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P r e d i c t i o n f a c i l i t a t e s a n e a r l y a s s e s sme n t o f t h e ma t u r i t y o f t h e
ma i n t a i n a b i l i t y d e s i g n a n d e n a b l e s d e c i s i o n s c o n c e r n i n g t h e c omp a t l b l l f t y o f a
p r o p o s e d d e s i g n w i t h s p e c i f i e d r e q u i r eme n t s O r t h e c h o i c e o f b e t t e r
a l t e r n a t i v e s .

T h e ma i n t a i n a b i l i t y p r e d i c t i o n p r o c e d u r e s I a n d III a r e a p p l i c a b l e s o l e l y t o
e l e c t r o n i c s y s t ems and e q u i pme n t s . P r o c e d u r e s I I a n d IV c a n b e u s e d f o r a l l
s y s t ems a n d e q u i pme n t s . In applying p r o c e d u r e 1 1 t o n o n - e l e c t r o n i c e q u i pme n t s
t h e a p p r o p r i a t e t a s k t i me s mu s t b e e s t i ma t e d . P r o c e d u r e V c a n b e used to
p r e d i c t ma i n t a i n a b i l i t y p a r ame t e r s o f a v l o n l c s , g r o u n d a n d s h i p b o a r d
e l e c t r o n i c s at t h e o r g a n i z a t i o n a l , I n t e r me d i a t e a n d d e p o t l e v e l s o f
ma i n t e n a n c e .

I n c o o c l u s l o n , t h e u s e o f t h i s h a n d b o o k f a c i l i t a t e s t h e d e s i g n , d e v e l o pme n t ,
a n d p r o d u c t i o n o f e q u i pme n t a n d s y s t ems r e q u l r t n g a h i g h o r d e r o f
ma ! n t a i n a b i l ! t y .
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A - V - 1 8
A - V - 1 9
A - V - 2 0
A - V - 2 1
A - V - 2 2
A - V - 2 3
A - V - 2 4
A - V - 2 5
A - V - 2 6
A - V - 2 7

~

R I Da t a An a l y s i s Sh e e t -
RI Da t a An a l y s i s Sh e e t -
MT TR Su bmo d e l s

g u r e He a d n g

A
B

De f i n i t i o n s o f MT TR Su bmo d e l s T e r ms
Matrix f o r c o r r e l a t i n g FD& I F e a t u r e s u i t h R i s
F a u l t I s o l a t i o n Ou t p u t a n d R I Co r r e l a t i o n T r e e
Ma n u a l F a u l t I s o l a t i o n Ou t p u t a n d RI Co r r e l a t i o n t r e e
(partial)

S amp l e : Ma i n t e n a n c e F l ow D i a g r am
E x amp l e T i me S y n t h e s i s An a l y s i s
Ma i n t e n a n c e Co r r e l a t i o n Ma t r i x f o r ma t

S t a n d a r d S c r ew s
He x o r A l l e n S e t S c r ew s
C a p t ~ v e S c r ew s
DZUS F a s t e n e r s
T r i d a i r F a s t e n e r
T h umb s c r ew s
Ma c h i n e S c r ew s
Nu t s o r Bo l t s
Re t a i n i n g R~ n g s
D r awh o o k L a t c h
Sp r i n g C l i p C a t c h
Bu t t e r f l y L a t c h
ATR L a t c h
L i f t a n d T u r n L a t c h
S l i d e L o c k L a t c h
T e r m i n a l Po s t s Co n n e c t I o n s
S c r ew T e r m i n a l Co n n e c t i o n s
T e r m i p o i n t Co n n e c t i o n s
H ! r ew r a p Co n n e c t i o n
T a p e r p l n Co n n e c t i o n
PCB Co n n e c t i o n s
BNC Co n n e c t o r s
Qu i c k Re l e a s e Co a x Co n n e c t o r s
F r i c t ! o n L o c k i n g Co n n e c t o r
F r t c t l o n L o c k i n g Co n n e c t o r w i t h J a c k s c r ew
T h r e a d l o c k l n g Co n n e c t o r
S l i d e L o c k i n g Co n n e c t o r

P a g e

V - 1 3
v - ‘ t4
V - 1 6
V - 1 7
v - 2 5
V - 2 7

\ - 2 8
V - 3 0
V - 3 1
V - 3 2

A - V - 7
A - V - 7
A - v - 8
A - v - 8
A - V - 9
A - V - 9
A - V - I O
A - V - 1O
A - V - 1 1
A , - f l - l !
A - V - 1 2
A - V - 1 2
A - V - 1 2
A - V - 1 3
A - V - 1 3
A - V - 1 3
A - V - 1 4
A - V - 1 4
A - V - 1 5
A - V - 1 5
A - V - 1 5
A - V - 1 6
A - V - 1 6
A - V - 1 6
A - V - 1 7
A - V - 1 7
A - V - 1 7
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f i g u r e

A - v - 2 8
A - v - 2 9
A - V - 3 0
A - V - 3 1
A - V - 3 2
A - V - 3 3
A - V - 3 . 4
A - V - 3 5
A - V - 3 6
A - V - 3 7
A - V - 3 8
A - V - 3 9
A - V - 4 0
A - V - 4 1
A - V - 4 2

c - v - 1

L ; ST OF I L LUSTRAT I ONS

F i g u r e He a d i n g

D i p I CS
Gu i d e d CCAS
Gu i d e d CCAS Hith a T o o l
t i o n - Gu i d e dCCAS

Mo d u l e s
C r i mp L u g s
F o r m L e a d s
So l d e ” i n g T e r m i n a l p o s t s
So l d e r i n g PCB Co n n e c t i o n s
Re s o l d e r i n g M i t t a B r a i d e d W i c k
Re s o l d e r i n g Us i n g a V a c u um
F o r m F l a t P a c k L e a d s
P a n e l s , Do o r s a n a Co v e r s
D r aw e r s
Display L amp s

Re s u l t i n g Re p a i r T i me D i s t r i b u t i o n f o r a S amp l e S y s t em
Co n t a i n i n g F o u r ( 4 ) Re p a i r T y p e s w i t h D i f f e r e n t
No r ma l l y D i s t r i b u t e d Repair T i me s

-

P a g e

A - V - 1 8
A - V - 1 8
A - v - 1 8
A - ’ V ’ - 1 9
A - V - 1 9
A - V - 1 9
A - V - 2 0
A - V - 2 0
A - V - 2 0
A - V - 2 1
A - V - 2 1
A - V - 2 1
A - V - 2 2
A - V - 2 2
A - V - 2 2

C-V-8
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I NTRODUCT I ON

MA I NTA I NAB I L I TY PRED I CT I ON

THE NE ED FOR W I NTA I NA6 ! L I TY PRED I CT I ON : T h e w e d i c t i o n o f t h e e x p e c t e d
n umb e r o f h o u r s t h a : a s y s t em O r d e v i c e w i l l b e i n a n i n o p e r a t i v e o r “ d own
s t a t e ” wh i l e i t i s u n d e ” g c ; r g ma i n t e n a n c e i s o f k i t a l i mp o r t a n c e t o t h e u s e r
b e c a u s e o f t h e a d v e r s e e f f e c t t h a t e x c e s s i v e d own t i me h a s o n m i s s i o n s u c c e s s .
T n e r e f c r e , o n c e t h e o p e r a t i o n a l r e q u i r eme n t s o f a s y s t em a r e f i x e d , i t i S
i mp e r a t i v e t h a t a t e c h n i q u e b e u t i l i z e d t o p r e d i c t i t s ma i n t a i n a b i l i t y i n

q u a n t i t a t i v e t e r ms a s e a r l y a s p o s s i b l e d u r i n g t h e d e s i g n p h a s e . T h i s
p r e d i c t i o n s h o u i d b e u p d a t e d c o n t i n u o u s l y a s t h e d e s i g n p r o g r e s s e s t o a s s u r e a
h i g h p r o b a b i l i t y o f c omp l i a n c e w i t h s p e c i f i e d r e q u i r eme n t s .

