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	Problem Description
PROBLEM

NUMEROUS HITS WERE IDENTIFIED DURING STS-87 ORBITER POST

LANDING INSPECTION.  THE LOWER SURFACE OF THE ORBITER

SUSTAINED 244 HITS; 109 HITS HAD A MAJOR DIMENSION OF 1 INCH

OR LARGER.  THE STRIKE PATTERN FROM THE NOSE LANDING GEAR TO

THE MAIN LANDING GEAR IS NEARLY SYMMETRICALLY DIVIDED BETWEEN

THE OUTBOARD SIDES WITH VERY LITTLE DAMAGE ALONG THE

CENTERLINE OF THE VEHICLE.

REVIEW OF PHOTOGRAPHIC EVIDENCE SHOWS A LOSS OF FOAM FROM BOTH

 +Y AND -Y INTERTANK THRUST PANELS.  THIS PHOTOGRAPHIC EVIDENCE

INDICATES THAT THIS IS THE DEBRIS SOURCE FOR THE ORBITER TILE

DAMAGE

THESE ISSUES ARE DOCUMENTED ON IFA-STS-87-T-1

THIS IS A CRITICALITY 1 FAILURE AS DESIGNATED BY PARAGRAPH

5.6.2.1 IN THE FMEA DOCUMENT (MMC-ET-RA04A-K)

* REVISION "L" DATED 3/6/2000 UPDATES TASKS I, II, III, IV AND 

CLOSES THE CAPS.  REFER TO ASTERISKS (*) FOR CHANGES.

	Contractor Investigation/Resolution
GENERAL:

A TOTAL OF 308 HITS WERE IDENTIFIED ON THE ORBITER; 132 HITS

HAD A MAJOR DIMENSION OF 1 INCH OR GREATER.  THE OMS PODS

LOWER OUTBOARD LEADING EDGE (BOTH) HAD A TOTAL OF 33 HITS; 14

HITS HAD A MAJOR DIMENSION OF 1 INCH OR LARGER

BOTH THE TOTAL NUMBER OF HITS AND THE NUMBER OF HITS 1 INCH OR

LARGER ARE OUT OF FAMILY AS COMPARED TO PREVIOUS FLIGHTS

ICE HAS BEEN ELIMINATED AS A DEBRIS SOURCE.  THE PRE-LAUNCH

ICE/DEBRIS TEAM REPORTED NO LAUNCH ICE ON THE UPPER ET DUE TO

WARM AMBIENT CONDITIONS.  THIS WAS A MID AFTERNOON LAUNCH

WEATHER CONDITIONS WERE NOT CONDUCIVE TO FORMING ICE DURING

ASCENT UMBILICAL WELL CAMERAS SHOW THAT THE +Z SIDE OF THE ET

INTERTANK TPS WAS FREE FROM TPS DAMAGE.  SOME TPS DAMAGE WAS

VISIBLE ON THE +Y SIDE OF THE INTERTANK NEAR THE FORWARD

ET/SRB ATTACH HARDWARE.  HAND HELD CREW PHOTOS SHOWED TPS

DAMAGE IN BOTH +Y/-Y INTERTANK THRUST PANEL AREAS.  THE LOSS

OF TPS WAS EXTENSIVE IN THESE AREAS.  THE -Z SIDE OF THE

INTERTANK APPEARED FREE FROM TPS DAMAGE. A CONFIGURATION CHANGE WAS MADE

TO THE TPS ON THE INTERTANK ACREAGE.  EFFECTIVE ET-88 AND SUBSEQUENT, 

THE ACREAGE FOAM ON THE INTERTANK IS NCFI 24-124.  ET-89 IS THE SECOND 

FLIGHT UTILIZING THIS MATERIAL.  ET-87 INTERTANK AND PRIOR UTILIZED

CPR 488 AS ACREAGE FOAM.  THE CHANGE IN TPS WAS TO ELIMINATE

ENVIRONMENTAL ISSUES WITH THE BLOWING AGENT.  CPR 488 UTILIZED

CFC F11 AS A BLOWING AGENT, WHEREAS NCFI 24-124 UTILIZES HCFC

141-B AS A BLOWING AGENT. A SIMILAR DEBRIS HIT PATTERN, THOUGH LESS 

NUMEROUS, WAS NOTED ON STS-86 (ET-88) ORBITER POST LANDING INSPECTION.  

THE LOWER SURFACE OF THE ORBITER SUSTAINED 100 HITS; 27 HITS HAD A MAJOR

DIMENSION OF 1 INCH OR LARGER.  THE DEBRIS PATTERN WAS MORE

CONCENTRATED TO THE LEFT SIDE OF THE VEHICLE.  STS-86 WAS

DESIGNATED AN UNEXPLAINED ANOMALY (UA) BASED UPON LACK OF

EVIDENCE OF A DEBRIS SOURCE.  STS-86 WAS A NIGHT LAUNCH, AND

NO PHOTOGRAPHIC DATA WAS AVAILABLE.

