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EQUIVALENT SECONDS OF FATIGUE LIFE AFTER MOV LINE STRESS REDUCTION USING NEW BRACKETS 

S T R E S S  REDUCTIOK USING NEW BRACKETS = 21.2% 

F.ATIGUE L I F E  INCREASE FACTOR IS (1.212)' = 2.615 

154 S E C  F L I G H T  T I X E  REQUIRED 

1 5 4 / ?  .62 = 59 S E C  

NEW BRACKETS OLD BRACKETS 

154 SEC- A154 

5 9  SEC-A59 

ISHERE X l j 4 ,  Xs9 ARE FAILURE RATES I N  NEXT 154 AND 59 S E C  RESPECTIVELY,  BOTH BASED ON 

T E S T S  USING OLD BRACKETS. 





ESTIMATION OF CUMULATIVE FAILURE RATE, F(t) MOV OPENING CONTROL LINES AT SEQ. INLET 

TIME TO 
LINE EXPOSURES 
TO ti OR MORE, I N  INTERVAL 

FA1 LURES, FA1 LURE, I N  INTERVAL, 0 THROUGH tF, 

i 
ti, S E C  Ni A i = / ~ i +  I - A~ - fi F(t)=l - Q 



WEIBULL PL, -MOV OPENING CONTROL L I N E  @ SEQUENCE I N L E T  

,-~- . . . . . 

F A I L U R E  - A G E x 1 0 2  
t, Seconds 

5 5'13~ L G R P S  ELECTR~N TUBE RESEARCH FOR F~EL IAEIL IT~  D E P ~  OF ELECTRICAL ENGINEERING, CORNELL UNIVERSITY. ITHACA. N 



ESTIMATION OF CONDITIONAL PROBABILITY OF NO CRACKS 
IN MOV LINE DURING FLIGHT 

SECONDS ON TYPICAL LINE PRIOR TO PLIGHT = 564 

FROM WEIBULL PLOT, 1 - F  (564)  = .974 

_OLD BRACKETS 

FI;I;GRT TTMF, = 154 SEC 

1-F (564 + 154)  = 1-F (718)  = .963 

Pa0 CRACKED LINE IN NEXT 154 SEC) = .963/,974 = .989 

NEW BRACKETS 

EQUIV&ENT FLIGHT TIME = 59 SEC 

l L ~ ( 5 6 4  + 5 9 )  = 1-F(623) = .970 

P (NO CRACKED LINE IN NEXT 154 SEC) = . 970 / .  974 = a 

CPI,CAICUIATE SLOPE USING NEW BRACKETS = 1.28/2.62 = 0.49. USING THIS SLOPE BEGINNING AT 564 SEC, 

1-F (564 + 156) = 1-F( 718)  = .970, AND ,9701.974 = - .996 



COMPARATIVE RISKS I N  INCORPORATING 
F-1 ECP 530, HYDRAULIC LINE BRACKETS 

ON AS-502 

PROBABILITY OF NO CRACKED LINES: 

NEW 
WfTR OLD BRACKFTS % REDUCTION IN 
BRACKETS INSTALLED DIFFERENCE FAILURE RATE 

OPENING CONTROL 
AT SEQ. INLET 

MOV LINE AT TEE 

MOV OPENING 
CONTROL AT OPEN 
PORT AND CLOSING 
CONTROL LINE .990 .996 -006 

IMV LINE 994 .998 004 67 % - - 
PRODUCT (ONE ENGINE) -962 .987 .025 . 66% 

VMICLE (FIVE ENGINES) ,824 937 

THE PROBABILITIES OF NO CRACKED LINES ON AS-502 ARE -824 WITH OLD BRACRETS AND .937 WITH NEW BRACKETS, 
I N  OTHER WORDS, THE RISK OF ONE OR MORE CRACPD LINES ON AS-502 I S  17.6% WITH OLD BRACI(ETS m6.3% 
WITH NEW BRACKETS. 



COST SAVINGS WE TO CHANGING OUT BRACKETS 

PROB. OF ONE OR MORE CRACRED F-1 ENGINE LINES PER VMICLE, 

USING OLD DAMPER BRACKETS = - 1 7 6  

USING NEW DAMPER BRACKETS = .063 

PROB. THAT CRACKED LINE CAUSES ENGINE SHUTDOWN AND MISSION LOSS .05 

RELIABILITY OF SATURN V VEHICLE .8 

COST OF SAT[JRN V V E H I C L E S  $300M 

MPECTED COST SAVINGS FOR 12 VEHICLES TaTE TO CHANGING OUT BRACKETS: 

( . I 7 6  - .063) (.05) ( .8)  ($300M) (12) $16M 

COST OF CHANGING BRACKETS ON 12 VEHICLES = $O.SM 


