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	Problem Description
THE SENSING ELEMENT HAD AN OPEN CIRCUIT

CRITICALITY:  THE 74L4-2 SENSOR IS CRIT. 1R;FMEA ITEM CODE 3.6.1.1,

"FAILS WITH FALSE WET SIGNAL."

NOTE: THE SENSOR IS LIMITED LIFE CONTROLLED

REVISION "B": CLOSES ALL TASKS (SEE ASTERISKS)

	Contractor Investigation/Resolution
GENERAL:

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

REQUIREMENT OF THE VENDOR ACCEPTANCE TEST. THE REQUIREMENT IS THAT

THE SENSOR RESISTANCE SHALL BE BETWEEN 130 OHMS AND 165 OHMS. THE

ACTUAL VALUE WAS A NEAR INFINITE READING ON THE TEST EQUIPMENT, THAT

IS, AN OPEN CIRCUIT. THE FAILURE OCCURRED DURING SIMMONDS PRECISION

ACCEPTANCE TEST PLAN 945, REVISION N, PARAGRAPH 6.8.3. THE TEST

OCCURS FOLLOWING FINAL CLEANING OF THE SENSOR. THE SENSOR HAD

SUCCESSFULLY COMPLETED ALL PERFORMANCE TESTS OF THE ATP INCLUDING A

RESISTANCE TEST PERFORMED IMMEDIATELY BEFORE THE FINAL CLEANING STEP

THE FAILED LH2 LEVEL SENSOR WAS ONE OF SIXTEEN LEVEL SENSORS, BOTH

LH2 AND LOX, WHICH WERE UNDERGOING ATP. ALL SIXTEEN WERE CLEANED AND

THEN RETURNED FOR THE FINAL RESISTANCE TEST. THREE OF THE SIXTEEN

SENSORS FAILED THE RESISTANCE TEST. THE OTHER TWO SENSORS WHICH FAILED

WERE 74L4-1 LOX LEVEL SENSORS ARE CRITICALITY 3; FMEA ITEM CODES

3.1.1.1, 3.1.2.1, 3.1.3.1, 3.1.4.1 AND 3.1.5.1, FOR "FAILS WITH FALSE

WET SIGNAL". THE 74L4-1 SENSORS ARE NOT INCLUDED IN THE PROBLEM

REPORTING REQUIREMENTS AND ARE LISTED IN THE CAPS FOR TRACKING

PURPOSES ONLY. THE SERIAL NUMBERS OF THE TWO FAILED 74L4-1 SENSORS

ARE 1540 AND 1548. THE FAILURES OCCURRED DURING SIMMONDS PRECISION

ACCEPTANCE TEST PLAN 946, REVISION P,PARAGRAPH 6.8.3

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

SURFACE, 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

FAILURE ANALYSES WILL BE PERFORMED ON ALL THREE SENSORS

RESPONSIBILITY: R. RAMSEY/3830 - M. COMBS/3830

                J. ADAMS/3741 - E. HARTLEY/3740

COMPLETE: 10/16/92

CLOSURE STATEMENT

FAILURE ANALYSIS REPORT T-121354 COVERS THE FAILURE ANALYSES OF ALL

THREE LEVEL SENSORS ADDRESSED IN THE GENERAL SECTION OF THIS CAPS. IN

ALL THREE SENSORS THE FINE WIRE SENSING ELEMENTS HAD FAILED IN A

DUCTILE TENSILE FRACTURE. THE FAILURES INDICATE THAT EXCESSIVE FLUID

FLOW RATE THROUGH THE SENSORS CAUSED THE FAILURE. INVESTIGATION BY

SIMMONDS PRECISION CLARIFIED THE NATURE OF THE WORK OCCURRING BETWEEN

THE TWO CIRCUIT RESISTANCE TESTS OF THE VENDOR ATP. THE "CLEANING"

