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	Problem Description
THE LH2 RECIRCULATION LINE (PD4800178-020) WAS UNDERGOING THE VACUUM 

ANNULUS LEAK TEST PER ATP 14178-320 WHEN A RUPTURE DISC FAILED. THE 

SUPPLIER (ARROWHEAD) COVERS THE AREA WITH A BAG AND UTILIZES 

A "SNIFFER" TO CHECK FOR LEAKS.  WHEN THE RUPTURE DISC FAILED THE 

BAGGING COLLAPSED.  THE RUPTURE DISC PART NUMBER IS ET-PS14184-45, S/N 

52, LOCATED NEAR THE P/N 14178-67 FLANGE.

A SECOND LH2 RECIRCULATION LINE WAS UNDERGOING THE VACUUM ANNULUS LEAK 

TEST PER ATP 14178-320 WHEN A RUPTURE DISC FAILED.  THE RUPTURE DISC 

PART NUMBER IS ET-PS14184-45, S/N 74, LOCATED NEAR THE P/N 14178-59 

FLANGE.

CRITICALITY:

------------

THE LH2 RECIRCULATION LINE IS CRIT. 3;  FMEA ITEM CODE 2.6.1.2 

REFLECTS "LOSS OF VACUUM" AS A FAILURE MODE WHICH MAY RESULT IN DELAY 

OF MISSION.  HOWEVER, THE LH2 FEEDLINE WHICH USES A SIMILAR RUPTURE 

DISC IS CRIT. 1; FMEA ITEM CODE 2.5.8.2 REFLECTS "LOSS OF VACUUM" AS A 

FAILURE MODE WHICH MAY RESULT IN LOSS OF MISSION.

REVISION C: REFER TO ASTERISK (*) FOR CHANGES; CLOSES TASKS I.A, B, D, 

G & H REVISES I.F , ADDED CORRECTIVE ACTIONS ON TASK II, & TASK III 

CLEARED ET-111.

	Contractor Investigation/Resolution
06/29/2001 - CONTRACTOR SUBMITTED OPENER REQUEST PROBLEM REPORT AS 

FOLLOWS:

PROBLEM

--------

THE LH2 RECIRCULATION LINE (PD4800178-020) WAS UNDERGOING THE VACUUM 

ANNULUS LEAK TEST PER ATP 14178-320 WHEN A RUPTURE DISC FAILED. THE 

SUPPLIER (ARROWHEAD) COVERS THE AREA WITH A BAG AND UTILIZES 

A "SNIFFER" TO CHECK FOR LEAKS.  WHEN THE RUPTURE DISC FAILED THE 

BAGGING COLLAPSED.  THE RUPTURE DISC PART NUMBER IS ET-PS14184-45, S/N 

52, LOCATED NEAR THE P/N 14178-67 FLANGE.

CRITICALITY:

------------

THE LH2 RECIRCULATION LINE IS CRIT. 3;  FMEA ITEM CODE 2.6.1.2 

REFLECTS "LOSS OF VACUUM" AS A FAILURE MODE WHICH MAY RESULT IN DELAY 

OF MISSION.  HOWEVER, THE LH2 FEEDLINE WHICH USES A SIMILAR RUPTURE 

DISC IS CRIT. 1; FEMA ITEM CODE 2.5.8.2 2 REFLECTS "LOSS OF VACUUM" AS 

A FAILURE MODE WHICH MAY RESULT IN LOSS OF MISSION.

GENERAL

-------

THE LH2 RECIRCULATION LINE IS A SECTION OF LINE INCORPORATING TWO 

ARTICULATED BELLOWS ASSEMBLIES WITH A "CRYO-PUMPED ARGON INSULATION 

JACKET" WHICH TRANSPORTS LH2 FROM THE UPPER LH2 AFT DOME TO THE 

ET/ORBITER DISCONNECT.  WHEN EXPOSED TO LH2 THE ARGON WITHIN THE JACKET 

FREEZES, CREATING A VACUUM WITHIN THE JACKET WHICH INSULATES THE OUTER 

SURFACE OF THE LINE AND BELLOWS AND PREVENTS ICE FORMATION.  THE JACKET 

ANNULUS IS PROTECTED AGAINST EXCESSIVE POSITIVE PRESSURE IN THE EVENT 

OF LH2 LEAKAGE BY A RUPTURE DISC ASSEMBLY INSTALLED IN THE OUTER WALL 

OF THE JACKET. 

THE RUPTURE DISC ASSEMBLY CONSISTS OF A PERFORATED HOLDER (347 CRES) TO 

WHICH IS WELDED A 0.003 INCH THICK DIAPHRAGM OF INCONEL* 625, PROTECTED 

BY A PERFORATED SHIELD OF 321 CRES. THE DIAPHRAGM IS MANUFACTURED BY 

FORMING TO SHAPE AND COINING (SINGLE INDENT ACROSS DIAMETER) TO SUIT A 

35 +/- 15 PSIG BURST REQUIREMENT. TO MEET THIS REQUIREMENT, BEFORE 

BEGINNING A PRODUCTION RUN OF DIAPHRAGM MANUFACTURE, FIFTEEN 

CONSECUTIVE DIAPHRAGMS ARE DESTRUCTIVELY TESTED (BURST) TO ASSURE THE 

MANUFACTURING SETUP IS CORRECT.  ONCE THE PROPER SETUP IS DEMONSTRATED, 

THE PRODUCTION BEGINS FOLLOWED BY A HELIUM MASS SPECTROMETER LEAK TEST 

OF ALL DIAPHRAGMS MANUFACTURED.  AFTER WELDING TO THE HOLDER, EACH 

DIAPHRAGM/HOLDER ASSEMBLY IS TESTED TO IMPLOSION REQUIREMENTS BY 

APPLYING 18.1 PSIG NEGATIVE PRESSURE (MINIMUM REQUIRED BY DESIGN), 

FOLLOWED BY 10 CYCLES OF LESSER NEGATIVE PRESSURE, FOLLOWED BY A SECOND 

HELIUM LEAK TEST.  FIFTEEN CONSECUTIVE DIAPHRAGM/HOLDER ASSEMBLIES ARE 

THEN DESTRUCTIVELY TESTED (BURST) PRIOR TO THIS PRODUCTION RUN 

BEGINNING, DURING WHICH EVERY FOURTH ASSEMBLY IS DESTRUCTIVELY TESTED 

(BURST) TO ENSURE THE OVERALL PROCESS REMAINS IN CONTROL.  THE LAST 

STEP IN THE MANUFACTURING OPERATION IS TACK WELDING THE SHIELD IN PLACE.

UPON RECEIPT AT ARROWHEAD PRODUCTS, EACH RUPTURE DISC ASSEMBLY IS LEAK 

TESTED PRIOR TO ACCEPTANCE OF STOCK AND SEVERAL TIMES AT VARIOUS 

RECIRCULATION LINE MANUFACTURING STAGES PRIOR TO ATP.  DURING ATP (ATP 

14178-320) THE LINE IS BAKED AT 400 DEGREE F AND THEN THE DISC ASSEMBLY 

IS TESTED PER THE VACUUM ANNULUS LEAK CHECK (PAR. 5.6).  DURING THE 

ANNULUS LEAK CHECK AND THE 400 DEGREE F BAKEOUT THE ANNULUS IS 

SUBJECTED TO A 25 MICRON HG OR LESS VACUUM.  BY THE END OF THE 

PRODUCTION AND TEST CYCLE, THE RUPTURE DISC HAS SEEN A MINIMUM OF 8 

VACUUM CYCLES, 5 OF WHICH ARE MASS SPEC LEAK TESTS.

THIS LEAK OCCURRED DURING THE VACUUM ANNULUS LEAK CHECK (ATP 14178-320, 

PARA 5.6.1.D).  IN NO PRIOR OPERATION WAS A LEAK INDICATED.

THE MAXIMUM ALLOWABLE LEAK RATE IS 1 X 10-6 SCC/SEC.

TASK I.  FAILURE/PROBLEM INVESTIGATION

         -----------------------------

         A. REVIEW PLANNING TO DETERMINE BUILD HISTORY OF RUPTURE 

            DISC AND LINE.  LOOK FOR ANY NONSTANDARD OCCURRENCES.

               RESPONSIBILITY: R. BRYANT/3977 - S. PARIKH/3760


       ECD:  7/20/01


 B. HAVE RUPTURE DISC SUBTIER SUPPLIER REVIEW FAILURE 

            HISTORY FOR PAST OCCURRENCES AND PROVIDE A COMPLETE

            DESCRIPTION OF THEIR LEAK TEST PROCEDURE.

 

RESPONSIBILITY: R. BRYANT/3977 - S. PARIKH/3760



ECD:  7/20/01

         C. DEVELOP FAILURE ANALYSIS PLAN TO ISOLATE EXACT LOCATION 

            OF LEAKAGE.



RESPONSIBILITY: R. BRYANT/3977 - S. PARIKH/3760

                    

J. ADAMS/3743 - D. WESTPHAL/3740





T. KNOWLES/4120 - F. MANTO/4100




 
ARROWHEAD



ECD:  7/06/01


D.  MMMSS AND AHP PERSONNEL TO PERFORM FAILURE ANALYSIS ON 

            RECIRCULATION LINE - RUPTURE DISC AS SPECIFIED ON F/A 

            PLAN.  DETERMINE LOCATION OF LEAKAGE AND FAILURE MODE 

            FOR LEAKAGE.



RESPONSIBILITY: J. ADAMS/3743 - D. WESTPHAL/3740





T. KNOWLES/4120 - F. MANTO/4100

                                R. BRYANT/3977 - S. PARIKH/3760





ARROWHEAD



ECD:  7/20/01


E.  DETERMINE IF ANY FAILURE HISTORY EXISTS RELATIVE TO 

            VACUUM JACKET LEAKAGE OCCURRING AT KSC.


        RESPONSIBILITY: M. BANKESTER/3741 - D. WESTPHAL/3740



ECD:  7/06/01

CAUSE

-----

UNDER INVESTIGATION

TASK II.  CORRECTIVE ACTION

          ------------------

          PENDING RESULTS OF INVESTIGATION

TASK III.  CLEARANCE OF EFFECTIVITIES

           --------------------------

           NO CONCERN EXISTS FOR ANY COMPLETED LH2 FEEDLINE OR 

           RECIRCULATION LINE.  ATP PROCESSES CONSISTING OF BOTH

           LEAK TESTS AND VACUUM REQUIREMENTS PROVIDE A POSITIVE 

           FILTER FOR LEAK DETECTION. 


