSIDERED LOADED WHILE THE OBSS IS ATTACHED DURING NOMINAL
OPERATIONS. FOR CONTINGENCY OPERATIONS, THE SRMS SHALL BE
CONSIDERED UNLOADED PROVIDED THE SRMS IS CONFIGURED PER RULE
{ 12A_C2—TBD} , CONTINGENCY SRMS/OBSS DAP CONSTRAINTS. ®CR7590 |
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(CONTINUED)

Even though the total mass of the OBSS is less than the loaded SRMS definition in Rule {412-6},
OMS/RCS CONSTRAINTS, the distribution of the mass results in a reduction of control authority margin
for extreme SRMS positions. For this reason, a special CNTL ACCL (CA 9) was developed to
compensate for the distributed mass. Under nominal operations, the DAP is optimized using the
preferred CNTL ACCL; however, during contingencies, it is possible to use the standard DAP loads
normally used in those operations (e.g., RCS burns, OMS burns, and rendezvous/proximity operations),
provided the SRMS/OBSS is positioned in an analyzed location. These locations are defined in Rule
{12A_C2-TBD}, CONTINGENCY SRMS/OBSS DAP CONSTRAINTS. ®[CR7590 |

Reference CSDL Memorandum, STS-115 Mated Shuttle/ISS and OBSS Operations DAP Modes and
Constraints. ®[CR7590 |
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12A A2-9 NEXT PRIMARY LANDING SITE (PLS) REQUIREMENTS

FOR FAILURES THAT REQUIRE EARLY MISSION TERMINATION TO THE PRIMARY
LANDING SITE (PLS), THE FOLLOWING EXCEPTIONS AND CONSIDERATIONS
APPLY. IN ALL CASES WHERE DOCKING OCCURS, CONSIDERATION WILL BE
GIVEN TO SHORTENING THE DOCKED MISSION TO REDUCE THE WINDOW OF
EXPOSURE FOR THE NEXT WORSE FAILURE. ®[CR7617 ]

NOTE THAT FOR NO CASES DOES THIS RULE PROVIDE THE GUIDANCE FOR
INVOKING CONTINGENCY SHUTTLE CREW SUPPORT (CSCS) OR LAUNCH-ON-
NEED (LON), AS THAT WOULD BE A DECISION MADE BY THE MMT AFTER ALL
APPROPRIATE RECOMMENDATIONS HAVE BEEN HEARD AND CONSIDERED.

A. FOR PURPOSES OF THIS RULE, THE ORBITER THERMAL PROTECTION
SYSTEM (TPS) WILL BE CONSIDERED SUSPECT IF ANY SINGLE SYSTEM
INDICATES A POTENTIAL ASCENT DEBRIS STRIKE OR DAMAGED AREA,
UNTIL THE SUSPECT AREA HAS BEEN INSPECTED, ANALYZED, AND
SHOWN TO BE CAPABLE OF SUPPORTING DEORBIT AND ENTRY. THE
POTENTIAL DATA SYSTEMS INCLUDE THE FOLLOWING:

1. LAUNCH/ASCENT VIDEO TRACKING
2. LAUNCH/ASCENT RADAR TRACKING
3. WING LEADING EDGE (WLE) IMPACT SENSORS
4. ON-ORBIT INSPECTION
B. PRIOR TO DOCKING WITH THE ISS.
1. IF THE ORBITER TPS IS NOT SUSPECT, THE FOLLOWING APPLIES:
a. IF THE ORBITER IS NOT CAPABLE OF SUPPORTING
RENDEZVOUS AND DOCKING, OR IF THE LAST REMAINING
SYSTEM IS FAILING, THEN FLIGHT DAY 1 (FD1) OR NEXT
PLS DEORBIT WILL BE PERFORMED.
b. IF AN ENTRY CRITICAL SYSTEM IS FAIL CRITICAL
AND COMMON CAUSE OR GENERIC FAILURE MODE ARE
SUSPECTED, THEN FD1 OR NEXT PLS DEORBIT WILL BE
PERFORMED. ®[CR7617 ]

THIS RULE CONTINUED ON NEXT PAGE

12A/STS-115 07/31/06 FINAL FLIGHT OPERATIONS 2-20
12A-12A.1 STAGE
Verify that this is the correct version before use.



NASA - JOHNSON SPACE CENTER

FLIGHT RULES

12A A2-9

NEXT PRIMARY LANDING SITE (PLS) REQUIREMENTS
(CONTINUED)

FOR OTHER PLS CONDITIONS, MISSION DURATION WILL BE
DETERMINED BY A RISK ASSESSMENT FOR DEORBIT AND
ENTRY. THE OPTION TO RENDEZVOUS AND DOCK WILL BE
MATINTAINED UNTIL THE APPROPRIATE RISK ASSESSMENTS ARE
COMPLETED. ®[CR7617 ]

2. IF THE ORBITER TPS IS SUSPECT, THE FOLLOWING APPLIES:

a.

IF THE ORBITER IS NOT CAPABLE OF SUPPORTING
RENDEZVOUS AND DOCKING, OR IF THE LAST REMAINING
SYSTEM IS FAILING, FD1 OR NEXT PLS DEORBIT WILL BE
PERFORMED WITH THE FOLLOWING GUIDELINES:

(1) FOR SUSPECTED ORBITER TPS DAMAGE OTHER THAN RCC,
TIME PERMITTING, BEST EFFORT TPS INSPECTION MAY
BE PERFORMED PRIOR TO DEORBIT AT THE NEXT PLS.

(2) FOR SUSPECTED ORBITER RCC DAMAGE, DELAY
SUCCESSIVE PLS OPPORTUNITIES AS REQUIRED TO
INSPECT THE SUSPECT RCC AREA, WHILE MAINTAINING
THE TIME AND CAPABILITY TO EXECUTE DEORBIT AND
LANDING.

FOR OTHER PLS CONDITIONS, CONTINUE THE MISSION PAST
NEXT PLS TO INSPECT THE SUSPECT ORBITER TPS AREA
PRIOR TO COMMITTING TO PLS. MISSION DURATION WILL
BE DETERMINED BY THE REQUIRED RISK ASSESSMENT FOR
DEORBIT AND ENTRY. THE OPTION TO RENDEZVOUS AND
DOCK WILL BE MAINTAINED UNTIL THE APPROPRIATE RISK
ASSESSMENTS ARE COMPLETED. ®[CR7617 ]
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TABLE 12A A2-9-I - PRIOR TO DOCKING - SUMMARY TABLE

PLS CONDITION TPS NOT SUSPECT TPS SUSPECT
ORBITER CANNOT SUPPORT FD1 OR NEXT PLS TILE: FD1 OR NEXT PLS 1]

RNDZ/DOCKING RCC: PLS AFTER INSPECT
SUSPECT RCC

LAST REMAINING SYSTEM IS FD1 OR NEXT PLS TILE: FD1 OR NEXT PLS [1]

FAILING RCC: PLS AFTER INSPECT
SUSPECT RCC
COMMON CAUSE OR GENERIC | FD1 OR NEXT PLS NEXT PLS AFTER INSPECT
FAILURE MODE SUSPECT TPS 2]
OTHER PLS CONDITIONS RISK ASSESSMENT DETERMINES NEXT PLS AFTER INSPECT
MISSION DURATION [2] | SUSPECT TPS 2]
®CR7617 ]
1]  BEST EFFORT TPS INSPECTION PRIOR TO DEORBIT.

[2] MISSION DURATION WILL BE DETERMINED BY A RISK ASSESSMENT FOR DEORBIT AND ENTRY. THE OPTION TO
RENDEZVOUS AND DOCK WILL BE MAINTAINED UNTIL THE RISK ASSESSMENTS ARE COMPLETED.

C. AFTER DOCKING WITH THE ISS AND PRIOR TO THE COMPLETION OF
PLANNED ASCENT DEBRIS TPS INSPECTIONS:

1. IF THE ORBITER TPS IS NOT SUSPECT, THE FOLLOWING APPLIES:

a. IF THE ORBITER CANNOT SUPPORT THE TIME OR
CONFIGURATION REQUIRED TO COMPLETE THE PLANNED TPS
INSPECTIONS, OR IF THE LAST REMAINING SYSTEM IS
FATILING AND CSCS/LON IS NOT AVAILABLE, THEN NEXT PLS
WILL BE PERFORMED. IF CSCS/LON IS VERIFIED TO BE
AVATILABLE, TIME PERMITTING, PERFORM THE APPROPRIATE
RISK ASSESSMENT TO DETERMINE IF DEORBIT AND ENTRY ARE
VIABLE AS COMPARED TO CSCS/LON.

b. FOR OTHER PLS CONDITIONS, MISSION DURATION WILL BE
DETERMINED BY THE REQUIRED RISK ASSESSMENT FOR
DEORBIT AND ENTRY. ®@[CR7617 ]
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2. IF THE ORBITER TPS IS SUSPECT, THE FOLLOWING APPLIES:
®[CR7617 ]

a. IF THE ORBITER CANNOT SUPPORT THE TIME OR
CONFIGURATION REQUIRED TO COMPLETE THE PLANNED TPS
INSPECTIONS, OR IF THE LAST REMAINING SYSTEM IS
FATLING AND CSCS/LON IS NOT AVAILABLE, THEN NEXT PLS
WILL BE PERFORMED. IF CSCS/LON IS VERIFIED TO BE
AVATLABLE, THEN THE SUSPECT ORBITER TPS AREA WILL BE
INSPECTED PRIOR TO COMMITTING TO UNDOCK AND DEORBIT.
TIME PERMITTING; PERFORM THE APPROPRIATE RISK
ASSESSMENT TO DETERMINE IF DEORBIT AND ENTRY ARE
VIABLE AS COMPARED TO CSCS/LON.

b. FOR OTHER PLS CONDITIONS, CONTINUE THE MISSION PAST
NEXT PLS TO INSPECT THE SUSPECT ORBITER TPS AREA
PRIOR TO COMMITTING TO PLS. MISSION DURATION WILL BE
DETERMINED BY THE REQUIRED RISK ASSESSMENT FOR
DEORBIT AND ENTRY.

TABLE 12A A2-9-II - AFTER DOCKING - SUMMARY TABLE

PLS CONDITION TPS NOT SUSPECT TPS SUSPECT
ORBITER CANNOT SUPPORT NEXT PLS [11 | NEXT PLS IF NO CSCS/LON. IF
PLANNED TPS INSPECTIONS CSCS/LON AVAILABLE, INSPECT

SUSPECT TPS BEFORE UNDOCK. [1]
LAST REMAINING SYSTEM FAILING NEXT PLS [11 | NEXT PLS IF NO CSCS/LON. IF

CSCS/LON AVAILABLE, INSPECT
SUSPECT TPS BEFORE UNDOCK. [1]

COMMON CAUSE OR GENERIC RISK ASSESSMENT DETERMINES CONTINUE MISSION PAST NEXT
FAILURE MODE MISSION DURATION [2] PLS TO INSPECT SUSPECT TPS  [2]
ALL OTHER PLS CONDITIONS RISK ASSESSMENT DETERMINES CONTINUE MISSION PAST NEXT
MISSION DURATION [2] PLS TO INSPECT SUSPECT TPS  [2]
[1] IF CSCS/LON IS AVAILABLE, TIME PERMITTING, PERFORM THE APPROPRIATE RISK ASSESSMENT TO

DETERMINE IF DEORBIT AND ENTRY ARE VIABLE AS COMPARED TO CSCS.
[2] MISSION DURATION WILL BE DETERMINED BY A RISK ASSESSMENT FOR DEORBIT AND ENTRY. ®[CR 7617 ]
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D. FOR LOSS OF OMS/RCS DELTA-V CAPABILITY PRIOR TO DOCKING, IF
REMAINING CAPABILITIES RESULT IN EITHER RENDEZVOUS OR
DEORBIT/ENTRY BEING POSSIBLE, AND NOT BOTH, THEN THE
FOLLOWING APPLIES: ®[CR7617 ]

1. IF THE ORBITER TPS IS NOT SUSPECT, THEN FD1 OR NEXT PLS
DEORBIT WILL BE PERFORMED. CONSIDERATION WILL BE GIVEN
TO PERFORMING BEST EFFORT TPS INSPECTION PRIOR TO DEORBIT
AT THE NEXT PLS.

2. IF THE ORBITER TPS IS SUSPECT, CONTINUE THE MISSION PAST
NEXT PLS TO INSPECT THE SUSPECT ORBITER TPS AREA PRIOR TO
COMMITTING TO DEORBIT. PERFORM THE REQUIRED RENDEZVOUS
BURNS AND MANEUVERS IN THE INTERIM TO PRESERVE A
RENDEZVOUS OPTION, TO THE EXTENT POSSIBLE WHILE
MAINTAINING DEORBIT STEEP CAPABILITY. IF INSPECTION AND
ANALYSES INDICATE THAT THE ORBITER CANNOT SUPPORT SAFE
DEORBIT/ENTRY, THEN DEORBIT CAPABILITY WILL BE GIVEN UP
TO ALLOW FOR DOCKING.

For STS-115, the exceptions and considerations in this rule apply for PLS failure scenarios as called
for in the Rule {42-102}, MISSION DURATION REQUIREMENTS, and the associated individual
systems PLS rules in those respective sections of the Volume A rules. For all cases where docking has
occurred or will occur, consideration will be given to shortening the docked mission in order to reduce
the WOE to the NWF. That is, after the appropriate risk assessment is performed, and/or the required
TPS inspection and analyses are completed, and the orbiter TPS is considered capable of supporting
deorbit and entry, any remaining docked mission time will be evaluated to determine if it is appropriate
to reduce the mission duration to protect for the NWF. ®[CR7617 |
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In preparation for the RTF missions, numerous vehicle modifications have been implemented to minimize
or eliminate the liberation of debris during launch and ascent that can cause critical orbiter TPS
damage. For these missions, it is prudent to inspect the orbiter TPS whenever it is feasible prior to
committing to deorbit and entry to verify the vehicle modifications, and to ensure that the TPS can
support deorbit and entry. At the same time, it is prudent to reduce the WOE to a NWF for systems PLS
cases. This rule requires actions that take into account the critical systems considerations as well as the
status of the orbiter TPS to affect the most equitable balance of risks for the flight phase, either prior to
docking or after docking, and prior to the completion of the planned TPS inspections. Furthermore, this
rule considers the urgency of the system failure(s) for the given flight phase, while considering the status
of CSCS and LON capabilities when docked. This rule does not provide the guidance for actually
invoking CSCS and LON, as that will be a decision for the mission management team (MMT) after all
appropriate recommendations have been made for any given scenario. ®[CR7617 ]

Suspect TPS Definition

For purposes of this rule, the status of the orbiter TPS is defined as either suspect or not suspect. If any
single system, including launch/ascent imagery, launch/ascent radar tracking, wing leading edge (WLE)
sensors, or on-orbit inspections, indicates a potential ascent debris strike to the orbiter TPS or a
damaged area, then orbiter TPS is considered suspect. The TPS will remain suspect until such time as
the required inspections can be accomplished and the associated analyses are completed to exonerate the
suspect TPS condition, showing that the TPS is capable of supporting deorbit and entry. Given the
criticality of the TPS and flight experience showing that TPS damage has occurred on numerous
missions, only a single data source will be required to make the TPS suspect. However, in any case, in
order for the TPS to be declared suspect in a PLS scenario, the data is required to indicate a clear
potential for damage, and it should do so without requiring extraordinary assumptions and extrapolation.
For all other cases, the orbiter TPS will be considered not suspect. This includes cases when there is no
data, such as is expected to be the case on flight day 1 (FD1). On FDI, the earliest imagery data will be
transmitted to the three manned space flight centers (JSC, KSC, and MSFC) and available for analyses at
approximately 2:00 hours Mission Elapsed Time (MET). These initial analyses are expected to be
complete by approximately 8:00 hours MET. For FDI, the first PLS opportunity considered is normally
REYV 3, with a deorbit burn ignition time (TIG) of approximately 4:00 hours MET. A decision to commit
to deorbit on REV 3 is required by approximately 3:30 MET. The REV 6 decision, normally the last one
considered for a FD1 PLS, is required by approximately 7:30 MET. Therefore, except for an
extraordinary circumstance, no data is expected to be available to indicate that the TPS is suspect on
FDI. Additionally, the FD1 PLS cases are generally considered to be an extension of the ascent abort
case, as it relates to the limitations of time and data. The basic RTF flight rationale supports treating the
FDI PLS cases similar to the ascent abort cases, where in the absence of data to the contrary, the TPS
must be considered nominal in ovder to support the required abort scenario. The associated risk of
unsuspected critical orbiter TPS damage for these ascent and FDI abort scenarios is an accepted risk as
part of the flight rationale for RTF. ®[CR7617 ]
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1t is noted that the definition of suspect TPS is not the same as the definition of a compromised orbiter, as
defined in Rule {A2-207}, LANDING SITE SELECTION [HC]. However, a compromised orbiter may be
declared as a result of suspect TPS if sufficient TPS inspection data exists per Rule {42-207}, LANDING
SITE SELECTION [HC]. ®|CR7617 |

Prior to Docking, Orbiter TPS is Not Suspect

Prior to docking when the orbiter TPS is not suspect, the following guidelines apply. If the systems
failure results in the orbiter not being capable of supporting rendezvous and docking, or if the last system
is failing, or if an entry-critical system has lost all fault tolerance and generic or common cause failure
mode are suspected, then FDI or next PLS will be performed. In these cases, the WOE to the NWF
should be minimized to allow safe return of the orbiter and crew while the vehicle can still support
deorbit and entry. This assumes that there are no indications of critical orbiter TPS damage; therefore, it
is prudent to perform a PLS as soon as possible. With regard to the inability of the orbiter to support
rendezvous and docking, this only applies when the orbiter does not have the systems capability to
support a rendezvous and docking, without regard for redundancy. These cases do not include scenarios
where the ability to rendezvous and dock remains, but redundancy requirements per Rule {C2-101}, ISS
GO/NO-GO MATRIX FOR RENDEZVOUS [HC] [RC], are not satisfied. The generic failure mode and
common cause considerations generally only apply for multiple systems failures, except for cases where a
single system failure (e.g., Freon coolant loop) results in PLS, and the failure mode is identified as a
previously known and understood failure mode that is considered generic, and thus more likely to affect
the remaining good system(s). If the failure mode is isolated and understood, and not previously
considered generic, then given only one failure has occurred, it will not be considered a generic failure
unless data is available to suggest otherwise.