DESCRIBED IN THE GENERAL SECTION INCLUDES A CHEM FILM TOUCH-UP OF

THE SENSOR HOUSING AS WELL AS A FINAL CLEANING IN FREON PCA

THE TOUCH-UP PROCEDURE HAS CHEMICAL APPLICATION, WATER RINSE, AND

DRYING STEPS. THE DRYING MAY BE ACCOMPLISHED USING EITHER OPEN AIR

DRYING OR DRYING WITH A COMPRESSED AIR NOZZLE. THE COMPRESSED AIR

WAS USED ON THESE SENSORS FOR THE FIRST TIME IN THE PROGRAM; ALL

PREVIOUS PARTS HAD BEEN OPEN AIR DRIED. THE FINAL CLEANING WAS

ACCOMPLISHED IN THE SAME MANNER AS USED PREVIOUSLY. THE CLEANING

DOES INCLUDE THE USE OF FREON PCA PUMPED AT A LOW RATE THROUGH A TUBE

TO AID IN THE CLEANING PROCESS

TASK CLOSED

TASK II. CAUSE/CORRECTIVE ACTION

THE CAUSE HAS BEEN ATTRIBUTED TO IMPROPER TECHNIQUE DURING EITHER

SENSOR HOUSING CHEM FILM TOUCH-UP OR FINAL CLEANING. EXCESSIVE

FLUID FLOW CAUSED THE ELEMENT TO BREAK

SIMMONDS PRECISION IS TAKING TWO ACTIONS TO REDUCE THE LIKELIHOOD

OF DAMAGING SENSORS. THE CHEMICAL FILM APPLICATION PROCEDURE IS BEING

REVISED TO ALLOW ONLY OPEN AIR DRYING, NO COMPRESSED AIR ALLOWED. THE

OPERATORS WHO PERFORM THE CLEANING ARE BEING REMINDED OF THE POSSIBLE

DAMAGE WHICH CAN RESULT FROM IMPROPER CLEANING METHODS

RESPONSIBILITY: R. RAMSEY/3830 - M. COMBS/3830

                J. ADAMS/3741 - E. HARTLEY/3740

COMPLETE:       11/06/92

* CLOSURE STATEMENT

THE CHEM-FILM PROCEDURES WERE REVISED TO DELETE THE USE OF COMPRESSED

AIR DRYING OF THE SENSORS. REFERENCE: SIMMONDS PRECISION PROCESS

PROCEDURE 559, REVISION B; DOCUMENTATION ACCOUNTABILITY SHEETS

AYE-155 FOR THE 74L4-1 AND AYP-152 FOR THE 74L4-2. THE WORKERS HAVE

BEEN TRAINED TO USE PROPER TECHNIQUE DURING FINAL CLEANING. REFERENCE

MARS T-121354, MSD 1-5 AND MSD 2-5

TASK CLOSED

TASK III. CLEARANCE OF EFFECTIVITIES

ALL ET'S CLEARED. THE SENSORS FAILED DURING VENDOR ACCEPTANCE

TESTING AND ALL INSTALLED SENSORS HAVE PASSED THE VENDOR TESTS

THERE ARE TESTS OF SENSOR RESISTANCE AFTER INSTALLATION ON THE

ET AT MAF THAT WOULD DETECT THE FAILURE

REFERENCE: ET OI ALL SYSTEMS TEST TP-6D101/201-AT

NOTE: THIS IS ALSO THE DEFERRAL RATIONALE

TASK CLOSED

TASK IV. CAPS CLOSURE SUMMARY

* THE SENSOR FAILURES WERE THE RESULT OF IMPROPER WORKER TECHNIQUE

DURING EITHER COMPRESSED AIR DRYING OF THE SENSOR HOUSING FOLLOWING

CHEM FILM TOUCH-UP OR DURING FINAL CLEANING WITH FREON PCA. IMPROPER

TECHNIQUE CAUSED EXCESSIVE FLUID FLOW RATE THROUGH THE SENSORS AND

RESULTED IN TENSILE FRACTURES OF THE SENSING ELEMENTS. THE CHEM FILM

PROCEDURES WERE REVISED TO DELETE THE USE OF COMPRESSED AIR AND ALLOW

ONLY DRYING IN OPEN AIR. THE WORKERS HAVE BEEN MADE AWARE OF THE CARE

NECESSARY DURING CLEANING IN ORDER TO AVOID DAMAGE TO THE SENSORS

THE VENDOR ACCEPTANCE TESTS AS WELL AS TESTING OF THE ET AT MAF

SCREEN FOR THIS FAILURE MODE

TASK CLOSED

THIS CAPS IS CLOSED, NO FURTHER ACTION IS REQUIRED

	MSFC Response/Concurrence
10/1/92 - DEFERRAL RATIONALE:

BASED ON THE INFORMATION IN "TASK III.  CLEARANCE OF EFFECTIVITIES"

(ABOVE), THIS PROBLEM HAS BEEN DEFERRED FOR THE NEXT SIX (6) MONTHS PER

NSTS 08126, REVISION E, 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: _____PARKER COUNTS________________  DATE: __10/2/92__________

          PARKER COUNTS

          ET PROJECT MANAGER
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