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	Problem Description
GENERAL:

THE 74L4-2 LH2 POINT LEVEL SENSOR FAILED THE CIRCUIT RESISTANCE

REQUIREMENT OF THE VENDOR ACCEPTANCE TEST.  THE REQUIREMENT IS THAT THE

TEMPERATURE CORRECTED SENSOR RESISTANCE SHALL BE BETWEEN 130 OHMS AND

165 OHMS.  THE ACTUAL VALUE OF THE SENSOR UNDER TEST WAS UNSTABLE AND NO

VALID MEASUREMENT COULD BE MADE.  THE FAILURE OCCURRED DURING SIMMONDS

PRECISION ACCEPTANCE TEST PLAN 945, PARAGRAPH 6.8

	Contractor Investigation/Resolution


	MSFC Response/Concurrence
THE LEVEL SENSOR UTILIZES THE DECREASE IN THE ELECTRICAL RESISTANCE OF

A METAL WHEN COOLED TO DETECT THE PRESENCE OF A CRYOGENIC FLUID.  THE

SENSOR USES A GOLD FLASHED PLATINUM WIRE, .0005 INCH IN DIAMETER, AS THE

SENSING ELEMENT.  THE LEVEL SENSOR SIGNAL CONDITIONER, WHICH IS MOUNTED

IN THE ORBITER, PROVIDES A CONSTANT CURRENT TO THE SENSOR ELEMENT WHICH

CAUSES IT TO RISE IN TEMPERATURE.  THE TEMPERATURE AND RESISTANCE OF THE

ELEMENT DECREASE RADICALLY WHEN IMMERSED IN A CRYOGENIC LIQUID.  THE

SIGNAL CONDITIONER DETECTS THE DECREASE IN RESISTANCE AND CONVERTS IT TO

A "WET" OUTPUT SIGNAL

THE SENSOR HAS AN ALUMINUM CASE WHICH IS PRODUCED BY INVESTMENT CASTING

VERY FEW OF THE INTERNAL SURFACES, AND NONE OF THE EXTERNAL SURFACES,

ARE FINISH MACHINED FOR DIMENSIONAL CONTROL.  THE INTERNAL SURFACES OF

THE CASE AND THE COVER ARE PAINTED WITH A SPRAYED-ON, BAKED, TEFLON

PAINT.  THE PAINT PREVENTS WETTING OF THE CASE (RETENTION OF CRYOGENIC

FLUIDS) AND ALSO PROVIDES SOME ELECTRICAL INSULATION BETWEEN THE CASE

AND THE SENSOR ELEMENT.  THE ELEMENT IS SUPPORTED BY A CERAMIC

SUBSTRATE.  THE SUBSTRATE HAS FIRED-ON GOLD CIRCUIT PATHS WHICH PROVIDE

A MEANS TO TERMINATE THE ELEMENT WIRE BY WELDING.  THE SENSOR OUTPUT

WIRES ARE ATTACHED TO THE SUBSTRATE BY STEEL TERMINALS HELD IN PLACE

WITH RIVETS AND SPRING WASHERS (SEE FIGURE 1)

TASK I.   FAILURE INVESTIGATION

A FAILURE ANALYSIS WILL BE PERFORMED ON THE SENSOR

TASK I CLOSURE STATEMENT:

THE FAILURE WAS TRACED TO AN IMPROPERLY FORMED SHOP HEAD ON THE RIVET

WHICH ATTACHED A LEAD WIRE IN THE SENSING ELEMENT.  THE SHOP HEAD FAILED

TO PROTRUDE ABOVE THE SURFACE OF THE WASHER ON WHICH IS WAS FORMED

THIS RESULTED IN THE RIVET SHANK BEING TOO LONG AND FAILING TO HOLD THE

LEAD WIRE TERMINAL SECURELY AGAINST THE CIRCUIT TRACE ON THE SENSING

ELEMENT.  RELATIVE MOVEMENT BETWEEN THE TERMINAL AND THE SENSING ELEMENT

CAUSED VARIABLE RESISTANCE.  THE SIMMONDS PRECISION CONTROL DOCUMENT FOR

FORMING THE SHOP HEAD OF THE RIVET, PROCESS PROCEDURE 515, CONTAINED NO

CRITERION FOR THE HEIGHT OF THE HEAD ABOVE THE WASHER.  REFERENCE:  MARS

T-121351

A TELECON BETWEEN SIMMONDS PRECISION AND RELIABILITY ASSURANCE PERSONNEL

ON JANUARY 10, 1992, FOUND THAT PP515 DID CONTAIN CRITERIA FOR FORMING

AND INSPECTING THE RIVET HEAD BY THEIR CERTIFIED TECHNICIANS AND

INSPECTORS.  IN ADDITION TO DETAILED MACHINE SET-UP INSTRUCTIONS FOR

FORMING THE RIVET HEAD, THERE WERE THE FOLLOWING INSPECTION CRITERIA:

  -  THE SWAGE SHALL BE FREE OF MACHINING MARKS DEEPER THAN .003 INCH

  -  THERE WILL BE NO CRACKS IN THE SWAGED SURFACE

  -  THERE WILL BE NO ROTATIONAL MOVEMENT UNDER FINGER PRESSURE OR WHEN

     THE PART IS HELD WITH TWEEZERS

USING THE CONTROLS AND INSPECTIONS IN PP515, SIMMONDS PRECISION HAD

EXPERIENCED 2 IN-PROCESS REJECTIONS IN THE LAST 200 RIVETING OPERATIONS

THE LOW IN-PROCESS REJECTION RATE COUPLED WITH 1) NO PERSONNEL OR

TOOLING CHANGES IN THE LAST 3-1/2 YEARS AND 2) NO PREVIOUS SIMILAR

FAILURES IN THE HISTORY OF THE PROGRAM, ASSURE THE INTEGRITY OF

PREVIOUSLY BUILT HARDWARE

AS A RESULT OF THE FAILURE INVESTIGATION, SIMMONDS PRECISION DECIDED TO

ENHANCE THEIR INSPECTION CRITERIA IN PP515 BY INCLUDING SHOP HEAD

CONFIGURATION REQUIREMENTS

TASK I CLOSED

TASK II.   CORRECTIVE ACTION

THE SIMMONDS PRECISION DOCUMENT FOR FORMING THE SHOP HEAD ON THE RIVET,

PROCESS PROCEDURE 515, IS BEING REVISED TO ENHANCE THE INSPECTION

CRITERIA

CLOSURE STATEMENT:

PP515 WAS REVISED TO INCLUDE A VISUAL INSPECTION FOR HEIGHT OF THE SHOP

HEAD OF THE RIVET.  PARAGRAPH 5.1.4, "FOR 1500154-002 OR 1500035-002 -

THE SWAGED PORTION OF TERMINAL POST SHALL EXTEND OUTWARD TO COMPLETELY

COVER HOLE IN TERMINAL WASHER AND EXTEND ABOVE THE TERMINAL WASHER" WAS

ADDED TO THE QUALITY INSPECTION VISUAL CRITERIA.  REFERENCE:  PP515,

REVISION "E", JANUARY 17, 1992; DOCUMENTATION ACCOUNTABILITY SHEET

APPROVALS AYE146 FOR P/N74L4-1 AND AYP143 FOR P/N74L4-2

TASK II CLOSED

TASK III.  CLEARANCE OF EFFECTIVITIES

ALL ETS CLEARED.  THE SENSOR FAILED DURING VENDOR ACCEPTANCE TESTING AND

ALL INSTALLED SENSORS HAVE PASSED THE VENDOR TESTS.  THERE ARE TESTS OF

SENSOR RESISTANCE AFTER INSTALLATION OF THE ET AT MAF THAT WOULD DETECT

THIS CONDITION.  REFERENCE:  ET ALL SYSTEMS TEST TP-6D101/201-AT

TASK III CLOSED

TASK IV.  CAPS CLOSURE SUMMARY

THE ACCEPTANCE TEST FAILURE WAS CAUSED BY AN IMPROPERLY ASSEMBLED

ELECTRICAL CONNECTION IN THE SENSOR.  THE PROCESS CONTROL DOCUMENT FOR

THE ASSEMBLY OF THE CONNECTION WAS REVISED TO ENHANCE THE INSPECTION

CRITERIA.  REVIEW OF THE PRODUCTION HISTORY, CONTROLLING DOCUMENTATION,

AND THE ABSENCE OF ANY SIMILAR FAILURES EITHER IN TEST OR IN SERVICE,

ASSURE THE INTEGRITY OF PREVIOUSLY BUILT SENSORS

TASK IV CLOSED

**********************************************************************

PAC NOTE:  DEFERRAL RATIONALE SUBMITTED FOR MSFC APPROVAL 11/22/91

**********************************************************************

11/22/91 - DEFERRAL RATIONALE:

THIS PROBLEM REPORT IS DEFERRED FOR THE NEXT SIX MONTHS PER NSTS 08126,

REVISION D, PARAGRAPH 3.3.10.1, ITEM D WHICH STATES "THE PROBLEM

CONDITION IS CLEARLY SCREENED BY PREFLIGHT CHECKOUT OR SPECIAL TESTS

(I.E., FAILURE MODE SHOULD NOT OCCUR FOLLOWING THE TEST)."

APPROVAL: ______C. E. SUMNER_________________________  DATE: 11/22/91__

          (FOR) GERALD C. LADNER

                ET PROJECT MANAGER
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