For other PLS failures, including those not considered to be generic in nature, the mission duration will
be determined after performing the appropriate risk assessment for deorbit and entry, as well as
rendezvous and docking. In the interim, rendezvous and docking capability will be maintained to the
extent possible, while not compromising the ability to perform deorbit and entry. Because these failures
are somewhat less urgent, it is prudent to take the time to perform the required risk assessment prior to
commiitting to deorbit and entry. It may also be possible to perform some amount of TPS inspection if
time allows and if it does not compromise the ability to perform deorbit and entry. ®[CR7617 |
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Prior to Docking, Orbiter TPS is Suspect ®[CR7617 ]

Prior to docking when the orbiter TPS is determined to be suspect, the following guidelines apply. If the
systems failure results in the orbiter not being capable of supporting rendezvous and docking, or if the
last system is failing, then the PLS requirements are driven by whether or not the suspect TPS is RCC.
The rule distinguishes between suspect RCC and other TPS because in general RCC cannot sustain the
same level of damage before it becomes critical as compared to the other TPS subsystems. If the suspect
TPS is other than RCC, then prior to executing a next PLS, a best effort inspection may be performed
depending on the condition of the orbiter systems and the time to support with available inspection
techniques. If the suspect TPS is RCC, then the PLS will be delayed for successive PLS opportunities as
required to accomplish inspection to the greatest extent possible while maintaining deorbit and entry
capability. This provides the maximum mitigation for suspect RCC, while maintaining the ability to
execute a PLS if no other option exists. This approach increases the WOE for the failing system(s),
however, it does so in order to mitigate the risk of deorbit and entry with critical RCC damage.

For all other system failure scenarios that occur prior to docking, where the TPS is suspect, the TPS will
be inspected and a risk assessment will be performed prior to commit to deorbit to determine the
appropriate mission duration. By definition, these system failure cases are less urgent than the cases
previously noted, and the risk of critical TPS damage is considered greater than the risk of the NWF. By
remaining on orbit, the option to rendezvous and dock is preserved should the risk analysis deem that
course of action necessary.

Post Docking, Orbiter TPS is Not Suspect

After docking when the orbiter TPS is not suspect, the following guidelines apply. If the orbiter is not
capable of supporting the time or configuration required for the planned TPS inspections, or if the last
remaining system is failing, and CSCS/LON is not available, then PLS will be performed. If CSCS/LON
is available, then time permitting, the PLS will be delayed to perform the appropriate risk assessment
prior to undocking and committing to deorbit and entry. In these cases, CSC/LON is not being invoked or
declared; rather the availability of it is considered. If CSCS/LON is considered available, then it is
prudent to take the time available to perform the appropriate risk trade to determine if deorbit and entry
are viable as compared to CSCS/LON. If the failure mode will not support the time required to perform
this analysis, then PLS will be performed. ®[CR7617 |
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For all other scenarios where the orbiter is docked and the TPS is not suspect, the orbiter will remain
docked until a deorbit and entry risk assessment has been completed. These cases are less urgent from an
orbiter systems standpoint, and it is prudent to take the time required to determine the appropriate
mission duration for the failure scenario. Given the comparatively safe configuration of being docked to
the ISS, the risk of the NWF is considered reduced and is accepted in order to ensure the prudent course
of action relative to mission duration. ®[CR7617 ]

Post Docking, Orbiter TPS is Suspect

Post docking when the orbiter TPS is determined to be suspect, the following guidelines apply. If the
orbiter is not capable of supporting the time or configuration required for the planned TPS inspections,
or if the last remaining system is failing, and CSCS/LON is not available, then PLS will be performed. If
CSCS/LON is available, then PLS will be delayed to perform the required focused TPS inspection and
analyses, as well as the appropriate risk assessment prior to committing to undock and deorbit. The risk
of executing a PLS with suspect TPS is considered greater than the risk of remaining docked and
potentially requiring CSC/LON as a result. For these scenarios, if the TPS is still considered suspect
after docking it likely means that the probability of having critical TPS damage is increased. More
specifically, by definition, most of the planned TPS inspection will have been completed and at least
partially analyzed by this time, including the FD1 data, the FD2 RCC inspections, and the rendezvous
pitch maneuver data. Remaining docked to perform the required focused inspection and associated risk
assessment for this scenario does not mean that CSCS/LON will be invoked,; however, since it is
available, the risk of invoking it becomes an accepted risk as compared to the risk of deorbit and entry
with potentially critical TPS damage.

For all other system failure scenarios where the TPS is suspect and docking has occurred, the TPS will
be inspected and a risk assessment will be performed prior to committing to undock and deorbit. These
cases are less urgent from an orbiter systems standpoint, and it is prudent to take the time required to
perform the required focused inspections and to determine the appropriate mission duration for the
failure scenario. Given the comparatively safe configuration of being docked to the ISS, the risk of the
NWEF is considered reduced and is accepted in order to ensure the prudent course of action relative to
the suspect TPS and mission duration. ®[CR7617 |
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OMS/RCS Delta-V Loss ®[CR7617 ]

If the TPS is not suspect and OMS/RCS delta-V capability is lost prior to docking, such that either
rendezvous and docking, or deorbit and entry may be performed, but not both, then FDI1 or Next PLS will
be performed. In these cases, a best effort TPS inspection may be considered if it is determined that the
associated time and risks of performing the inspection(s) will not compromise the ability to execute
deorbit and entry. In these cases, the associated risks of delaying the PLS to FD2 must be considered,
since a FD2 deorbit and entry is generally much less desirable than FD3 for example, with regard to
crew health and space adaptation.

If the TPS is suspect, the mission will continue past successive PLS opportunities as required in order to
perform focused TPS inspections. In the interim time, all rendezvous burns and maneuvers will be
executed as required to maintain a rendezvous and docking option to the extent possible without giving
up deorbit steep and entry capability. These cases are generally not time critical, but rather critical to
delta-V capability. The risk of sustaining the NWF while remaining on orbit is considered less than that
of executing deorbit and entry with the potential for critical TPS damage. By maintaining the rendezvous
profile, the contingency option to dock with ISS and invoke CSCS/LON is preserved in the event the TPS
damage is deemed critical. If the TPS inspection and analyses reveal that the TPS damage may be
critical, then the requirement to maintain deorbit capability will no longer be maintained if it precludes
the ability to perform rendezvous and docking. Additionally, for these scenarios where rendezvous and
docking becomes required, then maintaining the OMS/RCS delta-V to perform a controlled disposal
deorbit and entry may not be possible and the rendezvous/docking will always take priority.

Reference Rules {A2-102}, MISSION DURATION REQUIREMENTS, and {A2-210} ENTRY THERMAL
OPTIONS [HC].

Reference Ascent/Entry Flight Techniques Panel (A/EFTP) #206 on October 22, 2004, and A/EFTP
#209B on January 25, 2005. ®[CR7617 |
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A. THE ET UMBILICAL WELL PHOTOGRAPHY +X TRANSLATION MANEUVER
WILL BE NO-GO FOR THE FOLLOWING: ®@[CR7601 ]

1. OMS/RCS PROPELLANT LEAKS, HELIUM SYSTEM LEAKS, OR TANK
FAILURES THAT RESULT IN A PROPELLANT CRITICAL MISSION

2. MECO UNDERSPEED THAT RESULTS IN AN INABILITY TO SUPPORT A
FIRST DAY PLS DEORBIT

3. ET PREDICTED TO BE IN DARKNESS FOR BOTH UMBILICAL WELL
AND ET HANDHELD PHOTOGRAPHY

B. THE +X TRANSLATION MAY BE PERFORMED AFTER A DELAYED ET
SEPARATION, PROVIDED THAT THE MPS DUMP IS COMPLETE OR HAS
BEEN DELAYED UNTIL AFTER THE +X MANEUVER.

C. THE CREW HANDHELD ET PHOTOGRAPHY PITCH MANEUVER WILL BE NO-GO
FOR THE FOLLOWING:

1. NO +X TRANSLATION MANEUVER PERFORMED
2. FAILURES THAT RESULT IN A PROPELLANT CRITICAL MISSION:
a. LOSS OF AN OMS ENGINE

b. MECO UNDERSPEED GREATER THAN UNDERSPEED RECOVERY
CAPABILITY

c. UNPLANNED PRE-MECO OMS DUMP
3. BFS ENGAGED
4. ET IN DARKNESS AT PHOTOGRAPHY TIME ®[CR7601 ]
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There are two methods of photographing the External Tank. Method 1 utilizes automatic cameras in the
ET umbilical wells of the orbiter and requires an 11-second +X translation immediately following the -Z
separation burn. The +X maneuver requires about 120 pounds of RCS propellant. This propellant goes
directly in-plane and is an aid to achieving the proper orbit for rendezvous flights, so it is not an impact
to perform this translation maneuver for such missions. Method 2 utilizes crew handheld cameras and
requires an orbiter pitch maneuver using moments provided by the MPS dump. Method 2, if not
performed via the MPS dump, requires an additional 70 pounds of aft and 30 pounds of forward RCS
propellant. Method 1 is considered primary and Method 2 is considered secondary for obtaining
engineering analysis photography of the ET. Method 1 provides the highest resolution photographs of
the ET. These priorities are reflected in the constraints of this rule. ®[CR7601 ]

+X Translation Constraints:

Significant failures in the OMS and RCS systems (propellant or helium leaks or tank failures) result in a
loss of delta-V capability, and the ET photography propellant may be needed to accomplish flight-critical
maneuvers (e.g., OMS-1, deorbit) or for entry control. Each failure will be assessed independently, but in
general, failures which severely impact OMS or RCS capabilities will be cause to NO-GO both
photography methods so that a safe orbit may still be achieved. Consideration will be given to
performing the +X translation maneuver if the failure does not result in a propellant critical mission.

Certain MECO underspeed/OMS remaining combinations result in an AOA shallow. For these cases, we
are propellant critical and an uncertified abort is required. Therefore, it is not prudent to perform the
+X translation in these cases. For the loss of comm case, the crew uses an HA cue for GO/NO-GO status
on the +X. To be conservative, the HA will be based on the design MECO underspeed. Assuming a full
ATO dump, if the underspeed is greater than the design MECO underspeed, the result would be an AOA
shallow. If time allows, the ground can make the call based on the underspeed/OMS remaining resulting
in an ATO/Min Hp or greater orbit.

ET photography typically is scheduled on all flights where at least part of the launch window allows
sunlight for the photos. Photos of the ET in darkness are not useful. If lighting changes during the
launch window, ET photography can be planned and trained for, but will be canceled if sunlight will not
be present at the same time photos are to be taken. Each of the two methods will be evaluated on its own
lighting conditions.

For the case of a delayed ET separation (i.e., time to recover separation jets) or MPS feedline disconnect
fail, it is acceptable to perform the +X translation and pitch maneuver. However, it is prudent to wait
until the MPS dump is complete prior to initiating the +X maneuver or keep the dump inhibited until after
the +X has been performed. If the pitch maneuver is to be performed, then a minimum of 1:40 minutes
after ET separation is required to provide enough separation distance between the orbiter and ET prior
to initiation of the MPS dump and corresponding pitch maneuver. ®[CR7601 |
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Pitch-Maneuver Constraints: ®[CR 7601 ]

Not performing the +X maneuver results in the relative distance between the orbiter and ET decreasing
from 688 feet to 461 feet. The pitch maneuver will not be performed since a dispersed relative motion
analysis of the ET and orbiter at this distance has not been performed.

The propellant used for the pitch maneuver does not benefit the rendezvous like the +X maneuver does.
By not performing the pitch maneuver, approximately 10 fps delta V from the MPS dump can be utilized
in plane and posigrade. For propellant critical missions resulting from loss of a single OMS,
underspeeds that impact rendezvous capability, unplanned OMS dump, or loss of vernier attitude control
for certain missions, it is prudent to utilize this propellant to protect for the rendezvous.

Loss of a single OMS engine results in having to redline propellant for a RCS steep deorbit. This could
result in a propellant critical mission and, thus, it is prudent to not perform the pitch maneuver and save
the corresponding delta V.

MECO underspeeds will be evaluated against the mission specific underspeed recovery capability to
determine whether the pitch maneuver can be performed. This underspeed capability is computed using
the mission specific prop priority table and protects for the nominal rendezvous profile, including three
sigma dispersions, the rendezvous pitch maneuver, nominal undock and separation, and 2-2-2 deorbit
costs. This value will be computed for both verns failed and verns available in order to assess whether
the pitch maneuver should be performed if it is known that the vernier jets are failed post MECO.

An unplanned pre-MECO OMS dump results in loss of budgeted propellant and may result in a
propellant critical mission. It is, therefore, prudent not to perform the pitch maneuver and save the
corresponding delta velocity.

If the BFS were engaged prior to the pitch maneuver being performed, there are two reasons to delete the
pitch maneuver. The first is that the BF'S DAP will not allow the pitch to be performed via the MPS dump
as it does not support a single axis in “free drift.” The second is that the mission will more than likely
become propellant critical at this point as the post insertion timeline on the BFS will have significantly
greater propellant consumption until the PASS is recovered. ®|CR7601 |

12A/STS-115 07/31/06 FINAL FLIGHT OPERATIONS 2-32
12A-12A.1 STAGE
Verify that this is the correct version before use.



NASA - JOHNSON SPACE CENTER

FLIGHT RULES

12A A2-11 LATE RCC INSPECTION FOR MMOD DAMAGE

A. RE-RENDEZVOUS IS NOT A REQUIREMENT IN SUPPORT OF LATE
INSPECTION. ®[CR7692 ]

1. NC-5 WILL BE PLANNED AND EXECUTED (IF RE-RENDEZVOUS
PROFILE REQUIRES) TO RETAIN RE-RENDEZVOUS CAPABILITY.

2. NC-6 WILL BE EXECUTED IN THE EVENT THAT IMAGERY REVIEW OR
DAT ASSESSMENT IS NOT COMPLETED OR RCC DAMAGE DOES NOT
MEET THE DAMAGE CRITERIA AND REQUIRES REPAIR TO SUPPORT
ENTRY.

Although re-rendezvous is not a requirement, in support of delayed imagery review, DAT assessment, or
inability to repair RCC damage, a re-rendezvous plan has been developed for STS-115 that allows re-
rendezvous to be performed covering 1, 1 deorbit opportunities based on nominal propellant usage.
Propellant will not be explicitly budgeted to maintain a re-rendezvous capability should unforeseen
propellant issues occur (e.g., MECO underspeed, etc.). ®[CR7704 |

The following table shows the pre-mission re-rendezvous plan for the August 28, 2006 launch:

MET BURN NOMINAL DELTA-V NOTES
(FPS)
8/18:00 SEP-2 1.0 POSIGRADE SEP
(INSTEAD OF 3.0 FPS RETROGRADE)

9/01:30 NC-5 0.6 TARGET STATIONKEEP AT 40 NM
9/14:30 NC-6 1.0 BEGIN STATIONKEEP AT 40 NM
10/00:23 NC-7 0.0 MAINTAIN 40 NM STATIONKEEPING
10/14:27 NH 0.7 SET UP DELTA HEIGHT FOR RNDZ
10/15:00 NC-8 1.2 INITIATE RE-RENDEZVOUS PROFILE
10/16:31 Tl 8.9 INITIATE FINAL TERMINAL PHASE
10/19:12 DEORBIT NOMINAL EOM DEORBIT TO KSC
10/18:53 DOCKING

B. THE NOMINAL LATE INSPECTION PLAN FOR STS-115 CONSISTS OF A
DOCKED PORT SURVEY WITH THE LDRI, UNDOCKING WITH OBSS IN
HANDOFF POSITION, AND STBD WLE AND NOSE CAP (POST UNDOCKING)
WITH THE LDRI. ®[CR7692 ] ®CR7704 ]

THIS RULE CONTINUED ON NEXT PAGE
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12a A2-11 LATE RCC INSPECTION FOR MMOD DAMAGE (CONTINUED)

C. THE DAMAGE ASSESSMENT TEAM (DAT) WILL UTILIZE THE RCC DAMAGE
INSPECTION REQUIREMENTS TO DETERMINE MMOD ENTRY CRITICAL
DAMAGE FOR THE WLE AND NOSE CAP TO SUPPORT REPAIR/ENTRY
GO/NO-GO CAPABILITY. ®@[CR7692 ]

AS SOON AS VIOLATIONS HAVE BEEN IDENTIFIED, THE TPS IMAGERY
COORDINATOR (TIC), PER DIRECTION FROM THE DAT, WILL INFORM
THE FLIGHT CONTROL TEAM.

D. IN SUPPORT OF LATE INSPECTION ACTIVITIES, UNDOCKING WILL BE
DELAYED FOR THE FOLLOWING:

1. TPS DAMAGE IS SUSPECTED AND HAS NOT BEEN DECLARED GO FOR
ENTRY.

2. PORT WLE IMAGERY REVIEW OR DAT ASSESSMENT IS NOT
COMPLETED BY SCHEDULED UNDOCKING TIME AND RE-RENDEZVOUS
IS NOT AVAILABLE.

A more robust EVA capability is available while docked (due to the availability of additional support
hardware and repair tools).

1t is prudent to remain docked in support of a possible port WLE repair due to the robust EVA capability
and it is mandatory to remain docked if the RMS/OBSS cannot support standalone (undocked) RCC EVA
repair.

For a delayed undocking scenario, procedures are available for docked nose cap and STBD WLE surveys
and will be scheduled while EVA repair is being developed (for the port wing case). It should be noted
that these procedures will require additional execution time since they have not been previously
performed and the STBD WLE survey has reduced coverage to support clearance protection.

E. LATE INSPECTION WILL NOT BE PERFORMED IN A PLS OR MDF CASE.

Mission priority and timeline focus is changed to ensure the vehicle is in a safe configuration to support
deorbit, entry, and landing due to the systems failure for which the PLS/MDF was invoked. Per existing
rules and Program philosophy, deorbit is planned as soon as possible to reduce the window of exposure
to the next worse failure. ®[CR7692 ]

THIS RULE CONTINUED ON NEXT PAGE
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12a A2-11 LATE RCC INSPECTION FOR MMOD DAMAGE (CONTINUED)

F. IN THE CASE OF THE LOSS OF THE LDRI SENSOR (PRIME) DURING
LATE INSPECTION, THE SURVEY WILL BE SUPPORTED ON A BEST
EFFORT BASES WITH AVAILABLE PROCEDURES. ®[CR7692 ]

1. ITvC (IF MODE 2 ILLUMINATION AVAILABLE FROM LDRI)- PORT
WING AND NOSE CAP DOCKED, STBD UNDOCKED

2. IDC WLE (7-11), NOSE CAP - UNDOCKED
3. LCS - UNDOCKED

G. NO PROACTIVE EFFORTS (VEHICLE POWERDOWN, ADDITIONAL H20
TRANSFER, ETC.) WILL BE PUT INTO PLACE DURING THE NOMINAL
MISSION TO INCREASE PRE-MISSION CSCS CAPABILITY FOR LATE
INSPECTION. @®[CR7704 ]

Per Programmatic direction, re-rendezvous capability, post undocking, is not required in support of Late
Inspection. Programmatic expectation is that the damage that may be caused by MMOD impact is small
enough to require no repair or can be successfully repaired using NOAX via an undocked EVA repair.