NOTE: THIS IS ALSO DEFERRAL RATIONALE.

TASK IV.  CAPS CLOSURE SUMMARY

          --------------------

          PENDING COMPLETION OF ALL TASKS

08/01/2001 - CONTRACTOR SUBMITTED REVISED PROBLEM REPORT AS FOLLOWS:

GENERAL

-------

THE LH2 RECIRCULATION LINE IS A SECTION OF LINE INCORPORATING TWO 

ARTICULATED BELLOWS ASSEMBLIES WITH A "CRYO-PUMPED ARGON INSULATION 

JACKET" WHICH TRANSPORTS LH2 FROM THE UPPER LH2 AFT DOME TO THE 

ET/ORBITER DISCONNECT.  WHEN EXPOSED TO LH2 THE ARGON WITHIN THE JACKET 

FREEZES, CREATING A VACUUM WITHIN THE JACKET WHICH INSULATES THE OUTER 

SURFACE OF THE LINE AND BELLOWS AND PREVENTS ICE FORMATION.  THE JACKET 

ANNULUS IS PROTECTED AGAINST EXCESSIVE POSITIVE PRESSURE IN THE EVENT 

OF LH2 LEAKAGE BY A RUPTURE DISC ASSEMBLY INSTALLED IN THE OUTER WALL 

OF THE JACKET. 

THE RUPTURE DISC ASSEMBLY CONSISTS OF A PERFORATED HOLDER (347 CRES) TO 

WHICH IS WELDED A 0.003 INCH THICK DIAPHRAGM OF INCONEL (R) 625, 

PROTECTED BY A PERFORATED SHIELD OF 321 CRES.  THE DIAPHRAGM IS 

MANUFACTURED BY FORMING TO SHAPE AND COINING (SINGLE INDENT ACROSS 

DIAMETER) TO SUIT A 35 +/- 15 PSIG BURST REQUIREMENT.  TO MEET THIS 

REQUIREMENT, BEFORE BEGINNING A PRODUCTION RUN OF DIAPHRAGM 

MANUFACTURE, FIFTEEN CONSECUTIVE DIAPHRAGMS ARE DESTRUCTIVELY TESTED 

(BURST) TO ASSURE THE MANUFACTURING SETUP IS CORRECT.  ONCE THE PROPER 

SETUP IS DEMONSTRATED, THE PRODUCTION BEGINS FOLLOWED BY A HELIUM MASS 

SPECTROMETER LEAK TEST OF ALL DIAPHRAGMS MANUFACTURED.  AFTER WELDING 

TO THE HOLDER, EACH DIAPHRAGM/HOLDER ASSEMBLY IS TESTED TO IMPLOSION 

REQUIREMENTS BY APPLYING 18.1 PSIG NEGATIVE PRESSURE (MINIMUM REQUIRED 

BY DESIGN), FOLLOWED BY 10 CYCLES OF LESSER NEGATIVE PRESSURE, FOLLOWED 

BY A SECOND HELIUM LEAK TEST.  FIFTEEN CONSECUTIVE DIAPHRAGM/HOLDER 

ASSEMBLIES ARE THEN DESTRUCTIVELY TESTED (BURST) PRIOR TO THIS 

PRODUCTION RUN BEGINNING, DURING WHICH EVERY FOURTH ASSEMBLY IS 

DESTRUCTIVELY TESTED (BURST) TO ENSURE THE OVERALL PROCESS REMAINS IN 

CONTROL.  THE LAST STEP IN THE MANUFACTURING OPERATION IS TACK WELDING 

THE SHIELD IN PLACE.

UPON RECEIPT AT ARROWHEAD PRODUCTS, EACH RUPTURE DISC ASSEMBLY IS LEAK 

TESTED PRIOR TO ACCEPTANCE OF STOCK AND SEVERAL TIMES AT VARIOUS 

RECIRCULATION LINE MANUFACTURING STAGES PRIOR TO ATP.  DURING ATP (ATP 

14178-320) THE LINE IS BAKED AT 400 DEGREE F AND THEN THE DISC ASSEMBLY 

IS TESTED PER THE VACUUM ANNULUS LEAK CHECK (PAR. 5.6).  DURING THE 

ANNULUS LEAK CHECK AND THE 400 DEGREE F BAKEOUT THE ANNULUS IS 

SUBJECTED TO A 25 MICRON HG OR LESS VACUUM.  BY THE END OF THE 

PRODUCTION AND TEST CYCLE, THE RUPTURE DISC HAS SEEN A MINIMUM OF 8 

VACUUM CYCLES, 5 OF WHICH ARE MASS SPEC LEAK TESTS.

THIS LEAK OCCURRED DURING THE VACUUM ANNULUS LEAK CHECK (ATP 14178-320, 

PARA 5.6.1.D).  IN NO PRIOR OPERATION WAS A LEAK INDICATED.

THE MAXIMUM ALLOWABLE LEAK RATE IS 1 X 10-6 SCC/SEC.

TASK I.  FAILURE/PROBLEM INVESTIGATION

         -----------------------------

     A.
REVIEW PLANNING TO DETERMINE BUILD HISTORY OF RUPTURE DISC AND 

        LINE.  LOOK FOR ANY NONSTANDARD OCCURRENCES.



RESPONSIBILITY: R. BRYANT/3977 - S. PARIKH/3760



ECD:  7/20/01

     *

EXTENSION: 8/7/01 - REVIEW FOR COMMONALTIES WITH 2ND 

                FAILURE

     B.
HAVE RUPTURE DISC SUBTIER SUPPLIER REVIEW FAILURE HISTORY FOR 

        PAST OCCURRENCES AND PROVIDE A COMPLETE DESCRIPTION OF THEIR 

        LEAK TEST PROCEDURE.



RESPONSIBILITY: R. BRYANT/3977 - S. PARIKH/3760



ECD:  7/20/01

     *

EXTENSION: 8/7/01 - REVIEW FOR COMMONALTIES WITH 2ND 

                FAILURE

     C.
DEVELOP FAILURE ANALYSIS PLAN TO ISOLATE EXACT LOCATION OF 

        LEAKAGE.



RESPONSIBILITY: R. BRYANT/3977 - S. PARIKH/3760

                                J. ADAMS/3743 - D. WESTPHAL/3740





T. KNOWLES/4120 - F. MANTO/4100




 
ARROWHEAD



ECD:  7/06/01

     *

COMPLETE: 7/3/01

       * CLOSURE STATEMENT:

         -----------------

       PLAN APPROVED AND PART OF NCD N038324.  THIS PLAN WILL ALSO BE 

       USED FOR THE 2ND FAILURE.

     D.
MMMSS AND AHP PERSONNEL TO PERFORM FAILURE ANALYSIS ON 

        RECIRCULATION LINE - RUPTURE DISC AS SPECIFIED ON F/A PLAN.  

        DETERMINE LOCATION OF LEAKAGE AND FAILURE MODE FOR LEAKAGE.




RESPONSIBILITY: J. ADAMS/3743 - D. WESTPHAL/3740

                        T. KNOWLES/4120-F. MANTO/4100

                        R. BRYANT/3977 - S. PARIKH/3760




ARROWHEAD



ECD:  7/20/01

     *

EXTENSION:  8/21/01- PERFORM FAILURE ANALYSIS ON 2ND 

                LINE

     *  STATUS:

        -------

        FIRST DISK SHOWED NO MATERIAL ABNORMALITIES.  THE DISK FAILED 

        APPROPRIATELY AS A PRESSURE OVER LOAD.  THERE WAS COMPLETE 

        FRACTURE OF THE BURST DISK.

       SECOND BURST DISK HAS BEEN REQUESTED ON NCD N038327.

     E. DETERMINE IF ANY FAILURE HISTORY EXISTS RELATIVE TO VACUUM 

        JACKET LEAKAGE OCCURRING AT KSC.



RESPONSIBILITY: M. BANKESTER/3741 - D. WESTPHAL/3740



ECD:  7/06/01

     *

COMPLETE: 7/3/01

     *  CLOSURE STATEMENT:

        ------------------

     NO HISTORY OF ANY FAILURES AT KSC. REF.:  M. BANKESTER EMAIL 

     7/25/01

CAUSE

-----------

UNDER INVESTIGATION

TASK II.  CORRECTIVE ACTION

          -----------------

          PENDING RESULTS OF INVESTIGATION

TASK III.  CLEARANCE OF EFFECTIVITIES

           ---------------------------

           NO CONCERN EXISTS FOR ANY COMPLETED LH2 FEEDLINE OR 

           RECIRCULATION LINE.  ATP PROCESSES CONSISTING OF BOTH LEAK 

           TESTS AND VACUUM REQUIREMENTS PROVIDE A POSITIVE FILTER FOR 

           LEAK DETECTION. 


NOTE: THIS IS ALSO DEFERRAL RATIONALE.

     TASK IV.  CAPS CLOSURE SUMMARY

               --------------------

     PENDING COMPLETION OF ALL TASKS

9/21/2001 - CONTRACTOR SUBMITED REVISED PROBLEM REPORT AS FOLLOWS:

GENERAL

-------

THE LH2 RECIRCULATION LINE IS A SECTION OF LINE INCORPORATING TWO 

ARTICULATED BELLOWS ASSEMBLIES WITH A "CRYO-PUMPED ARGON INSULATION 

JACKET" WHICH TRANSPORTS LH2 FROM THE UPPER LH2 AFT DOME TO THE 

ET/ORBITER DISCONNECT.  WHEN EXPOSED TO LH2 THE ARGON WITHIN THE JACKET 

FREEZES, CREATING A VACUUM WITHIN THE JACKET WHICH INSULATES THE OUTER 

SURFACE OF THE LINE AND BELLOWS AND PREVENTS ICE FORMATION.  THE JACKET 

ANNULUS IS PROTECTED AGAINST EXCESSIVE POSITIVE PRESSURE IN THE EVENT 

OF LH2 LEAKAGE BY A RUPTURE DISC ASSEMBLY INSTALLED IN THE OUTER WALL 

OF THE JACKET. 

