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	Reliability/Quality Assurance Concerns, Recommendations:


	Problem Description
DURING ASSENT OF STS-26, AT T+70 SECONDS THE NUMBER TWO 98% LH2 LIQUID

LEVEL SENSOR READING CHANGED FROM DRY TO WET AND READ INTERMITTENTLY

BETWEEN WET AND DRY UNTIL APPROXIMATELY T+130 SECONDS.  AFTER T+130

SECONDS THE SENSOR READING RETURNED TO DRY AND WAS STABLE THROUGH

EXTERNAL TANK SEPARATION

CRITICALITY:  SINCE THE CRIT 1 LH2 DEPLETION SENSORS AND ASSOCIATED

HARNESSES ARE OF IDENTICAL CONSTRUCTION TO THE 98% SENSOR, THIS

PROBLEM IS CLASSIFIED AS CRITICALITY 1

THE FOLLOWING FMEA CODES ARE ALSO APPLICABLE:  3.6.2.1, 3.6.3.1,

3.6.2.2, AND 3.6.3.2

	Contractor Investigation/Resolution
11/28/88 - THIS PROBLEM HAS BEEN DEFERRED FOR STS-27 BASED ON THE

FOLLOWING:

THE ONLY FLIGHT USE LEVEL SENSOR SYSTEMS ARE THE "LH2 DEPLETION

SENSORS".  THE DEPLETION SENSORS WOULD REQUIRE THREE OF THE FOUR

SYSTEMS TO FAIL "WET" TO CAUSE THE SPACE SHUTTLE MAIN ENGINES TO

CONTINUE TO RUN IN SPITE OF FUEL DEPLETION.  A TOTAL OF 680 LIQUID

LEVEL SENSOR SYSTEMS HAVE FLOWN ON ETS.  THERE HAVE BEEN 4 FAILED

"WET" SENSOR SYSTEMS ATTRIBUTABLE TO ET HARDWARE, INCLUDING THE

FAILURE TRACKED BY THIS CAPS.  THE LIKELYHOOD OF 3 SIMULTANEOUS

FAILURES RESULTING IN FAULTY LH2 DEPLETION DETECTION OPERATION IS

EXTREMEMLY REMOTE

THE ABOVE DEFERRAL RATIONALE HAS BEEN APPROVED BY THE ET PROJECT

MANAGER, MR. J. SMELSER ________JERRY SMELSER (11/29/88)______

CAUSE:  THE PROBABLE ET CAUSE, AS DETERMINED BY ENGINEERING ANALYSIS,

WOULD BE AN INTERMITTENT OPEN CIRCUIT AS THE RESULT OF A FAULTY

ELECTRICAL CONNECTOR PIN/SOCKET

THE PROBABLE ORBITER CAUSE, AS DETERMINED BY ROCKWELL INTERNATIONAL,

WOULD BE AN INTERMITTENT OPEN CIRCUIT AS THE RESULT OF FAULTY WIRING

AND/OR ASSOCIATED CONNECTORS

R/C:  NONE - EXPLAINED CLOSURE

(REF. CAPS E-116PF, REV. C, DATED 1/16/89)

GENERAL:

SINCE LEVEL SENSOR FAILURES USUALLY RESULT IN A STABLE WET INDICATION

THE PROBLEM IS POTENTIALLY DUE TO A FAULT IN THE ORBITER SIGNAL

CONDITIONING SYSTEM RATHER THAN IN THE EXTERNAL TANK LEVEL SENSOR

THIS CAPS WILL EXPLORE ALL POSSIBILITIES FOR INTERMITTENT SENSOR

INDICATIONS, DETERMINE PROBABLE CAUSE AND IMPLEMENT ANY CORRECTIVE

ACTIONS DEEMED APPROPRIATE FOR ET HARDWARE

TASK I  FAILURE INVESTIGATION

A.  DESIGN ENGINEERING WILL EVALUATE STS-26 LEVEL SENSOR DATA TO

    DETERMINE THE MOST PROBABLE CAUSE FOR THE INTERMITTENT INDICATIONS

    AND GENERATE AN EVALUATION REPORT

CLOSURE STATEMENT

    THERE HAVE BEEN 11 LEVEL SENSORS/ECO SENSOR ANOMALIES TO DATE,

    INCLUDING THE ONE TRACKED BY THIS CAPS, IN THE 27 STS FLIGHTS,

    ASSOCIATED TANKING TESTS, FLIGHT READINESS FIRINGS, AND ABORTS

    FIVE OF THE ANOMALIES RESULT IN THE REPLACEMENT/REPAIR OF THE

    ORBITER ELECTRONICS.  THREE OF THE ANOMALIES WERE THE RESULT OF

    FAILED GFP LEVEL SENSORS AT THE NUMBER ONE L02 100% LEVEL SENSOR

    POSITION; THE SENSOR DESIGN WAS CORRECTED.  ONE ANOMALY WAS THE

    RESULT OF NICKED WIRE INSULATION IN AN ET WIRE HARNESS, THE DESIGN

    OF WHICH WAS REVISED TO PREVENT A RECURRENCE.  THREE ANOMALIES

    OF THE TEN WHICH PRECEDED THIS CAPS WERE "WET" INDICATIONS WHEN

    AN LH2 SENSOR WAS KNOWN TO BE DRY AND ALL THREE RESULTED IN REPAIR/

    REPLACEMENT OF THE ORBITER ELECTRONICS

    ROCKWELL INTERNATIONAL DIRECTED TESTING OF THE NUMBER TWO 98% LH2

    LIQUID LEVEL SENSOR SYSTEM ON THE OV-103 ORBITER (DISCOVERY) AFTER

    ITS RETURN TO KSC FOLLOWING STS-26.  TESTING CONSISTED OF STEADY

    STATE CHECKS OF CIRCUIT OPERATION.  THE ELECTRICAL CONNECTORS,

    WIRE HARNESSES, AVIONICS EQUIPMENT RACK, AND SIGNAL CONDITIONER

    INVOLVED WERE NOT FLEXED, MOVED, SHAKEN, OR VIBRATION TESTED IN AN

    ATTEMPT TO SIMULATE THE FAILURE.  THE ELECTRICAL CONNECTORS INTERNAL

    TO THE ORBITER WERE NOT DAMATED FOR INSPECTION.  ROCKWELL'S ANALYSIS

    OF THE IN-FLIGHT LEVEL SENSOR SYSTEM ANOMALY AND ORBITER TEST

    RESULTS FOUND:

      "... THE MOST LIKELY CAUSE IS AN INTERMITTENT OPEN SENSOR CIRCUIT

      IN THE ET TRANSDUCER, ET/ORB WIRING, AND/OR ASSOCIATED CONNECTORS

      THIS PARTICULAR STYLE OF SIGNAL MALFUNCTION HAS NOT BEEN OBSERVED

      PREVIOUSLY ... ALL ORBITER PROBLEMS WERE RESOLVED THROUGH DESIGN

      CHANGES AND/OR DEFECTIVE PARTS REPLACEMENT."

   REFERENCE:  CORRECTIVE ACTION RECORD 26RF14-010

   MARTIN MARIETTA'S ENGINEERING ANALYSIS OF THE IN-FLIGHT ANOMALY

   FOUND:

      "THE FAILURE MODE OBSERVED IS INDICATIVE OF AN INTERMITTENT

      OPEN CIRCUIT.  THE MOST LIKELY ET CAUSE IS A CONNECTOR PIN/SOCKET

      MAKING AND BREAKING CONTACT.  A LESS LIKELY CAUSE IS A CABLING

      OPEN OR SHORT."