Although not a requirement for STS-115, a plan has been developed that allows re-rendezvous with no
impact to deorbit planning if re-rendezvous is not performed. The re-rendezvous plan utilizes
stationkeeping at 40 nm in a stable orbit for which deorbit planning can easily be executed.

The nominal late inspection plan for STS-115 consists of using the LDRI sensor and performing the port
WLE survey post MPLM berth (docked), undocking with the OBSS in the handoff position, and
completing the STBD WLE and Nose Cap inspection after undocking. This provides the most
optimal/efficient plan to support late inspection requirements and complete the planned mission
objectives. The timeline option was concurred upon at the February 3, 2006, March 3, 2006, and April
6, 2006, PRCB’s for the STS-121/ULF 1.1 mission, and is being carried over to the STS-115/12A mission.

The DAT will provide a repair/entry GO/NO-GO based on the RCC damage inspection requirements.
Undocking will be delayed for the case where imagery detects damage on the port WLE. Undocking will
also be delayed for at least 24 hours for the scenarios where re-rendezvous is not available and port WLE

imagery review/DAT assessment is not complete at the scheduled undocking time. ®[CR7692 |
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12a A2-11 LATE RCC INSPECTION FOR MMOD DAMAGE (CONTINUED)

The docked configuration provides a more robust EVA capability utilizing ISS assets. Re-rendezvous is
not without risks with the possibility (low probability) of not being able to re-dock due to an APDS
problem, thus, losing the most optimal configuration for repair and/or CSCS options. ®[CR7692 |

Based on Program direction and philosophy, late inspection will not be performed for an MDF/PLS case.
The mission priorities and timeline should focus on configuring the vehicle to support deorbit/entry.
Deorbit will be planned as soon as practical to reduce the window of exposure to the next worse failure.

Additionally, with the loss of the LDRI sensor, a best effort survey will be performed utilizing the current
procedures/capabilities. Mission lifetime (cryo) is the constraining factor and the best effort/risk tradeoff
must be performed to ensure the capability to deorbit is protected (late inspection PRA versus deorbit).

Finally, CSCS assumptions were originally developed in support of damage caused by ascent debris.
CSCS maximum duration is based on defined assumptions including powerdowns on FD5 (modified
group C) and intrusive powerdowns on FDI10. These early powerdowns have a major effect on planned
mission activities and objectives. Therefore, to support mission objectives, the standard group B
powerdown will be performed. Undocking without any proactive prep for CSCS reduces the overall
CSCS capability.

Reference Rules {A2-102}, MISSION DURATION REQUIREMENTS; {A2-203}, DEORBIT DELAY
GUIDELINES; and {A2-204}, MDF DEORBIT GUIDELINES. ®[CR7692 |
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12A A2-12 TPS INSPECTION AND IMPACT DETECTION PRIORITIES

A. FD2 SURVEYS ®[CR7690 ]

1. FD2 INSPECTIONS WILL BE EXECUTED, AS PREFLIGHT PLANNED,
TO EXPEDITE COLLECTION OF REINFORCED CARBON-CARBON (RCC)
IMAGERY DATA REQUIRED TO DETERMINE INTEGRITY OF THERMAL
PROTECTION SYSTEM (TPS) AFTER EXPOSURE TO THE ASCENT
DEBRIS ENVIRONMENT.

2. FD2 INSPECTIONS WILL BE LIMITED TO DOCUMENTED/TRAINED
PROCEDURES TO OPTIMIZE DATA COLLECTION AND MINIMIZE RISKS
ASSOCIATED WITH THE EXTENSIVE SURVEY OPERATIONS.

3. THE FD2 PORT WLE SURVEY MAY BE REPLACED BY THE FD3 CREW
CABIN END EFFECTOR (EE) SURVEY IF SUSPECTED TPS DAMAGE ON
THE CREW CABIN AREA WARRANTS. THE PORT WING INSPECTION
WILL BE RESCHEDULED AS SOON AS PRACTICAL POST DOCKING.

4. ORBITER CAMERAS WILL BE UTILIZED TO PROVIDE A BEST EFFORT
INSPECTION FOR TPS AREAS OF CONCERN AT PLANNED PAUSE
POINTS IN THE FD2 SURVEYS. NO CHANGES TO THE PROCEDURE
PAUSE POINTS WILL BE MADE TO ACCOMMODATE ORBITER CAMERA
VIEWS (SEE PARAGRAPH A.2).

The goal of the planned FD2 inspection procedures is to efficiently and expeditiously collect the required
RCC data for review. Any deviation from the pre-planned procedures delays collection of RCC data and
has a major impact to the subsequent mission timeline to achieve the required data.

The planned FD2 LDRI RCC inspections have no timelined margin for the day. The inspections are
sequenced in priority order (STBD WLE, nose cap, port WLE) due to the loss of full inspection capability
on the STBD WLE and nose cap when docked to the ISS. While docked, the 5 feet clearance cannot be
maintained for a Laser Dynamic Range Imager (LDRI) motion scan at the desired resolutions on
starboard lower RCC panels 5-13 and starboard upper RCC panels 1-4, and an area on the lower,
starboard side of the nose cap. The port LDRI survey can be completed docked. With ascent debris
contributing 27.1 percent to the Space Shuttle Program probability risk assessment, it’s imperative that
the full suite of data (at the required resolution) be collected as quickly as possible on FDZ2 to analyze the
health of the RCC. Delaying/moving the inspections from FD2 has major implications to the planned
mission objectives (delay in docking to achieve required imagery resolution, or impact docked operation
to complete surveys, with reduced resolution in the areas identified). ®[CR7690 |
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12A A2-12 TPS INSPECTION AND IMPACT DETECTION PRIORITIES
(CONTINUED)

Due to the intensive/extensive crew support required to safely execute the FD2 RCC inspections, the
inspections will be limited to the documented/trained LDRI procedures. Since the LDRI sensor provides
the highest resolution on the RCC for initial damage detection (80 mil and 20 mil 2 inch crack) during
the scan surveys, ‘‘focused” stop/stare inspection should not be required with either the LDRI or an
alternate sensor. Doing so delays completing the RCC scan surveys and introduces additional risks to
the inspection execution. Any changes to the planned RCC scan inspections require procedure
verification and validation to ensure they can be safely performed. This cannot be sufficiently completed
during real-time execution or prior to planned crew sleep. In addition, the preferred sensor of choice for
RCC-focused inspection (Integrated Sensor Inspection System (ISIS) Digital Camera (IDC)) is
constrained to daylight operations to achieve the required resolution (80 mil). ®[CR7690 |

For the scenario where there is suspect TPS damage (crew cabin, chin panel, etc.) which can be
inspected as part of the crew cabin EE survey and is of immediate concern where inspection cannot wait
until FD3, the FD2 port survey may be delayed until docking to allow this inspection data to be retrieved.
The entire crew cabin EE survey will be executed in place of the port WLE survey to provide not only
inspection of the area of concern, but the remainder of the TPS to clear it of ascent debris concerns.
During the crew cabin EE survey, pause points in the procedure may be utilized to manually move the EE
closer to the suspect damage to get better resolution of the damage. This is unique to Remote
Manipulator System (RMS) only procedure and can be safely accommodated without impacting the
planned execution.

Orbiter camera views, when available, will be used to provide initial inspection views of damaged area.

B. IF THERMAL PROTECTION SYSTEM (TPS) INSPECTIONS ARE REPLANNED
IN FLIGHT, THEY WILL BE PLANNED PER THE FOLLOWING PRIORITIES
BEFORE ISS DOCKING:

1. STARBOARD WING LEADING EDGE “BLACK” AND LOW CLEARANCE
AREAS

2. NOSE CAP

3. PORT WING LEADING EDGE “BLACK” AREAS

4. REMAINING WING LEADING EDGE AREAS

5. CHIN PANEL AND ARROW HEAD

6. TPS SITES WITH SUSPECTED IMPACT OR DAMAGE ®[CR7690 |
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12A A2-12 TPS INSPECTION AND IMPACT DETECTION PRIORITIES
(CONTINUED)
7. LOWER SURFACE DOOR SEALS ®[CR7690 ]
8. REMAINING ACREAGE AREA
9. REMAINING EXTERIOR SURFACES

The planned FD2 reinforced carbon-carbon (RCC) inspections have no timeline margin for the day.
While docked to ISS, 5 feet clearance cannot be maintained for an LDRI motion scan at the desired
resolutions on starboard lower RCC panels 5-13 and starboard upper RCC panels 1-4 (0.25 inch and 1.0
inch resolution, respectively, and an area on the lower, starboard side of the nose cap). Further, there
are areas around the orbiter that cannot be imaged at the desired resolutions with only the SRMS end
effector camera. Thus, the OBSS must be used to inspect these areas for entry critical damage, or EVA
digital still imagery is required with a high crew time and mission objective impact. These areas are
referred to as the “black” areas, based on the black and white diagrams used to depict the SRMS end
effector camera’s ability to inspect TPS at Space Shuttle Vehicle Inspection and Repair OFTP #11. The
nose cap “black” area can be seen in the STS-114 JOP #23 minutes dated May 24, 2005.

Based on the combination of these constraints, if the TPS inspections are replanned before docking, the
revised plan will optimize obtaining the data most difficult to get after docking. The next priority before
docking is on the least impact tolerant RCC, any areas with suspected impacts or damage (based on
ascent video, ET imagery, or impact sensors), door seals, and tile.

C. AFTER ISS DOCKING, TPS INSPECTION PRIORITIES ARE AS FOLLOWS:

1. TPS SITES WITH SUSPECTED IMPACT OR DAMAGE

2. WING LEADING EDGES, WITH AREAS HAVING THE SMALLEST
ACCEPTABLE DAMAGE TOLERANCE ALSO HAVING THE HIGHEST
RELATIVE PRIORITY

3. NOSE CAP, CHIN PANEL, AND ARROW HEAD

4. LOWER SURFACE DOOR SEALS

5. REMAINING ACREAGE AREA

6. REMAINING EXTERIOR SURFACES ®[CR7690 ]
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12A A2-12 TPS INSPECTION AND IMPACT DETECTION PRIORITIES
(CONTINUED)

D. IF THERE IS A CONFLICT, DATA WILL BE DOWNLINKED ACCORDING TO
THE FOLLOWING PRIORITIES: ®[CR7690 ]

1. FOCUSED INSPECTION DATA
2. WLE IMPACT SENSOR ASCENT PEAKS

3. WLE IMPACT SENSOR DETAILED DATA IF REQUIRED TO IDENTIFY A
SUSPECTED ASCENT IMPACT LOCATION

4. SCHEDULED INSPECTION DATA, WITH RELATIVE PRIORITIES PER
PARAGRAPH B

5. ET UMBILICAL PHOTOS

6. CREW HAND HELD ET PHOTOS

1t is assumed that any focused inspection data was gathered due to a suspected impact or suspected TPS
damage. Thus, once gathered, downlinking that data has the highest priority in order to maximize the
ground analysis time. Similarly, WLE impact sensor data has a high relative priority since it may provide
a cue for focused WLE inspections which have a higher probability of detecting small RCC damage than
a scheduled inspection. ET photos are a lower priority since they are primarily intended to validate the
ET certification. Since it is possible that foam loss seen in these photos may provide some cue not seen in
any other source, there is still a goal to bring these photos down in flight.

These priorities were approved by the December 6, 2004 FOICB. ®[CR7690 |
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12A A2-13 TPS INSPECTION SENSOR PRIORITIES

A. FD2 RCC MOTION SCAN ®[CR7691 ]
1. LASER DYNAMIC RANGE IMAGER (LDRI)
2. INTENSIFIED TELEVISION CAMERA (ITVC)
3. ISIS DIGITAL CAMERA (IDC)
4. LASER CAMERA SYSTEM (LCS)
B. FD4 FOCUSED INSPECTION

1. 3D - (TILE CAVITIES, GAP FILLER, THERMAL BARRIERS, ET
DOOR CLOSURE)

a. LASER CAMERA SYSTEM (LCS)
b. LASER DYNAMIC RANGE IMAGER (LDRI)
c. ISIS DIGITAL CAMERA (IDC)
2. 2D - (RCC, THERMAL BARRIERS)
a. ISIS DIGITAL CAMERA (IDC)
b. INTENSIFIED TELEVISION CAMERA (ITVC)

The FD2 RCC motion survey priorities are based on the ability to maximize the data gathering as well
the sensors resolution capabilities. The LDRI is the primary sensor for the FD2 RCC motion scans. The
ITVC was selected as the second priority sensor due to the ability to get the complete RCC data set
during the allotted FD2 inspection time (assuming that the LDRI Mode 2 capability is available to
provide required illumination for the scan). The IDC is selected as the third priority due to the
requirement for daylight operations to get the required resolution during a motion scan. Due to the
daylight constraint for motion scans, the procedures were developed to support WLE 7-11 and nose cap
surveys in the attempt to acquire as much inspection data on the critical RCC areas in the remaining FD?2
allotted time. The LCS is the last priority due to its lack of resolution capability on the RCC.

The FDA4 focused inspection priorities are based on the required data to thoroughly analyze the Area of
Interest (AOI) identified during the FD2 RCC, FD2 digital still of OMS pod, FD3 EE, and FD3 RBAR
pitchover maneuver (RPM) inspections.

Reference STS-121/ULF1.1 JOP#I11 and the OBSS/ISIS Sensors Focused Inspection Template (Rosetta
Stone) developed by the Focused Inspection Working Group. ®[CR7691 ]
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ISS ONLY RULES

12A B2-1 CONTINGENCY EVA'S

A STAGE CONTINGENCY EVA WILL BE CONSIDERED FOR ANY OF THE
FOLLOWING:

A. INSTALLATION OF USOS POWER SYSTEM JUMPERS REQUIRED TO
PREVENT LOSS OF ISS HARDWARE (RACU, P6 SECONDARY FEEDBACK, Y
BYPASS JUMPERS) ®DN97 ]

B. COMPLETE 12A ASSEMBLY TASKS.

C. REPLACE AN EXTERNALLY LOCATED MDM (LOCATED ON PMA 1, SO, S1,
P1, OR P3/P4)

D. REPLACE SEQUENTIAL SHUNT UNIT (SSU).

E. REMOVE/STOW BATTERY CHARGE/DISCHARGE UNIT (BCDU).

F. REPLACE SSRMS ARM COMPUTER UNIT (ACU), CAMERA AND LIGHT
ASSEMBLY (CLA), OR CAMERA, LIGHT, AND PAN/TILT ASSEMBLY
(CLPA) .

G. REPLACE MBS ORU’S - CANADIAN REMOTE POWER CONTROL MODULE
(CRPCM), MBS COMPUTER UNIT (MCU), CAMERA LIGHT PAN AND TILT
UNIT (CLPA), CAMERA LIGHT ASSEMBLY (CLA).

H. REPLACE ELECTRONICS CONTROL UNIT (ECU).

I. REPLACE BEARING, MOTOR, ROLL RING MODULE (BMRRM) .

J. REPLACE LOWER IEA MDM.

K. REPLACE DC SWITCHING UNIT (DCSU).

L. REPLACE LAB HEAT EXCHANGER.

M. REPLACE REMOTE POWER CONTROLLER MODULE (RPCM) .

N. REPLACE DC-DC CONVERTER UNIT (DDCU-E).

O. REPLACE PUMP FLOW CONTROL SUBASSEMBLY (PFCS) ON PVTCS OR
EEATCS.

P. MANUAL POSITIONING OF SOLAR ARRAYS
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12A B2-2

ISS STAGE ATTITUDE CONSTRAINTS [RC]

THE ISS ORBITAL AVERAGE ATTITUDE MUST BE MAINTAINED WITHIN THE
FOLLOWING ENVELOPES:

NOTE:
(1

(2]

(3]

[4]

[3]

REFERENCE BETA ATTITUDE APPROVED ATTITUDE RANGES
FRAME [2] NAME YAW PITCH ROLL
B<-70 M1[3] | +ZLV +XwV -5° TO +15° -20° TO 0° 0° TO +15°
70<B<-52 [1] | +ZLV +XWW 5°TO +15° | -20° TO +15° 0° TO +15°
ISS LVLH 52 < B < +52 +ZLV +XVV -15°TO+15° | -20°TO+15° | -15° TO +15°
B> +52 1] | +ZLV +XWV 15°TO+5° | -20°TO+15° | -15° TO +5°
> +40 +ZLV -YWV +75° TO +105° | -15°TO +15° | -15°TO +15°
[41[81 [9] [10]
B<<-40 +ZLV +YVV -105°TO-75° | -15°TO +15° | -15°TO +15°
[41181 [9] [10]
B<<-52 [8] | +XPH +ZNN -10° TO +10° -10° TO +5° | -10° TO +10°
52 < B <-45 +XPH +ZNN -10° TO +10° -15° TO +5° | -10° TO +10°
XPOP [5][6][7] | -45<p < -30 +XPH +ZNN -10° TO +10° -15° TO +5° | -10° TO +10°
45> >> 30 -XPH +ZNN 170° TO 190° -15° TO +5° | -10° TO +10°
52> 8> 45 -XPH +ZNN 170° TO 190° -15° TO +5° | -10° TO +10°
B> +52 [8] | -XPH +ZNN 170° TO 190° -10° TO +5° | -10° TO +10°
®DN 116 ]

THE YAW AND ROLL RANGES FOR XVV ATTITUDES WHEN |BETA| > 52 ARE CONSTRAINED BY NODE 1 MDM
THERMAL LIMITS.

POWER GENERATION MUST BE SUFFICIENT TO SUSTAIN THE NECESSARY ISS SYSTEMS. ANY DEFICIENCIES
SHALL BE MANAGED PER RULE {B9-453}, ENERGY MANAGEMENT [RC]. THIS INCLUDES TRANSITIONS BETWEEN
LVLH AND XPOP REFERENCE FRAMES.