THE RUPTURE DISC ASSEMBLY CONSISTS OF A PERFORATED HOLDER (347 CRES) TO 

WHICH IS WELDED A 0.003 INCH THICK DIAPHRAGM OF INCONEL* 625, PROTECTED 

BY A PERFORATED SHIELD OF 321 CRES.   THE DIAPHRAGM IS MANUFACTURED BY 

FORMING TO SHAPE AND COINING (SINGLE INDENT ACROSS DIAMETER) TO SUIT A 

35 +/- 15 PSIG BURST REQUIREMENT.  TO MEET THIS REQUIREMENT, BEFORE 

BEGINNING A PRODUCTION RUN OF DIAPHRAGM MANUFACTURE, FIFTEEN 

CONSECUTIVE DIAPHRAGMS ARE DESTRUCTIVELY TESTED (BURST) TO ASSURE THE 

MANUFACTURING SETUP IS CORRECT.  ONCE THE PROPER SETUP IS DEMONSTRATED, 

THE PRODUCTION BEGINS FOLLOWED BY A HELIUM MASS SPECTROMETER LEAK TEST 

OF ALL DIAPHRAGMS MANUFACTURED.  AFTER WELDING TO THE HOLDER, EACH 

DIAPHRAGM/HOLDER ASSEMBLY IS TESTED TO IMPLOSION REQUIREMENTS BY 

APPLYING 18.1 PSIG NEGATIVE PRESSURE (MINIMUM REQUIRED BY DESIGN), 

FOLLOWED BY 10 CYCLES OF LESSER NEGATIVE PRESSURE, FOLLOWED BY A SECOND 

HELIUM LEAK TEST.  FIFTEEN CONSECUTIVE DIAPHRAGM/HOLDER ASSEMBLIES ARE 

THEN DESTRUCTIVELY TESTED (BURST) PRIOR TO THIS PRODUCTION RUN 

BEGINNING, DURING WHICH EVERY FOURTH ASSEMBLY IS DESTRUCTIVELY TESTED 

(BURST) TO ENSURE THE OVERALL PROCESS REMAINS IN CONTROL.  THE LAST 

STEP IN THE MANUFACTURING OPERATION IS TACK WELDING THE SHIELD IN PLACE.

UPON RECEIPT AT ARROWHEAD PRODUCTS, EACH RUPTURE DISC ASSEMBLY IS LEAK 

TESTED PRIOR TO ACCEPTANCE OF STOCK AND SEVERAL TIMES AT VARIOUS 

RECIRCULATION LINE MANUFACTURING STAGES PRIOR TO ATP.  DURING ATP (ATP 

14178-320) THE LINE IS BAKED AT 400* F AND THEN THE DISC ASSEMBLY IS 

TESTED PER THE VACUUM ANNULUS LEAK CHECK (PAR. 5.6).  DURING THE 

ANNULUS LEAK CHECK AND THE 400* F BAKEOUT THE ANNULUS IS SUBJECTED TO A 

25 MICRON HG OR LESS VACUUM.  BY THE END OF THE PRODUCTION AND TEST 

CYCLE, THE RUPTURE DISC HAS SEEN A MINIMUM OF 8 VACUUM CYCLES, 5 OF 

WHICH ARE MASS SPEC LEAK TESTS.

THIS LEAK OCCURRED DURING THE VACUUM ANNULUS LEAK CHECK (ATP 14178-320, 

PARA 5.6.1.D).  IN NO PRIOR OPERATION WAS A LEAK INDICATED.

THE MAXIMUM ALLOWABLE LEAK RATE IS 1 X 10-6 SCC/SEC.

* ADDITIONAL INFORMATION:

-------------------------

PSI (PRESSURE SPECIALTIES INC.) PERFORMED ADDITIONAL CYCLIC TESTING ON 

7 COMPLETE ASSEMBLIES RETAINED FROM THIS BUILD (JUNE 2000).  EACH SET 

OF TESTING CONSISTS OF ONE 18 PSI PRESSURE APPLICATION AND 10 

APPLICATIONS AT 15 PSI.  THE PRESSURE IS APPLIED IN THE OPPOSITE 

DIRECTION OF NORMAL BURST. AFTER EACH SET OF CYCLIC TESTING THE PARTS 

WERE LEAK CHECKED.  TWO PARTS DID NOT PASS A SECOND CYCLE OF IMPLOSION 

TESTS.  ONE PART FAILED/LEAKED AFTER 6 CYCLES WHILE ANOTHER FAILED 

AFTER 9 CYCLES.  THREE PARTS SURVIVED 10 CYCLES WITH NO LEAKAGE.  TWO 

SPECIMENS WERE SUBMITTED TO MAF;  ONE THAT FAILED (LEAKED) AFTER TWO 

CYCLES AND ONE THAT PASSED ALL 10 CYCLES.  SEM & VISUAL ANALYSIS SHOWED 

A THROUGH CRACK ON THE LEAKING RUPTURE DISC.  THE DISC THAT PASSED ALL 

10 CYCLES ALSO SHOWED A CRACK ON THE OUTER SURFACE.  ALL CRACKS WERE 

SIMILAR IN MORPHOLOGY TO THOSE FOUND ON THE 2ND ATP FAILURE DISC.

REVIEW OF THE PRESENT DESIGN HAS SHOWN THAT 4 SMALL DIMPLES WERE 

INCLUDED IN THE DESIGN OF THE BURST "VALLEY" TO AID IN ACHIEVING STABLE 

AND RELIABLE BURST PRESSURES.

TASK I.  FAILURE/PROBLEM INVESTIGATION

         -----------------------------

A.
REVIEW PLANNING TO DETERMINE BUILD HISTORY OF RUPTURE DISC AND 

        LINE.  LOOK FOR ANY NONSTANDARD OCCURRENCES.



RESPONSIBILITY: R. BRYANT/3977 - S. PARIKH/3760



ECD:  7/20/01



EXTENSION: 8/7/01 - REVIEW FOR COMMONALTIES WITH 2ND 

                FAILURE

*

EXTENSION: 9/28/01 - ADDITIONAL INVESTIGATION 

                EFFORT

*
STATUS:

        -------

RUPTURE DISC FAILURE #1; INVESTIGATION HAS SHOWN THAT THE MOST PROBABLE 

CAUSE WAS INADVERTENT INTRODUCTION OF A WATER BASED CLEANING FLUID 

PRIOR TO A 4000 F BAKE OUT THAT OCCURRED WHILE A TIGHTLY SEALED 

PROTECTIVE CAP WAS LEFT IN PLACE.  THIS PRODUCED AN OVER PRESSURE 

CONDITION THAT CAUSED THE RUPTURE DISC TO PROPERLY FUNCTION AND PROTECT 

THE BELLOWS ASSEMBLY.

RUPTURE DISC FAILURE #2; PRELIMINARY INVESTIGATION HAS SHOWN THERE HAVE 

BEEN CHANGES TO THE DESIGN AND MULTIPLE PROCESS CHANGES THAT ARE UNDER 

REVIEW.

B.
HAVE RUPTURE DISC SUBTIER SUPPLIER REVIEW FAILURE HISTORY FOR 

        PAST OCCURRENCES AND PROVIDE A COMPLETE DESCRIPTION OF THEIR

        LEAK TEST PROCEDURE.



RESPONSIBILITY: R. BRYANT/3977 - S. PARIKH/3760



ECD:  7/20/01



EXTENSION: 8/7/01 - REVIEW FOR COMMONALTIES WITH 2ND 

                FAILURE

*

EXTENSION: 9/28/01 - ADDITIONAL INVESTIGATION 

                EFFORT

C.
DEVELOP FAILURE ANALYSIS PLAN TO ISOLATE EXACT LOCATION OF 

        LEAKAGE.



RESPONSIBILITY: R. BRYANT/3977 - S. PARIKH/3760


         
        J. ADAMS/3743 - D. WESTPHAL/3740





T. KNOWLES/4120 - F. MANTO/4100




 
ARROWHEAD



ECD:  7/06/01



COMPLETE: 7/3/01

CLOSURE STATEMENT:

------------------

PLAN APPROVED AND PART OF NCD N038324.  THIS PLAN WILL ALSO BE USED FOR 

THE 2ND FAILURE.

D.
MMMSS AND AHP PERSONNEL TO PERFORM FAILURE ANALYSIS ON 

        RECIRCULATION LINE - RUPTURE DISC AS SPECIFIED ON F/A PLAN.     

        DETERMINE LOCATION OF LEAKAGE AND FAILURE MODE FOR LEAKAGE.

*

RESPONSIBILITY: W. MATTHEESSEN/3743 - D.WESTPHAL/3740





J. B. SHELLEY/4120 - F.MANTO/4100

                                R. BRYANT/3977 - S. PARIKH/3760





 ARROWHEAD



ECD:  7/20/01



EXTENSION:  8/21/01- PERFORM FAILURE ANALYSIS 

                ON 2ND LINE

*

EXTENSION: 9/28/01 
 ADDITIONAL INVESTIGATION 

                EFFORT

*  STATUS:

   -------

FIRST RUPTURE DISC SHOWED NO MATERIAL ABNORMALITIES.  THE DISC FAILED 

APPROPRIATELY AS A PRESSURE OVER LOAD.  THERE WAS COMPLETE FRACTURE OF 

THE RUPTURE DISC.

SECOND RUPTURE DISC HAS BEEN REQUESTED & RECEIVED ON NCD N038327.  

INVESTIGATION HAS SHOWN SEVERAL SMALL CRACKS RANGING BETWEEN .004"

AND .010" IN THE DIMPLE AREA.  THESE APPEAR BY SEM ANALYSIS TO BE 

THROUGH CRACKS ON THE OUTERMOST REINFORCING DIMPLES.  IN ADDITION; 

PENETRANT INSPECTION HAS SHOWN THAT SOME OF THESE CRACKS BLEED THROUGH 

PENETRANT.

PSI SUPPLIED SEVERAL ADDITIONAL DISCS THAT HAD UNDERGONE ADDITIONAL PSI 

ATP, AND HAVE CRACKS PRESENT IN THE OUTER MOST DIMPLES.  ONE FAILED 

AFTER ADDITIONAL CYCLES AND SIMILAR CRACKS WERE FOUND.  THE OTHER HAD 

SUCCESSFULLY SURVIVED 10 CYCLES WITH NO LEAKS.  THIS DISC HAD CRACKS ON 

THE OUTSIDE THAT HAD NOT PROPAGATED TO THE INSIDE.  ADDITIONAL 

INVESTIGATION CONTINUES.