A s i g n i f i c a n t a d v a n t a g e o f u s i n g a ma i n t a i n a b i l i t y p r e d i c t i o n p r o c e d u r e i s
t h a t i t h i g h l ) g h l s f o r t h e d e s i g n e r t h o s e a r e a s o f pw r ma i n t a i n a b i l i t y wh i c h
j u s t i f y p r o d u c t i mp r o v eme n t , mo d i f l c a t l o n , o r a c h a n g e o f d e s i g n . An o t h e r
u s e f u l f e a t u r e o f ma i n t a i n a b i l i t y p r e d i c t i o n i s t h a t i t p e r m i t s t h e u s e r t o
ma k e a n e a r l y a s s e s sme n t o f wh e t h e r t h e p r e d i c t e d d own t i me , t h e q u a l i t y ,
q u a n t i t y o f p e r s o n n e l , t o o l s a n d t e s t e q u i pme n t a r e a d e q u a t e a n d c o n s i s t e n t
w i t h t h e n e e d s o f s y s t em o p e r a t i o n a l r e q u i r eme n t s .

DE F I N I T I ON OF MA I NTA I NAB I L I TY : M I L - ST t ) - 7 2 1 c i e f t n e sma i n t a i n a b i l i t y a s f o l l ow s :

“ Ma i n t a i n a b i l i t y : T h e me a s u r e o f t h e a b i l i t y o f a n
I t em k b e r e t a i n e d i n o r r e s t o r e d t o s p e c i f i c
c o n d i t i o n s wh e n ma i n t e n a n c e i s p e r f o r me d b y p e r s o n n e l
h a v i n g s p e c i f i e d s k i l l l e v e l s , u s i n g p r e s c r i b e d
p r o c e d u r e s a n d r e s o u r c e s a t e a c h p r e s c r i b e d l e v e l o f
ma i n t e n a n c e a n d r e p a i r . ”

T h i s d e f i n i t i o n h a s f o s t e r e d t h e d e v e l o pme n t o f ma n y ma i n t a i n a b i l i t y
p r e d i c t i o n p r o c e d u r e s f o r p r o v i d i n g a n a s s e s sme n t o f s y s t em ma i n t a i n a b i l i t y .
E a c h o f t h e s e u s e s v a r i o u s q u a n t i t a t i v e me a s u r e s t o i n d i c a t e s y s t em
ma i n t a ~ n a b l l i t y . How e v e r , a l l o f t h e s e me a s u r e s h a v e a s p e c i f t c r e l a t i o n s h i p
t o , o r constitute some e l eme n t o f t h e d i s t r i b u t i o n of total system d own t i me ,

He n c e , i f a u n i v e r s a l me t h o d o r t e c h n i q u e c a n b e d e v e l o p e d t o d e t e r m i n e t h e
“ T o t a l S y s t em Down t i me D i s t r i b u t i o n ” f o r a n y t y p e o f s y s t em , t h i s wo u l d
f a c i l i t a t e c a l c u l a t ~ n g t h e me a s u r e s o f ma i n t a i n a b i l i t y c u r r e n t l y I n u s e .
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BAS I C ASSUWT I ONS AND i NT ERPRE TAT 1 0N5 : E a c h ma i n t a i n a b i l i t y p r e d i c t i o n
p r o c e d u r e i n c ? u d e d i n t h i s h a n d b o o k d eDe n d s u p o n t h e u s e o f r e c o r d e d
r e l i a b i l i t y a n d ma i n t a i n a b i l i t y data and experience wh i c h h a v e b e e n o b t a i n e d
f r om c omp a r a b l e s y s t ems a n d c omp o n e n t s u n o e r s i m i l a r c o n d i t i o n s o f u s e a n d

o p e r a t i o n , I t i s a ~ s o c u s t oma r y t o a s s ume t h e a p p l i c a b i l i t y o f t h e “ p r i n c i p l e
o f t r a n s f e r a b i l i t y . ” T h i s a s s u r e s t h a t d a t a wh i c h a c c umu l a t e f r om o n e s y s t em
can b e u s e d t o p r e d i c t t h e ma i n t a i n a b i l i t y o f a c omp a r a b l e s y s t em wh i c h i s
u n d e r g o i n g d e s i g n , d e v e l o pme n t , o r s t u d y . T h i s p r o c e d u r e i s just~fiable wh e n
t h e r e q u i r e d d e g r e e o f c ommo n a l i t y b e t w e e n s y s t ems c a n b e e s t a b l i s h e d .

Us u a l l y d u r i n g t h e e a r l y d e s i g n o h a s e o f t h e l i f e c y c l e , c o n s n o n a l i t y c a n o n l y
b e i n f e r r e d o n a b r o a d b a s ~ s . How e v e r , a s t h e d e s i g n b e c ome s r e f i n e d , d u r i n g
i a t e r p h a s e s o f t h e l i f e c y c l e , c ommo n a l i t y i ~ e x p e n d a b l e i f a h i g h p o s i t i v e

c o r r e l a t i o n i s e s t a b l i s h e d r e l a t i n g t o e q u i pme n t f u n c t i o n s , t o ma i n t e n a n c e t a s k
t i me s , a n d t o l e v e l s o f ma i n t e n a n c e . A l t h o u g h t h e t e c h n i q u e s c o n t a i n e d i n
t h i s h a n d b o o k h a v e b e e n p r o p o s e d a n d a p p e a r t o f i t c e r t a i n a p p l i c a t i o n s , i t
s h o u l d b e b o r n e i n m i n d t h a t t h e y h a v e n o t t r u l y b e e n t e s t e d f o r g e n e r a l i t y ,
f o r c o n s i s t e n c y o n e t o a n o t h e r , o r f o r mo s t o t h e r c r i t e r i a d e a l i n g w i t h b r o a d
a p p l i c a b ! l l t y . I t s h o u l d a l s o b e b o r n e i n m i n d , t h o u g h , t h a t e x p e r i e n c e h a s
s h own t h a t t h e a d v a n t a g e s g r e a t l y o u t w e i g h t h e b u r d e n o f ma k i n g a p r e d i c t i o n .
F o r that ~ e a s o n , i t ~ s n o t t h e Du r p o s e o f t h i s d o c ume n t t o d e t e r f u r t h e r
r e s e a r c h o r I n q u i r y .