ISS PITCH IS CONSTRAINED TO -20 TO 0 DEG TO MITIGATE BGA COLD CONCERNS WHILE IN +ZLV +XVV, AT 8
<-70 DEG, UNTIL P5 IS INSTALLED. PASSIVE THERMAL ANALYSIS SHOWS THE P4 BETA GIMBALS EXCEED
LOWER LIMIT IN A NO SUN CONDITION, I.E., AT g <-70 DEG.

FOR |B| > 40 DEG, THE +ZLV + YVV FLIGHT ATTITUDES ARE UNDER EVALUATION AS ALTERNATIVES TO THE
XPOP FLIGHT ATTITUDE DUE TO: (A) STABLE CMG CONTROLLERS CANNOT BE DEVELOPED FOR XPOP THAT
WILL KEEP THE ISS WITHIN ITS APPROVED XPOP ATTITUDE ENVELOPE, AND (B) HIGH TEMPERATURE
CONDITIONS WILL BE EXPERIENCED BY THE P1 RBVM'S, S1 HRS, AND THE RUSSIAN PROGRESS VEHICLE
BATTERIES WHILE FLYING XPOP AT |B| > 60 DEG.

USE OF THE NOMINAL XPOP FLIGHT ATTITUDE REQUIRES THE FOLLOWING CONSTRAINT TO BE OBSERVED:
P6-4B SAW: DUE TO THE SHADOWING OF THE P3 SARJ BY THE P6-4B SOLAR ARRAY, THE NOMINAL XPOP
FLIGHT ATTITUDE CANNOT BE FLOWN FOR LONG PERIODS OF TIME AT |B| < 45 DEG. IF THE XPOP FLIGHT
ATTITUDE IS REQUIRED FOR |B| < 45 DEG, IT MAY BE FLOWN FOR PERIODS OF TIME < 13 HOURS WITHOUT P6-
4B SAW OFF-POINTING. IF THE XPOP FLIGHT ATTITUDE IS REQUIRED FOR PERIODS OF TIME > 13 HOURS, THE
P6-4B SAW MUST BE OFF-POINTED PER PHALCON STANDARD CONSOLE PROCEDURE (SCP) 3.9 — SOLAR
ARRAY QUIESCENT OPERATIONS (TBD) TO ALLOW SUNLIGHT ONTO THE P3 SARJ. THE ACTION OF OFF-
POINTING MUST BE DONE IN CONJUNCTION WITH MANAGEMENT OF THE ENERGY BALANCE AS STATED IN
NOTE [2] ABOVE. A THERMAL RECOVERY OF 1 HOUR IN THE +ZLV +XVV ATTITUDE IS REQUIRED FOR EVERY
HOUR SPENT IN XPOP FLOWN BELOW || < 45 DEG WITHOUT SUFFICIENT P6-4B SAW OFF-POINTING. ONCE
THE RETRACTION OF THE P6-4B SOLAR ARRAY HAS TAKEN PLACE, THIS NOTE IS NO LONGER APPLICABLE.
®DN 116 |
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12A B2-2 ISS STAGE ATTITUDE CONSTRAINTS [RC] (CONTINUED)

[6] USE OF THE NOMINAL XPOP FLIGHT ATTITUDE REQUIRES THE FOLLOWING CONSTRAINT TO BE OBSERVED:
P6-2B SAW: TO PREVENT THE STARBOARD HRS RADIATOR INTEGRATED MOTOR CONTROLLER FROM
OVERHEATING WHILE IN THE XPOP FLIGHT ATTITUDE, THE P6-2B SAW SHOULD BE OPERATED USING PHALCON
SCP 3.9, “SOLAR ARRAY QUIESCENT OPERATIONS.” ®DN 116 ]

[7] CONSTRAIN PERIODS OF SARJ ROTATION TO LESS THAN 15 MINUTES WHEN IN XPOP WITH AT LEAST 3 HOURS
BETWEEN EACH PERIOD OF ROTATION.

[8] P4 BGA’S MUST BE IN OPEN LOOP OPERATION MODE WHEN SOLAR | BETA | > 70 WHILE IN XPOP OR £YVV.
THERMAL ANALYSIS SHOWS THAT P4 BETA GIMBALS EXCEED LOWER TEMPERATURE LIMITS WHEN
SHADOWED BY THE BETA GIMBAL PLATFORM AND/OR P6-4B SOLAR ARRAY AT HIGH SOLAR BETA ANGLES.
THIS ASSUMES THAT SARJ IS LOCKED AT ALPHA = 0.

[9] SATURATION OF THE EEATCS IS PREDICTED FOR A SYSTEM HEAT LOAD OF 9.5 KW FOR [B| + 60 DEGREES.
ATTITUDE SPECIFICS AVAILABLE FROM ATCS.
IF TELEMETRY OR PLANNING INDICATES SATURATION IS LIKELY, OPERATORS MUST BE PREPARED TO
REDUCE SYSTEM HEAT LOAD OR MANEUVER TO A MORE BENIGN FLIGHT ATTITUDE. IF HEAT LOAD
REDUCTION AND ALTERNATIVE ATTITUDE ARE DEEMED UNSAFE OR UNFEASIBLE, THEN IT MAY BE POSSIBLE
TO INHIBIT THE EEATCS MAXIMUM OUTLET TEMPERATURE FDIR WITH THE SUPPORT OF ADDITIONAL
ANALYSIS OF THE SPECIFIC CONDITIONS.

OPERATORS MUST MONITOR EEATCS PFCS OUTLET TEMPERATURES AND FCV POSITIONS CLOSELY. IF
TELEMETRY INDICATES EXCEEDING 50 DEG F (PFCS ATP LIMIT-SHORT SHEET) IS IMMINENT, OPERATORS MUST
REDUCE THE EEATCS SYSTEM HEAT LOAD. EEATCS HIGH TEMPERATURE SHUTDOWN FDIR WILL SHUT DOWN
THE AFFECTED EEATCS LOOP WHEN THE PFCS OUTLET TEMPERATURE REACHES 55 DEG F.

[10] THE FOLLOWING MOBILE TRANSPORTER (MT) AND MOBILE SERVICING SYSTEM (MSS) CONSTRAINTS APPLY:
- MSS SHALL BE IN OPERATIONAL OR DUAL STRING KEEP ALIVE.
- BOTH STRINGS OF MT HEATERS MUST BE ENABLED.
- NO MCAS OPERATIONS
- PRIOR TO ANY POWERDOWNS, FLIGHT SPECIFIC ANALYSIS SHOULD BE PERFORMED. ®I|DN 116 ]

Reference P3 PTCS verification analysis report - MDC99H0286A. SARJ components will remain within
their temperature limits in XPOP if operated for 15 minutes continuously. Three hours between periods
of rotation is sufficient to return components to an acceptable temperature.

Shadowing of the P3 SARJ by the P6 4B solar array while it is deployed requires operational constraints
to be placed on the mated stack when flying the XPOP flight attitude. Failure to adhere to these
constraints could result in some components on the P3 SARJ exceeding their low temperature limits while
flying in this attitude.

Thermal analysis shows the P4 beta gimbals exceed the lower temperature limit in a no sun condition,
i.e., at a high negative solar beta angle.

SARJ PIDS and SSODB flight attitude specification restrict XPOP flight attitude to less than 15 minutes
with the SARJ rotating.

Source: SSPCB Briefing, SARJ Cold Temp. Violations Issue Resolution, June 12, 2001; and Boeing CER
Presentation, CR # R-PCM-540, Flight Attitude Rev D+ Thermal Design Issue Resolution for Truss
Segments P4 and 84, July 12, 2002.
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12A B2-2 ISS STAGE ATTITUDE CONSTRAINTS [RC] (CONTINUED)

Use of +ZLV £YVV: This attitude is needed as a replacement for XPOP at | f§ | =40 deg due to CMG
Momentum Manager Controllers not being able to be designed such that the asymmetric ISS
configuration could be kept within the design attitude envelope for that attitude. Also, the +ZLV £YVV
attitudes keep the S1 HRS and P1 RBVM IMCA'’s within thermal limits, alleviate Progress hot and
DC-1 cold temperature violations from occurring at | f | =60 deg. Lastly, in the event of loss of non-
propulsive attitude control, the +ZLV £YVV attitudes reduce propellant consumption by a factor of 10
over XPOP. ®DN116 ]

Reference: SSP 50699-03: ISS Certification Baseline, Flight Attitudes and ISS Program SSCN 8559.
®DN 116 ]

12A B2-3 STAGE DRAG-THROUGH CABLES [RI]

DRAG-THROUGH CABLES WITHIN THE ISS WILL BE USED AS FOLLOWS DURING
STAGE 12A:

A. TWO RUSSIAN HEADSET CABLES (FGB COMM PANELS TO SM) -
CONNECTED FOR RPM AND PERIODICALLY FOR TRAINING PURPOSES

B. OPS LAN DATA CABLE (LAB TO FGB) - CONNECTED AT ALL TIMES

C. AIR DUCTS (THROUGHOUT RUSSIAN SEGMENT) - CONNECTED AT ALL
TIMES

D. VIDEO CABLE (NODE OR AIRLOCK TO FGB) - CONNECTED FOR UP TO 5

CONSECUTIVE DAYS FOR VIDEO ROUTING DURING PROGRESS/SOYUZ
DOCKING AND UNDOCKING
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JOINT SHUTTLE/ISS RULES

PRELAUNCH

12A c2-1 SHUTTLE LAUNCH WINDOW

A. FOR STS-115, IF LIGHTING TO ACCOMMODATE ET UMBILICAL
PHOTOGRAPHY POST MECO IS REQUIRED, ACCEPTABLE LAUNCH DAYS
ARE EXPECTED TO BE AUGUST 28, 2006, TO SEPTEMBER 13, 2006.
®[CR 7625A ]

Onboard and ground cameras have photography lighting requirements that impact the launch window.
Specifically, ground cameras (KSC-IT-6577) require daylight for both launch and ascent. The ET
umbilical well and crew hand-held cameras (Enhanced Launch Vehicle Imaging System NSTS 37389)
require lighting post MECO for ET photography. The ET lighting constraints are documented with NASA
letter, MP31 (245-04), from MP31/Manager, External Tank Project, External Tank (ET)/Orbiter
Separation Imagery/Lighting Requirements. If lighting for post MECO ET photography is required, it
will be documented in NSTS 17462 STS-115 Flight Requirements Document (FRD).

In general, the daylight launch requirement is for the full sun disk to be above the horizon at launch,
which corresponds to approximately 3 minutes after sunrise to 3 minutes prior to sunset. Lighting for the
umbilical well camera photography, when required, is from 08:30 to 09:30 (mm:ss) Mission Elapsed
Time (MET) and lighting for crew hand-held camera photography, when required, is from 11:30 to 13:30
MET. The acceptability of these images cannot be computed in any reasonable manner in real time and
must be determined in the weeks prior to launch, based on an integrated flight design trajectory and SX
image analysis.

B. FOR PRE-LAUNCH PLANNING PURPOSES, THE AUGUST 28, 2006,
LAUNCH WINDOW OPENS AT APPROXIMATELY 19:59:04 GMT AND CLOSES
AT 20:09:04 GMT BASED ON THE PREDICTED ISS REFERENCE
TRAJECTORY DELIVERED IN MAY 2006, AND STANDARD PLANAR
CONSTRAINTS. THE LAUNCH PERIOD WILL BE DEFINED AS 10
MINUTES PRIOR TO THE WINDOW OPEN UNTIL 10 MINUTES AFTER
WINDOW CLOSE, BASED ON THE MAXIMUM PRE-LAUNCH PREDICTED
PLANAR WINDOW. IN GENERAL, THE LAUNCH WINDOW SHIFTS EARLIER
BY APPROXIMATELY 24 MINUTES EACH DAY, REPEATING
APPROXIMATELY EVERY 60 DAYS. ®[CR7625A ]
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12a c2-1 SHUTTLE LAUNCH WINDOW (CONTINUED)

C. THE PHASE ANGLE AT OMS-2 WILL DETERMINE THE RENDEZVOUS PLAN
FOR SUCCESSFUL DOCKING TO ISS. THE FOLLOWING RENDEZVOUS
CONSTRAINTS WILL BE IN PLACE FOR STS-115: @[CR7625A ]

1. NO PART OF THE LAUNCH WINDOW WILL BE USED THAT RESULTS IN
A FLIGHT DAY (FD) 4 RENDEZVOUS.

1t is essential that the 124 mission dock on FD3 in order to accomplish all mission objectives. In the
event of a FD4 rendezvous, it is likely that one entire day of docked operations will be deleted.

2. THE MAXIMUM PHASE ANGLE AT OMS-2 FOR A FD3 RENDEZVOUS IS
APPROXIMATELY 292 DEGREES.

Since the ISS altitude is expected to be approximately 185 nm at launch, every day capability for FD3
rendezvous cannot necessarily be achieved. Due to the lower altitude, a FD3 rendezvous can only be
accomplished when the phase angle at OMS-2 is less than 292 degrees. Beyond this value, only FD4
rendezvous operations are possible. This value is somewhat variable and will be recomputed at launch
minus 2 days, if required. The maximum FD3 phase angle assumes that there are no expected retrograde
maneuvers (including dispersions) in the rendezvous plan, a minimum perigee post OMS-2 (reference
paragraph C4), and a FDI posigrade NC maneuver of at least 6 fps. On launch days where the phase
angle is slightly larger than 292 degrees, retrograde maneuvers (reference paragraph C4) and launch
time adjustments (reference paragraph D) may be used to change an apparent FD4 rendezvous into a
FD3 rendezvous.

3. IF THE PHASE ANGLE SUPPORTS BOTH A FD2 AND FD3
RENDEZVOUS, A FD2 RENDEZVOUS OPTION WILL BE PRESERVED
UNTIL POST INSERTION IS COMPLETE UNLESS THIS OPTION
REQUIRES THREE BURNS ON FD1 TO CHANGE TO A FD3
RENDEZVQOUS. THE MAXIMUM PHASE ANGLE AT OMS-2 THAT CAN
SUPPORT FDZ2 RENDEZVOUS IS APPROXIMATELY 134 DEGREES.

If an MDF is declared early on FD1, a FDZ2 rendezvous offers the only possibility of mated operations.
On the other hand, a FD2 rendezvous timeline imposes schedule compression hardships, which are not
warranted by nominal mission duration. Unless an MDF is declared first, FD2 phasing will, therefore,
be performed until NC-1 targeting requires the phase rate be arrested to achieve a FD3 rendezvous
without propellant penalty. Due to very tight timeline constraints on STS-115, FD2 phasing will not be
protected if doing so requires a third burn on FDI. ®|CR7625A ]
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12A c2-1 SHUTTLE LAUNCH WINDOW (CONTINUED)

4. TO PROVIDE MAXIMUM PHASING CAPABILITY, POST OMS-2 PERIGEE
HEIGHT CAN BE AS LOW AS 85 NM AND RETROGRADE PHASING
BURNS MAY BE CONSIDERED. ®[CR7625A |

Phasing capability resulting in the earliest possible rendezvous is highly desirable for both nominal and
MDF timeline options. Providing this capability in marginal cases equates to achieving the maximum
possible phase rate. Retrograde burns can be used to lower mean orbit height to increase phase rate
above that for a nominal, propellant-efficient rendezvous restricted to posigrade burns if propellant
margins permit. This propellant cost must be doubled, subsequently, when orbit height is raised to that of
ISS. The lowest permissible perigee height, currently certified at 85 nm, should be achieved prior to
planning retrograde burns, because some height-lowering is obtained without propellant cost through
maximum aero drag.

For the expected altitude of ISS for STS-115, FD3 rendezvous capability exists for all launch days in the
August-September launch period. With active trajectory control of the ISS, it is possible that FD3
rendezvous can be preserved for far greater periods. However, since the expected altitude of the ISS at
shuttle launch is below an every other day phase repeating orbit altitude of 186 nm, it is possible that
FD3 rendezvous capability will be lost every other day if the ISS trajectory is not optimized correctly for
FD3 rendezvous.

D. THE PREFERRED LAUNCH TIME WILL BE DETERMINED AS DOCUMENTED IN
RULE {A2-8}, LAUNCH TIME SELECTION FOR GROUND-UP RENDEZVOUS.
FOR STS-115, THE FOLLOWING EXCEPTION TO RULE {A2-8D}.Z2,
LAUNCH TIME SELECTION FOR GROUND-UP RENDEZVOUS, IS
APPLICABLE:

ON THOSE LAUNCH DAYS WHERE THE PREDICTED PHASE ANGLE AT OMS-2
IS AT OR NEAR THE MAXIMUM PHASE ANGLE TO ACHIEVE A FD3
RENDEZVOUS (REFERENCE PARAGRAPH C2), THE PREFERRED LAUNCH
TIME CAN BE MOVED EARLIER THAN THE IN-PLANE TIME BUT NO
EARLIER THAN THE PLANAR WINDOW OPEN TIME.

To achieve FD3 rendezvous capability, it may become necessary to move the preferred launch time
earlier than the in-plane time in order to reduce the phase angle at OMS-2. This option would be
exercised when the in-plane launch time is at or near the maximum FD3 rendezvous phase angle
(reference paragraph C2) and can be used in addition to or instead of retrograde maneuvers (reference
paragraph C4). In this scenario, the OMS-2 phase angle will be reduced by approximately 4 degrees for
each minute the preferred launch time is moved earlier. ®|CR7625A |
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12A C2-2 ISS DRIVEN SHUTTLE LAUNCH COMMIT CRITERIA [RI]

A.

IN ADDITION TO THE SYSTEMS LISTED IN RULE {C2-201}, ISS
DRIVEN SHUTTLE LAUNCH COMMIT CRITERIA [RC] [E], THE ISS STAGE
MUST MEET THE FOLLOWING CRITERIA AT T-9 MIN OR HAVE AN ETRO
PRIOR TO WHEN THEY ARE REQUIRED. THE ETRO CAN BE MET EITHER
BY SPARES FLOWN ON THE SHUTTLE OR BY ON-ORBIT SPARES
INSTALLED BY THE ISS CREW. IF ANY OF THE CRITERIA IS NOT
MET, THE RULE MAY BE WAIVED AFTER MANAGEMENT MEETS TO ASSESS
THE CONDITION.

1. MOBILE TRANSPORTER (MT) AT WORKSITE 7

2. SINGLE FAULT TOLERANT AIRLOCK SYSTEM FUNCTIONALITY TO
PERFORM CAT 1 MISSION OBJECTIVES (DETERMINATION MAY BE
BASED ON PREVIOUS USAGE) .