E.
DETERMINE IF ANY FAILURE HISTORY EXISTS RELATIVE TO VACUUM 

        JACKET LEAKAGE OCCURRING AT KSC.



RESPONSIBILITY: M. BANKESTER/3741 - D. WESTPHAL/3740



ECD:  7/06/01

*

COMPLETE: 7/3/01

*  CLOSURE STATEMENT:

   ------------------

NO HISTORY OF ANY FAILURES AT KSC.  (REF.:  M. BANKESTER EMAIL 7/25/01)

* F.
DEVELOP FLEET CLEARANCE RATIONALE FOR 2ND ATP FAILURE.



RESPONSIBILITY: W. MATTHEESSEN/3743 - D.WESTPHAL/3740





J. B. SHELLEY/4120 - F. MANTO/4100

                                R. BRYANT/3977 - S. PARIKH/3760





ARROWHEAD




ECD:  9/24/01

* G.
DETERMINE FOR THIS LOT & THE PREVIOUS 3 LOTS, THE HISTORY OF 

        RUPTURE DISCS AND NOTE ATP FAILURE HISTORY.



RESPONSIBILITY: R. BRYANT/3977 - S. PARIKH/3760


        ARROWHEAD




ECD:  9/18/01

* H.
PERFORM ADDITIONAL TESTING TO DETERMINE IF THE ATP IS AN 

        ADEQUATE SCREEN FOR DETECTING LEAKAGE IN THE RUPTURE DISC.

                  RESPONSIBILITY: ARROWHEAD

                  ECD: 
9/28/01

CAUSE:

-----------

UNDER INVESTIGATION

TASK II.  CORRECTIVE ACTION

          -----------------


  UNDER INVESTIGATION

TASK III.  CLEARANCE OF EFFECTIVITIES

           ---------------------------


1ST ATP FAILURE:

        NO CONCERN EXISTS FOR ANY COMPLETED LH2 FEEDLINE OR  

        RECIRCULATION LINE.  ATP PROCESSES CONSISTING OF BOTH LEAK 

        TESTS AND VACUUM REQUIREMENTS PROVIDE A POSITIVE FILTER FOR 

        LEAK DETECTION. 


NOTE: THIS IS ALSO DEFERRAL RATIONALE.

*
2ND ATP FAILURE:

           PENDING RESULTS OF INVESTIGATION

* NOTE:  ADDITIONAL TESTING BY PSI HAS DETERMINED THAT MULTIPLE 

PRESSURE CYCLES CAN CAUSE THE DISCS TO LEAK HELIUM AT SMALL LEVELS IN 

EXCESS OF REQUIREMENTS.

TASK IV.  CAPS CLOSURE SUMMARY

          --------------------

PENDING COMPLETION OF ALL TASKS

11/07/2001 - CONTRACTOR SUBMITTED INTERIM CLOSURE REQEUST THRU 

12/14/2001 AS FOLLOWS: 

PROBLEM

--------

THE LH2 RECIRCULATION LINE (PD4800178-020) WAS UNDERGOING THE VACUUM 

ANNULUS LEAK TEST PER ATP 14178-320 WHEN A RUPTURE DISC FAILED. THE 

SUPPLIER (ARROWHEAD) COVERS THE AREA WITH A BAG AND UTILIZES 

A "SNIFFER" TO CHECK FOR LEAKS.  WHEN THE RUPTURE DISC FAILED THE 

BAGGING COLLAPSED.  THE RUPTURE DISC PART NUMBER IS ET-PS14184-45, S/N 

52, LOCATED NEAR THE P/N 14178-67 FLANGE.

A SECOND LH2 RECIRCULATION LINE WAS UNDERGOING THE VACUUM ANNULUS LEAK 

TEST PER ATP 14178-320 WHEN A RUPTURE DISC FAILED.  THE RUPTURE DISC 

PART NUMBER IS ET-PS14184-45, S/N 74, LOCATED NEAR THE P/N 14178-59 

FLANGE.

CRITICALITY:

------------

THE LH2 RECIRCULATION LINE IS CRIT. 3;  FMEA ITEM CODE 2.6.1.2 

REFLECTS "LOSS OF VACUUM" AS A FAILURE MODE WHICH MAY RESULT IN DELAY 

OF MISSION. HOWEVER, THE LH2 FEEDLINE WHICH USES A SIMILAR RUPTURE DISC 

IS CRIT. 1; FMEA ITEM CODE 2.5.8.2 REFLECTS "LOSS OF VACUUM" AS A 

FAILURE MODE WHICH MAY RESULT IN LOSS OF MISSION.

REVISION C: REFER TO ASTERISK (*) FOR CHANGES; CLOSES TASKS I.A, B, D, 

G & H REVISES I.F , ADDED CORRECTIVE ACTIONS ON TASK II, & TASK III 

CLEARED ET-111.

GENERAL

-------

THE LH2 RECIRCULATION LINE IS A SECTION OF LINE INCORPORATING TWO 

ARTICULATED BELLOWS ASSEMBLIES WITH A "CRYO-PUMPED ARGON INSULATION 

JACKET" WHICH TRANSPORTS LH2 FROM THE UPPER LH2 AFT DOME TO THE 

ET/ORBITER DISCONNECT.  WHEN EXPOSED TO LH2 THE ARGON WITHIN THE JACKET 

FREEZES, CREATING A VACUUM WITHIN THE JACKET WHICH INSULATES THE OUTER 

SURFACE OF THE LINE AND BELLOWS AND PREVENTS ICE FORMATION.  THE JACKET 

ANNULUS IS PROTECTED AGAINST EXCESSIVE POSITIVE PRESSURE IN THE EVENT 

OF LH2 LEAKAGE BY A RUPTURE DISC ASSEMBLY INSTALLED IN THE OUTER WALL 

OF THE JACKET. 

THE RUPTURE DISC ASSEMBLY CONSISTS OF A PERFORATED HOLDER (347 CRES) TO 

WHICH IS WELDED A 0.003 INCH THICK DIAPHRAGM OF INCONEL* 625, PROTECTED 

BY A PERFORATED SHIELD OF 321 CRES.   THE DIAPHRAGM IS MANUFACTURED BY 

FORMING TO SHAPE AND COINING (SINGLE INDENT ACROSS DIAMETER) TO SUIT A 

35 +/- 15 PSIG BURST REQUIREMENT.  TO MEET THIS REQUIREMENT, BEFORE 

BEGINNING A PRODUCTION RUN OF DIAPHRAGM MANUFACTURE, FIFTEEN 

CONSECUTIVE DIAPHRAGMS ARE DESTRUCTIVELY TESTED (BURST) TO ASSURE THE 

MANUFACTURING SETUP IS CORRECT.  ONCE THE PROPER SETUP IS DEMONSTRATED, 

THE PRODUCTION BEGINS FOLLOWED BY A HELIUM MASS SPECTROMETER LEAK TEST 

OF ALL DIAPHRAGMS MANUFACTURED.  AFTER WELDING TO THE HOLDER, EACH 

DIAPHRAGM/HOLDER ASSEMBLY IS TESTED TO IMPLOSION REQUIREMENTS BY 

APPLYING 18.1 PSIG NEGATIVE PRESSURE (MINIMUM REQUIRED BY DESIGN), 

FOLLOWED BY 10 CYCLES OF LESSER NEGATIVE PRESSURE, FOLLOWED BY A SECOND 

HELIUM LEAK TEST.  FIFTEEN CONSECUTIVE DIAPHRAGM/HOLDER ASSEMBLIES ARE 

THEN DESTRUCTIVELY TESTED (BURST) PRIOR TO THIS PRODUCTION RUN 

BEGINNING, DURING WHICH EVERY FOURTH ASSEMBLY IS DESTRUCTIVELY TESTED 

(BURST) TO ENSURE THE OVERALL PROCESS REMAINS IN CONTROL.  THE LAST 

STEP IN THE MANUFACTURING OPERATION IS TACK WELDING THE SHIELD IN PLACE.

* UPON RECEIPT AT ARROWHEAD PRODUCTS, EACH RUPTURE DISC ASSEMBLY IS 

LEAK TESTED PRIOR TO ACCEPTANCE OF STOCK AND SEVERAL TIMES AT VARIOUS 

RECIRCULATION LINE MANUFACTURING STAGES PRIOR TO ATP.  DURING ATP (ATP 

14178-320) THE LINE IS BAKED AT 300* F AND THEN THE DISC ASSEMBLY IS 

TESTED PER THE VACUUM ANNULUS LEAK CHECK (PAR. 5.6).  DURING THE 

ANNULUS LEAK CHECK AND THE 300* F BAKEOUT THE ANNULUS IS SUBJECTED TO A 

25 MICRON HG OR LESS VACUUM.  BY THE END OF THE PRODUCTION AND TEST 

CYCLE, THE RUPTURE DISC HAS SEEN A MINIMUM OF 8 VACUUM CYCLES, 5 OF 

WHICH ARE MASS SPEC LEAK TESTS.

THIS LEAK OCCURRED DURING THE VACUUM ANNULUS LEAK CHECK (ATP 14178-320, 

PARA 5.6.1.D).  IN NO PRIOR OPERATION WAS A LEAK INDICATED.

THE MAXIMUM ALLOWABLE LEAK RATE IS 1 X 10-6 SCC/SEC.

* ADDITIONAL INFORMATION:

-------------------------

PSI (PRESSURE SPECIALTIES INC.) PERFORMED ADDITIONAL CYCLIC TESTING ON 

7 COMPLETE ASSEMBLIES RETAINED FROM THIS BUILD (JUNE 2000).  EACH SET 

OF TESTING CONSISTS OF ONE 18 PSI PRESSURE APPLICATION AND 10 

APPLICATIONS AT 15 PSI.  THE PRESSURE IS APPLIED IN THE OPPOSITE 

DIRECTION OF NORMAL BURST.  AFTER EACH SET OF CYCLIC TESTING THE PARTS 

WERE LEAK CHECKED.  TWO PARTS DID NOT PASS A SECOND CYCLE OF IMPLOSION 

TESTS.  ONE PART FAILED/LEAKED AFTER 6 CYCLES WHILE ANOTHER FAILED 

AFTER 9 CYCLES.  THREE PARTS SURVIVED 10 CYCLES WITH NO LEAKAGE.  TWO 

SPECIMENS WERE SUBMITTED TO MAF;  ONE THAT FAILED (LEAKED) AFTER TWO 

CYCLES AND ONE THAT PASSED ALL 10 CYCLES.  SEM & VISUAL ANALYSIS SHOWED 

A THROUGH CRACK ON THE LEAKING RUPTURE DISC.  THE DISC THAT PASSED ALL 

10 CYCLES ALSO SHOWED A CRACK ON THE OUTER SURFACE.  ALL CRACKS WERE 

SIMILAR IN MORPHOLOGY TO THOSE FOUND ON THE 2ND ATP FAILURE DISC.