   REFERENCE:  INTEROFFICE MEMOS 3510-88-037 AND 3513-89-006

TASK II  CORRECTIVE ACTIONS

NO CORRECTIVE ACTION IS REQUIRED

NO CORRECTIVE ACTION FOR THE ELECTRICAL CONNECTORS IS REQUIRED

"NB" SERIES CONNECTORS, MSFC 40M39569, ARE INSPECTED 100% FOR PROPER

SPRING CONTACT OF THE SOCKETS DURING TEST AT THE MANUFACTURERS (ITT

CANNON AND DEUTSCH).  A SIMILAR TEST IS PERFORMED ON 100% OF THE SOCKETS

OF THE 81L2-X CRYOGENIC BULKHEAD FEEDTHROUGH CONNECTORS, EFFECTIVE

LWT-26 AND SUBSEQUENT.  LWT-15 THROUGH LWT-25 WERE RECERTIFIED BY

VIBRATION TEST OF THE CONNECTOR WITH SPRINGS REMOVED FROM THE SOCKETS,

NO CHATTER OR INTERMITTENT OPENS OCCURRED.  PRODUCTION AND QUALITY

CONTROLS ON THE ASSEMBLY AND TEST OF ALL ELECTRICAL CONNECTORS ASSURE

PROPER ASSEMBLY AND FUNCTIONING

NO CORRECTIVE ACTION FOR THE CABLING IS REQUIRED.  PRODUCTION AND

QUALITY CONTROLS ON THE ASSEMBLY, INSTALLATION, AND TESTING OF WIRE

HARNESSES/CABLES PREVENT DAMAGE TO THE WIRES AND ASSURE PERFORMANCE

THE SINGLE PREVIOUS NICKED WIRE ON AN ET HARNESS, ASSOCIATED WITH A

LIQUID LEVEL SENSOR FAILURE, WAS CORRECTED BY DESIGN CHANGE.  FURTHER,

THE NICK OCCURRED AT THE TERMINATION OF A KAPTON INSULATED WIRE TO A

L02 ECO SENSOR.  CAPS E-080 PROVIDED ADDITIONAL FABRICATION CONTROL AND

SPECIAL TOOLS FOR WORKING WITH KAPTON.  THE L02 ECO SENSORS ARE NO

LONGER INSTALLED ON THE ET AND NONE OF THE REMAINING SENSORS HAVE

WIRES TERMINATED IN THE MANNER ASSOCIATED WITH THE ORIGINAL FAILURE

THE RESISTANCE OF CABLING TO THE SENSORS HAS BEEN VERIFIED BY ENGINEER-

ING ANALYSIS FOR ALL FLIGHTS SINCE LWT-21 (I.E. RETURN TO FLIGHT STATUS

FOLLOWING 51L).  NUMEROUS ELECTRICAL TESTS OF ALL ET CABLES AND SYSTEMS

OCCUR IN THE ET BUILD CYCLE BEGINNING WITH FABRICATION AND INDIVIDUAL

HARNESSES AND CONTINUING THROUGH INSTALLATION ON THE ET AND FINAL

TEST/CHECKOUT PRIOR TO DELIVERY.  AT EACH TEST THE CONTINUITY AND THE

INSULATION RESISTANCE OF EACH CIRCUIT IS VERIFIED.  REFERENCE:

CAR26RF14-010; MEMO'S 3510-88-037 AND 3513-89-006

TASK II CLEARANCE OF EFFECTIVITIES

THE ONLY FLIGHT USE LEVEL SENSOR SYSTEMS ARE THE "LH2 DEPLETION

SENSORS".  THE DEPLETION SENSORS WOULD REQUIRE THREE OF THE FOUR

SYSTEMS TO FAIL "WET" TO CAUSE THE SPACE SHUTTLE MAIN ENGINES TO

CONTINUE TO RUN IN SPITE OF FUEL DEPLETION.  A TOTAL OF 680 LIQUID

LEVEL SENSOR SYSTEMS HAVE FLOWN ON ETS.  THERE HAVE BEEN 4 FAILED

"WET" SENSOR SYSTEMS ATTRIBUTABLE TO ET HARDWARE, INCLUDING THE

FAILURE TRACKED BY THIS CAPS.  THE LIKELYHOOD OF 3 SIMULTANEOUS

FAILURES RESULTING IN FAULTY LH2 DEPLETION DETECTION OPERATION IS

EXTREMELY REMOTE

TASK CLOSED

TASK IV  CAPS CLOSURE SUMMARY

THIS IS AN EXPLAINED CLOSURE OF THE CAPS.  DURING STS-26 THE NUMBER TWO

98% LH2 LIQUID LEVEL SENSOR INTERMITTENTLY INDICATED WET AND DRY FOR

APPROXIMATELY SIXTY SECONDS WHEN IT WAS DRY.  ROCKWELL INTERNATIONAL

STATIC TESTING OF THE ORBITER SIGNAL CONDITIONER DID NOT DETECT ANY

FAILURES.  MMMSS EVALUATION OF THE FAILURE DETERMINED THE MOST PROBABLE

ET CAUSE OF THE FAILURE WOULD BE INTERMITTENT CONTACT BETWEEN CONNECTOR

PINS/SOCKETS.  THE FAILURE HISTORY REVIEW REVEALED THAT MANY OF THE

LEVEL SENSOR ANOMALIES RESULTED IN ORBITER SIGNAL CONDITIONER

REPLACEMENT AND THE REMAINDER WERE RESOLVED BY DESIGN CHANGES.  NO

CORRECTIVE ACTION WAS NECESSARY DUE TO THE 100% PIN RETENTION TEST OF

THE ET CONNECTOR SOCKETS AND OTHER ET CONTROLS.  THERE WERE NO

CABLE/HARNESS CONCERNS DUE TO THE ELECTRICAL ENGINEERING VERIFICATION OF

CABLE RESISTANCE WHICH WAS IMPLEMENTED EFFECTIVE WITH LWT-21 AND

SUBSEQUENT

THIS PROBLEM REPORT IS CONSIDERED CLOSED

	MSFC Response/Concurrence
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