E L EMENTS OF MA I NTA I NAB I L I TY PRED I CT I ON T ECHN I QUES : E a c h ma i n ’
p r e d i c t i o n t e c h n i q u e u t i l i z e s p r o c e d u r e s wh i c h a r e s p e c i f i c a l
s a t i s f y I t s me t h o d o f a p p l i c a t i o n . How e v e r , a l l ma i n t a i n a b i l ”

me t h o d s a r e d e p e n d e n t u p o n a t l e a s t t wo b a s i c p a r ame t e r s :

( a ) F a i l u r e r a t e s o f c omp o n e n t s a t t h e s p e c i f i c a s s emb l y
interest.

a i n a b i l l t y
y d e s i g n e d t o
t y p r e d i c t i o n

l e v e l o f

( b ) Re p a i r t i me r e q u i r e d a t t h e ma i n t e n a n c e l e v e l i n v o l v e d .

T h e r e a r e ma n y s o u r c e s wh i c h r e c o r d t h e f a i l u r e r a t e o f p a r t s a s a f u n c t i o n o f
u s e a n d e n v i r o nme n t . T h i s f a i l u r e r a t e , i s e x p r e s s e d a s t h e n umb e r o f
f a i l u r e s p e r u n i t o f t i me . A t y p i c a l me a s u r e I s “ f a i l u r e s p e r 1 0C h o u r s . ”
T h e ma ’ j o r a d v a n t a g e o f u s ! n g t h e f a i l u r e r a t e i n ma l n t a f n a b l i t y p r e d i c t i o n
c a l c u l a t i o n s ! s t h a t l t p r o v i d e s a n e s t i ma t e o f t h e r e l a t i v e f r e q u e n c y o f
f a i l u r e o f t h o s e c omp o n e n t s wh f c h a r e u t i l l z e d i n t h e d e s ~ g n . S i m \ l a r l y , t h e
r e l a t i v e f r e q u e n c y o f f a i l u r e o f c omp o n e n t s a t o t h e r ma i n t a i n a b l e l e v e l s c a n
b e d e t e r m i n e d b y emp l o y i n g s t a n d a r d r e l i a b i l i t y p r e d i c t i o n t e c h n i q u e s u s i n g
p a r t s f a i l u r e r a t e s . F a i l u r e r a t e s c a n a l s o b e u t i l i z e d i n a p p l i c a b l e
r e g r e s s i o n e q u a t i o n s f o r c a l c u l a t i n g t h e ma i n t e n a n c e a c t f o n t i me , An o t h e r u s e

o f t h e f a i l u r e r a t e s i s t o w e i g h t t h e r e p a i r t i me s f o r v a r i o u s c a t e g o r i e s o f
r e p a i r a c t i v i t y , i n o r d e r t o p r o v i d e a n e s t i ma t e o f i t s c o n t r i b u t i o n , t o t h e
t o t a l ma i n t e n a n c e t i me .

-
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Repair times are determined from p r i o r experience, simulation of repair tasks,

or past data secured from similar applications. Most procedure break up the

“maintmance action”, which is a more general expression than “repair action”,

into a number of b a s i cmaintenance tasks whose time of performance is summed to

obtain the total time for the maintenance action.

SUMMARY: It is emphasized that the selection and application of the proper
mahtatibjlity technique results in many economies measured in terms of

man-hours, materiel, and money. These S a v i n g s a r e attributable to the fact

thatmaintalnabil!ty prediction is considered to be a tool for des@n enhancement

because it provkkm for the early recopdtion and elimination of areas of poor

maintainability during the early etages of the design life cycle. Othemlse, areas

of poor maintainabili~ would only become apparent during demonstration testing
or actualuse, afterwhich time, correction of design defjchnciee would be

cxmtly and uodd y delay schedules end miseions.

Maintainability prediction, therefore, is a most useful instrument to both manager

aod engineer becmse itprovideB for improved system effectiveness and reduces

administratiw end maintenance coots.
.

The comparison matxix, Figuru A, (s included to p r o v i d e ! umma r y o f t h e s i g n i f l -
o a n t 8 t t r f b u t e so f e a c h m a h t a f n@ t l i t yprediction procedure included fn this hand-

book Additional detailo may he obtained by referrfng to specfftc msintatnability

prediction procedure of Merest.

3
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PROCEDURE V

1 . GENERAL

T h i s p r o c e d u r e c a n b e u s e d t o p r e d i c t ma i n t a i n a b i l i t y p a r a n e t e ~S o f a v i O I ’ t i CS ,
g r o u n d a n d s h i p b o a r d e l e c t r o n i c s a t t h e o r g a n i z a t i o n a l , i n t e r me d i a t e a n d d e p o t
l e v e l s o f ma i n t e n a n c e . I t c a n a l s o b e a u p l i e d t o a n y a p p l i c a t i o n e n v i r o nme n t

a n d t y p e o f e q u i pme n t i n c l u d i n g me c h a n i c a l e q u i ~me n t . T i me s t a n d a r d s a r e f o r
e l e c t r o n i c s o n l y .

1 , ] p h i l o s o p h y a n d a s s ump t i o n s . T h e ma i n t a i n a b i l i t y P r o c e d u r e s p r e s e n t e d
o e r e p e r m i t a n a l y z i n g t h e ma i n t a i n a b i l i t y o f e l e c t r o n i c eCIUiCNM?tIt/SyStW’tIS
iwliiding direit d[c~n:dbility Z f d ! a g n o ; t i c j l i s o l a t i o n / t e s t c a p a b i l i t i e s ,
r e p l a c e a b l e
p h y s i c a l e n t
ma i n t e n a n c e
c omp o n e n t f a
s t i p u l a t i o n s

a . Fa
p r e d i c t e d .

b . On ’

c . Ma ’
p r o c e d u r e s .

t e f n c o n s t r u c t i o n , - ( a r e p l a c e a b l e i t em ( R I ) i s any of t h o s e
t i e s n o r ma l l y r emo v e d a n d r e p l a c e d t o e f f e c t r e p a i r a t t h e
e v e l f o r wh i c h t h e p r e d i c t i o n I S b e i n g ma d e ) Da c k a g i n g , a n d
l u r e r a t e s , in a d d i t i o n , t h e f o l l ow i n g a s s ump t i o n s a n d

a p p l y t o a n y p r e d i c t i o n s ma d e u s i n g t h e p r o c e d u r e s g i v e n h e r e :

l u r e r a t e s e x p e r i e n c e d a r e a l l i n t h e s ame p r o p o r t i o n t o t h o s e

y o n e f a i l u r e a t a t i me i s c o n s i d e r e d .

n t e n a n c e i s p e r f o r me d in a c c o r d a n c e w i t h e s t a b l i s h e d r n a ! n t e n a n c e

d . Ma i n t e n a n c e i s p e r f o r me d b y ma i n t a i n e r s p o s s e s s i n g t h e a p p r o p r i a t e
s k i l l s a n d t r a i n i n g .

e . On l y a c t i v e ma i n t e n a n c e t i me i s a d d r e s s e d ; a dm i n i s t r a t i v e a n d
l o g i s t l c d e l a y s , a n d c l e a n - u p a r e e x c l u d e d .