TASK I FAILURE/PROBLEM INVESTIGATION

A. ESTABLISH INVESTIGATION TEAM LEADS

   RESPONSIBILITY: G. COPELAND - 3000/ L. KNAUER - 4000

   ECD: COMPLETE. 12/11/97

   UPDATED. 12/17/97

  CLOSURE STATEMENT:  ASSIGNMENTS WERE MADE VIA INTEROFFICE

  MEMO ET-CH-3000-97-051 DATED 12/11/97.  AN UPDATE IN THE

  FORM OF A CHART WAS PROVIDED VIA INTEROFFICE MEMO

  ET-CH-3000-97-052.  TEAM LEADS ARE:

  M. QUIGGLE  REVERIFICATION TEAM AND STRUCTURES TEAM

  E. HORAK  FLIGHT HARDWARE TEAM AND TPS TEAM

  R. WETMORE   KSC VEHICLE RECOVERY KSC PROCESSING TEAM

  R. STEINBOCK  ENVIRONMENTS TEAM

  E. SWEET  BUILD PAPER REVIEW TEAM

  D. CLAYTON  BUILD PAPER REVIEW TEAM

  C. WILLIAMS  TPS MATERIALS VALIDATION AND PROCESSING TEAM

  S. COPSEY  FILM ASSESSMENT/REVIEW TEAM

  J. MCALLISTER  STRUCTURAL DESIGN TEAM

  R. THORNER  TPS DESIGN TEAM

  B. THOMPSON  TPS DESIGN TEAM

  J. FEELEY  FAULT TREE TEAM

  D. DIECIDUE  FAULT TREE TEAM

  S. DES FORGES  FAULT TREE TEAM

B. IDENTIFY POTENTIAL DEBRIS SOURCES AND DEVELOP A FAULT TREE

   ANALYSIS.  THE ANALYSIS SHALL INCLUDE, AS A MINIMUM, REVIEW

   OF THE INTERTANK TPS AND STRUCTURAL COMPONENTS AND

   MATERIALS.

   RESPONSIBILITY: STS-87 ORBITER TILE DAMAGE MAF INVESTIGATION TEAM 

LEADS.  

ECD: 1/20/98

     2/20/98

     4/24/98

     6/30/98

     9/30/98

     2/26/99

     7/2/99

     2/1/2000

  *  COMPLETE. 1/13/00

 * CLOSURE STATEMENT:   THE IFA HAS BEEN CLOSED BY NASA.  ALL 

   OF THE FAULT TREE BLOCKS ARE NOW CLOSED.  BLOCK 1; DEBRIS DUE

   TO DESIGN, BLOCK 2; DEBRIS DUE TO SUPPLIER PROCESSING, BLOCK 

   3; DEBRIS DUE TO MAF PROCESSING, BLOCK 4; DEBRIS DUE TO KSC 

   PROCESSING AND BLOCK 5; DEBRIS DUE TO MISSION ENVIRONMENT. 

   CAUSES AND CONTRIBUTORS WERE FOUND WITHIN BLOCK 1, A 

   CONTRIBUTOR WAS FOUND WITHIN BLOCK 3.  FOR CAUSE/CONTRIBUTOR 

   DETAILS REFER TO ATTACHMENT # 7.  FOR A SUMMARY OF THE 

   INDIVIDUAL FAULT TREE BLOCKS REFER TO ATTACHMENT # 8.

   HISTORY OF THE FAULT TREE:

   WITHIN THE ORIGINAL FAULT TREE, SIX ITEMS WERE IDENTIFIED AS 

   POTENTIAL CONTRIBUTORS.  REFERENCE ATTACHMENT #1.

  DUE TO GREATER TILE DAMAGE OBSERVED FOR ET-96 THAN FOR ETS

  90/91, A NEW/EXPANDED INVESTIGATION TEAM WAS FORMED WITH CO-

  LEADS FROM MAF AND MSFC; L. KNAUER AND B. GOLDBERG,

  RESPECTIVELY.  ACCORDINGLY, A NEW FAULT TREE WAS DEVISED

  WITH MAF AND MSFC CO-LEADS; P. HINKELDEY AND F. BICKLEY,

  RESPECTIVELY.  THE FINAL AGREED TO REVISION OF THE NEW FAULT

  TREE IS 9E.  ALL ACTIONS PERFORMED BY THIS INVESTIGATION

  TEAM ARE TO BE ASSOCIATED WITH AND SUPPORT BLOCK CLOSURE

  WITHIN THE FAULT TREE.  EACH BLOCK WITHIN THE FAULT TREE HAS

  A MAF AND MSFC PERSON RESPONSIBLE FOR BLOCK CLOSURE.

* REVISION 9F (REFERENCE ATTACHMENT #2) OF THE FAULT TREE WAS

RELEASED TO BETTER TRACK THE COMPLEXITY OF BLOCK 1 ACTIONS.  A

TECHNICAL INTERCHANGE (ALL HANDS) WAS HELD AT MAF IN NOVEMBER,

1998.  THIS INTERCHANGE INVOLVED VARIOUS DISCIPLINES TO REVIEW

ALL ASPECTS OF THE IFA INVESTIGATION TO DATE AND TO PROVIDE

ASSISTANCE WITH CONTINUED DIRECTION FOR RESOLUTION.

REFERENCE ATTACHMENT # 3 FOR A SUMMARY OF ACTIONEES/ACTION

ITEMS RESULTING FROM THIS TECHNICAL INTERCHANGE MEETING.

A SECOND TECHNICAL INTERCHANGE WAS HELD APRIL, 1999 AT MSFC WITH 

ACTIONS/RECOMMENDATIONS MADE.  REFERENCE ATTACHMENT #5 FOR RESULTING 

RECOMMENDATIONS/ACTIONS.  A PEER REVIEW WAS ALSO HELD IN APRIL/MAY 1999.

REFERENCE ATTACHMENT #6 FOR RESULTING ACTIONS.  FAULT TREE BLOCK 3.2; 

DEBRIS DUE TO NOMINAL MAF PROCESSING HAS HAD ADDITIONAL ACTIONS ADDED TO

IT.

C. PERFORM ADDITIONAL THRUST PANEL FLEXURE TESTING TO

   STATISTICALLY POPULATE THE DATABASE AND SUBSTANTIATE

   INCREASED FACTORS OF SAFETY ASSOCIATED WITH MACHINED

   INTERTANK NCFI 24-124 FOAM.