3. AT LEAST ONE STRING OF THE SSAS IMCA’S MUST BE
OPERATIONAL.

4. AT LEAST THREE OPERATIONAL CONTROL MOMENT GYROSCOPES
(CMG’ S)

NON-ISS SHUTTLE CARGO ELEMENT LCC: NONE
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PRIORITIES AND MISSION DURATION

12A Cc2-11 ON-ORBIT PRIORITIES [RI]

A. THE INTERNATIONAL SPACE STATION PROGRAM OFFICE AND SPACE
SHUTTLE PROGRAM OFFICE HAVE AGREED ON THE FOLLOWING JOINT
PRIORITIES:

1.

PERFORM FD2 TPS INSPECTIONS. ®DN42 ]

2. PERFORM RPM DURING RENDEZVOUS AND DOCKING FOR ORBITER TPS
TILE INSPECTION USING ISS IMAGERY.

3. INSTALL INTEGRATED TRUSS SEGMENT (ITS) P3/P4 TO ITS P1l.
(CAT 1)

4. ACTIVATE ITS P3/P4 SYSTEMS TO RECEIVE SURVIVAL POWER
FROM P6. (CAT 1)

5. TRANSFER MANDATORY AND CRITICAL ITEMS PER 12A TRANSFER
PRIORITY LIST. (CAT 1)

6. CONFIGURE P4 FOR POWER GENERATION AND DISTRIBUTION AND
DEPLOY P4 (CHANNEL 4A/2A) SOLAR ARRAY WINGS (SAW’S).
(CAT 2) ®DN42 ]

7. DEPLOY SARJ DLA’S. (CAT 2)

8. INSTALL FOUR OF FOUR AJIS STRUTS. (CAT 2)

9. REMOVE LAUNCH LOCKS AND RESTRAINTS, ACTIVATE, AND
CHECKOUT SARJ. (CAT 2)

10. INSTALL ALL SARJ BRACE BEAMS. (CAT 2)

11. DEPLOY P4 PHOTOVOLTAIC RADIATOR (PVR). (CAT 2)

12. TRANSFER REMAINING ITEMS PER 12A TRANSFER PRIORITY LIST.
(CAT 2)

THIS RULE CONTINUED ON NEXT PAGE
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12a c2-11 ON-ORBIT PRIORITIES [RI] (CONTINUED)

13.

COMPLETE EVA TASKS NECESSARY TO ENABLE MT TRANSLATION TO
WORKSITE (WS)#8. (CAT 2)

a. ROTATE P1 MT STOP.
b. REMOVE P3 SPACE VISION SYSTEM (SVS) TARGET - FACE 1.
c. REMOVE AND STOW P3 KEEL PIN AND DRAG LINK. @®pDN42 ]

d. REMOVE P3 REMOTE POWER DISTRIBUTION ASSEMBLY (RPDA)
COVERS.

e. POSITION APFR’S TO CLEAR FACE

14. REMOVE CID’S 6 AND 8.
15. RELOCATE MT TO WS#8 AND CHECKOUT MSS. (CAT 2)
16. PERFORM THE FOLLOWING EVA TASKS: (CAT 3)
a. REMOVE AND REPLACE STBD S-BAND BASE BAND PROCESSOR
AND TRANSPONDER.
b. INSTALL EVA TEMP RAIL STOP (ETRS), STOW P3 MT STOP
AND EVA SHUTTLE TETHER STOP.
c. PERFORM SHUTTLE DTO 851, EVA IR CAMERA OBJECTIVE 1.
d. P6 SHOULDER BOLT RETAINER INSTALLATION
e. INSTALL EWIS ANTENNAS AND CABLE ON U.S. LAB.
f. RETRIEVE MISSE-5.
17. TRANSFER MINIMUM OF 25 LBS Op TO ISS HPGT’S. ®DN42 |
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12a c2-11 ON-ORBIT PRIORITIES [RI] (CONTINUED)

18.

PERFORM DAILY MIDDECK ACTIVITIES TO SUPPORT PAYLOAD
OPERATIONS: ®[DN42 ]

a. SDBI 1490, PMZ - BIOAVAILABILITY AND PERFORMANCE
EFFECTS OF PROMETHAZINE DURING SPACE FLIGHT

b. SDBI 1634, SLEEP - SLEEP WAKE ACTIGRAPHY AND LIGHT
EXPOSURE DURING SPACE FLIGHT

c. SDBI 1493, LATENT VIRUS - MONITORING REACTIVATION AND
SHEDDING IN ASTRONAUTS

19. PERFORM USOS/RUSSIAN DAILY ISS PAYLOAD STATUS CHECKS AS
REQUIRED.

20. PERFORM ITCS SAMPLING.

21. PERFORM DEFIBRILLATOR CHECKOUT.

22. PERFORM THE FOLLOWING EVA TASKS: (CAT 3)

a. SET THE SOFT CAPTURE LATCHES FOR THE P5 INSTALL
(12A.1 GET-AHEAD) .

b. MODIFIED ROCKETDYNE TRUSS ATTACHMENT SYSTEM (MRTAS)
VISUAL INSPECTION AND FOD CHECK (12A.1 GET-AHEAD)

C. POSITION APFRS FOR 12A.1 EVA 1 (12A.1 GET-AHEAD).

d. RELEASE P4 IEA MMOD SHIELD BOLT TORQUES.

e. ENGAGE P6 BGA HINGE LOCK.

23. REBOOST ISS WITH ORBITER, USING AVAILABLE PROPELLANT, TO
MAINTAIN ALTITUDE AND RENDEZVOUS REQUIREMENTS. (CAT 4 )

24 . INSTALL IWIS BATTERIES.

25. PERFORM IMAGERY SURVEY OF THE ISS EXTERIOR DURING
ORBITER FLYAROUND, IF PROPELLANT AVAILABLE. (CAT 4)
®DN42 ]
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12a c2-11 ON-ORBIT PRIORITIES [RI] (CONTINUED)

26. PERFORM RAMBO AND MAUI PAYLOADS OF OPPORTUNITY. ®DN42 |

27. PERFORM SDTO 15003-U (MICROGRAVITY ENVIRONMENT
DEFINITION) FOR THE SARJ CHECKOUT. (CAT 4)

28. PERFORM SDTO 12004-U SHUTTLE BOOSTER FAN BYPASS.

29. PERFORM SDTO 13005-U (ISS STRUCTURAL LIFE VALIDATION AND
EXTENSION) FOR ISS REBOOST (IWIS REQUIRED).

30. SDTO 13005-U (ISS STRUCTURAL LIFE VALIDATION AND
EXTENSION) FOR P3/P4 INSTALLATION TO ISS (CAT 4)

31. PERFORM SDTO 13005-U (ISS STRUCTURAL LIFE VALIDATION AND
EXTENSION) FOR THE 12A ORBITER UNDOCKING (IWIS DESIRED,
BUT NOT REQUIRED). (CAT 4)

32. PERFORM PROGRAM-APPROVED EVA GET-AHEAD TASKS:

a. MBS CAMERA

b. INSTALL S1 CETA LIGHT.

c. INSTALL NON-PROPULSIVE VENT (NPV) ON LAB.
d. MATE P1/P3 FLUID UMBILICAL.

e. RELOCATE EWIS LAB HAND RATLS.

f. PERFORM DTO 851 IR CAMERA OBJECTIVE 2. @DN42 ]

B. EVA PRIORITY MATRIX - THIS MATRIX IDENTIFIES WHAT EVA TASKS
WOULD BE PERFORMED ON FLIGHT 12A BASED ON THE MISSION
PRIORITIES IF ALL FOUR SCHEDULED EVA’S CANNOT BE EXECUTED.

IF ONLY ONE EVA CAN BE PERFORMED, THE EVA OBJECTIVES ARE
TO INSTALL P3/P4 ON P1 AND CONNECT POWER/DATA UMBILICALS.
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12a c2-11 ON-ORBIT PRIORITIES [RI] (CONTINUED)

TABLE 12A C2-11-I - EVA PRIORITIES MATRIX

EVA TASK NOMINAL RATIONALE TASK | TASK | TASK
EVA PERF IF | PERF IF | PERF IF
PERF 1EVA | 2EVA | 3EVA

CONNECT P3 TO P1 UTILITIES — UPPERILOWER REQUIRED TO APPLY KEEP-ALIVE POWER AND ACTIVATE 1
TRAY: P3/P4

UMBILICAL HOOK UPS EVA 1

CLOSECID 7. EVA 1

REMOVE CID 6 AND 8. EVA1 | SCHEDULED FOR EFFICIENCY

MDM COVER REMOVAL EVA1 | UPON ACTIVATION, ORU WILL OVERTEMP WITH SHROUD

LOCATED OVER ORU.

SARJ PREPARATIONS: REQUIRED TO ALLOW SARJ ROTATION 2
DEPLOY DLA'S (2). EVA 1
INSTALL AJIS STRUTS. “) EVA 1
SAW PREP TASKS: REQUIRED PRIOR TO DEPLOYING THE P4 SOLAR ARRAYS 3
RELEASE UPPER SABB RESTRAINTS. EVA 1
RELEASE LOWER SABB RESTRAINTS. EVA 1
RELEASE UPPER BETA GIMBAL RESTRAINTS. EVA 1
ROTATE P4 KEEL PIN. EVA 1
UNSTOW LOWER SABB. EVA 1
UNSTOW UPPER SABB. EVA 1
SET SOFT CAPTURE LATCHES FOR P5 INSTALL. | EVA1 | SCHEDULED FOR EVA EFFICIENCY
MRTAS VISUAL INSPECTION AND FOD CHECK EVA1 | SCHEDULED FOR EVA EFFICIENCY
SSU AND ECU COVER REMOVAL EVA1/2 | REFERENCE RULE {12A_C2-53B}, P3/P4 LAUNCH-TO-

ACTIVATION (LTA) CONSTRAINTS, FOR COVER REMOVAL
CONSTRAINTS.

SAW PREP TASKS: 1

SSU AND ECU COVER REMOVAL EVA 1/2 | REFERENCE RULE {12A_C2-53B}, P3/P4 LAUNCH-TO-
SARJ PREPARATION: ACTIVATION (LTA) CONSTRAINTS, FOR COVER REMOVAL
REMOVE LAUNCH LOCKS. (16) CONSTRAINTS.
REMOVE LAUNCH RESTRAINTS. (6) EVA2 REQUIRED TO ALLOW SARJ ROTATION
SWING OPEN MLI COVER LATCHES. EVA2
(4 COVERS WITHOUT LL'S UNDERNEATH) EVA2
RELEASE PV RADIATOR CINCHES AND WINCH. EVA3 REQUIRED PRIOR TO PVR DEPLOY 1
CLEAR MT TRANSLATION PATH: MT STOP, SVS TARGET REMOVAL, KEEL PIN/DRAG LINK 2
ROTATE P1 MT STOP. EVA3 REMOVAL AND RPDA COVER REMOVAL REQUIRED TO
REMOVE P3 SVS TARGET-FACE 1. EVA3 CLEAR MT TRANSLATION PATH TO WORKSITE 8.
REMOVE AND STOW P3 KEEL PIN AND WORKSITE 8 IS REQUIRED FOR P5 INSTALLATION ON
DRAG LINK. EVA3 FLIGHT 12A.1. REFERENCE RULE {12A_C2-53B}, P3/P4
REMOVE P3 RPDA COVERS. EVA3 LAUNCH-TO-ACTIVATION (LTA) CONSTRAINTS, FOR
POSITION APFR’S CLEAR OF FACE 1. EVA3 COVER REMOVAL CONSTRAINTS.
DEPLOY EVA3 THE P3 SARJ BRACES MUST BE DEPLOYED PRIOR TO 3

PERFORMING EVA TASKS AT THE P4 TIP (L.E., P5
INSTALLATION ON FLIGHT 12A.1) OR SARJ OPERATIONS
OTHER THAN CHECKOUT (REF RULE {12A_C2_54},
DOCKED LOADS CONSTRAINTS [RI] [C]).

EVA TEMP RAIL STOP (ETRS) INSTALLATION EVA3 REQUIRED TO ALLOW A CETA CART TO BE LOCATED 4
AND STOW P3 MT STOP OUTBOARD OF THE MT WHILE AT WORKSITE 8 -

SCHEDULED FOR EFFICIENCY
PERFORM SHUTTLE DTO 851, EVA IR CAMERA EVA3 PLANNED FOR BEST ORBITER VIEWING ANGLE 5
OBJECTIVE 1.
RELEASE P4 IEA MMOD SHIELD BOLT TORQUE. EVA3 SCHEDULED FOR EVA EFFICIENCY
P6 SHOULDER BOLT RETAINER INSTALLATION EVA3 SCHEDULED FOR EFFICIENCY 6
ENGAGE P6 BGA HINGE LOCK. EVA3 SCHEDULED FOR EFFICIENCY 7
RETRIEVE MISSE 5. EVA3 SCHEDULED FOR EFFICIENCY 8
INSTALL EWIS ANTENNAS AND CABLE ON U.S. EVA3 SCHEDULED FOR EFFICIENCY 9
LAB.
REMOVE AND REPLACE STBD S-BAND BASE EVA3 SCHEDULED FOR EFFICIENCY 10
BAND PROCESSOR AND TRANSPONDER.
REMOVE AND REPLACE MBS CAMERA. EVA3 11
PROGRAM APPROVED GET AHEADS 12

®DN12 | ®DN46 ] ®DN78 |
SCHEDULE FOR EVA EFFICIENCY - LOWER PRIORITY EVA TASK IS SCHEDULED AHEAD OF HIGHER PRIORITY TASK IN
ORDER TO OPTIMIZE THE EVA TIMELINE.

SCHEDULE FOR EFFICIENCY - LOWER PRIORITY EVA TASK IS SCHEDULED AHEAD OF HIGHER PRIORITY TASK DUE TO
CONSTRAINTS OF POWER OR COMMUNICATION CONFIGURATION. ®[DN 46 ]
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FLIGHT RULES
12A C2-12 ON-ORBIT PROPELLANT PRIORITIES [RI]
A. PROPELLANT PRIORITIES FOR CONSUMABLES LIMITED SITUATIONS,

HIGHEST PRIORITIES FIRST ARE:

PRIORITY FLIGHT ACTIVITY NOTES
1. NOMINAL OMS/RCS REDLINES REF RULE {A2-108}, CONSUMABLES MANAGEMENT
(PROTECTS 1-1 DEORBIT OPPORTUNITIES)
MINIMUM DURATION FLIGHT
RENDEZVOUS, UNDOCK, AND SEPARATE | INCLUDES PROPELLANT FOR A MEAN RENDEZVOUS, DOCK,
FROM ISS AND CONTINGENCY UNDOCK/SEPARATION FROM THE ISS.
DOES NOT INCLUDE PROPELLANT FOR ANY DOCKED
ATTITUDE HOLD OR MANEUVERS.
4. JOINT UNDERSPEED RECOVERY IF RENDEZVOUS CANNOT BE ACHIEVED AT THE NOMINAL
STATION ALTITUDE, THEN CONSIDERATION WILL BE GIVEN
IN REAL TIME TO LOWERING THE STATION ALTITUDE TO
PROVIDE RENDEZVOUS CAPABILITY.
5. RBAR PITCH MANEUVER (RPM) THE RPM IS LOWER PRIORITY THAN RENDEZVOUS WITH THE
ISS. REF. RULE {A2-121M}, RNDZ/PROX OPS PROPULSION
SYSTEMS MANAGEMENT.
6. SHUTTLE CONTROL OF MATED STACK FOR | ISS IS UNABLE TO HOLD ATTITUDE FOR THE SAW 2A
SAW 2A DEPLOY AND POST DEPLOY DEPLOY.
MANEUVER TO TEA ATTITUDE
7. ET PHOTOGRAPHY PITCH MANEUVER PHOTOGRAPHY OF THE ET USING THE HANDHELD CAMERA
IS HIGHLY DESIRABLE. THE +X TRANSLATION IS NOT
INCLUDED AT THIS LEVEL AS THIS MANEUVER
CONTRIBUTES TO THE OVERALL RENDEZVOUS BURN PLAN.
8. WEATHER WAVE-OFF EXTENSION DAY THE WEATHER WAVE-OFF EXTENSION DAY IS LOWER
PRIORITY THAN THE MINIMUM ALTITUDE REQUIRED FOR
gﬁfgggﬁélég) DEORBIT PRIMARY PAYLOAD ACTIVITIES. REF RULE {A2-108C},
CONSUMABLES MANAGEMENT.
9 SHUTTLE CONTROL OF MATED STACK FOR | CONSERVES ISS PROPELLANT
WATER DUMPS AND ASSOCIATED
MANEUVERS
10 SHUTTLE CONTROL OF MATED STACK FOR | CONSERVES ISS PROPELLANT
THE ODS LEAK CHECK, MANEUVER TO
THE UNDOCK ATTITUDE, AND ATTITUDE
CONTROL UNTIL UNDOCK
11 SHUTTLE CONTROL OF MATED STACK FOR | CONSERVES ISS PROPELLANT
THE MANEUVER POST DOCKING TO THE
TEA ATTITUDE
12. NOMINAL MISSION DURATION EXTEND MISSION DURATION IN FLIGHT DAY INCREMENTS
PAST MDF, UP TO NOMINAL. REF RULE {A2-108},
CONSUMABLES MANAGEMENT. ASSUMES ISS ATTITUDE
HOLD.
®[CR 7588 |
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12A_C2 -12 ON-ORBIT PROPELLANT PRIORITIES [RI] (CONTINUED)
PRIORITY FLIGHT ACTIVITY NOTES
13 POST UNDOCK LATE INSPECTION DELTA PROPELLANT REQUIRED FOR LATE INSPECTION
MANEUVERS AND ATTITUDE HOLD ABOVE NOMINAL -ZLV,
-XVV ATTITUDE HOLD
14, FCS CHECKOUT WITH APU RUNNING THE VENT FORCES FOR RUNNING AN APU SIGNIFICANTLY
INCREASE PROPELLANT CONSUMPTION WHILE THE APU IS
RUNNING WHILE AN FCS C/O WITHOUT AN APU HAS NO
APPRECIABLE PROPELLANT COSTS.
15. PROVIDE ADDITIONAL DEORBIT ATTEMPTS | TO PROVIDE 2-2-2 (TWO ATTEMPTS ON 3 CONSECUTIVE
UP TO 2-2-2, INCLUDING ANY REQUIRED DAYS) WILL REQUIRE AN ADDITIONAL TWO REVS OF
ORBIT ADJUST BURNS WAVEOFF ABOVE 2-1-1 CAPABILITY.
16. CONTINGENCY SHUTTLE CONTROL OF CONSERVES 1SS PROPELLANT. CMG CONTROL WILL BE
MATED STACK FOR ATTITUDE HOLD PRIME FOR ATTITUDE HOLDS. SHUTTLE CONTROL IS ONLY
USED IF CMG ATTITUDE HOLD IS NOT AVAILABLE.
17. OMS ENGINE FAIL REF RULES {A6-303}, OMS REDLINES [CIL]; {A6-304},
FORWARD RCS REDLINES; AND {A6-305}, AFT RCS
REDLINES [HC].
18. ISS REBOOST AVAILABLE SHUTTLE MARGIN WILL BE USED TO REBOOST
THE ISS.
19. ISS FLYAROUND
20. MAUI AND RAMBO
21. KU OPTIMIZATION FOR OBSS INSPECTION | KU OPTIMIZATION REDUCES THE AMOUNT OF PLAYBACK
TIME REQUIRED FOR OBSS INSPECTION DATA.
®DN37 | ®[CR7588 |

B.