REVIEW OF THE PRESENT DESIGN HAS SHOWN THAT 4 SMALL DIMPLES WERE 

INCLUDED IN THE DESIGN OF THE BURST "VALLEY" TO AID IN ACHIEVING STABLE 

AND RELIABLE BURST PRESSURES.

TASK I.  FAILURE/PROBLEM INVESTIGATION

         -----------------------------

A. REVIEW PLANNING TO DETERMINE BUILD HISTORY OF RUPTURE DISC AND LINE.

   LOOK FOR ANY NONSTANDARD OCCURRENCES.



RESPONSIBILITY: R. BRYANT/3977 - S. PARIKH/3760



ECD:  7/20/01



EXTENSION: 8/7/01 - REVIEW FOR COMMONALTIES WITH 2ND

                FAILURE



EXTENSION: 9/28/01 - ADDITIONAL INVESTIGATION EFFORT

*

EXTENSION 11/11/01 - ADDITIONAL INVESTIGATION EFFORT

*

COMPLETE: 10/29/01

* CLOSURE STATEMENT:

  ------------------

RUPTURE DISC FAILURE #1:

INVESTIGATION HAS SHOWN THAT THE MOST PROBABLE CAUSE WAS INADVERTENT 

INTRODUCTION OF A WATER BASED CLEANING FLUID PRIOR TO A 3000 F BAKE OUT 

THAT OCCURRED WHILE A TIGHTLY SEALED PROTECTIVE CAP WAS LEFT IN PLACE.  

THIS PRODUCED AN OVER PRESSURE CONDITION THAT CAUSED THE RUPTURE DISC 

TO PROPERLY FUNCTION AND PROTECT THE BELLOWS ASSEMBLY.  REF.: EMAIL R. 

BRYANT 10/10/2001

RUPTURE DISC FAILURE #2:

THE LOT OF RUPTURE DISCS CURRENTLY USED IN FABRICATION AT ARROWHEAD 

(JUNE 2000) WERE REVIEWED FOR OUT OF FAMILY OCCURRENCES SUCH AS 

FAILURES ALONG WITH PRIOR LOTS OF NOVEMBER 1998, SEPTEMBER 1998, JULY 

1996, AND JUNE 1993.  EXCEPT FOR THE CAPS P-073 INVESTIGATION NONE OF 

THE LOTS PRIOR TO JUNE 2000 SHOWED ANY ATP FAILURE HISTORY.  THE JUNE 

2000 LOT FAILURE RATE DURING FABRICATION WAS GREATER THAN PREVIOUS 

LOTS.  THE 2000 LOT HAD 3 IN PROCESS FAILURES AS COMPARED TO 1 IN 

PROCESS FAILURE ON THE 1998 LOT AND NO FAILURES ON THE OTHER LOTS.

A COMBINED ARROWHEAD AND LOCKHEED MARTIN TEAM INVESTIGATED THE PSI 

FABRICATION AND CONTROL PROCESS.  IT WAS NOTED THAT A DESIGN CHANGE 

(ADDITION OF 3 MAJOR AND 1 MINOR DIMPLES) HAD BEEN IMPLEMENTED PRIOR TO 

FABRICATION OF THE JUNE 1993 LOT.  EXCEPT FOR THE LACK OF DETAIL 

DOCUMENTATION AND THE UNDISCLOSED CHANGE, NO DISCREPANCIES WERE NOTED.  

REF.: EMAIL R. BRYANT 9/24/2001 & BURST DISC FAILURES 10-10 (MS WORD 

DOCUMENT)

B. HAVE RUPTURE DISC SUBTIER SUPPLIER REVIEW FAILURE HISTORY FOR PAST 

   OCCURRENCES AND PROVIDE A COMPLETE DESCRIPTION OF THEIR LEAK TEST

   PROCEDURE.



RESPONSIBILITY: R. BRYANT/3977 - S. PARIKH/3760



ECD:  7/20/01



EXTENSION: 8/7/01 - REVIEW FOR COMMONALTIES WITH 2ND

                 FAILURE



EXTENSION: 9/28/01 - ADDITIONAL INVESTIGATION EFFORT

*

EXTENSION 11/11/01 - ADDITIONAL INVESTIGATION EFFORT

*

COMPLETE: 10/29/01

* CLOSURE STATEMENT:

  ------------------

PSI HAS HAD NO HISTORY OF PREVIOUS FAILURES.  ARROWHEAD AND LOCKHEED 

MARTIN TEAM REVIEWED THE PSI ATP PROCEDURE AND FOUND NO DISCREPANCIES.  

REF.: EMAIL R. BRYANT 9/24/2001

C. DEVELOP FAILURE ANALYSIS PLAN TO ISOLATE EXACT LOCATION OF LEAKAGE.



RESPONSIBILITY: R. BRYANT/3977 - S. PARIKH/3760

                                W. MATTHEESSEN/3741 - D. WESTPHAL/3740





T. KNOWLES/4120 - F. MANTO/4100




 
ARROWHEAD



ECD:  7/06/01



COMPLETE: 7/3/01

CLOSURE STATEMENT:

------------------

PLAN APPROVED AND PART OF NCD N038324.  THIS PLAN WILL ALSO BE USED FOR 

THE 2ND FAILURE.

D. MMMSS AND AHP PERSONNEL TO PERFORM FAILURE ANALYSIS ON RECIRCULATION 

   LINE - RUPTURE DISC AS SPECIFIED ON F/A PLAN.  DETERMINE LOCATION OF 

   LEAKAGE AND FAILURE MODE FOR LEAKAGE.



RESPONSIBILITY: W. MATTHEESSEN/3743 - D. WESTPHAL/3740



                J. B. SHELLEY/4120 - F. MANTO/4100

                                R. BRYANT/3977 - S. PARIKH/3760





ARROWHEAD



ECD:  7/20/01



EXTENSION:  8/21/01- PERFORM FAILURE ANALYSIS ON 2ND 

                 LINE



EXTENSION: 9/28/01 - ADDITIONAL INVESTIGATION EFFORT

*

EXTENSION 11/11/01 - ADDITIONAL INVESTIGATION EFFORT

*

COMPLETE: 10/29/01

* CLOSURE STATEMENT:

  ------------------

RUPTURE DISC FAILURE #1:

1/8/2002 - CONTRACTOR SUBMITTED REVISED PROBLEM REPORT AS FOLLOWS:

PROBLEM

--------

THE LH2 RECIRCULATION LINE (PD4800178-020) WAS UNDERGOING THE 

VACUUM ANNULUS LEAK TEST PER ATP 14178-320 WHEN A RUPTURE DISC FAILED. 

THE SUPPLIER (ARROWHEAD) COVERS THE AREA WITH A BAG AND UTILIZES 

A "SNIFFER" TO CHECK FOR LEAKS.  WHEN THE RUPTURE DISC FAILED THE 

BAGGING COLLAPSED.  THE RUPTURE DISC PART NUMBER IS ET-PS14184-45, S/N 

52, LOCATED NEAR THE P/N 14178-67 FLANGE.

A SECOND LH2 RECIRCULATION LINE WAS UNDERGOING THE VACUUM ANNULUS LEAK 

TEST PER ATP 14178-320 WHEN A RUPTURE DISC FAILED.  THE RUPTURE DISC 

PART NUMBER IS ET-PS14184-45, S/N 74, LOCATED NEAR THE P/N 14178-59 

FLANGE.

CRITICALITY:

------------

THE LH2 RECIRCULATION LINE IS CRIT. 3;  FMEA ITEM CODE 2.6.1.2 

REFLECTS "LOSS OF VACUUM" AS A FAILURE MODE WHICH MAY RESULT IN DELAY 

OF MISSION. HOWEVER, THE LH2 FEEDLINE WHICH USES A SIMILAR RUPTURE DISC 

IS CRIT. 1; FMEA ITEM CODE 2.5.8.2 REFLECTS "LOSS OF VACUUM" AS A 

FAILURE MODE WHICH MAY RESULT IN LOSS OF MISSION.REVISION D: REFER TO 

ASTERISK (*) FOR CHANGES: REVISED & CLOSED THE FOLLOWING:  CAUSE, 

CLEARANCE OPEN, TASKS II, III, & IV

GENERAL

-------

THE LH2 RECIRCULATION LINE IS A SECTION OF LINE INCORPORATING TWO 

ARTICULATED BELLOWS ASSEMBLIES WITH A "CRYO-PUMPED ARGON INSULATION 

JACKET" WHICH TRANSPORTS LH2 FROM THE UPPER LH2 AFT DOME TO THE 

ET/ORBITER DISCONNECT.  WHEN EXPOSED TO LH2 THE ARGON WITHIN THE JACKET 

FREEZES, CREATING A VACUUM WITHIN THE JACKET WHICH INSULATES THE OUTER 

SURFACE OF THE LINE AND BELLOWS AND PREVENTS ICE FORMATION.  THE JACKET 

ANNULUS IS PROTECTED AGAINST EXCESSIVE POSITIVE PRESSURE IN THE EVENT 

OF LH2 LEAKAGE BY A RUPTURE DISC ASSEMBLY INSTALLED IN THE OUTER WALL 

OF THE JACKET. 