   RESPONSIBILITY: M. QUIGGLE-4130/ W. SIGUR-4100

   P. KOPFINGER-4610/ E. HORAK-4600

   ECD: 1/16/98

   COMPLETE. 1/16/98

CLOSURE STATEMENT:  ADDITIONAL FLEXURAL STRAIN-AT-FAILURE

TESTS WERE PERFORMED.  A LOWER MINIMUM OUTER FIBER STRAIN

VALUE THAN PREVIOUSLY REPORTED IN LEVEL II SHUTTLE VEHICLE FRR

(FLIGHT READINESS REVIEW) WAS OBSERVED; HOWEVER, CALCULATED

FACTORS OF SAFETY CONTINUE TO MEET REQUIREMENTS.

D. PERFORM ADDITIONAL TESTING TO VERIFY THAT THE INTERTANK

   SOFI SPRAYED WITH THE NDS/TPV GUN IS EQUAL TO OR BETTER THAN

   INTERTANK SOFI SPRAYED WITH A BINKS GUN.  THE BINKS GUN WAS

   USED ON ET-90 (LWT-83) AND PRIOR EFFECTIVITIES; THE NDS/TPV

   GUN IS USED ON ET-91 (LWT-84) AND SUBSEQUENT EFFECTIVITIES

   (NDS IS NEW DELIVERY SYSTEM, TPV IS TAPERED PLUG VALVE.)

   RESPONSIBILITY: M. QUIGGLE-4130/ W. SIGUR-4100

   P. KOPFINGER-4610/ E. HORAK-4600

   ECD: 2/28/98

   COMPLETE. 02/21/98

CLOSURE STATEMENT:  TEST PANELS WERE SPRAYED UTILIZING BINKS

AND TPV SPRAY GUNS.  THE PANELS WERE THEN TESTED AND DATA

COMPARED.  REFER TO SUMMARY (ATTACHMENT # 4), BINKS VS TPV TPS

I/T SPRAY GUNS, FOR SPECIFIC VALUES.  A STATISTICAL SUMMARY

COMPARISON FOLLOWS:

PLUG PULLS: THERE IS NO DIFFERENCE BETWEEN TPV AND BINKS.

FLATWISE TENSION: THERE IS NO DIFFERENCE BETWEEN TPV AND

BINKS.

BOND TENSION: THERE IS NO DIFFERENCE BETWEEN TPV AND BINKS.

DENSITY: TPV IS LESS THAN BINKS.

COMPRESSION: TPV IS GREATER THAN BINKS.

LAP SHEAR: TPV IS EQUAL TO BINKS.

E. PERFORM COMBINED ENVIRONMENTS TESTING THAT INCLUDES PANEL

   FLEXURE AND AERODYNAMIC LOADING OF FOAM.

  RESPONSIBILITY: M. QUIGGLE-4130/ W. SIGUR-4100

  P. KOPFINGER-4610/ E. HORAK-4600

  A. LOSOYA-4642/ E. HORAK-4600

  ECD: COMPLETE

CLOSURE STATEMENT:  TESTING WAS PERFORMED AND SHOWED CRACKING

FROM FLEXURE.  SUBSEQUENT TESTING OF THE CRACKED SPECIMENS

SHOWED NO MATERIAL LOSS DUE EITHER TO STATIC EQUIVALENT

AEROLOADING, VACUUM OR BOTH COMBINED.

F. THE POTENTIAL FOR A SAFETY-OF-FLIGHT ISSUE FOR ORBITER TILE

   DAMAGE DUE TO ET THRUST PANEL TPS LOSS/DEBRIS WAS REVIEWED.

  RESPONSIBILITY: R. GATTO-BOEING NORTH AMERICAN

  L. AUSTIN-SPACE SHUTTLE SYSTEMS INTEGRATION

  SPACE SHUTTLE VEHICLE ENGINEERING

  ECD: COMPLETE

CLOSURE STATEMENT:  AN STS-89 (L-10) FRR ACTION ITEM (#004)

WAS ASSIGNED 1/7/98 TO PROGRAM INTEGRATION TO EXPLORE

FEASIBILITY OF PERFORMING A POST-MIR UNDOCK MANEUVER TO

DOCUMENT DAMAGE ON THE UNDERSIDE OF THE ORBITER.  THIS WAS IN

SUPPORT OF A J. YOUNG REQUEST TO EXPLORE ANY NEED FOR

MODIFICATION OF ORBITER ENTRY TRAJECTORY TO RELIEVE ANY

POTENTIAL ORBITER PROBLEMS PROVIDED BY ASCENT DAMAGE.

UTILIZED IN THE ANALYSES:

 - THE AERODYNAMIC DATABASE DEVELOPED BY WIND TUNNEL TESTS.

 - CFD (COMPUTATIONAL FLUID DYNAMICS)

 - FLIGHT EXPERIENCE-DEBRIS IMPACT HISTORY

 - TRANSPORT MECHANISMS FROM THE ET INTERTANK REGION.

 - EFFECTS OF SIGNIFICANT DEBRIS IMPACTS IN CRITICAL AREAS.

   CONCLUSIONS AS REPORTED AT (L-2) FRR:

 - A LOW PROBABILITY OF DEBRIS IMPACT ON ORBITER CRITICAL AREA

   EXISTS.

 - A LOW PROBABILITY OF SIGNIFICANT DAMAGE IN ORBITER CRITICAL

   AREA EXISTS.