Two s e p a r a t e me t h o d s a r e p r e s e n t e d . Me t h o d A i s a n e a r l y p r e d i c t i o n me t h o d
t h a t ma k e s u s e o f e s t i ma t e d d e s i g n d a t a a n d c a n b e a p p l i e d nwch e a r l i e r t h a n

Me t h o d B I n t h e d e v e l o pme n t o f a n e q u i pme n t o r s y s t em . Me t h o d B I s a d e t a i l e d
p r e d i c t i o n me t h o d t h a t u s e s a c t u a l d e t a i l e d d e s i g n d a t a t o p r e d i c t
ma i n t a i n a b i l i t y p a r ame t e r s .

T h e a p p l i c a t i o n o f t h e p r o c e d u r e s p r e s e n t e d h e r e p e r m i t s t h e u s e r t o mo n i t o r
t h e o v e r a l l s y s t em ma i n t a i n a b i l i t y t h r o u g h o u t t h e d e s i g n a n d d e v e l o pme n t o f
t h a t s y s t em . T h e u s e r c a n i d e n t i f y wh e t h e r o r n o t t h e s p e c i f i e d

ma i n t a i n a b i l i t y d e s i g n r e q u i r eme n t s w i l l b e me t b e f o r e t h e s y s t em I s
c omp l e t e . T h u s , i f i t a p p e a r s t h e ma i n t a i n a b ! l l t y r e q u i r eme n t s w i l l n o t b e
me t , t h e d e s i g n e r s c a n b e i n f o r me d a n d t h e n e c e s s a r y c h a n g e s c a n b e ma d e
b e f o r e t h e y b e c ome p r o h i b i t ~ v e l y e x p e n s i v e .

1 . 2 Po i n t o f a p p l i c a t i o n . Bo t h o f t h e p r e d i c t i o n me t h o d s ( Me t h o d A i s t h e
e a r l y p r e d i c t i o n a n d Me t h o d B Is t h e d e t a i l e d p r e d i c t i m ) o f t h i s p r o c e d u r e
c a n b e a p p l i e d a t a n y e q u i pme n t o r s y s t em l e v e l , a t a n y l e v e l o f ma i n t e n a n c e ,
a n d f o r a n y ma i n t e n a n c e c o n c e p t p e r t i n e n t t o a v t o n i c s , g r o u n d e l e c t r o n ~ c s , a n d
s h i p b o a r d e l e c t r o n i c s . ( l d h l l e t h e p r e d i c t i o n me t h o d s w e r e d e v e l o p e d
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s p e c i f ~ c a l : y f o ’ ” e l e c t r o n i c e q u i pme n t s a n d s y s t ems , t h e r e i s n o t h i n g i n h e r e n t
i n t h e me t h o d s t?ia: s h o u l ~ preVefIt th?fr f r om b e i n g a p p l i c a b l e t o e i e c t ~ o -

me c n a n ’ c a l o r me : n a n i c a l e q u i pme n t s o r s ~ s t ems . )

1 . ] B a s i c p a r ame t e r s o f me a s u r e . Me a n t i me t o r e p a i r ( MT TR ) ?S t h e p r i ma r j
ma i n t a i n a b i l i t y Da r ame t e r t h a t c a n b e p r e d i c t e d u s i n g t h i s p r o c e d u r e . T h e
o t n e r ma i n t a i n a b i l i t y p a r ame t e r s t h a t c a n b e D~ e d i c t e t j u s i n g t n i s p r o c e d u r e
a r p ma i l mum ~ o r r e ~ t i ~ ~ ma i n t e n a n c e t i me a t t n e o P e r c e n t i l e ( M . . . ( Q ) ) ,
De r c e n t o f f a u ! t s ‘ s o l a t a t l e t o a s i n g l e r e p l a c e a b l e i t em ( I ‘ ; p e r : e n t ~ f
f a u l t s i s o l a t a b l e t o <N replaceable i t ems ( 1 , , ) ,me a n md i n t e n a n : e ma n h o u r s
p e r r e p a i r (EiFi/repai;), me a n ma i n t e n a n c e ma n n o u r s p e r o p e r a t i n g h o u r
( ~ / 0 ~ ) , me a n ma i n t e n a n c e ma n h o u r s p e r f l l g h t h o u r ( WH / FH ) , ( F o r d e t a i l s
s e e Da r a g r aDh 3 . 2 )

1 . 4 I n f o r ma t i o n r e q u i r e q . T h e s e data i t ems mu s t be Drovlded as part of the
mainta~~ D r e d l c t i o n i f t h e y a r e n o t p r o v i d e d f r om a n o t h e r s o u r c e . ( S e e
M I L - STD - 7 5 6 a n d M I L - STD - 1 6 2 9 . )

1 . 4 . 1 Me t h o d A . T o u s e Me t h o d A t h e f o l l ow i n g data a r e n e c e s s a r y :—— .

z. T h e n [ ] mh o r a n d c o n t e n t s o f e i t h e r a c t u a l o r e s t
r e p l a c e a b l e i t ~ ~ ;

b . T n e f a ) i u e r a t e s , e i t h e r p r e d i c t e a o r e s t i ma t e d
e a c h r e p l a c e a b l e i t em .

ma t e d ) t h e p r ma r y

a s s o c i a t e w ’ t h

c . T h e b a s i c f a u l t i s o l a t i o n t e s t s t r a t e g y o f e a c h r e p l a c e a b l e I t em .

d. T h e r e p l a c eme n t K ! n c e p t , i f fault i s o l a t i o n i s t o a g r o u p o f
replaceable i t ems .

e . T h e p a c k a g ! n g p h i l o s o p h y

f . T h e f a u l t i s o l a t i o n r e s o l u t i o n , e i t h e r e s t i ma t e d o r r e q u i r e d ( I . e . , %
of f a u l t s i s o l a t e d t o o n e r e p l a c e a b l e i t em o r t h e a v e r a g e r e p l a c e a b l e i t em
g r o u p s i z e ) .

1 . 4 . 2 Me t h o d B . T h e d a t a n e c e s s a r y t o i mp l eme n t Me t h o d B a r e :

r e p ”

rep’

a. T h e r e p l a c eme n t c o n c e p t f o r each replaceable ~tem or group of items.

b . T h e f a u l t d e t e c t i o n a n d i s o l a t i o n o u t p u t s a s s o c i a t e d w i t h e a c h
a c e a b l e i t em .

c . T h e f a i l u r e r a t e o f e a c h r e p l a c e a b l e i t em .

d . T h e ma i n t e n a n c e p r o c e d u r e t h a t i s f o l l ow e d t o r emo v e a n d replace each

aceable item.

.-

1; ‘nan 1 C)GA
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2. RE F ERENCED DOCUMENTS

~ . 1 I s s u e s o f d o c ume n t s . T h e f o l l ow i n g d o c ume n t s o f t h e i s s u e i n e f f e c t On
t h e d a t e o f i n v i t a t i o n f o r btd o r r e q u e s t f o r p r oDo s a ~ , a r e r e f e r e n c e s I n t h i s

D r o c e d u r e f o r i n f o r ma t i o n a n d g u i d a n c e .

