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	Problem Description
DURING PERFORMANCE OF ATP 14180-309-7 AT ARROWHEAD, A LEAK WAS

VISUALLY DETECTED ON WELD #6, THE BUTT WELD JOINING THE MIDDLE BSTRA

FROM FORWARD END AND THE CURVED TUBE SECTION.  HYDROSTATIC PRESSURE

(600 PSIG) HAD BEEN APPLIED TO THE LINE TO PERFORM A PRESSURIZED

DEFLECTION TEST WHEN WATER SEEPAGE AT THE WELD WAS NOTED. THE LINE

HAD PREVIOUSLY PASSED A 1500 PSIG PROOF TEST AND AN UNPRESSURIZED

DEFLECTION TEST

CRITICALITY:  THE PRESSURIZATION LINE IS CRIT. 1;

              FMEA ITEM CODE 2.2.1.1; LEAKAGE

	Contractor Investigation/Resolution
GENERAL:

DURING ATP TESTING PERFORMED ON THIS LINE ASSEMBLY, THE LINE

UNDERGOES A 1510 +/- 10 PSIG HYDROSTATIC PROOF TEST FOLLOWED BY

DEFLECTION TESTS, TWO MOTIONS WITH THE LINE NOT PRESSURIZED AND

TWO WITH THE LINE HYDROSTATICALLY PRESSURIZED TO 600 +10/-0 PSIG;

ACCEPTANCE CRITERIA IS NO DAMAGE. THE LINE IS THEN DRIED AND A LEAK

TEST IS PERFORMED AT A PRESSURE OF 300 +10/-0 PSIG GN2

THESE WELDS ARE MANUAL WELDS WITH MULTIPLE START AND STOP POINTS

THEY ARE PENETRANT AND X-RAY INSPECTED PRIOR TO ATP.  THERE IS NO

LEAK OR PROOF TEST PERFORMED PRIOR TO ATP.  THE PENETRANT USED WAS

P6F4 WITH AN ACREAGE PROBABILITY OF DETECTION (POD) OF 0.086 INCHES

AT 90% PROB/95%CL

DURING THE INITIAL PROOF TEST, A WATER DROPLET WAS NOTED ON WELD #6,

BUT THE SOURCE COULD NOT BE POSITIVELY DETERMINED AT THAT TIME. IT

WAS NOT UNTIL THE LINE WAS PRESSURIZED FOR THE DEFLECTION TEST THAT

THE LEAK WAS CONFIRMED. THE CRITICAL FLAW SIZE FOR THIS WELD IS

1.76 INCHES

TASK I.  FAILURE /PROBLEM INVESTIGATION

PERFORM FAILURE ANALYSIS AT THE DIRECTION OF DESIGN ENGINEERING AND

RELIABILITY ASSURANCE ON NCD N000565

         RESPONSIBILITY: S. PARIKH/3760

                         J. SEIFERT/4120  -  Z. KIRKLAND/4100

                         D. O'NEAL/3741  -  D. WESTPHAL/3740

         COMPLETE: 11/7/95

CLOSURE STATEMENT:

   THE TEST SETUP WAS DETERMINED TO BE CORRECT AND THE LINE WAS

   REMOVED FOR FURTHER ANALYSIS

   A REVIEW OF PRE-TEST X-RAYS BY AHP AND LMMSS CERTIFIED

   TECHNICIANS DID NOT REVEAL ANY INDICATIONS

   AFTER BAKING THE LINE DRY AND PERFORMING AN ATP TYPICAL GN2

   LEAK TEST, THE LEAK PATH LOCATION WAS IDENTIFIED BY THE PRESENCE

   OF A MINUTE BUBBLE FORMING AT THE WELD BEAD TO TUBING INTERFACE

   WHEN A LEAK DETECTION SOLUTION WAS APPLIED.  THE FORMATION OF

   THE BUBBLE WAS DESCRIBED AS EXTREMELY SLOW.  THE LENGTH OF THE

   TEST WAS 5 TO 7 MINUTES AT 300 PSIG MAX.  THE ACTUAL LEAK AREA

   WAS MARKED FOR REFERENCE

   VISUAL INSPECTION AT 10X DID NOT REVEAL EVIDENCE OF A CRACK OR

   ANY OTHER DEFECT

   POST ATP PENETRANT INSPECTION OF THE LEAK LOCATION DID NOT REVEAL

   ANY DEFECT (WOULD NOT HOLD PENETRANT).  NO DEFECT SIZE COULD BE

   DETERMINED

   THE WELDER PERFORMING THIS WELD AND THE INSPECTORS PERFORMING THE

   X-RAY REVIEW AND PENETRANT INSPECTION WERE APPROPRIATELY

   CERTIFIED

   A REVIEW OF THE BUILD PAPER AND INSPECTION PROCESS FOUND NO

   ANOMALIES AND NO PRIOR REWORK AFFECTING WELD #6

THE RESULTS OF THESE INVESTIGATION ACTION ITEMS SUPPORT A CONCLUSION

THAT THIS FAILURE IS IDENTICAL IN CAUSE AND EFFECT AS THE FAILURES

ADDRESSED PER CAPS P-078.  NO FURTHER ANALYSIS WILL BE PERFORMED

CAUSE:

THIS DEFECT WAS SMALLER THAN THE PROBABILITY OF DETECTION (POD)

FOR NON-DESTRUCTIVE TESTING (I.E., X-RAY OR PENETRANT INSPECTION)

 ROOT CAUSE:

 WHEN WELDING THIN SECTIONS OF METAL, THE RAPID COOLING AT THE

 COMPLETION OF THE WELD CAN CAUSE CRACKING.  THE FAILURES OCCURRED AT

 MANUAL WELDS THAT ARE INHERENTLY DIFFICULT TO PERFORM DUE TO THE

 JOINING OF THIN-WALL ICONEL 718 TUBE TO THE THICKER 21-6-9 CRES

 BALL-STRUT ASSEMBLY (BSTRA) USING HASTELLOY W

 TASK II. CORRECTIVE ACTION

     NONE REQUIRED AT THIS TIME.  THESE DEFECTS ARE INHERENT TO THIS

     TYPE WELD, I.E. MANUAL WELD, THESE PARTICULAR MATERIALS, ETC

     (REFERENCE CAPS P-078)

     RELATIVE TO THIS LINE, A LEAK TEST WILL BE PERFORMED

     AS AN ADDITIONAL NON-DESTRUCTIVE INSPECTION PRIOR TO THE LINE

     REPEATING ATP

 PROBLEMS OF THIS TYPE WILL ALWAYS BE DETECTED DURING ATP, EITHER

 DURING PRESSURIZATION TESTS OR AS POSITIVELY ESTABLISHED, DURING

 THE LATER GN2 LEAK TEST PERFORMED. THESE LEAKS HAVE NOT AND SHOULD

 NOT RECUR AFTER ATP. GIVEN THAT ENHANCEMENTS TO THE MANUFACTURING

 PROCESS AS CITED IN CAPS P-078, AHP'S COMMITMENT TO FURTHER STUDY

 THIS WELD FOR POSSIBLE PROCESS IMPROVEMENT AND LMMSS/AHP

 NEGOTIATING EXTENDING PRE-ATP LEAK TESTING TO FUTURE UNITS, HAVE

 NOT YET TAKEN EFFECT OR BEEN IMPLEMENTED, NO FURTHER CORRECTIVE

 ACTIONS NEED BE TAKEN. (REFERENCE MMC-ET-RA06, SPACE SHUTTLE

 EXTERNAL TANK CRITICALITY 1, 1R, 2, 2R PROBLEM REPORTING PLAN FOR

 CAPS CLOSURE REQUIREMENTS)

III. CLEARANCE OF EFFECTIVITIES

   ET-74 AND UP: ALL UNITS SUCCESSFULLY PASSED ATP. ATP IS DESIGNED

   TO CATCH THIS TYPE OF FAILURE

   NOTE: THIS IS ALSO DEFERRAL RATIONALE

* TASK IV.  CAPS CLOSURE SUMMARY

  THE PRESSLINE LEAK DISCOVERED DURING ATP TESTING WHILE THE LINE

  WAS HYDROSTATICALLY PRESSURIZED, RESULTED FROM APPARENT MINUTE

  CRACKS CREATED DURING THE WELDING PROCESS THAT WENT UNDETECTED

  DURING PRE-ATP NON-DESTRUCTIVE TESTING.  THE CREATION OF THESE

  CRACKS OCCUR AS A RESULT OF DIFFERENTIAL COOLING THAT TAKES PLACE

  ALONG THE WELD, LEADING TO LOCALIZED HIGH STRESS AREAS AND

  LOCALIZED MICRO CRACKING. THIS CRACKING IS INHERENT TO THIS

  PARTICULAR PROCESS AND IS NORMALLY DETECTED DURING PENETRANT

  INSPECTION OR X-RAY PRIOR TO ATP, BUT IN THIS INCIDENT WENT

  UNDETECTED. EXAMINATION OF THE DEFECT AREA FAILED TO VISUALLY

  IDENTIFY THE LEAK PATH, IT WAS BELOW THE POD FOR PENETRANT

  INSPECTION AND IT WAS NOT DETECTABLE BY X-RAY.  AS THIS TYPE

  DEFECT IS INHERENT TO THIS PROCESS, BUT IS DETECTABLE DURING ATP

  LEAK TEST, NO CONCERN EXISTS FOR PAST BUILDS

  THE RESULTS OF THIS INVESTIGATION FOUND THE CAUSE AND EFFECT TO BE

  IDENTICAL TO THE TWO FAILURES OCCURRING ON THIS SAME TYPE PRESSLINES

  ADDRESSED PER CAPS P-078. NO FURTHER ANALYSIS OR CORRECTIVE ACTION

  WAS NECESSARY

  THIS CAPS IS CLOSED.  NO FURTHER ACTION IS REQUIRED

           RATIONALE FOR NON-CLOSURE OF CAPS P-080

MICHAEL B. MOORE/EP43

PROPULSION LABORATORY, PROPULSION & MECHANICAL SYSTEM DIVISION,

MECHANICAL SYSTEMS DESIGN BRANCH

205-544-7176
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