PAYLOAD RETURN PROPELLANT MAY BE RELEASED FOR LOWER PRIORITY

ACTIVITIES AFTER SUCCESSFUL TRANSFER TO THE ISS.

Returning station elements intended to remain with the ISS may increase the deorbit and ballast

propellant requirements. Once these items have been successfully deployed and there is no possibility
that they will be returned, then the propellant committed to their return and ballast can be allocated to
lower priority activities.
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12aA C2-13 MISSION EXTENSION

A. THE NOMINAL 12A MISSION DURATION IS 11+1 DAYS.

B. IN THE EVENT OF A FD4 RENDEZVOUS, THE +1 DAY WILL BE USED AND
A NORMAL MISSION TIMELINE WILL BE EXECUTED.

C. IN THE EVENT THAT FOCUSED INSPECTIONS OF THE ORBITER ARE
REQUIRED, THE +1 DAY WILL BE USED TO ACCOMPLISH THE
INSPECTIONS. ®[CR7650 ]

The pre-flight plan, if focused inspections are required, is to insert the +1 day NET FDJ for the
inspections. The requirement for focused inspection will not be determined until after the P3/P4 truss has
been removed from the payload bay following docking. Due to launch-to-activation thermal constraints,
once the P3/P4 is removed from the payload bay, it must be installed on the ISS and activated the
following day. This requires that EVA 1 be performed on FD4. Therefore, the earliest opportunity to
perform focused inspection is FD35.

D. THE 12A MISSION HAS THE POTENTIAL OF EXTENDING THE DOCKED
MISSION BY 1 ADDITIONAL DAY BEYOND THE NOMINAL 11-DAY
DURATION FOR HIGH PRIORITY OBJECTIVES. THE PRIORITIES FOR
ADDING AN ADDITIONAL DAY ARE:

1. ADD CONTINGENCY EVA DAY IF REQUIRED FOR CAT 1 OBJECTIVES.
2. ADD CONTINGENCY EVA DAY IF REQUIRED FOR CAT 2 OBJECTIVES.

3. ADD EXTRA DAY WHILE DOCKED IF REQUIRED TO ACCOMPLISH CAT
2 IVA OBJECTIVES.

E. TIF CONSUMABLES ARE INSUFFICIENT TO SUPPORT AN ADDITIONAL
DOCKED DAY TO ACCOMPLISH CAT 1 OBJECTIVES, THE DAY BETWEEN
UNDOCKING AND LANDING WILL BE DELETED AND THE DOCKED MISSION
WILL BE EXTENDED. ®[CR7650 ]

The CAT 1 objectives should be accomplished if at all possible. Back-to-back EVA’s will only be done to
accomplish CAT 1 and 2 objectives. An additional day for other objectives can be added as long as these
two items are preserved. If both a FD4 rendezvous and a contingency day were required, EVA 3 day
would be given up (assuming all Cat 1 objectives were accomplished and consumables were not available
for an extra day) in order to preserve the day between undock and landing.
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12aA C2-14 CONTINGENCY EVA’'S [RI]

A. PRIOR TO P3/P4 UNBERTH FROM THE PAYLOAD BAY, EVA 1 AND P3/P4
INSTALLATION WILL BE DELAYED AND A CONTINGENCY EVA PERFORMED
IF REQUIRED TO:

RECOVER REDUNDANCY FOR FUNCTIONS SUPPORTING MATING OF P3/P4
TO P1.

Reference Rule {124 _C15-2}, UNSCHEDULED/CONTINGENCY EVA.
B. CONTINGENCY EVA (AFTER P3/P4 INSTALLATION)

SEE SECTION 15 CONTINGENCY/UNSCHEDULED EVA’S.
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12aA C2-15 SHUTTLE NON-PROPULSIVE CONSUMABLES MANAGEMENT

THE PRIORITIES FOR Op, Hp, AND Nop CONSUMABLE LIMITED SITUATIONS,
HIGHEST FIRST, ARE:

A. CONTINGENCY RESERVES, MEASUREMENT ERROR, ETC., FROM THE
APPROPRIATE SHUTTLE REDLINE RULES IN VOLUME A

Reference Rules {A9-257), POWER REACTANT STORAGE AND DISTRIBUTION (PRSD) H2 AND O2
REDLINE DETERMINATION, and {417-202}, PSIA CABIN CONTINGENCY 165-MINUTE RETURN
CAPABILITY. These redlines include a 2-2-2 shuttle deorbit opportunity plus minimum power level
requirements for a safe landing and other contingency reserve.

B. MINIMUM DURATION FLIGHT, INCLUDING UP TO 2 DAYS OF DOCKED
OPERATIONS WITH ONE EVA FOR THE TRANSFER OF THE P3/4 TRUSS
ASSEMBLY

Minimum duration flight includes approximately 96 hours of on-orbit time, ascent, post-insertion, deorbit
prep, and entry. Generally, there will be only 1 docked day’s worth of activities on an MDF, but it is
possible to achieve 2 docked days if the orbital mechanics are favorable. This includes orbiter thermal
requirements. Currently, 4 Ibm O) is being budgeted for this EVA. A total of 3.62 [bm of N> is being
budgeted for the EVA. ®[CR7402 |

C. NOMINAL MISSION DURATION

This includes orbiter thermal requirements.

D. TWO ADDITIONAL NOMINALLY PLANNED ISS BASED EVA’S NOT INCLUDED
IN THE MINIMUM DURATION FLIGHT REQUIREMENT (REFERENCE
PARAGRAPH B)

Currently, 8 Ibs of O is being budgeted for the two scheduled EVA’s. A total of 3.62 Ibm of N is being
budgeted for each of the two scheduled EVA’s. ®[CR7402 |

E. MISSION EXTENSION OF DOCKED PERIOD TO THE NOMINAL +1 DAY

This includes orbiter thermal requirements.

THIS RULE CONTINUED ON NEXT PAGE
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12a C2-15 SHUTTLE NON-PROPULSIVE CONSUMABLES MANAGEMENT
(CONTINUED)

F. AN ADDITIONAL DAY ABOVE THE NOMINALLY PLANNED MISSION TO BE
USED AS AN ADDITIONAL DOCKED DAY OR A WEATHER EXTENSION DAY
WITH TWO DEORBIT OPPORTUNITIES.

If shuttle consumable margins allow, an additional day will be protected. An additional day (docked or
weather extension day) would require approximately 250 Ibs Oy and 30 Ibs H>.

G. ONE UNSCHEDULED ISS-BASED EVA

Currently, 4 Ibs of O} is being budgeted for the unscheduled EVA. A total of 3.62 Ibm of N> is being
budgeted for the unscheduled EVA. ®|CR7402 |

H. Np TO SUPPORT ORBITER 10.2 EVA BACKUP CAPABILITY

44 Ibm of N is budgeted to support 179-minute emergency deorbit capability while orbiter is at 10.2
psia for backup EVA operations from shuttle.

DOCUMENTATION: SIA (NSTS 21458).

I. 0O»/Np FOR TRANSFER TO THE ISS

Line transfer of a minimum of 25 [bm O will be budgeted. If shuttle consumable margins allow,
additional O»/N> for line transfer will be supplied on an as-needed basis. ®DN60 ]

DOCUMENTATION: SIA ( NSTS 21458).

J. EGRESS REPRESSURIZATION OF THE ISS TO THE MAXIMUM PRESSURE
VALUES LISTED IN RULE {Cl7-4}, ISS ATMOSPHERE
REPLENISHMENT [RC]

In the event that ISS HPGT consumables are being used for metabolic demand (e.g., if Elektron is
inoperable), this item may be placed above line transfers in priority. In this case, the oxygen transfer
does not impact ORCA lifetime.

K. ADDITIONAL SHUTTLE DEORBIT OPPORTUNITIES ABOVE 2-2-2

12A/STS-115 07/31/06 FINAL FLIGHT OPERATIONS 2-60
12A-12A.1 STAGE
Verify that this is the correct version before use.



NASA - JOHNSON SPACE CENTER

FLIGHT RULES

12A C2-16 MINIMUM DURATION FLIGHT [RI]

A. AN MDF WILL BE CONSTRUCTED PER THE PRIORITIES SHOWN IN RULE
{12A C2-11}, ON-ORBIT PRIORITIES [RI]. THIS LEADS TO THE
FOLLOWING SEQUENCE OF EVENTS: ®[CR7667 ]

1.

4.

5.

FD3 - RENDEZVOUS AND DOCK WITH ISS, ITS P3/P4
UNBERTH/HANDOFF

FD4 - ITS P3/P4 INSTALL, EVAl - CONNECT UMBILICALS
BETWEEN P1 AND P3 TO PROVIDE SURVIVAL POWER FROM P1,
ACTIVATE ITS P3/P4 SYSTEMS TO RECEIVE SURVIVAL POWER FROM
P1.

FD5 - TRANSFER MANDATORY AND CRITICAL ITEMS PER 12A
TRANSFER LIST.

FD6 - UNDOCK, CABIN STOW, FCS CHECKOUT, AND RCS HOT FIRE

FD7 - DEORBIT

THIS ACCOMPLISHES CAT 1 PRIORITY OBJECTIVES.

B. UNDOCKING WILL BE DELAYED UNTIL THE TPS IS CLEARED FROM
ASCENT DEBRIS AND GAP FILLER PROTRUSIONS, AND THE ET DOORS
ARE VERIFIED IN THE PROPER CONFIGURATION TO SUPPORT RE-ENTRY.

C. LATE RCC INSPECTION FOR MMOD WILL NOT BE PERFORMED IN AN MDF
CASE:

1.

DUE TO THE REDUCED ON-ORBIT EXPOSURE TIME TO THE MMOD
ENVIRONMENT SINCE THE FD2 INSPECTION

2. TO MINIMIZE WINDOW OF EXPOSURE OF THE NEXT ORBITER
SYSTEMS FAILURE FOR WHICH THE MDF WAS INVOKED
3. TO PROVIDE ADEQUATE TIME TO PERFORM ENTRY PREP AND ENTRY
STOW ACTIVITIES TO SUPPORT DEORBIT, ENTRY, AND LANDING
®[CR7667 |
THIS RULE CONTINUED ON NEXT PAGE
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12A Cc2-16 MINIMUM DURATION FLIGHT [RI] (CONTINUED)

This plan recognizes the desire to terminate the mission early due to orbiter failures, install ITS
P3/P4, and deliver the critical hardware to ISS. It assumes that TPS inspection data from the ascent

debris environment, gap fillers, and ET doors has been reviewed and confirms TPS to be GO for entry.
®[CR 7667 |

Numerous combinations of the MDF plans are possible depending on when the failure occurs, the time
required to assess TPS inspection data, etc.

The goal will be to delay undocking until the TPS is cleared from ascent debris, gap filler protrusions,
and proper ET door closure and is shown to be GO for entry since repair options are more robust at ISS
as is the contingency safe haven capability. If undocking is delayed beyond FDS8, consideration will be
given to adding another EVA from the nominal plan per Rule {124 _C2-TBD}, EVA TASK REPLANNING
GUIDELINES. Undocking is expected to occur later in the crew day than usual to ensure post-EVA tasks
are complete and middeck return items are stowed. All of this leads to this being a busy flight from
launch through undocking, and it is, therefore, highly desired to preserve the day between undocking and
deorbit to ensure the orbiter is ready and the crew is rested for entry.

For the MDF case, late RCC inspection for MMOD damage will not be performed. The MMOD exposure
from the scheduled FD2 inspection to deorbit FDS has similar PRA as the FD09/10 late inspection to
deorbit on FD12. Additionally, delaying deorbit to perform the late inspection increases the window of
exposure to the next worst orbiter systems failure for which the MDF was invoked. Late inspection
requires approximately 2 days for execution of inspection and imagery review. Also, time is required to
ensure the vehicle has been properly checked out and configured to safely support deorbit, entry, and
landing.

D. THE ITS P3/P4 WILL ONLY BE UNBERTHED AND INSTALLED ON ISS IF
THERE IS 1 FULL DOCKED DAY TO PERFORM EVAIL.

Due to the components on the ITS P3/P4 requiring to stay above certain thermal limits, P3/P4 will not be
unberthed from the shuttle PLB unless there is 1 full docked day available to perform the installation,
umbilical mating, and activation of the ITS.

Reference Rules {124 _C2-11}, ON-ORBIT PRIORITIES [RI]. ®|CR7667 |
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SAFETY DEFINITION AND MANAGEMENT

12A C2-31 ISS CARGO ELEMENT RETURN

A. THE P3/P4 TRUSS WILL REMAIN ON THE ISS IF ALL THE FOLLOWING
ARE MET:

THE P3/P4 IS INSTALLED WITH AT LEAST THREE OF FOUR MBA’S
MEETING THE BOLT TIGHT CRITERIA. REFER TO RULE {12A C10-2},
SSAS BOLT FULLY TIGHT DEFINITION. ®[CR7686 |

This config can support docking and undocking loads (shuttle, Soyuz, or Progress), ISS (SM and aft
Progress) reboost, and shuttle (config 3 and 4) reboost. Inability to mate power and/or data connectors

to the truss (Which may result in loss of P3/P4 ORU’s) will not dictate return of the cargo element. ®DN
38 ]

B. IN THE EVENT THAT THE P3/P4 MUST BE RETURNED, ALL FOUR PRLA’S
CONFIRMED, CLOSED, AND LATCHED, AND THE TWO KEEL LATCHES MUST
BE CLOSED AND LATCHED.

No preflight structural analysis was performed to determine if payload return with a PRLA or AKA
released would result in damage to the orbiter and/or P3/4, or any orbiter entry control concerns.
Current analysis tools are not sufficient to perform a non-linear analysis as required for this case,
preflight or real time.

C. IN THE EVENT THAT P3/P4 MUST BE RETURNED AFTER AN MET OF 100
HOURS, FOUR HOURS OF THERMAL CONDITIONING IN PLB TO EARTH
ATTITUDE IS REQUIRED AFTER UNDOCKING. ADDITIONAL ORBITER PLB
NO-SUN ATTITUDES WILL REQUIRE A 10-HOUR RECOVERY IN NOMINAL
ATTITUDE ENVELOPE.

The SLR material (Martensitic Steel) exhibits brittle failure characteristics at cold temperatures.
Thermal Conditioning may be required before the SLR is subjected to descent/landing loads. Attitudes
that place no Sun in the PLB could cause P3/P4 components to exceed their lower temperature limits.

Reference Analysis performed to close FCA Action 222280A4-FCA-022.
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12A C2-32 KEEP-OUT ZONE (KOZ) FOR IVA CREWMEMBERS DURING
LASER DYNAMIC RANGE IMAGER (LDRI) OPERATIONS [HC]

A. PER OCCUPATIONAL HEALTH AND SAFETY ADMINISTRATION (OSHA)
STANDARDS, CREWMEMBERS SHALL AVOID LOOKING AT THE LASER
SOURCE . ®[CR7494 ]

B. IF THE LASER DYNAMIC RANGE IMAGER (LDRI) IS IN MODES 2
THROUGH 6:

1. IF LDRI IS > 2.7 METERS (9.0 FEET) FROM THE COCKPIT, SIDE
HATCH, OR ISS WINDOWS: NO PROTECTION REQUIRED.

2. IF LDRI IS BETWEEN 0.6-2.7 METERS (2.0-9.0 FEET) FROM THE
COCKPIT, SIDE HATCH, OR ISS WINDOWS: EYEWEAR DESIGNATED
TO PROTECT AGAINST LDRI RADIATION SHALL BE WORN.

3. IF LDRI IS < 0.6 METERS (2.0 FEET) FROM THE COCKPIT, SIDE
HATCH, OR ISS WINDOWS: WINDOW SHADE (S) OR WINDOW COVER
SHALL BE INSTALLED.

LDRI mode 1 is the standby mode, which has the laser turned off; therefore, this rule is only in effect for
modes 2 through 6.

The LDRI is a non-visible laser. The LDRI contains an embedded Class 1V laser. The LDRI contains 19
LED’s emitting radiation at 805nm with a combined power of 8.9W. Optical attenuation limits individual
laser beams to 0.2 1mW, which is Class I status. Due to beam overlap and overall system output, eye and
skin hazards exist. The LDRI is eye and skin safe at a distance greater than 2.7 m (9.0 feet) from the
cockpit windows. Distances less than or equal to 2.7 meters (9.0 feet) require additional protection. The

cockpit and side hatch windows provide negligible protection at this wavelength. The required eyewear
will be determined by NASA Medical Operations.

The PDRS console monitors arm position and distances. Flight Day 2, 10, and 11 scans are designed
preflight and can be found in the PDRS Flight Supplement. INCO monitors the LDRI mode when scans
are occurring after the RMS is in position. INCO monitoring is limited by LDRI system telemetry
availability. PDRS reports distance violations to both shuttle and ISS Flight Directors if within any
Keep-Out Zones and the MCC Surgeon will recommend the required personal protective equipment
(PPE).

MOD recognizes this hazard and will use best effort in verifying LDRI direction and scan mode prior to
removing window protection allowing the crew better situational awareness of SRMS/OBSS visuals for
clearances between the orbiter hull to prevent physical contact. ®[CR 7494 |

THIS RULE CONTINUED ON NEXT PAGE
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12A C2-32 KEEP-OUT ZONE (KOZ) FOR IVA CREWMEMBERS DURING
LASER DYNAMIC RANGE IMAGER (LDRI) OPERATIONS [HC]
(CONTINUED)

C. THERE ARE NO KOz’S FOR AN UNPOWERED LDRI. ®[CR7494 |
D. THERE ARE NO KOZ’S FOR LDRI WHILE THE OBSS IS BERTHED.

DOCUMENTATION:

Hazard Reports OBSS LCS 001, Rev E, Crew Eye or Skin Injury as a Result of Exposure to Laser
Radiation, and LDRI-5, Pathological/Physiological/Psychological.