STANDARDS

M i l i t a r v

M I L - STD - 7 2 1 De f i n i t i o n s o f T e r ms f o r Re l i a b i l i t y a n d
Ma i r t t a l n a b i l i t y

M I L - STD - 7 5 6 Re l l a b i l t t y Mo d e l i n g a n d P r e d i c t i o n

M I 1 - STD - 1 6 2 9 P r o c e d u r e s f o r P e r f o r m i n g a F a i l u r e Mo d e ,
E f f e c t s a n d C r i t i c a l i t y Andlys!s

(Copies o f s p e c f f l c a t l o n s , s t a n d a r d s , d r aw i n g s , a n d p u b l ~ c a t ~ o n s r e q u i r e d
b y c o n t r a c t o r s i n c o n n e c t i o n w i t h s p e c i f i c p r o c u ~ eme n t f u n c t i o n s s h o u l d b e
o b t a i n e d f r om t h e c o n t r a c t i n g activity o r a s d i r e c t e d b y t h e c o n t r a c t i n g
o f f i c e ~ . )

3 . BAS I C DE F I N I T I ONS AND MODL LS

3 . 1 MT TR e l eme n t s . Co r r e c t i v e ma i n t e n a n c e a c t i o n s c o n s l s t o f t h e f o l l ow i n g
t z l s k $: %e p a ~ a t ~ o n , F a ~ l l t I s o l a t i o n , f a u l t Co r r e c t i o n ( f u r t h e r b r o k e n down
i n t o D i s a s s emb l y . I n t e r c h amJ e , Re a s s emb l y , A l l g nme n t , Ch e c k o u t ) . T h e time to

p e r f o r m e a c h o f - t h e s e t a s k s - i s a n e l eme n ~ o f P I T ”
c a l l e d MT TR e l eme n t s .

T h e d e f i n i t i o n s f o r t h e s e MT TR e l eme n t s a n d t h e
t h e p r e d i c t i o n mo d e l s a r e a s f o l l o h s .

MT TR E L EMENT ( Ab b r e v l a t t o n )

R . He n c e t h e t a s k t ~me s a r e

r a b b r e v i a t i o n s ! r e u s e d i n

DE F I N I T I ON

P r e p a r a t i o n ( TB ) T i me a s s o c i a t e d with t h o s e
m~ t o b e p e r f o r me d b e f o r e f a u

c a n b e e x e c u t e d .

F a u l t I s o l a t l o n ( T r , ) T i me a s s o c i a t e d w i t h t h o s e
n~ i s o l a t e t h e f a u l t t o t h e l e v e l a t u h ~ c h

f a u l t c o r r e c t i o n b e g i n s .

D i s a s s emb l y ( T b ) T i me a s s o c i a t e d w i t h g a f n i n g a c c e s s
“ ; t o t h e r e p l a c e a b l e i t em o r i t ems

i d e n t i f i e d d u r i n g t h e f a u l t I s o l a t i o n
p r o c e s s .

T i me a s s o c i a t e d w i t h t h e r emo v a l a n d
r e p l a c eme n t o f a f a u l t y r e p l a c e a b l e
I t em o r s u s p e c t e d f a u l t y I t em ,

T i me a s s o c i a t e d w i t h c l o s t n g u p t h e
e q u i pme n t a f t e r i n t e r c h a n g e i s p e r f o r me d .

I n t e r c h a n g e ( T , )
f l ~

Re a s s emb l y ( T , )
n J

t a s k s r e q u i r e d
t I s o l a t i o n

t a s k s r e q u i r e d t o
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.—

TABL E V - I . MT TR E l eme n t s f o r P r e d i c t i o n P r o c e d u r e V .

T 1 I s o l a t i o n t o I I s o l a t l o n t o ! I s o l a t i o n w i t h M l b l g u i t y T
I I s o l a t i o n t o I G r o u p w i t h G r o u p IG r o u p w i t h I t e r a t i v e ! ( Re q u i r e s F u r t h e r I
l S i n g l e RI I Re p l a c eme n t I Re p l a c eme n t I I s o l a t i o n ) I
I I ) I

I S e c o n d a r y ~I I
~P r e p a r a t i o n 1 P r e p a r a t i o n ; P r e p a r a t i o n { P r e p a r a t i o n I P r e p a r a t i o n {
I I 1 I I !
I I s e c o n d a r y
l I s o l a t i o n I I s o l a t i o n I I s o l a t i o n I I s o l a t i o n I I s o l a t i o n /
I I i i I I
1
l D i s a s s emb l y ! D i s a s s emb l y I D i s a s s @n b l y I D i s a s s emb l y \
1 I I I I
I I
l I n t e r c h a n g e [ ! n t ewh a n g e I I n t e r c h a n g e
I

I I n t e r c h a n g e ~ ; : : ~ ; d a r y
I I {. -

1 Co r r e c t i o n
p r e a s s emb l y I Re a s s emb l y I Re a s s emb l y ~ Re a s s emb l y I

1 I I I I
1 - 1

‘ i g nme n t I A l i g nme n t I A l l g nme n t I A l i g nme n t I
I I I

~ r h e c k o ” t I I 1 !
, > . ! Ch e c k o u t ! Ch e c k o u t ! Ch e c k o u t !

i

I
I
I
I
I
I
I
I
I
1
I
I
{

I I I I I I
I

] S t a r t Up I S t a r t Up [ S t a r t Up I Co n t i n u e I S t a t i UP I

v - 5 1 2 J a n 1 3 9 4
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3 . 2 . : . 1 Me a n r e p a i r t i me f o r t h e n ‘ I l l .
-

J = n umb e r o f u n i q u e FDL I o u t p u t s ( r e f e r t o Da r a g r a p h 4 . 2 . 3 )

A . l = f a i l u r e r a t e o f t h o s e p a r t s o f t h e n “ R I wh i c h wo u l d c a u s e t h e
n ‘ “ R I t o b e c a l l e d o u ; i n t h e j ’ h FDL ? o u t p u t

R . : = a v e r a g e r e p a i r t i me o f t h e n “ R I wh e n c a l l e d o u t i n t h e j “ FD~ I
o u t p u t a s c omp u t e d b e l ow :

3 . 2 . 1 . 2 A v e r a g e r e p a i r t i me f o r t h e n ’ ” R I .

Mn j = n umb e r o f s t e p s t o p e r f o r m c o r r e c t i v e ma i n t e n a n c e wh e n a f a i l u r e
o c c u r s i n t h e n “ R I a n d r e s u l t s i n t h e j “ FD& I o u t p u t s . I n c l u d e s a l l
ma ! r i t e n a n c e e l eme n t s – p r e p a r a t i o n , $ s o ~ a t i o n . ~ t a l T h i s ma y i n c l u d e
o p e r a t i o n s o n o t h e r R i s c a l l e d o u t i n t h e j ’ ” f a u l t i s o l a t i o n r e s u l t . ( e . g .
i s o l a t i o n t o a g r o u p w~ t h i t e r a t i v e r e p l a c eme n t ) .