THE RUPTURE DISC ASSEMBLY CONSISTS OF A PERFORATED HOLDER (347 CRES) TO 

WHICH IS WELDED A 0.003 INCH THICK DIAPHRAGM OF INCONEL* 625, PROTECTED 

BY A PERFORATED SHIELD OF 321 CRES.   THE DIAPHRAGM IS MANUFACTURED BY 

FORMING TO SHAPE AND COINING (SINGLE INDENT ACROSS DIAMETER) TO SUIT A 

35 +/- 15 PSIG BURST REQUIREMENT.  TO MEET THIS REQUIREMENT, BEFORE 

BEGINNING A PRODUCTION RUN OF DIAPHRAGM MANUFACTURE, FIFTEEN 

CONSECUTIVE DIAPHRAGMS ARE DESTRUCTIVELY TESTED (BURST) TO ASSURE THE 

MANUFACTURING SETUP IS CORRECT.  ONCE THE PROPER SETUP IS DEMONSTRATED, 

THE PRODUCTION BEGINS FOLLOWED BY A HELIUM MASS SPECTROMETER LEAK TEST 

OF ALL DIAPHRAGMS MANUFACTURED.  AFTER WELDING TO THE HOLDER, EACH 

DIAPHRAGM/HOLDER ASSEMBLY IS TESTED TO IMPLOSION REQUIREMENTS BY 

APPLYING 18.1 PSIG NEGATIVE PRESSURE (MINIMUM REQUIRED BY DESIGN), 

FOLLOWED BY 10 CYCLES OF LESSER NEGATIVE PRESSURE, FOLLOWED BY A SECOND 

HELIUM LEAK TEST.  FIFTEEN CONSECUTIVE DIAPHRAGM/HOLDER ASSEMBLIES ARE 

THEN DESTRUCTIVELY TESTED (BURST) PRIOR TO THIS PRODUCTION RUN 

BEGINNING, DURING WHICH EVERY FOURTH ASSEMBLY IS DESTRUCTIVELY TESTED 

(BURST) TO ENSURE THE OVERALL PROCESS REMAINS IN CONTROL.  THE LAST 

STEP IN THE MANUFACTURING OPERATION IS TACK WELDING THE SHIELD IN PLACE.

UPON RECEIPT AT ARROWHEAD PRODUCTS, EACH RUPTURE DISC ASSEMBLY 

IS LEAK TESTED PRIOR TO ACCEPTANCE OF STOCK AND SEVERAL TIMES AT 

VARIOUS RECIRCULATION LINE MANUFACTURING STAGES PRIOR TO ATP.  DURING 

ATP (ATP 14178-320) THE LINE IS BAKED AT 300* F AND THEN THE DISC 

ASSEMBLY IS TESTED PER THE VACUUM ANNULUS LEAK CHECK (PAR. 5.6).  

DURING THE ANNULUS LEAK CHECK AND THE 300* F BAKEOUT THE ANNULUS IS 

SUBJECTED TO A 25 MICRON HG OR LESS VACUUM.  BY THE END OF THE 

PRODUCTION AND TEST CYCLE, THE RUPTURE DISC HAS SEEN A MINIMUM OF 8 

VACUUM CYCLES, 5 OF WHICH ARE MASS SPEC LEAK TESTS.

THESE LEAKS OCCURRED DURING THE VACUUM ANNULUS LEAK CHECK (ATP 14178-

320, PARA 5.6.1.D).  IN NO PRIOR OPERATION WAS A LEAK INDICATED.

THE MAXIMUM ALLOWABLE LEAK RATE IS 1 X 10-6 SCC/SEC.

ADDITIONAL INFORMATION:

PSI (PRESSURE SPECIALTIES INC., THE RUPTURE DISC MANUFACTURER) 

PERFORMED ADDITIONAL CYCLIC TESTING ON 7 COMPLETE ASSEMBLIES RETAINED 

FROM THIS BUILD (JUNE 2000).  EACH SET OF TESTING CONSISTS OF ONE 18 

PSI PRESSURE APPLICATION AND 10 APPLICATIONS AT 15 PSI.  THE PRESSURE 

IS APPLIED IN THE OPPOSITE DIRECTION OF NORMAL BURST.  AFTER EACH SET 

OF CYCLIC TESTING THE PARTS WERE LEAK CHECKED.  TWO PARTS DID NOT PASS 

A SECOND CYCLE OF IMPLOSION TESTS.  ONE PART FAILED/LEAKED AFTER 6 

CYCLES WHILE ANOTHER FAILED AFTER 9 CYCLES.  THREE PARTS SURVIVED 10 

CYCLES WITH NO LEAKAGE.  TWO SPECIMENS WERE SUBMITTED TO MAF;  ONE THAT 

FAILED (LEAKED) AFTER TWO CYCLES AND ONE THAT PASSED ALL 10 CYCLES.  

SEM & VISUAL ANALYSIS SHOWED A THROUGH CRACK ON THE LEAKING RUPTURE 

DISC.  THE DISC THAT PASSED ALL 10 CYCLES ALSO SHOWED A CRACK ON THE 

OUTER SURFACE.  ALL CRACKS WERE SIMILAR IN MORPHOLOGY TO THOSE FOUND ON 

THE 2ND ATP FAILURE DISC.

REVIEW OF THE PRESENT DESIGN HAS SHOWN THAT 4 SMALL DIMPLES WERE 

INCLUDED IN THE DESIGN OF THE BURST "VALLEY" TO AID IN ACHIEVING STABLE 

AND RELIABLE BURST PRESSURES.

TASK I.  FAILURE/PROBLEM INVESTIGATION

         -----------------------------

A.  REVIEW PLANNING TO DETERMINE BUILD HISTORY OF RUPTURE DISC AND 

    LINE.  LOOK FOR ANY NONSTANDARD OCCURRENCES.

    RESPONSIBILITY: R. BRYANT/3977 - S. PARIKH/3760

    ECD:  7/20/01

    EXTENSION: 8/7/01 - REVIEW FOR COMMONALTIES WITH 2ND FAILURE

    EXTENSION: 9/28/01 - ADDITIONAL INVESTIGATION EFFORT

    EXTENSION 11/11/01 - ADDITIONAL INVESTIGATION EFFORT

    COMPLETE: 10/29/01

CLOSURE STATEMENT:

------------------

RUPTURE DISC FAILURE #1:

INVESTIGATION HAS SHOWN THAT THE CAUSE WAS INADVERTENT INTRODUCTION OF 

A WATER BASED CLEANING FLUID PRIOR TO A 3000 F BAKE OUT, THAT COULD NOT 

EVAPORATE DUE TO A TIGHTLY SEALED PROTECTIVE CAP THAT WAS LEFT IN 

PLACE.  THIS PRODUCED AN OVER PRESSURE CONDITION THAT CAUSED THE 

RUPTURE DISC TO PROPERLY FUNCTION AND PROTECT THE BELLOWS ASSEMBLY.  

REF.: EMAIL R. BRYANT 10/10/2001

RUPTURE DISC FAILURE #2:

THE LOT OF RUPTURE DISCS CURRENTLY USED IN FABRICATION AT ARROWHEAD 

(JUNE 2000) WERE REVIEWED FOR OUT OF FAMILY OCCURRENCES SUCH AS 

FAILURES.  PRIOR LOTS OF NOVEMBER 1998, SEPTEMBER 1998, JULY 1996, AND 

JUNE 1993 WERE ALSO REVIEWED.  EXCEPT FOR THE CAPS P-073 INVESTIGATION 

NONE OF THE LOTS PRIOR TO JUNE 2000 SHOWED ANY ATP FAILURE HISTORY.  

THE JUNE 2000 LOT FAILURE RATE DURING FABRICATION WAS GREATER THAN 

PREVIOUS LOTS.  THE 2000 LOT HAD 3 IN PROCESS FAILURES AS COMPARED TO 1 

IN PROCESS FAILURE ON THE 1998 LOT AND NO FAILURES ON THE OTHER LOTS.

A COMBINED ARROWHEAD AND LOCKHEED MARTIN TEAM INVESTIGATED THE PSI 

FABRICATION AND CONTROL PROCESS.  IT WAS NOTED THAT A DESIGN CHANGE 

(ADDITION OF 3 MAJOR AND 1 MINOR DIMPLES) HAD BEEN IMPLEMENTED PRIOR TO 

FABRICATION OF THE JUNE 1993 LOT.  EXCEPT FOR THE LACK OF DETAIL 

DOCUMENTATION AND THE UNDISCLOSED CHANGE, NO DISCREPANCIES WERE NOTED.  

REF.: EMAIL R. BRYANT 9/24/2001 & BURST DISC FAILURES 10/10/2001 (MS 

WORD DOCUMENT)

B.  HAVE RUPTURE DISC SUBTIER SUPPLIER REVIEW FAILURE HISTORY FOR 

    PAST OCCURRENCES AND PROVIDE A 

    COMPLETE DESCRIPTION OF THEIR LEAK TEST PROCEDURE.

    RESPONSIBILITY: R. BRYANT/3977 - S. PARIKH/3760

    ECD:  7/20/01

    EXTENSION: 8/7/01 - REVIEW FOR COMMONALTIES WITH 2ND FAILURE

    EXTENSION: 9/28/01 - ADDITIONAL INVESTIGATION EFFORT

    EXTENSION 11/11/01 - ADDITIONAL INVESTIGATION EFFORT

    COMPLETE: 10/29/01

CLOSURE STATEMENT:

------------------

PSI HAS HAD NO HISTORY OF PREVIOUS FAILURES.  ARROWHEAD AND LOCKHEED 

MARTIN TEAM REVIEWED THE PSI ATP PROCEDURE AND FOUND NO DISCREPANCIES.  

REF.: EMAIL R. BRYANT 9/24/2001

C.  DEVELOP FAILURE ANALYSIS PLAN TO ISOLATE EXACT LOCATION OF 

    LEAKAGE.

    RESPONSIBILITY: R. BRYANT/3977 - S. PARIKH/3760

    W. MATTHEESSEN/3741 - D. WESTPHAL/3740

    T. KNOWLES/4120 - F. MANTO/4100

    ARROWHEAD

    ECD:  7/06/01

    COMPLETE: 7/3/01

CLOSURE STATEMENT:

------------------

PLAN APPROVED AND PART OF NCD N038324.  THIS PLAN WILL ALSO BE USED FOR 

THE 2ND FAILURE.

D.  MMMSS AND AHP PERSONNEL TO PERFORM FAILURE ANALYSIS ON 

    RECIRCULATION LINE - RUPTURE DISC AS SPECIFIED ON F/A PLAN.    

    DETERMINE LOCATION OF LEAKAGE AND FAILURE MODE FOR LEAKAGE.