AERODYNAMIC FLOW CHARACTERISTICS OF SMALL PARTICLE ET

INTERTANK DEBRIS DURING ASCENT NEARLY EXCLUDES THE MOST

CRITICAL ORBITER STRUCTURAL AREAS FROM DEBRIS IMPACT.  THE

POTENTIAL FOR TPS PARTICULATE EMANATING FROM THE ET INTERTANK

AREA TO NOT ONLY IMPACT CRITICAL AREAS OF THE ORBITER

UNDERSIDE, BUT TO ALSO CAUSE DAMAGE OF SUFFICIENT MAGNITUDE TO

BE A CONCERN, IS REMOTE.

*  CAUSE:   THE CAUSE FOR THE POPCORN/DIVOT TYPE FOAM LOSS IS

   PRIMARILY A COMBINATION OF REDUCED MECHANICAL PROPERTIES AND

   INCREASED CONDUCTIVITY OF THE FOAM AND ITS TRAPPED GASES; 

   ENVIRONMENTALLY INDUCED CELL GAS PRESSURE FROM HEATING, 

   VACUUM, AND MOISTURE IN THE CELLS, AND STRESS CONCENTRATING

   GEOMETRY ESPECIALLY EVIDENT ON THE IT THRUST PANELS AND TO A

   LESSER EXTENT THE SKIN/STRINGER PANELS.  

   FOR SPECIFIC DETAILS REFER TO ATTACHMENT # 7.

  TASK II CORRECTIVE ACTION

* THE VENTING IN THE +Z SKIN/STRINGER AREAS OF THE INTERTANK 

  IMPLEMENTED ON ET-101 SHOWED SIGNIFICANT TPS PERFORMANCE 

  IMPROVEMENT.  TILE DAMAGE SHOWS SIGNIFICANT IMPROVEMENT 

  THROUGH LOWER QUANTITY, SIZE AND DEPTH OF ORBITER LOWER 

  SURFACE HITS.  SRB CAMERA VIDEO SHOWS SIGNIFICANT REDUCTION IN

  DIVOT SIZE AND QUANTITY IN THE THRUST PANEL TPS.  OVERALL THE

  TILE DAMAGE ON ET-101 IS WITHIN FAMILY OF PRIOR CPR 488 ETS.

  (PRE-NCFI 24-124 EFFECTIVE AT ET-88 AND SUBSEQUENT.)

  VENTING IS ACCOMPLISHED BY PUNCTURING THE FOAM, PERPENDICULAR

  TO THE FOAM SURFACE (NOT PERPENDICULAR TO THE SUBSTRATE) WITH

  A BLUNT ENDED 0.032 DIAMETER WIRE CREATING EQUIVALENT HOLES

  SPACED 0.03 INCHES APART.  SPECIAL TOOLS HAVE BEEN DEVELOPED

  TO ACCOMPLISH THE VENTING.  REFERENCE TOOLS # TL-10025900 AND

  #TL-10025909.

  SOME AREAS ON THE THRUST PANELS WILL NOT BE VENTED.  REFER TO

  ATTACHMENT #10 FOR A BASIC DEPICTION OF AREAS TO BE VENTED.

  THE VENTING WILL BE PERFORMED AT BOTH KSC AND MAF.  VENTING

  WILL BE ACCOMPLISHED IN-LINE AT MAF BEGINNING WITH ET-112 PER

  ENGINEERING DRAWING # 80971108403-519 PER B02059 / SUP. A.  

  VENTING ON ETS PRIOR TO ET-112 WILL BE ACCOMPLISHED VIA FEC'S

  AT KSC.

  IN ADDITION TO VENTING, THE TPS THICKNESS AROUND THE +/-Y SRB

  FITTINGS HAS BEEN REDUCED TO ASSIST IN MINIMIZING FOAM LOSS ON

  THE THRUST PANELS.  THIS CHANGE WAS IMPLEMENTED ON ENGINEERING

  DRAWING 80971118413 PER B02052.

  ADDITIONAL INFORMATION:  THE IFA INVESTIGATION TEAM DICTATED

  VARIOUS CONFIGURATION ALTERATIONS OF INTERTANK TPS, BEGINNING

  WITH ET-90 AND CONTINUING UNTIL ACHIEVING A FINAL CORRECTIVE

  ACTION CONFIGURATION THAT CONCLUDES WITH THE VENTING DEFINED

  BY B02059 / SUP.A, AS DEPICTED IN ATTACHMENT #10.  THE INTERIM

  ENHANCEMENTS TOWARDS CORRECTIVE ACTION WERE IMPLEMENTED VIA 

  VARIOUS FEC'S AT KSC, LIAISON CALLS AND ENGINEERING DCNS AT 

  MAF.

  OTHER ONGOING ENHANCEMENTS ARE UNDER REVIEW OUTSIDE OF THE 

  IFA INVESTIGATION AND OUTSIDE OF THIS CAPS.  ONE IS REVIEW OF

  THE EFFECTS OF THE LEADING AND TRAILING EDGE SPRAY GUN ON THE

  TPS MATERIAL PROPERTIES.  THE OTHER IS RESEARCH AND 

  DEVELOPMENT OF NEW FOAMS WHICH WILL OVERCOME THE CAUSES 

  DETERMINED FOR INTERTANK FOAM LOSS.

TASK III CLEARANCE OF EFFECTIVITIES

TPS DEBRIS FROM THE INTERTANK THRUST PANEL AREA IS NOT AN

ORBITER SAFETY-OF-FLIGHT ISSUE.  REFERENCE ACTION ITEM F

IN TASK I.

FLIGHT RATIONALE:

* ET-101 ADDITIONAL ENHANCEMENT (+Z VENTED SKIN/STRINGER PANELS)

(SUBSEQUENT TO CAPS REV. J PERFORMED AT KSC VIA FEC)

 + HOT GAS AND THERMAL/VACUUM TESTING HAS DEMONSTRATED A POTENTIAL FOR 

   VENTED SKIN/STRINGER FOAM TO PROVIDE A REDUCTION IN "POPCORN' FOAM 

   LOSS ASSOCIATED WITH ORBITER LOWER SURFACE DAMAGE.