T . = A v e r a g e t i me t o p e r f o r m t h e m ’ b c o r r e c t i v e ma i n t e n a n c e s t e p f o r
n ~ t h e n t ’ R I g i v e n t h e j “ FD& I o u t p u t -

3 . 2 . 2 P e r c e n t i s o l a t i o n to a s i n g l e R I . T h e mo d e l f o r c a l c u l a t i n g t h e
p e r c e n t I s o l a t i o n t o a s ~ n g l e R I ( 1 , ) i s :

K
s A ,
k - l

1 , = x 1 0 0
NJ

Me r e . An , = f a i l b r e r a t e o f t h o s e p a r t s o f t h e n ’ h R I wh ! c h w f a u l d c a u s e
t h e n “ R I t o b e c a l l e d o u t i n t h e j “ FD& I o u t p u t .

A , = f a i l u r e r a t e a s s o c i a t e d w i t h t h e k ’ ” FD& I o u t p u t wh i c h
r e s u l t s i n I s o l a t l o n t o a s i n g l e R I .

K= n umb e r o f FD& I o u t p u t s wh i c h r e s u l t i n i s o l a t i o n t c a s i n g l e
F / l

1 2 J a n 1 9 8 4 V-6
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3 . 2 . 3 P e * c e n ! i s o j a t i o n t o a g r o d p o f R I s T h e mo d e l f o r c a l c u l a t i n g t h e
p e r c e n t ‘ , s o l a t i c n t o a g r o u p o f N o r l e s s R I s ( I . ) ! s :

P
I h .

xN= p= 1 x 1 0 0
NJ

Hh e r e ; AO = f a i l u r e r a t e a s s o c i a t e d w i t h t h e p “ FD& I o u t p u t wh i c h
r e s u l t s i n i s o l a t i o n t o N o r l e s s R I s .

A e) = s ame a s f o r I ,

P . n umb e r o f FD& I o u t p u t s wh i c h r e s d l t i n I s o l a t l u f i t G ~ O r ~ e s s
R I s .

O t h e r ma i n t e n a n c e p a r ame t e r s t h a t c a n b e p r e d i c t e d u s i n g t h e s e p r o c e d u r e s a r e
dS f 0 1 ~OU5 .

3 . 3 Me a n ma i n t e n a n c e ma n h o u r s p e r r e p a i r ( ~ / r e p a i r ) .— .

N
~ ? . . MMH .

F i l i l / Re p a i r. n = l
N
E 1 .
n = 1

Uh e r e :

N=

1 . =

m . .

q u a n t ! t y o f R I ’ s

f a i ) u r e r a t e o f n ’ ” RI

me a n ma i n t e n a n c e ma n h o u r s r e q u i r e d t o r e p a i r t h e n ’ ” R I

3 . 3 . 1 Me a n ma i n t e n a n c e ma n h o u r s r e q u i r e d to r e p a i r t h e n ’ ” R I .

v - .7
1 2 J a n 1 9 8 4
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J = q u a n t i t y o f FD& I r e s u l t s

1 . = f a i l u r e r a t e a s s o c i a t e d w i t h t h e j ’ ” r e s u l t f o r t h e n “ R ]

MMH . . = ma i n t e n a n c e ma n n o u r s r e q u i l e d t o r e p a i r t h e n’- R I given t h e
“ “ FD& J r e s u l tJ

( Re p l a c e r e p a i r t i me s i n t h e a pD r o p r ’ a t e Me t h o d A and Me t h o d B p r o c e d u r e s w i t h
t h e ma i n t e n a n c e ma n h c u r ~ r e q u i r e d f o r e a c h r e o a i r a c t i o n ) .

3 . 4 Me a n ma i n t e n a n c e ma n h o u r s p e r ma i n t e n a n c e a c t i o n ( ~H / MA ) .

T h i s i s t h e s ame a s ~ / r e p a i r e x c e p t t h a t t i me s p e n t a s a r e s u l t o f s y S t . em
f a i l u r e fal;e a l a r ms mu s t a l s o b e f n c l u d e d i n t h e ma i n t e n a n c e ma n h o u r s .

Two t y p e s o f f a l s e a l a r ms & i - e c o n s i d e r e d :

: ) T y p e 1 f a l s e a l a r m i s d e t e c t e d d u r i n g n o r ma l o p e r a t i o n s b u t c a n n o t b e
r e p e a t e d d u r i n g t h e f a u l t ~ s o l a t l o n p r o c e s s .

2 ) T y p e 2 f a l s e a l a r m i s d e t e c t e d a n d i s o l a t e d t o a n R I wh e n t h e R I d o e s n o t
h a v e a n a c t u a l f a u l t .

F -n s f r e q u e n c y o f o c c u r r e n c e o f type 1 f a l s e a l a r ms ~ /

F 2n = f r e q u e n c y o f o c c u r r e n c e o f t y p e 2 false a l a r ms ~ 1

~ 1 e x p r e s s e d a s a f r a c t i o n o f t h e n t h R I f a i l u r e r a t e

WHO = me a n ma i n t e n a n c e ma n h o u r s a s s o c i a t e d w i t h T y p e 1 f a l s e a l a r ms .

M= . = me a n ma i n t e n a n c e ma n h o u r s r e q u i r e d t o r e p a i r t h e n “ R I

-

1 2 J a n 1 9 8 4
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F a l s e a l a r ms a r e d e p e n d e n t o n t h e s y s t em t y p e ,
ma i n t e n a n c e e n v i r o nme n t , s v s t em d e s i g n a n d f a u l t

d e t e c t i o n a n d i s o l a t i o n i mp l eme n t a t i o n . T h e r e f o r e , a s t a n d a r d s e t o f f a l s e
a l a r m v a l u e s wo u l d b e i mp o s s i b l e t o d@ r i v e . A s amp l e o f false a l a r m r a t e s
e ~ p e r i e n c e d o n t w~ 1 9 7 8 v i n t a g e e q u i pme n ! a r e p r e s e n t e d f o r r e f e r e n c e
p u r p o $ e s .

$YS . T EM / EQJ ? f WENT T y p e 1 ( F , . ) 2 ’ T y p e 2 ( F 2 , ) ~

He a p o n Co n t r c l S y s t em

!

!

!

!

!

Ra d a r Su b s y s t em . 4 1 . 2 5

Comp u t e r Su b s y s t em . 6 3 . 6 5

Co n t r o l Su b s y s t em 1 . 3 2 . 3 1

Pow e r Su b s y s t em . 3 7 . 6 6

Au x i l l a r y Su b s y s t em 1 . 3 1 . 5 4

A i r b o r n e Ra d a r S y s t em

! RF Un i t

! T r a n sm i t t e r

! ! ? e c e l v e r

9 An t e n n a

! An a l o g P r o c e s s o r

! D i g i t a l p r o c e s s o r x l

! D i g i t a l p r o c e s s o r # 2

! Co n t r o l Un i t

! Pow e r & An t e n n a S e r v o

NA - No t A v a i l a b l e

NA

NA

NA

NA

NA

NA

NA

NA

NA

~ 1 T h e r a t i o o f t y p e 1 f a l s e a l a r ms t o a c t u a l
~ / T h e r a t t o o f t y p e 2 f a l s e a l a r ms t o a c t u a l

. 4 4

. 3 1

. 1 2

. 0 8

. 0 7

. 6 5

. 5 0

! 0 0

. 3 3

f a i l u r e s
f a i l u r e s

1 2 . h n 1%4

v - 9
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3 . 6 Me a n ma i n t e n a n c e ma n h o u r s p e r operating h o u r ( ~ / OH ) .