    RESPONSIBILITY: W. MATTHEESSEN/3743 - D. WESTPHAL/3740

    J. B. SHELLEY/4120 - F. MANTO/4100

    R. BRYANT/3977 - S. PARIKH/3760

    ARROWHEAD

    ECD:  7/20/01

    EXTENSION:  8/21/01- PERFORM FAILURE ANALYSIS ON 2ND LINE

    EXTENSION: 9/28/01 - ADDITIONAL INVESTIGATION EFFORT

    EXTENSION 11/11/01 - ADDITIONAL INVESTIGATION EFFORT

    COMPLETE: 10/29/01

CLOSURE STATEMENT:

------------------

RUPTURE DISC FAILURE #1:

FIRST RUPTURE DISC SHOWED NO MATERIAL ABNORMALITIES.  THE DISC FAILED 

APPROPRIATELY AS A PRESSURE OVER LOAD.  THERE WAS COMPLETE FRACTURE OF 

THE RUPTURE DISC.

RUPTURE DISC FAILURE #2:

SECOND RUPTURE DISC WAS REQUESTED & RECEIVED PER NCD N038327.  

INVESTIGATION HAS SHOWN SEVERAL SMALL CRACKS RANGING IN SIZE 

BETWEEN .004" AND .010" IN THE DIMPLE AREA.  THROUGH SEM ANALYSIS, 

THESE APPEAR TO BE THROUGH CRACKS ON THE OUTERMOST REINFORCING 

DIMPLES.  IN ADDITION, PENETRANT INSPECTION HAS SHOWN THAT PENETRANT 

BLEEDS THROUGH SOME OF THESE CRACKS.

PSI SUPPLIED TWO MORE DISCS THAT HAD UNDERGONE ADDITIONAL PSI ATP 

TESTS, AND HAVE CRACKS PRESENT IN THE OUTER MOST DIMPLES.  ONE FAILED 

AFTER ADDITIONAL CYCLES AND SIMILAR CRACKS WERE FOUND.  THE OTHER HAD 

SUCCESSFULLY SURVIVED 10 CYCLES WITH NO LEAKS.  THIS DISC HAD CRACKS ON 

THE OUTSIDE THAT HAD NOT PROPAGATED TO THE INSIDE.  

ANALYSIS OF 30 DISCS FABRICATED TO DEMONSTRATE THE PROCESS (DRAWING, 

COINING, AND ANNEALING; 10 DISCS EACH) SHOWED THAT THE PRECURSOR CRACKS 

ARE INTRODUCED DURING THE COINING STAGE AND ARE NOT CHANGED DURING THE 

ANNEAL OPERATION.  THESE CRACKS APPEAR IN THE OUTER TWO DIMPLES AND IN 

THE SAME LOCATION.  TWENTY OUT OF TWENTY DISCS SHOWED THESE CRACKS.

THE CONCLUSION REACHED IS THAT THE COINING PROCESS INTRODUCED PRECURSOR 

CRACKS WHICH DURING PRESSURE CYCLES GREW INTO THROUGH CRACKS THAT 

LEAKED.

E.  DETERMINE IF ANY FAILURE HISTORY EXISTS RELATIVE TO VACUUM 

    JACKET LEAKAGE OCCURRING AT KSC.

    RESPONSIBILITY: M. BANKESTER/3741 
 D. WESTPHAL/3740

    ECD:  7/06/01

    COMPLETE: 7/3/01

CLOSURE STATEMENT:

------------------

NO HISTORY OF ANY FAILURES AT KSC.  (REF.:  M. BANKESTER EMAIL 7/25/01)

F. DEVELOP FLEET CLEARANCE RATIONALE FOR 2ND ATP FAILURE.

   RESPONSIBILITY: W. MATTHEESSEN/3743 - D. WESTPHAL/3740

   J. B. SHELLEY/4120 - F. MANTO/4100

   R. BRYANT/3977 - S. PARIKH/3760

   ARROWHEAD

   ECD:  9/24/01

   ECD:  11/31/01 
 COMPREHENSIVE REPAIR PLAN EVALUATION

   COMPLETE: 11/21/01

CLOSURE STATEMENT:

------------------

ET-111 HAS BEEN CLEARED BY ANALYSIS AND DOCUMENTED ON NCD N023822.  A 

REPAIR METHOD HAS BEEN DEVELOPED USING CONATHANE TO SEAL THE CRACKS.  

SEE TASK III FOR REPAIR METHOD ENGINEERING IMPLEMENTATION.

G. DETERMINE FOR THIS LOT & THE PREVIOUS 3 LOTS, THE HISTORY OF 

   RUPTURE DISCS AND NOTE ATP FAILURE HISTORY.

   RESPONSIBILITY: R. BRYANT/3977 - S. PARIKH/3760

   ARROWHEAD

   ECD:  9/18/01

   EXTENSION 11/11/01 
 ADDITIONAL INVESTIGATION EFFORT

   COMPLETE: 10/29/01

CLOSURE STATEMENT:

------------------

THE LOT OF RUPTURE DISCS CURRENTLY UNDER FABRICATION AT ARROWHEAD (JUNE 

2000) WAS REVIEWED FOR OUT OF FAMILY OCCURRENCES SUCH AS FAILURES.  

PRIOR LOTS OF NOVEMBER 1998, SEPTEMBER 1998, JULY 1996, AND JUNE 1993 

WERE ALSO REVIEWED.  EXCEPT FOR THE CAPS P-073 INVESTIGATION NONE OF 

THE LOTS PRIOR TO JUNE 2000 SHOWED ANY ATP FAILURE HISTORY.  THE JUNE 

2000 LOT FAILURE RATE DURING FABRICATION WAS GREATER THAN PREVIOUS 

LOTS.  THE 2000 LOT HAD 3 IN PROCESS FAILURES AS COMPARED TO 1 IN 

PROCESS FAILURE ON THE 1998 LOT AND NO FAILURES ON THE OTHER LOTS.  

REF.:  BURST DISC FAILURES 10/10/2001 (MS WORD DOCUMENT).

H.  PERFORM ADDITIONAL TESTING TO DETERMINE IF THE ATP IS AN 

    ADEQUATE SCREEN FOR DETECTING LEAKAGE IN THE RUPTURE DISC.

    RESPONSIBILITY: ARROWHEAD

    ECD:  
9/28/01

    EXTENSION 11/11/01 
 ADDITIONAL INVESTIGATION EFFORT

    COMPLETE: 10/29/01

CLOSURE STATEMENT:

-----------------

TWELVE RUPTURE DISCS WERE BROUGHT UP TO THE FULL NUMBER OF 

MANUFACTURING PRESSURE TESTS.  IN ADDITION, THEY WERE SUBJECTED TO 13 

ADDITIONAL PRESSURE CYCLES TO SIMULATE 13 FLIGHT CONDITIONS.  FIVE OF 

THE 12 DISCS FAILED.  THUS, ATP IS NOT AN ADEQUATE SCREEN.  REF. 

RUPTURE DISC FAILURES 10/10/2001 (MS WORD DOCUMENT).

I. FOR PROPOSED METHOD OF REPAIR (TASK F) ADDRESS METHODS 

   & PROCESS LONG TERM (CONTRACTUAL REQUIREMENTS) STABILITY.

   RESPONSIBILITY: P. KOPFINGER/4610 
 P. HINKELDEY/4600

   ECD:  11/27/01

   COMPLETE: 11/15/01

CLOSURE STATEMENT:

------------------

CONATHANE TU-400 IS A TWO COMPONENT LIQUID CASTING SYSTEM THAT PRODUCES 

FLEXIBLE ELASTOMERS OF EXCEPTIONAL TOUGHNESS, HIGH ELONGATION, HIGH 

TENSILE AND SHEAR STRENGTH AND WITH EXCELLENT ABRASION RESISTANCE.  

BASED ON MANUFACTURE'S TECHNICAL DATA SHEET & MAF TESTING FOR USE AS A 

FOAM TIE COAT IT HAS BEEN DETERMINED THAT THE APPLICATION, RUPTURE DISC 

SEALING AGENT, IS ACCEPTABLE FOR BOTH SHORT AND LONG TIME PERIODS.  

REF.: MEMO 4600-01-027, FROM C. WILLIAMS.

* CAUSE

1ST LINE:   OVER PRESSURIZATION OF THE BURST DISC AS A RESULT OF WATER 

ENTRAPPED IN LINE DURING BAKE-OUT PROCESS.

2ND LINE:

1. ARROWHEAD PROCUREMENT SPECIFICATION DID NOT CONTROL THE DESIGN 

   OR MANUFACTURING PROCESSES. UNAUTHORIZED RUPTURE DISC 

   MODIFICATION BY THE RUPTURE DISC MANUFACTURER LEAD TO PART PREMATURE

   LEAKAGE.

TASK II.  CORRECTIVE ACTION

          -----------------

RUPTURE DISC FAILURE #1:

1.  FOR BOTH THE LH2 FEEDLINE & LH2 RECIRCULATION LINE, REVISED PRE-ATP 

    ANNULUS LEAK CHECK TO PERFORM A VACUUM LEAK CHECK TO THE 25 MICRON 

    LEVEL.

2.  FOR THE 300* F BAKE-OUT, IMPLEMENTED A DISCRETE "BUY-OFF" 

    VERIFYING THAT PLUGS HAVE BEEN REMOVED. 

(REF.: EMAIL FROM RAY BRYANT DATED, 10/10/2001.)

RUPTURE DISC FAILURE #2:

THE ARROWHEAD PROCUREMENT SPEC. WAS REVISED TO REQUIRE ARROWHEAD 

APPROVAL OF DESIGN AND MANUFACTURING METHODS. THE REVISED DOCUMENT 

PROHIBITS CHANGES BY THE SUPPLIER AFTER ARROWHEAD APPROVAL. THE PRODUCT 

TESTING REQUIREMENTS HAVE BEEN REVISED TO:

1)  ELIMINATE CYCLE TESTS ON PRODUCT THAT ARE TO BE USED IN ORDER TO 

    NOT USE UP PRODUCT FATIGUE LIFE.

2)  INCREASE THE CYCLE TESTING ON DESTRUCTIVE TEST UNITS (BY SIX 

    TIMES) TO ADEQUATELY TEST FOR FATIGUE LIFE. 

(REF.:  EMAIL FROM RAY BRYANT DATED, 12/10/2001.)

TASK III.  CLEARANCE OF EFFECTIVITIES

           --------------------------

     1ST ATP FAILURE:

       NO CONCERN EXISTS FOR ANY COMPLETED LH2 FEEDLINE OR 

       RECIRCULATION LINE.  ATP PROCESSES CONSISTING OF BOTH LEAK 

       TESTS AND VACUUM REQUIREMENTS PROVIDE A POSITIVE FILTER FOR LEAK

       DETECTION.