NASA Memorandum SD-06-034, Laser Safety Analysis of OBSS LCS and LDRI Lasers, May 30, 2006.

OSHA standards: 29 CFR 1910.133, Eye and Face Protection; 29 CFR 1926.54, Non-Ionizing
Radiation,; and 29 CFR 1926.102, Eye and Face Protection. ®|CR7494 |
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12A C2-33 KEEP-OUT ZONE (KOZ) FOR IVA CREWMEMBERS DURING
LASER CAMERA SYSTEM (LCS) OPERATIONS [HC]

A. PER OCCUPATIONAL HEALTH AND SAFETY ADMINISTRATION (OSHA)
STANDARDS, CREWMEMBERS SHALL AVOID LOOKING AT THE LASER
SOURCE . ®[CR7495 ]

B. IF THE LASER CAMERA SYSTEM (LCS) INFRARED LASER IS POWERED ON
AND ACTIVELY LASING, THE FOLLOWING PROTECTIVE EYE SHIELDING
MUST BE WORN/INSTALLED IF THE KEEP-OUT ZONE DISTANCE (S)
LISTED IN THE FOLLOWING CHART ARE BREACHED. THE KEEP-OUT
ZONE IS PROJECTED OUT AS A RECTANGLE EXITING 30 DEG X 30 DEG
PERPENDICULAR TO THE LCH OPTIC WINDOW. ®[CR7618 ]

EYEWEAR
DESIGNATED WINDOW
NO TO PROTECT SHADE(S)
LCC INTERFACE WITH LCH PROTECTION AGAINST OR
REQUIRED LCS RADIATION WINDOW
SHALL COVER(S)
BE WORN
>19.1 METERS 19.1 TO 10.7 METERS <10.7 METERS
e R (> 67 FEET) (67 TO 35.1 FEET) (< 35.1 FEET)
> 11 METERS 1170 6.7 METERS <6.7 METERS
ORBITER FLIGHT DECK WINDOWS —j>37FEET —3377'022’:557' —W
> 14.6 METERS 14.6 TO 8.2 METERS <8.2 METERS
leg L. s ity (> 48 FEET) (50 TO 27 FEET) <27FEET

®[CR7618 |

The nominal preflight procedures for LCS scanning are only used for focused tile inspections. Focused
inspection procedures using the LCS sensor are developed real time based on flight data. The PDRS
console operator in MCC monitors the LCS distance during in-flight scanning and will inform both
shuttle and ISS Flight Directors if any Keep-Out Zones are determined and any safety precautions
required. The INCO console operator reports any off-nominal scanning events to the FD on the Flight
Loop. INCO, PDRS, SURGEON, and FD will have the responsibility to ensure crewmembers are
instructed to don eye protection or install the window shade(s)/cover(s) if the scanning is projected to
violate the constraints defined in this rule. ®[CR7495 |
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12A C2-33 KEEP-OUT ZONE (KOZ) FOR IVA CREWMEMBERS DURING
LASER CAMERA SYSTEM (LCS) OPERATIONS [HC]
(CONTINUED)

The LCS is not visible to the human eye. The LCS is a Class 11Ib laser with a source of 1500 nm, 360 mW
(derated to a nominal power output of 252 mW), due to attenuation of the optical components of the
Laser Camera Head (LCH) nominal output power from the LCH window is 200 mW. A potential hazard
to the cornea of the eyes and skin could be present with this laser. The required eyewear will be
determined by NASA Medical Operations. The distances listed in the rule are based on Adidas Model
124 sunglasses that are manifested for each STS crewmember. ®[CR 7495 |

Hazard Report OBSS LCS 001, Rev F, Crew Eye or Skin Injury as a Result of Exposure to Laser
Radiation, details an improbable but critical worst-case two-fault KOZ as 19.1 m. If the LCH is actively
scanning/lasing and has two internal LCH hardware failures generating a stationary laser beam, this
would produce a potential laser beam radiation hazard critical to a crewmember’s eye if continually
radiated for greater than 10 seconds. PDRS and INCO will use best effort to write LCS focused
inspection procedures to ensure the SRMS/OBSS is in position with the LCH facing the inspection area
prior to activating the LCH laser. The crew does have insight to laser operations and can quickly turn off
the laser if a malfunction is encountered. PDRS will model this failure as a rectangle exiting 30 degx 30
deg perpendicular to the LCS optic window. ®[CR7618 |

MOD and the crew will use best effort to adhere to the LCS KOZ while maintaining visuals on
SRMS/OBSS clearances to the shuttle hull using the cabin windows.

The orbiter side hatch window has no protective coating and is modeled with 100 percent transmittance.

The orbiter cockpit, overhead, and aft flight deck windows contain protective coatings which have a
transmittance of 30 percent or less, allowing for shorter KOZ by attenuating the LCH laser.

The ISS windows contain protective coatings which have a transmittance of 55 percent or less, allowing
for shorter KOZ’s by attenuating the LCH laser.

C. THERE ARE NO KOzZ’S FOR AN UNPOWERED LCS.

D. THERE ARE NO KOZ’S FOR AN LCS IN HEATERS-ONLY MODE.
E. THERE ARE NO KOZ’S FOR LCS WHILE THE OBSS IS BERTHED.
DOCUMENTATION:

Hazard Reports OBSS LCS 001, Rev F; Crew Eye or Skin Injury as a Result of Exposure to Laser
Radiation, June 16, 2006, and LDRI-5, Pathological/Physiological/Psychological. ®|CR7618 |

NASA Memorandum SD-06034, Laser Safety Analysis of OBSS LCS and LDRI Lasers, May 30, 2006.

OSHA standards: 29 CFR 1910.133, Eye and Face Protection; 29 CFR 1926.54, Non-Ionizing
Radiation; and 29 CFR 1926.102, Eye and Face Protection. ®|CR7495 |
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RENDEZVOUS/PROXIMITY AND DEPLOY/SEPARATION OPERATIONS

12A C2-41 STATION RENDEZVOUS/DOCKING PROPELLANT PRIORITIES
[RC] ®DN98 ] ®DN105 ] ®[CR7606A |

A. IN ORDER TO BE GO FOR STATION DOCKING, SHUTTLE PROPELLANT
MUST BE AVAILABLE AS FOLLOWS TO PERFORM THE INDICATED
OPERATIONS:

1. PROP REQUIRED FOR A NOMINAL APPROACH AND DOCKING

2. PROP REQUIRED FOR THE GREATEST OF SHUTTLE ANY ATTITUDE
SEPARATION VS SHUTTLE EMERGENCY SEPARATION VS
BACKOUT/FAILED CAPTURE/BREAKOUT AS FOLLOWS:

a. PROP TO PERFORM SHUTTLE ANY ATTITUDE SEPARATION PER
RULE {C4-156}, ANY ATTITUDE SEPARATION [HC] [RC]

OR

b. PROP TO PERFORM SHUTTLE EMERGENCY SEPARATION PER RULE
{C4-153}, SHUTTLE EMERGENCY SEPARATION [HC] [RC]

OR

c. PROP TO PERFORM SHUTTLE OPERATIONS PER RULE {C4-452},
SHUTTLE BACKOUT/FAILED MECHANICAL CAPTURE [RC], AND A
NON-TIME-CRITICAL SHORT RANGE PROX OPS BREAKOUT

3. PROP REQUIRED PER RULE {A2-121A}, RENDEZVOUS/PROX OPS
PROPULSION SYSTEMS MANAGEMENT, PARAGRAPHS 1-3

4. PROP REQUIRED FOR SHUTTLE/STATION STACK ATTITUDE CONTROL
FOR MINIMUM MATED OPS DURATION AS DEFINED IN THE ANNEX

5. PROP REQUIRED FOR A POTENTIAL INCREASED DEORBIT COST

RESULTING FROM SEPARATION/BREAKOUT WILL NOT BE PROTECTED.
®[CR 7606A |
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12A c2-41 STATION RENDEZVOUS/DOCKING PROPELLANT PRIORITIES
[RC] (CONTINUED)

At a minimum, to dock with the station, propellant must be available to complete the nominal approach
through docking, perform a shuttle any attitude separation or a shuttle emergency separation from
station, and to protect deorbit and entry redlines, including a deorbit prep and 1 day of orbit
maintenance to the PLS opportunity. If the station cannot control attitude through the docked phase,
orbiter propellant is required for this activity. The greatest of any attitude separation versus emergency
separation versus backout/failed capture/breakout is required. The any attitude separation would be
used following a successful capture where hardmate cannot be accomplished such that neither vehicle
can assume attitude control. Emergency separation would be used when the Joint Expedited Undocking
and Separation (JEUS) is executed for a shuttle cabin leak, the loss of two Freon loops, or the loss of two
water loops. Additionally, JEUS may be used for an unisolatable propellant leak, loss of two cabin fans,
or loss of two fuel cells. The backout/failed capture provides for the orbiter to back out, fly the corridor,
and perform a breakout if required. For all of these scenarios, no propellant is budgeted for increased
deorbit costs, re-rendezvous attempts, or for stationkeeping. If the separation results in an increased
deorbit cost but insufficient propellant margin exists to provide the increased steep deorbit cost, then a
shallow deorbit must be performed. This additional risk was accepted by the JMICB in order to avoid
having to load additional OMS propellant to cover the potential increased deorbit cost which could
impact Ascent Performance Margin (APM). ®[CR 7606A ]

B. TI DELAY BURN VS RBAR STATIONKEEPING - IF A SINGLE REV
POSTPONEMENT TO PROX OPS IS ANTICIPATED PRIOR TO TI, A TI
DELAY BURN WILL BE PERFORMED AS A PROPELLANT CONSERVATION
MEASURE.

To perform a TI delay burn, a total of 6 fps is expended in addition to a nominal rendezvous (3 fps more
than TI is required for TI delay itself plus 3 fps for the delayed TI burn). At 25 Ibs of propellant per fps,
this penalty equates to 150 Ibs. The TI delay option also expends an additional 28 Ibs of FRCS
propellant if the 3 fps delayed TI is a multi-axis burn because TI is nominally a 9 fps single OMS burn.

The STS-74 approach database indicates that the mean penalty for LOW Z Rbar stationkeeping at 170
feet is 2.7 Ibs/min of which 44 percent is FRCS usage (1.2 lbs/min). Thus, the TI delay penalty in total
propellant usage is reached in about 55.5 min of Rbar stationkeeping while that for FRCS usage is
reached in 23 min. A TI delay is, therefore, clearly more propellant efficient for any postponement to the
approach of one orbit or more. ®[CR 7606A |

THIS RULE CONTINUED ON NEXT PAGE

12A/STS-115 07/31/06 FINAL FLIGHT OPERATIONS 2-69
12A-12A.1 STAGE
Verify that this is the correct version before use.



NASA - JOHNSON SPACE CENTER

FLIGHT RULES

12A c2-41 STATION RENDEZVOUS/DOCKING PROPELLANT PRIORITIES
[RC] (CONTINUED)

C. TI DELAY BURN VS VBAR STATIONKEEPING - IF A SINGLE REV
POSTPONEMENT TO PROX OPS IS ANTICIPATED PRIOCR TO TI, A TI
DELAY BURN WILL BE PERFORMED AS A PROPELLANT CONSERVATION

MEASURE. ®[CR7606A 1

To perform a TI delay burn, a total of 6 fps is expended in addition to a nominal rendezvous (3 fps more
than Tl is required for Tl delay itself plus 3 fps for the delayed TI burn). At 25 lbs of propellant per fps,
this penalty equates to 150 Ibs. The TI delay option also expends an additional 28 Ibs of FRCS
propellant if the 3 fps delayed TI is a multi-axis burn because TI is nominally a 9 fps single OMS burn.

The standard Vbar stationkeeping rule of thumb indicates that the mean penalty for Low Z Vbar
stationkeeping is 2.5 Ibs/min. Thus, the TI delay penalty in total propellant usage is reached in about
60 min of Vbar stationkeeping. A TI delay is, therefore, clearly more propellant efficient for any
postponement to the approach of one orbit or more. ®[CR 7606A |
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12A C2-42

ISS SYSTEM MANAGEMENT FOR UNDOCKING [HC] [RC]

A. ISS APPENDAGE CONFIGURATION:

1.

NOMINALLY, THE USOS SOLAR ARRAY ROTARY JOINTS (SARJ) AND
THE BETA GIMBAL ASSEMBLIES (BGA) WILL BE FEATHERED
DURING SEPARATION AS DEFINED IN THE FOLLOWING TABLE

WHILE THE ORBITER IS WITHIN 600 FEET (400 FEET FOR P6
ARRAYS WHEN P6 IS ON Z1l). ®©DN92 ]

TABLE 12A C2-42-I - USOS FEATHER ANGLES FOR ORBITER UNDOCK

71-P6 PORT ARRAYS STARBOARD ARRAYS
STAGE BGA (DEG) BGA (DEG)
CONFIGUR- BGA (DEG) SARJ | INBOARD | OUTBOARD | gpry | INBOARD | OUTBOARD
ATION (DEG) (P4) (P6) (DEG) (s4) (S6)
UPR-2B | LWR-4B UPR | o [UER- | LR LR | UPR llwraas) VPR
AFTER FLT 12A 150 210 oL 270 L 80L
(4B DEPLOYED)

L = LATCHED OR LOCKED
R = ARRAY RETRACTED

This Rule defines the SARJ and BGA positions for departure and undocking. A SARJ is defined to be
feathered when it is positioned at its feather angle and its DLA is engaged and powered. (Analysis for an
unlocked SARJ is still pending.) A BGA is defined to be feathered when it is positioned at its feather

angle and the BGA motor is powered. A SARJ is defined to be locked when the DLA lock rack is engaged
to the bull gear.

A BGA is defined to be locked when its anti-rotation pin is engaged and the BGA motor is off.

2.

SHUTTLE UNDOCKING WILL BE DELAYED FOR UP TO ONE ORBIT IF
REQUIRED TO CONFIGURE THE U.S. ARRAYS.

a. IF THE 2A OR 4A ARRAY CANNOT BE ORIENTED TO THE
CONFIGURATIONS DEFINED IN TABLE 12A_C2—42—I, UsoS
FEATHER ANGLES FOR ORBITER UNDOCK, UNDOCKING MAY
CONTINUE PROVIDED:
(1) ARRAY IS LOCKED AND NOT IN A RESTRICTED POSITION
PER TABLE 12A_C2—42—II - RESTRICTED ARRAY
POSITIONS. ®DN92 |
THIS RULE CONTINUED ON NEXT PAGE
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(CONTINUED)

TABLE 12A C2-42-II - RESTRICTED ARRAY POSITIONS @DN92 |

P4 2A BGA: 290-40, 110-220
P4 4A BGA: 300-60, 120-240

Reference JSC 29791, July 2002 and Boeing ISS S&M Presentation to VCB, April 9, 2001 (P6 on Z1),
J332-2002-142, December 6, 2002 (P4 arrays for 4B Deployed case).

OR

(2) ARRAY IS FEATHERED TO THE POSITION DEFINED IN
TABLE 12A C2-42-1 - USOS FEATHER ANGLES FOR
ORBITER UNDOCK, AND UNLOCKED.

The potential risk for damaging a P4 solar array during orbiter separation is much higher than for P6-
on-Z1 arrays. If the P4 arrays can be feathered to 90/270 degrees, analysis has shown the BGA can
maintain position at this angle while subjected to obiter and ISS plume loads in the event the arrays
cannot be locked. However, in this configuration, the arrays are zero-fault tolerant for inadvertent
rotation into a structural Keep-out Zone (KOZ). Alternatively, the arrays can be locked in any position
not restricted in Table 12A_C2-42-Il - RESTRICTED ARRAY POSITIONS. Note that the BGA drive
may not be able to maintain position while subject to plume loads at all angles.

b. IF THE 2B OR 4B ARRAY CANNOT BE ORIENTED TO THE
CONFIGURATIONS DEFINED IN TABLE 12A C2-42-1 - USOS
FEATHER ANGLES FOR ORBITER UNDOCK, UNDOCKING MAY
CONTINUE.

There are no thermal or loads keep-out zones for the P6 solar arrays when undocking from PMA?2
when on the Lab Forward CBM, so undocking may continue even if the P6 arrays cannot be
positioned. ®DN92 ]

3. NOMINALLY, THE FGB AND SM SOLAR ARRAYS WILL BE IN SOLAR
ZONE 1 OR 9 WHILE THE ORBITER IS WITHIN 170 FEET.
UNDOCKING WILL BE DELAYED UP TO ONE ORBIT TO ALLOW RS
SOLAR ARRAYS TO BE ORIENTED TO THE POSITIONS DEFINED
ABOVE.

This Rule defines the SM and FGB array positions for departure and undocking. Array structural load
limits will not be violated if the arrays are not in the proper sun zones, however, actual loading may be
significant and structural fatigue could reduce solar array life.

Reference VAC 11A Orbiter/ISS On-Orbit Loads Report, JSC 29791, July 2002.
THIS RULE CONTINUED ON NEXT PAGE
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B. ANY EXPEDITED UNDOCKING MAY CONTINUE IF U.S. OR RUSSIAN SOLAR
ARRAYS CANNOT BE POSITIONED OR STOPPED, PROVIDED: @®DN92 ]

1. 2A AND 4A ARRAYS ARE LOCKED AND NOT IN A RESTRICTED ARRAY
POSITION (SEE TABLE 12A C2-42-I1 - RESTRICTED ARRAY
POSITIONS)

OR

2. 2A AND 4A ARRAYS ARE FEATHERED TO 90/270 DEGREES AND
UNLOCKED

The potential risk for damaging a P4 solar array during orbiter separation is much higher than for P6-
on-Z1 arrays. If the P4 arrays can be feathered to 90/270 degrees, analysis has shown the BGA can
maintain position at this angle while subjected to obiter and ISS plume loads in the event the arrays
cannot be locked. However, in this configuration the arrays are zero-fault tolerant for inadvertent
rotation into a structural KOZ. Alternatively, the arrays can be locked in any position not restricted in
Table 124 _C2-42-1I - RESTRICTED ARRAY POSITIONS. Note that the BGA drive may not be able to
maintain position while subject to plume loads at all angles.