T h i s i n c l u d e s t h e e n t i r e ma n p ow e r t h a t IS r e q u i r e d t o ma i n t a i n a s y s t em ;
c o r r e c t i v e ma i n t e n a n c e , p r e v e n t i v e ma i n t e n a n c e , a n d ma i n t e n a n c e c a u s e d b y
f a l s e a l a r ms .

N N PM

2 . ’ = ) , . e x p r e s s e d i n f a i l u r e s p e r o p e r a t i n g h o u r

F . = f r e q u e n c y o f r “ p r e v e n t i v e ma i n t e n a n c e

m , = me a n ma i n t e n a n c e ma n h o u r s t o p e r f o r m r ’ ” p r e v e n t i v e ma i n t e n a n c e t y p e

PM = q u a n t i t y o f u n i q u e p r e v e n t i v e ma i n t e n a n c e t y p e s

N = q u a n t i t y o f R I ’ s

F I n s f r e q u e n c y o f o c c u r r e n c e o f t y p e 1 f a l s e a l a r ms 4 /

F 2 . . f r e q u e n c y o f o c c u r r e n c e o f t y p e 2 f a l s e a l a r ms ~ /

P I MHO = me a n ma i n t e n a n c e ma n h o u r s a s s o c i a t e d w i t h t y p e 1 f a l s e a l a r ms

~ . = me a n ma . l n t e n a n c e ma n h o u r s r e q u i r e d t o r e p a i r t h e n t h R I

~ 1 e x p r e s s e d as a f r a c t i o n o f t h e n ’ ” R I f a i l u r e r a t e .

3 . 7 Me a n ma i n t e n a n c e ma n h o u r s p e r f l i g h t h o u r ( ~ / FH ) . T h i s i s t h e s ame a s
~ / OH wh e r e k “ ’ = X . i s e x p r e s s e d i n f a i l u r e s p e r f l l g h t h o u r .

3 . 8 Ma x i mum c o r r e c t i v e ma i n t e n a n c e t i me f o r t h e ( 0 ) p e r c e n t i l e ( M . b a
( 0 ) ) . Two Mma . ( 0 ) mo d e l s a r e p r o v i d e d . T h e f i r s t y i e l d s a n

~ o x i ma t e v a l u e a n d r e q u i r e s t h a t s y s t em r e p a i r times be l o g n o r ma l l y
d i s t ~ ! b u t e d . T h e s e c o n d g i v e s a mo r e a c c u r a t e v a l u e .

3.8.1 Ap p r o x i ma t e Mm . , ( 0 ) , Ap p e n d f x B c o n t a i n s t a b l e s o f M_ a , ( 0 )
v a l u e s f o r s e l e c t e d v a l u e s o f s y s t em 0 , s y s t em MT TR ( MEAN ) , a n d s t a n d a r d
d e v i a t i o n o f s y s t em r e p a i r t : me ~ ( S I GMA ) . - ! 4 T TR ma y b e p r e d i c t e d u s i n g Me t h o d
A , a n d t h e MT TR mo d e l s i n p a r a g r a p h 3 . 2 . 1 a b o v e . S I GMA i s u s u a l l y d e t e r m i n e d
‘mm d a t a on s i m i l a r e q u i pme n t s . Ap p r o x i ma t e Mm . , ( 4 1 ) v a l u e s f o r v a l u e s
o f 4 , MEAN , a n d S I GMA n o t c o v e r e d i n Ap p e n d i x B ma y b e c a l c u l a t e d b y u s i n g
t h e f o l l ow i n g e q u a t i o n :

i ’ - ’ o
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Mma . ( $ ) = e x p [ l o g 1 4 T TR + OS I GMA J

N
k l h e r e : S I GMA = r . ( l o g R , , ; - [ ( ! l o gR . ; i NJ

d
i=l i=i

—

N - 1

3 . 8 . 2 A c c u r a t e t i ~ , . ( @ ) . Ap p e n d ~ ~ C p r e s e n t s a c ~ p u t e r l z e d me a n s O f
p r e d { c t l n g a n a c c u r a t e M . , , @ . Ap p e n c i i zD p r e s e n t s a ma n u a l c a l c u ? a t l o n
me t h o d f o r p r e d i c t i n g a n a c c u r a t e M . , . ( 0 ) .

4. APPL I CAT I ON . T h e a p p l i c a t i o n o f t h e e a r l y a n d d e t a i l e d ma i n t a i n a b i l i t y
p r e d i c t i o n t e c h n i q u e s i s d e s c r i b e d i n 4 . 1 a n d 4 . 2 r e s p e c t i v e l y .

4 . 1 Me t h o d A - e a r l y P r e d l c ~ t o n procedure. T h i s s e c t i o f ip r o v i d e s a
s t e p - b y - s t e p p r o c e d u r e f o r p e r f o r m i n g a n e a r l y p r e d i c t i o n o f me a n t i r e ? t o
r e p a i r . T h e t a s k s i n v o l v e d i n p e r f o r m i n g t h e e a r l y p r e d i c t i o n a r e :

a . De f i n e t h e p r e d i c t i o n r e q u i r eme n t s .

b De f i n e t h e r e p l a c eme n t c o n c e p t .

c . De t e r m i n e t h e p r e d i c t i o n p a r ame t e r s .

d . S e l e c t t h e a p p r o p r i a t e mo d e l s .

e . Comp u t e t h e 1 4 T TR ( o r o t h e r p a r ame t e r s ) .

De s c r i p t i o n s o f e a c h o f t h e s e t a s k s a r e p r o v i d e d I n t h e f o l l ow i n g s u b s e c t i o n s .

4 . 1 . 1 P r e d i c t i o n r e q u i r eme n t d e f i n i t i o n . T h ! s s t e p o f t h e p r e d i c t i o n i s i n
s ome r e sDe c t s t h e mo s t i mDo r t a n t a s ~ e c c s i n c e i t e s t a b l i s h e s a c ommo n b a s e l i n e
o f u n d e r s t a n d i n g t h e p r e d ’ t c t t o np u r p o s e , a p p r o a c h a n d s c o p e . Du r i n g t h i s
s t e p , t h e ma l n t a l n a b l l l t y p a r ame t e r ( s ) t o b e e v a l u a t e d I s d e f i n e d , t h e
p r e d i c t i o n g r o u n d r u l e s a r e e s t a b l i s h e d . a n d t h e ma i n t e n a n c e l e v e l f o r u h l c h
t h e p r e d i c t i o n i s b e i n g ma d e i s d e f i n e d .