NOTE: THIS IS ALSO DEFERRAL RATIONALE.


2ND ATP FAILURE:

*
CLEARANCE MATRIX FOR ALL LINES MANUFACTURED PRIOR TO 

        IMPLEMENTATION OF CORRECTIVE ACTION:

ET
LH2 FEEDLINE                    LH2 RECIRCULATION LINE

        PD4800184-039
                PD4800178-020

---------------------------------------------------------------------

093
FIELD ENGINEERING CHANGE (KSC)
FIELD ENGINEERING CHANGE (KSC)

094
NCD N023799 - REPAIR
        NCD N023799 - REPAIR

111
NCD N023812 - UAI
        NCD N023812 - UAI

112
FIELD ENGINEERING CHANGE (KSC)
FIELD ENGINEERING CHANGE (KSC)

113
FIELD ENGINEERING CHANGE (KSC)
FIELD ENGINEERING CHANGE (KSC)

114
FIELD ENGINEERING CHANGE (KSC)
FIELD ENGINEERING CHANGE (KSC)

115
NCD N023802 - REPAIR
        NCD N023802 - REPAIR

116
NCD N023807 - REPAIR
        NCD N023807 - REPAIR

117
NCD N023800 - REPAIR
        NCD N023800 - REPAIR

118 
RE-WORK DCN - SN 200
        RE-WORK DCN - SN 160

119
RE-WORK DCN - SN 201
        RE-WORK DCN - SN 161

120
RE-WORK DCN - SN 202
        RE-WORK DCN - SN 162

121
RE-WORK DCN - PART NOT ISSUED
RE-WORK DCN - PART NOT ISSUED

122
RE-WORK DCN - PART NOT ISSUED
RE-WORK DCN - PART NOT ISSUED

123
REPAIRED - RECYCLED DISC
RE-WORK DCN - PART NOT ISSUED

124
REPAIRED - RECYCLED DISC
RE-WORK DCN - PART NOT ISSUED

125
REPAIRED - RECYCLED DISC
RE-WORK DCN - PART NOT ISSUED

126
REPAIRED - NEW DISC
        RE-WORK DCN - PART NOT ISSUED

127
REPAIRED - NEW DISC
        REPAIRED - NEW DISC

128 & SUBS REPAIRED - NEW DISC
        REPAIRED - NEW DISC

NOTES:

1. REWORK DCN {PDP (H36809-747, EC-012552)} APPLIES CONATHANE ON 

   THE RUPTURE DISCS ON THE FOLLOWING SERIAL NUMBER LINES:

     LH2 FEEDLINE, PD4800184-039 -  S/N'S:  200 THRU 203, & 110970012

     LH2 RECIRCULATION LINE, PD4800178-020 - 150 S/N'S 150, 160 THRU   

     162, & 1673 THRU 1677

2. LH2 RECIRCULATION LINE, PD4800178-020 (SOURCE OF RECYCLE 

   RUPTURE DISCS)

SERIAL #
NCD #
USAGE

---------------------------------------------------------

1678
       N052174
SUPPLY ONE DISC FOR FEEDLINE BUILD

1679
       N023830
SUPPLY TWO DISCS FOR FEEDLINE BUILD

3. ALL SALVAGED RUPTURE DISCS WILL BE DELIVERED TO MAF FOR 

   CONATHANE APPLICATION PER NCD AND RETURNED TO SUPPLIER FOR   

   INSTALLATION ON FEEDLINES.

4. RECYCLED DISCS TO BE INSTALLED ON LH2 FEEDLINES (PD4800184-039) 

   BY NCD N038342, N038344, & N038342.

* TASK IV.  CAPS CLOSURE SUMMARY

            --------------------

THIS CAPS ADDRESSES TWO INCIDENTS THAT OCCURRED AT ARROWHEAD.  THE 

FIRST INCIDENT WAS AN LH2 RECIRCULATION LINE (PD4800178-020) UNDERGOING 

THE VACUUM ANNULUS LEAK TEST (ATP 14178-320) THAT COULD NOT ACHIEVE THE 

REQUIRED LEVEL OF VACUUM.  THE SECOND INCIDENT OCCURRED ON THE NEXT 

LINE TESTED AND WAS SIMILAR TO FIRST IN THAT DURING THE VACUUM ANNULUS 

LEAK TEST THE LINE COULD NOT ACHIEVE THE REQUIRED VACUUM. 

WHILE THE INCIDENTS ALL SHOWED SIMILAR FAILURE CHARACTERISTICS THE 

FAILURE ANALYSIS OF BOTH IDENTIFIED DIFFERENT CAUSES.  BOTH 

INVESTIGATIONS FOLLOWED SIMILAR COURSES IN THAT THE MANUFACTURING 

PROCESS AND DOCUMENTATION WERE REVIEWED BOTH AT ARROWHEAD AND PRESSURE 

SPECIALTIES (RUPTURE DISC MANUFACTURER).

1ST INCIDENT

THE CAUSE OF THIS INCIDENT WAS THE INADVERTENT INTRODUCTION OF WATER IN 

THE ANNULUS AND THE HEATING ABOVE THE BOILING POINT IN A SEALED 

CONDITION.  REVIEW OF THE MANUFACTURING PROCESS AT ARROWHEAD SHOWED 

THAT THE LINE HAD PASSED SEVERAL PREVIOUS VACUUM CHECKS.  THERE IS A 

WATER CLEANING STEP PRIOR TO THE BAKE-OUT.  ANALYSIS OF THE DISC SHOWED 

THE DISC HAD PERFORMED AS DESIGNED AND RUPTURED DUE TO OVER PRESSURE.  

NO FURTHER DETAIL WAS DETERMINABLE FROM THIS DISC.

THE CORRECTIVE ACTIONS TAKEN FOR THIS INCIDENT FOR BOTH THE LH2 

FEEDLINE & LH2 RECIRCULATION LINE WERE TO REVISE PRE-ATP ANNULUS LEAK 

CHECK TO THE 25 MICRON LEVEL, AS IS CURRENTLY REQUIRED IN THE POST-ATP 

ANNULUS LEAK CHECK AND FOR THE 300* F BAKE OUT, A DISCRETE "BUY-OFF" 

HAS BEEN ADDED VERIFYING THAT PLUGS HAVE BEEN REMOVED.

2ND INCIDENT

THIS INCIDENT HAD MULTIPLE CAUSES.  THE FIRST MAJOR CAUSE WAS THAT 

ARROWHEAD PROCUREMENT SPEC FOR THE RUPTURE DISC HAD INADEQUATE CONTROL 

OF DESIGN/PROCESS/MANUFACTURING CHANGES.  THE OTHER MAJOR CAUSES WERE 

UNAUTHORIZED RUPTURE DISC DESIGN CHANGE THAT LED TO PART PREMATURELY 

LEAKING, AND IMPROPER ACCEPTANCE TEST PROTOCOLS.  THE MANUFACTURING 

CHANGE BY PSI WAS THE ADDITION OF DIMPLES IN THE BOTTOM OF THE COINED 

GROOVE ON THE DISC.  THIS HAD ADVERSE AFFECTS ON FATIGUE LIFE THAT WAS 

NOT DETECTABLE THROUGH ATP.

THE ANALYSIS SHOWED THAT THE CURRENT LOT HAD A MUCH HIGHER FAILURE RATE 

DURING LEAK CHECKS THAN PREVIOUS LOTS.  ADDITIONAL CYCLE TESTING SHOWED 

THAT DISCS THAT PASSED ONE LEAK CHECK WOULD NOT NECESSARY PASS THE NEXT 

LEAK CHECK.  SEVERAL DISCS THAT LEAKED WERE SUBMITTED FOR ANALYSIS.  

VISUAL AND SEM ANALYSIS SHOWED THAT THERE WERE FOUR DIMPLES ON THE 

BURST LINE.  AT HIGHER MAGNIFICATION IT WAS DETERMINED THERE WERE 

CRACKS ON THE OUTMOST DIMPLES AND THESE COULD PROPAGATE THROUGH THE 

DISC AND CAUSE A GAS LEAK.  THE INVESTIGATION THEN LOOKED AT THE 

MANUFACTURING PROCESS BY PSI.  THE COINING OPERATION THAT FABRICATES 

THE BASIC DISC INTRODUCED THE PRECURSOR CRACKS IN THE OUTER MOST 

DIMPLES.

AN INVESTIGATION THEN WAS UNDERTAKEN TO DETERMINED HOW TO SEAL THE 

LEAKING DISCS.  IT WAS DETERMINED THAT CONATHANE TU-400 COULD WITHSTAND 

THE OPERATING TEMPERATURE.  A METHOD WAS DEVELOPED, TESTED, AND 

VERIFIED THAT SEALED THE LEAKS AND PASSED THE REQUIRED NUMBER OF VACUUM 

CYCLES.

THE CORRECTIVE ACTIONS TAKEN WERE THAT ARROWHEAD PROCUREMENT SPEC. WAS 

REVISED TO REQUIRE ARROWHEAD APPROVAL OF DESIGN AND MANUFACTURING 

METHODS. THE REVISED DOCUMENT PROHIBITS CHANGES BY THE SUPPLIER AFTER 

ARROWHEAD APPROVAL.  THE PRODUCT TESTING REQUIREMENTS HAVE ALSO BEEN 

REVISED TO:

1)
ELIMINATE CYCLE TESTS ON PRODUCTS THAT ARE TO BE USED IN ORDER

        TO NOT USE UP PRODUCT FATIGUE LIFE.

2)
INCREASE THE CYCLE TESTING ON DESTRUCTIVE TEST UNITS (BY SIX 

        TIMES) TO ADEQUATELY TEST FOR FATIGUE LIFE.

	MSFC Response/Concurrence
11/29/2001 - BOARD ACCEPTED PLAN OF ACTION UNTIL 12/14/2001 PER 

RATIONALE (B): THE PROBLEM CONDITION IS CLEARLY SCREENED DURING 

PREFLIGHT CHECKOUT OR SPECIAL TESTS. 

12/17/2001 - PROBLEM REPORT HAS BEEN REOPENED DUE TO MSFC APPROVED 

DEFER UNTIL DATE HAS PASSED. 

1/23/2002 - MSFC APPROVED FULL CLOSURE. SIGNATURES ARE ON FILE IN THE 

PAC. THIS PROBLEM IS OFFICIALLY CLOSED. 
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