There are no thermal or loads keep-out zones for the P6 solar arrays when undocking from PMA?2 on the
Lab Forward CBM, so undocking may continue even if the P6 arrays cannot be positioned. The risk of
exceeding a P6 solar array load limit is considered lower than delaying an expedited undocking, since
expedited undockings are the result of an unsafe condition requiring an orbiter separation and, in some
cases, deorbit. Further, undocking plume loads are typically more benign than approach plume loads,
which also reduces the overall risk of overloading the P6 solar arrays. ®DN92 |

C. SPACE STATION REMOTE MANIPULATOR SYSTEM (SSRMS) SHALL BE IN A
PRE-ANALYZED UNDOCKING CONFIGURATION.

Reference Hazard Report ISS-COLL-1003-4A, Hazards During Proximity Operations, Cause 7, Control 5.

D. REFER TO RULE {B2-19}, U.S. LAB WINDOW OPERATIONAL
CONSTRAINTS, FOR MANAGEMENT OF THE LAB SHUTTER DURING SHUTTLE
UNDOCKING.

THIS RULE CONTINUED ON NEXT PAGE
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E. ACS MODING CONFIGURATION

1. AT LEAST ONE COMMAND SOURCE SHALL BE AVAILABLE TO MODE
THE STATION INTO ATTITUDE CONTROL. THE LIST OF COMMAND
SOURCES INCLUDES THE FOLLOWING, IN ORDER OF PRIORITY:

PRIORITY COMMAND SOURCE
1 AUTOMATIC ACS MODING IN THE CCS
2 ISS CREW
3 GROUND (MCC-H OR MCC-M)

The automatic ACS moding shall be considered a single, redundant command source, since the ACS
moding status is not check pointed to the backup C&C MDM.

THE PRIMARY COMMAND SOURCE SHALL HAVE THE NEXT HIGHEST
AVATLABLE COMMAND SOURCE AS A BACKUP, IF AVAILABLE. THE
BACKUP SHALL COMMAND THE ISS TO ATTITUDE CONTROL IF THE
ISS IS STILL IN FREE DRIFT AT A TIME WHEN THE ISS WAS
EXPECTED TO HAVE RESUMED ATTITUDE CONTROL.

The backup command source options of the ISS crew and the ground (MCC-H or MCC-M) shall
command after 100 seconds have elapsed from undocking and the automatic command sequence has
failed to resume ISS attitude control. This still satisfies the constraint of a minimum separation distance
of 9 ft (interface-to-interface). The ISS crew is the second priority command source, and a higher priority
than the ground, to protect for a loss of communication condition.

The orbiter crew, using the UHF link, was not listed in the priority table because this method is many
failures deep, there is not the time criticality for commanding the Motion Control System as there is at
docking, and the orbiter crew’s concern is separating from the ISS.

Reference Hazard Report ISS-GNC-701-4A, Loss of ISS attitude control due to integrated system failure,
Cause 1, Control B.2.

THIS RULE CONTINUED ON NEXT PAGE
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2. THE AUTOMATIC ACS MODING’S LED CONTROL SOFTWARE SHALL
REMAIN INHIBITED FOR UNDOCKING. THIS WILL ENSURE THAT
THE LIGHTS REMAIN OFF AND DO NOT GIVE AN INCORRECT STATUS
OF THE STATION ATTITUDE CONTROL SYSTEM.

Certain failures may cause the LED control software (per SPN 285) to incorrectly reflect the usability of
ACS moding and the attitude control of the station.

3. IF, WITHIN 3 HOURS OF ORBITER UNDOCKING, A U.S. GNC
FAILURE OCCURS SUCH THAT ACS MODING WILL BE UNABLE TO
ESTABLISH U.S. ATTITUDE CONTROL AFTER UNDOCK, THE
FOLLOWING MUST OCCUR POST-SEPARATION:

a. THE CCS “ORBITER DOCKED” FLAG WILL BE SET TO “NOT
DOCKED."”

b. CONTROL WILL BE HANDED OVER TO THE RUSSIAN SEGMENT.

U.S. GNC is susceptible to multiple single failures (such as loss of the Primary GNC MDM) that render it
unable to control attitude without at least 3 hours of reconfiguration by the ground. During unmated
operations, such failures would lead to an automatic handover to the Russian Segment (which would snap
and hold the current attitude). This software is normally inhibited during mated operations since the
orbiter is available for control of the stack. The manual RS unconditional handover command is
identical to that sent automatically by CCS, and provides MCC-H and the crew with the ability to directly
re-establish stack attitude control manually following orbiter undock after time critical GNC failures.
However, if the “RS Takeover without Handshake” response is inhibited, this off-nominal handover will
not be successful. In that case, a nominal handover must occur, to give the Russians the master flag,

prior to the orbiter departure.

Several actions in the Russian Segment are controlled by the “orbiter docked” flag (such as mass
properties updates), and this flag must be verified as set for an undocked configuration prior to issuing

the handover command.

THIS RULE CONTINUED ON NEXT PAGE

12A/STS-115 07/31/06 FINAL FLIGHT OPERATIONS 2-75

12A-12A.1 STAGE
Verify that this is the correct version before use.



NASA - JOHNSON SPACE CENTER

FLIGHT RULES

12a C2-42 ISS SYSTEM MANAGEMENT FOR UNDOCKING [HC] [RC]
(CONTINUED)

F'. UNDOCKING DELAY CRITERIA:

SHUTTLE UNDOCKING WILL BE DELAYED FOR UP TO ONE ORBIT TO
ASSESS ANY OF THE FOLLOWING ISS ANOMALIES. UNDOCKING MAY BE
DELAYED FOR UP TO 1 DAY IF ASSESSMENT SHOWS THAT CONSUMABLES
NECESSARY TO SUPPORT APPLICABLE REPAIR ACTIONS IN 1 EXTRA DAY
ARE AVAILABLE.

NODE MDM

Loss of either Node MDM will leave the ISS one failure away from loss of all insight into P6. A
replacement MDM is onboard, but a stage EVA is more difficult than a shuttle-based EVA and will use
1SS consumables to perform. The loss of the MDM and the difficulty of the ISS crew performing the R&R
is considered risky enough that the shuttle should delay undock and perform an off-nominal EVA to effect
replacement of the MDM.

12aA C2-43 RESERVED ®DN9 ] ®DN104 ]
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12A C2-44 ORBITER EQUIPMENT POWER VERIFICATION [HC]

A. ORBITER EQUIPMENT THAT IS UNPOWERED DURING ASCENT AND PLANNED
FOR USE DURING DOCKED OPERATIONS WILL BE POWERED ON PRIOR TO
DOCKING, WHEN PRACTICAL, TO VERIFY NO POTENTIAL WIRE-TO-WIRE
SHORT EXISTS THAT WOULD RESULT IN AN INADVERTENT RCS THRUSTER
FIRING.

B. THERE ARE NO POWER-UP RESTRICTIONS AS A RESULT OF SHUTTLE
SYSTEM FAILURES.

Inadvertent RCS thruster firings while mated to the ISS may have serious effects on ISS hardware. Wire-
to-wire short is one failure mechanism that may result in an inadvertent RCS thruster firing. The ascent
phase of flight is most likely to reveal wire-to-wire short for equipment that is powered during ascent.

For orbiter systems that are unpowered during ascent but are required for docked operations, power
must be applied to the equipment to verify a wire-to-wire short is not present. When practical, all
unpowered equipment required for docked operations will be verified pre-docking. System failures that
require powering unverified equipment or equipment that is not practical to verify pre-docking will be
assumed good and powered while docked. RCS Auto Manifold Close software will minimize the effects of
an inadvertent thruster firing while docked if caused by an undetected wire-to-wire short.

References: Hazard Report ORBI 055, Inadvertent Firing of a Forward/Aft Reaction Control Subsystem
Jet Results in Death or Injury to Ground Personnel and/or Loss of Orbiter Crew and Vehicle.
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12A C2-45 RNDZ/PROX OPS LOW Z/NORM Z MANAGEMENT [HC] [RC]

A. THE SHUTTLE WILL BE IN LOW Z MODE BETWEEN 305 AND 23 METERS
(1000 AND 75 FEET), AND NORM Z BETWEEN 23 METERS (75 FEET)
AND DOCK. EXCEPTIONS TO THIS MANAGEMENT ARE REQUIRED TO
ADDRESS SPECIFIC CONTINGENCIES AND ARE DEFINED IN PARAGRAPH
C. ®DN54 ]

Low Z is highly desired between 305 and 23 meters (1000 and 75 feet) in order to avoid plume
impingement on the Station vehicle from the upfiring PRCS jets during attitude hold or +Z translations.
Low Z transition at 305 meters (1000 feet) and back to Norm Z at 23 meters (75 feet) was determined to
minimize shuttle plume impingement on Station at far ranges and to minimize thermal effects from shuttle
plumes at close ranges.

Reference Rule {C2-104}, ISS SYSTEM MANAGEMENT FOR APPROACH AND DOCKING [HC] [RC],
for additional constraints on the use of Norm Z depending on ISS appendage feathering. Reference
Hazard Report PRIME-701-24, Cause 2, Inadequate/Loss of Orbiter Attitude Control.

The minimum jets required for full Low Z capabilities (translation and rotation) are two forward-firing
Jjets, one down-firing jet on each side in the forward pod, one aft-firing jet in each aft pod, and one down-
firing jet in each aft pod. This mode supports Low Z translation and attitude control.

Low Z will override selection of the TAIL ONLY option for pitch selected on SPEC 20 and fire forward
reaction control system (FRCS) downfiring jets in order to maintain pitch control.

B. INSIDE 23 METERS (75 FEET), ANY NORM Z BRAKING WILL BE
PERFORMED USING A 0.01 FPS PULSE SIZE UNLESS A COLLISION
THREAT EXISTS. IF REQUIRED TO MAINTAIN TRAJECTORY CONTROL OR
TO AVOID COLLISION, NORM Z BRAKING USING A 0.05 FPS PULSE
SIZE MAY BE PERFORMED AS NEEDED TO NULL CLOSING RATE OR PLACE
THE SHUTTLE BACK ON A NOMINAL APPROACH PROFILE.

Norm Z braking in DAP B (0.01 fps pulse size) is utilized to reduce loads on the ISS P6 solar arrays and
the ISS starboard radiator until it is relocated during Flight STS-119/15A. For later configurations, this
constraint protects the solar arrays of the Soyuz/Progress. Jet firing database analysis performed in the
spring of 2002 confirmed that restricting +Z Norm Z firings to B DAP (0.01 fps pulse size assumed)
within 75 ft sufficiently meets plume constraints (no +Z Norm Z pulse timing restrictions are necessary).
(Refer to Orbiter V-bar Approach Jet Firing History Database, LM memo 2HEC-ES-2CX-115, and
Comparison of VAC-9A4 Orbiter Approach Plume-Induced Loads Using V-bar and V-bar 2002 Jet Firing
History Databases, LM memo 2HEC-ES-2CX-081.) This constraint will be followed as long as there is
not a risk of collision due to following the constraint. If the approach cannot be safely performed with
the constraint, Norm Z braking using the 0.05 fps pulse size can be performed as needed to place the
shuttle back onto a safe trajectory. ®DN54 |
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(CONTINUED)

C. EXCEPTIONS TO THE LOW Z/NORM Z MANAGEMENT DEFINED IN
PARAGRAPHS A AND B ARE ALLOWED IN THE FOLLOWING CASES. THESE
EXCEPTIONS ARE ONLY ALLOWED IF THE U.S. AND RUSSIAN ARRAYS
ARE FEATHERED AND ISS IS IN THE APPROACH ATTITUDE. ®DN54 ]

1. FOR THE LOSS OF BOTH AFT FIRING JETS IN THE SAME POD
(DEGRADED +X) :

a. FROM 1000 TO V-BAR ARRIVAL, THE DAP WILL REMAIN IN
LOW Z AND +Z TRANSLATION IS NOT ALLOWED.

b. FROM V-BAR ARRIVAL (RANGE APPROXIMATELY 250 FEET) TO
75 FEET, NORM Z WILL BE SELECTED AND +Z TRANSLATION
WILL BE PERFORMED USING A 0.01 FPS PULSE SIZE WITH
10-SECOND INTERVALS BETWEEN PULSES.

2. FOR THE LOSS OF VRCS AND ONE DOWN-FIRING JET IN THE
FORWARD POD:

FROM V-BAR ARRIVAL (RANGE APPROXIMATELY 250 FEET) TO 75
FEET, NORM 7Z WILL BE SELECTED AND +Z TRANSLATION WILL BE
PERFORMED USING A 0.01 FPS PULSE SIZE WITH 10-SECOND
INTERVALS BETWEEN PULSES.

3. FOR THE LOSS OF TWO DOWN-FIRING JETS ON ONE SIDE OF THE
FORWARD POD:

a. FROM 1000 TO V-BAR ARRIVAL, THE DAP WILL REMAIN IN
LOW Z AND +Z TRANSLATION IS NOT ALLOWED.

b. FROM V-BAR ARRIVAL (RANGE APPROXIMATELY 250 FEET) TO
75 FEET, NORM Z WILL BE SELECTED AND +Z TRANSLATION
WILL BE PERFORMED USING A 0.01 FPS PULSE SIZE WITH
10-SECOND INTERVALS BETWEEN PULSES. ®DN54 ]
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Crew procedures have been developed to allow either a safe continued approach or safe separation for
all two jet failure cases that result in degraded control or loss of control. The procedures that address
two of these cases - degraded +X, and loss of two down-firing jets on the same side of the forward pod -
involve a change to the standard Norm Z/Low Z management. In addition, an exception to the standard
Norm Z/Low Z management rule is allowed in the event of both a VRCS and single forward down-firing
jet failure. These three cases are more fully described below. (Reference presentation #7, Rendezvous
Procedures Analysis and Action Status, to the Orbit Flight Technique Panel (OFTP) #215, October 15,
2004, the minutes for OFTP #215, October 15, 2004, presentation #2, Rendezvous Procedures Reviews
and Analysis for RCS Jet Requirements, to the OFTP #218, February 25, 2005, and the minutes to the
OFTP #218, February 25, 2005. These presentations addressed two specific OFTP Actions: 205-1 -
Rendezvous Procedures and Monitoring Tools Updates Status, and 213-1 - Next Worse FWD Jet failure
(FWD Down, FWD Yaw, FWD -X) during Rendezvous Operation Part Il.) ®DN54 ]

Loss of both aft-firing jets in either aft pod (degraded +X): This case results in degraded +X translation
and loss of Low Z +Z translation. The degraded +X procedures support continuing the approach to
dock. Neither Norm Z or Low Z braking is allowed between 1000 feet and V-bar arrival, and from V-bar
initiation to 75 feet, braking is performed in Norm Z vs. Low Z. Norm Z braking in this region is
performed in DAP B with 10-second intervals between pulses. Plume loads for this procedure have been
analyzed by a piloted database where Norm Z braking is allowed beyond the normal range (75 feet).

Loss of two forward down-firing jets on the same side: This case results in DAP lockout of £Y
translation, loss of Low Z PRCS attitude control, and -Z control that is seriously degraded. The loss of
Low Z PRCS attitude control can rapidly impart a large closing and out-of-plane velocity on the orbiter.
The loss of control, combined with the large velocities, creates collision concerns and/or the need for
large separation burns which could cause structural failure of ISS elements. The single forward down-
firing jet failure procedure modifies the nominal V-bar approach procedures to prevent the loss of Low Z
PRCS attitude control and the associated hazard control issues. The main change is that for the loss of
both verniers and a single forward down-firing jet, the approach from V-bar initiation to 75 feet is
performed in Norm Z vs. Low Z. Braking in this region is done in DAP B with 10-second intervals
between pulses. There may be real-time discussion, dependent on the specific nature of the failure case,
and there may be specific reasons for taking precautionary action or accepting the risk of continuing
without changing the procedures. ®DN54 |
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12A C2-46 FLYAROUND CONTROL REQUIREMENTS [RC]

A. IF FULL TRANSLATIONAL CAPABILITY IN THE *X, Y, -Z, OR LO
Z +7Z AXES IS NOT AVAILABLE (REF RULE {A2-117A}, RNDZ/PROX
OPS GNC SYSTEMS MANAGEMENT), A FLYAROUND WILL NOT BE
PERFORMED. ®DN43 ]

Full translation control in these axes is required to maintain the flyaround range and lateral control
requirements. These translation requirements also ensure that full PRCS LO Z rotational control is
available. Although Rule {C2-109}, RNDZ/PROX OPS LOW Z/NORM Z MANAGEMENT [HC] [RC],
states that approach may proceed without LO Z, it is required for flyaround because the risk to ISS solar
arrays is not warranted for a lower priority activity.

B. IF A SINGLE SUBSEQUENT FAILURE COULD RESULT IN A LOSS OF BOTH
PRCS LO 7z ATTITUDE CONTROL AND VRCS, THE FLYAROUND WILL NOT
BE PERFORMED.

The loss of both PRCS LO Z attitude control and VRCS attitude control would result in PRCS attitude
firings toward the ISS. These PRCS attitude firings could result in damage to ISS solar arrays.

C. IF THE FLYAROUND HAS ALREADY BEGUN AND THE REQUIREMENTS IN
PARAGRAPHS A OR B ARE NO LONGER MET, THE SHUTTLE NOSE IN
PLANE BREAKOUT WILL BE PERFORMED.

In this case, it is prudent to immediately establish an opening rate and get to No LO Z range as quickly as
possible. ®DN43 |
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12A C2-47 DATA DUMP PIPE DURING ORBITER DOCKING

THE DATA DUMP PIPE SHOULD NOMINALLY BE DUMPING FROM THE PRIMARY
C&C MDM FROM NO LATER THAN 10 MINUTES PRIOR TO DOCKING TO 5
MINUTES AFTER CONTACT. ®[CR7528 |

Dockings are performed using automated moding software to configure the ISS to free drift after contact,
with the crew and the ground as backup methods to command the ISS to free drift. If the C&C dump pipe
is directed to an MDM other than the primary C&C MDM, and that MDM were to fail around docking,
the return S-band link to the ground would be lost, and the ground would not be able to confirm that the
1SS is free drift after contact. This particular failure has no impact on the execution of the automatic
moding software, so the concern is only with the verification of free drift. If the dump pipe were directed
to the primary GNC MDM or the primary INT MDM, and that MDM were to fail, in addition to the loss
of S-band return link, the ACSM LED’s used by the orbiter crew to verify ISS free drift would also be
turned off until the GNC MDM was recovered (60 sec to 5 minutes) or the LED’s would not flash until the
INT MDM was recovered. If the dump pipe is directed to the primary C&C M