   - POPCORNING PERFORMANCE OF VENTED SKIN/STRINGER

     CONFIGURATIONS WERE SIMILAR TO THAT OF VENTED THRUST PANEL 

     CONFIGURATIONS.

 + SELECTED AREAS FOR VENTING ARE COMBINATION OF BNA-IDENTIFIED DEBRIS 

   ZONES AND AREAS OF OBSERVED FOAM LOSS.  AREAS OF POTENTIAL ICE 

   FORMATION AND UNMACHINED FOAM ARE EXCLUDED.

 + VENTED SKIN/STRINGER FOAM CONFIGURATION HAS BEEN CERTIFIED BY TEST 

   AND ANALYSIS TO DO NO HARM.

 + PERSONNEL AND TOOLING IS THE SAME AS USED PREVIOUSLY TO VENT 

   INTERTANK THRUST PANEL AREAS.

   NOTE:  THIS IS ALSO DEFERRAL RATIONALE.

* ET-99 ADDITIONAL ENHANCEMENT ("NON-AUTOMACHINED ZONE")

  (SUBSEQUENT TO CAPS REV. H PERFORMED AT KSC VIA FEC (FIELD ENG. 

  CHANGE))

  + FOAM THICKNESS ON RIB TOPS AND VALLEYS WERE FURTHER REDUCED

    IN THE NON-AUTOMATIC MACHINED, THICK FOAM AREA AROUND THE

    ET/SRB ATTACH FITTING OF THE INTERTANK THRUST PANELS

    REFERENCE ENGINEERING DRAWING CHANGE # BO2052

    - REDUCED FOAM CONFIGURATION AND CAPABILITY IS SIMILAR TO

      THE TPS HAND MACHINED AT KSC ON ET-91 THRUST PANELS AND

      AUTO-MACHINED TPS ON THE SLWT THRUST PANELS.

    - FACTORS OF SAFETY ARE UNCHANGED; STRUCTURAL:  > 2.0

      (2.0 REQUIRED),

      TPS:  = 2.04 (1.10 REQUIRED)

      NOTE:  THIS IS ALSO DEFERRAL RATIONALE

* ETS 99 AND 100 ADDITIONAL ENHANCEMENT (VENTING)

  PERFORMED VIA FEC (FIELD ENGINEERING CHANGE) AT KSC

  + RIGOROUS TESTING HAS DEMONSTRATED THE POTENTIAL FOR VENTED

    FOAM TO PROVIDE A MEASURABLE REDUCTION IN POPCORN-TYPE FOAM

    LOSS ASSOCIATED WITH ORBITER LOWER SURFACE TILE DAMAGE

    - VENTING THE FOAM CONSISTS OF PROVIDING 0.032 VENT HOLES

      SPACED AT 0.30 APART

    - SELECTED AREAS PRESCRIBED FOR VENTING:

      + BNA-IDENTIFIED REGIONS OF THE THRUST PANEL FROM WHICH

        DEBRIS CAN IMPACT THE ORBITER LOWER SURFACE.  (BNA:

        BOEING NORTH AMERICAN)

      + SRB CAMERA VIEW AREA (LOCAL THRUST PANEL AREA IN VIEW OF

        SRB CAMERA DURING FLIGHT)

      + THE VENTED FOAM CONFIGURATION HAS BEEN CERTIFIED BY TEST

        AND ANALYSIS TO DO NO HARM

      + PERSONNEL, TOOLING AND BUILD PAPER WAS CERTIFIED AND

        DEMONSTRATED ON A FULL-SCALE PATHFINDER

        NOTE:  THIS IS ALSO DEFERRAL RATIONALE

* ETS 92 THROUGH 95

  + INTERTANK THRUST PANEL FLEXURE IS SUBSTANTIALLY REDUCED ON

    LWT AS CIRCUMFERENTIAL RIB MECHANICAL SUPPORT SIMILAR TO

    SLWT EXTERIOR CIRCUMFERENTIAL RIBS WERE ADDED INTERNALLY

    MID-WAY BETWEEN EACH FRAME TO REDUCE FLEXURE OF THE THRUST

    PANEL. REFERENCE ENGINEERING DRAWING CHANGE # BO2039

 +  INTERTANK THRUST PANEL TPS, BY DESIGN, IS MACHINED LIKE

    SLWT:

    - MACHINED INTERTANK TPS PROVIDES BETTER FLEXURAL STRAIN

      CAPABILITY THAN PRIOR INTERTANKS WITH UNMACHINED

      NCFI 24-124.

    - REDUCED FOAM HEIGHT ON RIBS REDUCES AIRLOAD, AND RIND

      REMOVAL INCREASES LOAD CAPABILITY.

    - FOAM THICKNESS IS MACHINED TO REDUCE OUTER FIBER BENDING

      STRESS LEVELS AND POTENTIAL FOR TPS LOSS AND ASSOCIATED

      DAMAGE.

    - IF FOAM LOSS OCCURS, THE PARTICLES ARE ANTICIPATED TO BE

      SMALLER AND THINNER, THUS GREATLY REDUCING THEIR MASS.

      THEREFORE, PARTICLES WOULD BE LESS CAPABLE OF CAUSING

      SEVERE TILE DAMAGE, AND THE TOTAL FOAM AVAILABLE TO CAUSE

      DAMAGE IS LESSENED.

ADDITIONAL ENHANCEMENT (NON-AUTOMACHINED ZONE)

 + FOAM THICKNESSES ON RIB TOPS AND VALLEYS WERE FURTHER

   REDUCED IN THE NON-AUTOMATIC MACHINED, THICK FOAM AREA

   AROUND THE ET/SRB ATTACH FITTING OF THE INTERTANK THRUST

   PANELS.  REFERENCE ENGINEERING DRAWING CHANGE # BO2052

   - REDUCED FOAM CONFIGURATION AND CAPABILITY IS SIMILAR TO

     THE TPS HAND MACHINED AT KSC ON ET-91 THRUST PANELS AND

     AUTO-MACHINED TPS ON THE SLWT THRUST PANELS.

   - FACTORS OF SAFETY ARE UNCHANGED; STRUCTURAL:  > 2.0

     (2.0 REQUIRED),  TPS:  = 2.04 (1.10 REQUIRED)

   NOTE:  THIS IS ALSO DEFERRAL RATIONALE.

* ETS 100 THROUGH 107  AND ETS 108 THROUGH 110

  SLWT DESIGN IS LESS SUSCEPTIBLE TO FLEXURE FAILURE MODE:

  + INTERTANK THRUST PANEL FLEXURE IS SUBSTANTIALLY REDUCED ON SLWT.

    - THRUST PANEL SKIN THICKNESS IS GREATER IN THE CRITICAL

      ZONE.

    - CIRCUMFERENTIAL RIBS WERE ADDED MID-WAY BETWEEN EACH

      FRAME TO REDUCE FLEXURE OF THE THRUST PANEL.

  + INTERTANK THRUST PANEL TPS, BY DESIGN, IS MACHINED:

    - MACHINED INTERTANK TPS PROVIDES BETTER FLEXURAL STRAIN

      CAPABILITY THAN PRIOR INTERTANKS WITH UNMACHINED NCFI 24-124.

    - REDUCED FOAM HEIGHT ON RIBS REDUCES AIRLOAD, AND RIND

      REMOVAL INCREASES LOAD CAPABILITY.

    - FOAM THICKNESS IS MACHINED TO REDUCE OUTER FIBER BENDING

      STRESS LEVELS AND POTENTIAL FOR TPS LOSS AND ASSOCIATED

      DAMAGE.

    - IF FOAM LOSS OCCURS, THE PARTICLES ARE ANTICIPATED TO BE

      SMALLER AND THINNER, THUS GREATLY REDUCING THEIR MASS

      THEREFORE, PARTICLES WOULD BE LESS CAPABLE OF CAUSING

      SEVERE TILE DAMAGE, AND THE TOTAL FOAM AVAILABLE TO CAUSE

      DAMAGE IS LESSENED.

ADDITIONAL ENHANCEMENT (NON-AUTOMACHINED ZONE)

  + FOAM THICKNESSES ON RIB TOPS AND VALLEYS WERE FURTHER

    REDUCED IN THE NON-AUTOMATIC MACHINED, THICK FOAM AREA

    AROUND THE ET/SRB ATTACH FITTING OF THE INTERTANK THRUST

    PANELS.  REFERENCE ENGINEERING DRAWING CHANGE # BO2052

    - REDUCED FOAM CONFIGURATION AND CAPABILITY IS SIMILAR TO

      THE TPS HAND MACHINED AT KSC ON ET-91 THRUST PANELS AND

      AUTO-MACHINED TPS ON THE SLWT THRUST PANELS

    - FACTORS OF SAFETY ARE UNCHANGED; STRUCTURAL:  > 2.0

      (2. REQUIRED),

      TPS:  = 2.04 (1.10 REQUIRED)

     NOTE:  THIS IS ALSO DEFERRAL RATIONALE.

* ETS 97 THROUGH 99

  SLWT DESIGN IS LESS SUSCEPTIBLE TO FLEXURE FAILURE MODE:

  + INTERTANK THRUST PANEL FLEXURE IS SUBSTANTIALLY REDUCED ON

    SLWT.

    - THRUST PANEL SKIN THICKNESS IS GREATER IN THE CRITICAL

      ZONE.

    - CIRCUMFERENTIAL RIBS WERE ADDED MID-WAY BETWEEN EACH

      FRAME TO REDUCE FLEXURE OF THE THRUST PANEL.

  + INTERTANK THRUST PANEL TPS, BY DESIGN, IS MACHINED:

    - MACHINED INTERTANK TPS PROVIDES BETTER FLEXURAL STRAIN

      CAPABILITY THAN PRIOR INTERTANKS WITH UNMACHINED

      NCFI 24-124.

    - REDUCED FOAM HEIGHT ON RIBS REDUCES AIRLOAD, AND RIND

      REMOVAL INCREASES LOAD CAPABILITY.

    - FOAM THICKNESS IS MACHINED TO REDUCE OUTER FIBER BENDING

      STRESS LEVELS AND POTENTIAL FOR TPS LOSS AND ASSOCIATED

      DAMAGE.

    - IF FOAM LOSS OCCURS, THE PARTICLES ARE ANTICIPATED TO BE

      SMALLER AND THINNER THUS GREATLY REDUCING THEIR MASS.

      THEREFORE, PARTICLES WOULD BE LESS CAPABLE OF CAUSING

      SEVERE TILE DAMAGE, AND THE TOTAL FOAM AVAILABLE TO CAUSE

      DAMAGE IS LESSENED.

      NOTE:  THIS IS ALSO DEFERRAL RATIONALE.

*ET-91

 + NO RISK IS ADDED BY FLIGHT ENVIRONMENTS

   - RUPTURE ALTITUDE REQUIREMENT IS MET WITH BARE THRUST

     PANEL; PHOTOS INDICATE FOAM LOSS HAS NOT BEEN TO SUBSTRATE.

 + AS-BUILT MATERIAL TENSILE STRENGTH WAS RE-VERIFIED BY PLUG

   PULLS ON THE +/- Y THRUST PANELS.  ALL VALUES EXCEEDED THE

   30 PSI MINIMUM REQUIREMENT.

ENHANCEMENTS AT KSC:  FOAM WAS REMOVED FROM THRUST PANELS AT

RIB TOPS AND VALLEYS.

 + ADDITIONAL RIB VALLEY FOAM WAS REMOVED.

   - RESULTS IN A FACTOR OF SAFETY INCREASE FOR FLEXURE STRAIN

     CAPABILITY FROM 1.10 (ET-90) TO 1.51 (ET-91).

 + REMOVING FOAM RIND FROM INTERTANK TPS PROVIDES BETTER

   FLEXURAL STRAIN CAPABILITY THAN PRIOR FLIGHTS WITH

   UNMACHINED NCFI 24-124.

 + REMOVING FOAM RIND FROM INTERTANK TPS PROVIDES EQUIVALENT

   FLEXURAL STRAIN CAPABILITY AS PRIOR FLOWN ETS WITH

   UNMACHINED CPR-488.

 + REDUCED FOAM HEIGHT ON RIBS REDUCES CROSS-FLOW AIRLOAD

   APPLIED TO STRINGER TOPS.

 + MACHINED FOAM MEETS FACTOR OF SAFETY REQUIREMENTS; 1.10 BY

   ANALYSIS FOR ALL KNOWN FAILURE MODES.

* ET-90

  + NO RISK IS ADDED BY FLIGHT ENVIRONMENTS

    - FLIGHT ENVIRONMENTS SIMILAR TO THOSE SEEN ON ET-89 FLIGHT

      ENVIRONMENTS.

    - PREDICTED TRAJECTORY PARAMETERS ARE WELL WITHIN

      HISTORICAL FLIGHT LIMITS.

    - INCLINATION IS THE SAME AS ET-88 (LAST MIR RENDEZVOUS)

  + AS-BUILT MATERIAL TENSILE STRENGTH WAS RE-VERIFIED BY PLUG

    PULLS ON THE +/- Y THRUST PANELS.  ALL VALUES EXCEEDED THE

    30 PSI MINIMUM REQUIREMENT.

ENHANCEMENTS - FOAM RIND WAS REMOVED FROM EACH THRUST PANEL AT

KSC.

  + REMOVING FOAM RIND FROM INTERTANK TPS PROVIDES BETTER

    FLEXURAL STRAIN CAPABILITY THAN PRIOR FLIGHTS WITH

    UNMACHINED NCFI 24-124 (APPROXIMATE 30-40% INCREASE).

  + REMOVING FOAM RIND FROM INTERTANK TPS PROVIDES EQUIVALENT

    FLEXURAL STRAIN CAPABILITY AS PRIOR FLOWN ETS WITH

    UNMACHINED CPR-488.

  + REDUCED FOAM HEIGHT ON RIBS REDUCES CROSS-FLOW AIRLOAD

    APPLIED TO STRINGER TOPS (APPROXIMATELY 70%).

  + MACHINED FOAM MEETS FACTOR OF SAFETY REQUIREMENTS; 1.10 BY

    ANALYSIS FOR ALL KNOWN FAILURE MODES.

* ET 96

  SLWT DESIGN IS LESS SUSCEPTIBLE TO FLEXURE FAILURE MODE:

  + INTERTANK THRUST PANEL FLEXURE IS SUBSTANTIALLY REDUCED ON

    SLWT.

    - THRUST PANEL SKIN THICKNESS IS GREATER IN THE CRITICAL

      ZONE.

    - CIRCUMFERENTIAL RIBS WERE ADDED MID-WAY BETWEEN EACH

      FRAME TO REDUCE FLEXURE OF THE THRUST PANEL.

  + INTERTANK THRUST PANEL TPS, BY DESIGN, IS MACHINED.

    - MACHINED INTERTANK TPS PROVIDES BETTER FLEXURAL STRAIN

      CAPABILITY THAN PRIOR INTERTANKS WITH UNMACHINED

      NCFI 24-124 (APPROXIMATE 30-40% INCREASE).

    - REDUCED FOAM HEIGHT ON RIBS REDUCES AIRLOAD AND RIND

      REMOVAL INCREASES LOAD CAPABILITY (APPROXIMATELY 70%).

  + ET-96 INTERTANK FOAM THICKNESS MACHINED TO LOWER

    THICKNESSES AND CLOSER TOLERANCES THAN THE HAND SANDING

    ACCOMPLISHED ON ET-90 AND ET-91, THUS REDUCING OUTER FIBER

    BENDING STRESS LEVELS AND POTENTIAL FOR TPS LOSS AND

    ASSOCIATE DAMAGE.

    - RESULTS IN A FACTOR OF SAFETY INCREASE FOR FLEXURE STRAIN

      CAPABILITY FROM 1.51 (ET-91) TO GREATER THAN 2.0 (ET-96)

    - LOWER SURFACE ORBITER TILE DAMAGE FOR ET-91 WAS SLIGHTLY

      LESS THAN FLEET AVERAGE.

TASK IV CAPS CLOSURE SUMMARY

 * STS-87/ET-89 ORBITER POST LANDING INSPECTION SHOWED NUMEROUS 

   TILE LOWER SURFACE HITS.  BOTH THE TOTAL NUMBER OF HITS AND 

   THE NUMBER OF HITS 1 INCH OR LARGER WERE "OUT OF FAMILY", AS 

   COMPARED TO PREVIOUS FLIGHTS.  REVIEW OF PHOTOGRAPHIC EVIDENCE

   SHOWS A LOSS OF FOAM FROM BOTH +Y AND -Y INTERTANK THRUST 

   PANELS.  THIS PHOTOGRAPHIC EVIDENCE INDICATES THAT THIS WAS 

   THE DEBRIS SOURCE FOR THE ORBITER TILE DAMAGE.  AS A RESULT OF

   THIS OBSERVED DAMAGE, IFA-STS-87-T-1 WAS OPENED.

  A FAULT TREE INVESTIGATION TEAM, COMPRISED OF MAF AND MSFC 

  PERSONNEL WAS ORGANIZED TO ASCERTAIN CAUSE AND CORRECTIVE 

  ACTION FOR THE INTERTANK TPS LOSS AND ORBITER TILE DAMAGE 

  SOURCE.  DURING THE INVESTIGATION, CAMERAS WERE PLACED IN THE

  SRB (SOLID ROCKET BOOSTER) SKIRTS TO OBSERVE ACTUAL FLIGHT 

  CONDITIONS AT THE ET/SRB THRUST PANEL AREAS.  THIS VIDEO 

  SHOWED THAT A POPCORN/DIVOT TYPE FOAM LOSS WAS OCCURRING ON 

  THE THRUST PANEL AREAS BEGINNING AT APPROXIMATELY 93 SECONDS 

  INTO FLIGHT.

  THE CAUSE FOR THE POPCORN/DIVOT TYPE FOAM LOSS IS PRIMARILY A 

  COMBINATION OF REDUCED MECHANICAL PROPERTIES AND INCREASED 

  CONDUCTIVITY OF THE FOAM AND ITS TRAPPED GASES; 

  ENVIRONMENTALLY INDUCED CELL GAS PRESSURE FROM HEATING, 

  VACUUM, AND MOISTURE IN THE CELLS, AND STRESS CONCENTRATING 

  GEOMETRY ESPECIALLY EVIDENT ON THE IT THRUST PANELS, AND TO A 

  LESSER EXTENT THE SKIN/STRINGER PANELS.

  CHANGES TO THE TPS CONFIGURATION FOR ETS SUBSEQUENT TO ET-89

  WERE MADE WITH APPROVAL OF THE IFA FAULT TREE TEAM.  THIS 

  RESULTED IN A DIFFERENT CONFIGURATION FOR EACH ET AS 

  ENHANCEMENTS WERE DISCOVERED AND CONTINUALLY IMPLEMENTED, TO 

  PRECLUDE FOAM LOSS AS THE IFA FAULT TREE TEAM DETERMINED THEM.

  FINAL CORRECTIVE ACTION FOR INTERTANK FOAM LOSS WAS TO VENT 

  THE INTERTANK FOAM AS DEPICTED IN ATTACHMENT #10.  THIS 

  CUMULATIVE CORRECTIVE ACTION WAS FIRST IMPLEMENTED ON STS-

  103/ET-101, THE RESULTS OF WHICH BROUGHT THE ORBITER TILE 

  DAMAGE NUMBERS DOWN BOTH IN TERMS OF NUMBER AND SIZE OF HITS,

  AND "WITHIN FAMILY" OF PREVIOUSLY FLOWN CPR 488 INTERTANKS.

  OTHER ONGOING ENHANCEMENTS ARE UNDER REVIEW OUTSIDE OF THE 

  IFA INVESTIGATION AND OUTSIDE OF THIS CAPS.  ONE IS REVIEW OF

  THE EFFECTS OF THE LEADING AND TRAILING EDGE SPRAY GUN ON THE

  TPS MATERIAL PROPERTIES.  THE OTHER IS RESEARCH AND 

  DEVELOPMENT OF NEW FOAMS WHICH WILL OVERCOME THE CAUSES

  DETERMINED FOR INTERTANK FOAM LOSS.

 THIS CAPS IS CLOSED

	MSFC Response/Concurrence
01/20/98 - MSFC APPROVES CLOSED WITH ACTION STATUS.  THIS STATUS IS

EFFECTIVE FOR ET-90 ONLY

04/08/98 - MSFC APPROVES CLOSED WITH ACTION STATUS.  THIS STATUS IS

EFFECTIVE FOR ET91

05/18/98 - MSFC APPROVES CLOSED WITH ACTION STATUS.  THIS IS EFFECTIVE

THROUGH 07/01/98

05/18/98 - MSFC APPROVES CLOSED WITH ACTION STATUS.  THIS IS EFFECTIVE

FOR THE FOLLOWING SLWT:  ET-96, ET-97, ET-98, ET-99, ET-100, ET102,

ET103 AND ET-104, AND WILL REOPEN 07/05/99

07/02/98 - PROBLEM RE-OPENED AT MSFC DIRECTION BASED ON STS-91 (ET-96)

RESULTS

09/16/98 - MSFC RECEIVES RECOMMENDED CLOSED WITH ACTION RATIONALE FOR

ET-97, -98, AND -99  (I.E. STS-95, -88 AND -93).  CAPS TO RE-OPEN ON

03/26/99

10/01/98 - MSFC APPROVES CLOSED WITH ACTION STATUS.  THIS STATUS IS

EFFECTIVE THROUGH 03/26/99

04/07/99 - MSFC APPROVES CLOSED WITH ACTION STATUS.  THIS STATUS IS

EFFECTIVE THROUGH 10/01/99

11/10/99 - MSFC APPROVES CLOSED WITH ACTION STATUS.  THIS STATUS IS 

EFFECTIVE THROUGH 04/14/2000.

4/20/2000 - PROBLEM CLOSURE RATIONALE ACCEPTED.  SIGNATURES ARE ON FILE 

IN THE PAC.  THIS PROBLEM IS OFFICIALLY CLOSED. 
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