P a r ame t e r d e f i n i t i o n I n c l u d e s t h e s e l e c t i o n ( i f r e q u i r e d ) o r t h e p a r ame t e r ( s )
t o b e e v a l u a t e d a n d the e s t a b l i s hme n t o f a q u a l i t a t i v e a n d q u a n t i t a t i v e

d e f i n i t i o n o f e a c h p a r ame t e r . I f t h e p r e d i c t i o n i s b e i n g p e r f o r me d i n
c omp l i a n c e u l t h a c u s t ome r s t a t eme n t o f wo r k d e f i n i n g t h e p a r ame t e r t o b e
a n a l y z e d , i t mu s t b e d e t e r m i n e d i f t h e s t a t e d p a r ame t e r i s c o n s i s t e n t w i t h an

e q u i v a l e n t p a r ame t e r c o n t a i n e d i n t h i s me t h o d o l o g y . i f n o t , t h e p r e d i c t i o n
mo o e l s mu s t b e c h a n g e d a c c o r d i n g l y , A s p a r t o f t h e p a r ame t e r e v a l u a t i o n , I t
mu s t b e d e t e r m i n e d u h l c h e l eme n t a l ma i n t e n a n c e t a s k s ( e . g . , p r e p a r a t i o n ,
i s o l a t i o n , e t c . ) a r e t o b e i n c l u d e d i n t h e a n a l y s i s a n d wh i c h a r e t o b e
exciuoed.

T h e l a s t aspect of th!s step is to explicitly define the maintenance level f o r
wh i c h t h e p r e d i c t i o n i s b e i n g ma d e . I f t h e l e v e l i s d e f i n e d i n t e r ms o f a
s p e c i f i c ma i n t e n a n c e o r g a n i z a t i o n ( e . g . , d i r e c t s u p p o r t u n i t , d e p o t , e t c . ) ,
t h e n t h e t a s k s t o b e p e r f o r me d a r e r e a d i l y d e f i n e d b y t h e ma i n t e n a n c ec o n c e p t
a s d e s c r i b e d i n t h e f o l l ow i n g s e c t i o n I f t h e l e v e l i s d e f t n e d b y o p e r a t i n g
l e v e l o r l o c a t i o n { e . g . , o n - s i t e , flight-line. e t c . ) . t h e n t h i s l e v e l mu s t b e
r e d e f i n e d I n t e r ms o f t h e ma i n t e n a n c e o r g a n i z a t i o n ( s ) p e r f o r m i n g ma i n t e n a n c e
a t t h e l e V e ~ / 1 0C a t i On .

1 2 J a n 1 9 8 4
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Replacement concept d e f i n i t i o n . T h e ma i n t e n a n c e c o n c e p t mu s t b e
s h e d , s o t h a t i n c o n j u n c t i o n w i t h a d e f i n i t i o n o f t h e p r e d i c t i o n

r e q u i r eme n t s ( Da r a g r a p h 4 . 1 . 1 ) , a b a s e l l n e i s e s t a b l i s h e d wh i c h d e f i n e s t h e

4 . 1 . 2
estab

p r e d i c t i o n t o b e p e r f o r me d . H i t h r e s p e c t t o t h e ma i n t a t n a b i l l t y p r e d i c t i o n ,
t h e p r i ma r y o u p u t of t h e maintenance concept is the d e f i n i t i o n o f h ow a r e p a i r
i s e f f e c t e d a n d wh a t t h e r e p l a c e a b l e i t ems a r e .

A s p a r t o f t h i s p r o c e s s , a c omp l e t e s e t o f r e p l a c e a b l e i t ems i s i d e n t i f i e d .
I f t h e ma i n t e n a n c e c o n c e p t a l l ow s f o r f a u l t i s o l a t l o n t o a g r o u p o f ! ? 1 s a n d
r e p a i r b y g r o u p r e p l a c eme n t , t h e n t h e R I g r o u p s c a n b e r e c l a s s i f i e d a s R I s ~ f
e a c h o f t h e g r o u p s i ’ s i n d e p e n d e n t o f o t h e r g r o u p s .

4 . 1 . 3 De t e r m i n a t i o n o f t h e p r e d i c t i o n p a r ame t e r s . T h i s s t e p i n v o l v e s :

a . De f \ n i n g t h eRX s .

b . De t e r m i n i n g t h e f a i l u r e r a t e ( p r e d i c t e d o r e s t ! ma t e d ) a s s o c i a t e d w i t h
e a c h RI.

c. De f i n i n g f a u l t l s o l a t ~ o n t e s t me t h o d o l o g y f o r e a c h R I .

d . De f i n i n g t h e r e p l a c eme n t c o n c e p t .

e . De f i n i n g t h e p a c k a g i n g p h i l o s o p h y .

f . De t e r m i n i n g t h e e s t i ma t e d o r r e q u i r e d f a u l t I s o l a t i o n r e s o l u t i o n
( i . e . , X% t o 1 RI o r a v e r a g e R I g r o u p s i z e ) .

F o r ms s l m l l a r t o t h o s e i n F i g u r e s V - 1 a n d V - 2 s h o u l d b e u s e d f o r t h e d a t a
c o l l e c t i o n p r o c e s s . Da t a i s c o l l e c t e d o n t h e s e f o r ms a t t h e l e v e l f o r wh i c h
p r e d i c t i o n s a r e p e r f o r me d . F o r e x amp l e , I f a r e p a i r t i me I s t o b e c omp u t e d
f o r e v e r y e q u i pme n t w l t h { n a s y s t em , t h e n a s e p e r a t e d a t a c o l l e c t i o n f o r m
s h o u l d b e u s e d f o r e a c h e q u i pme n t . Da t a s h o u l d b e t a b u l a t d a s f o l l ow s :

F ! r s t t a b u l a t e a l ? t h e p r i ma r y R l s a n d t h e i r a s s o c i a t e d f a i l u r e r a t e s
I n t i e r e s p e c t i v e c o l umn s o f F i g u r e V - 1 .

b . Ne x t d e s c r i b e a l l me t h o d s ( V ) f o r p e r f o r m i n g each e l eme n t a l a c t l v l t y
( m ) i n F i g u r e V - 2 . ( Mo t e t h a t s ome ma i n t e n a n c e act!ons d o n o t r e q u i r e t h a t
a l l t h e ma i n t e n a n c e elements b e f n c l u d e d ) .

c . Ne x t e n t e r t h e a p p r o p r i a t e n umb e r o f h e a d i n g s ( V . ) f o r e a c h
e l eme n t a l a c t i v i t y a l o n g t h e t o p o f F l gw e V - 1 .

d . F o r e a c h e l eme n t a l a c t i v i t y , ( m , v ) s y n t h e s i z e t i me s ( T - . ) u s i n g
t i me s , s e l e c t e d i n a c c o r d a n c e w~ t h p a r a g r a p h 4 . 2 . 6 a n d n o t e t h em I n t h e
r e s p e c t i v e c o l umn o f f i g u r e V - 2 .

e . Ne x t e n t e r t h e a s s o c i a t e d f a i l u r e r a t e o f e a c h R I f o r t h e e l eme n t a l
a c t i v i t y t h a t I t p e r t a i n s t o i n f ~ g u r e V - 1 .

-

12 J a n 1 9 8 4
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T h e s e c omp l e t e d d a t a s h e e t s p r o v i d e t h e b a s ! s f o r t h e e a r l y p r e d i c t i o n
t e c h n i o u e . On c e t h e y a r e c omp l e t e t h e s u b nmd e l s c a n b e a p p l i e d .

4 . 1 . 4 Ge n e r a l p r e d i c t i o n mo d e l a n d s u bmo d e l s e l e c t i o n .

T h e g e n e r a l f o r m o f t h e p r e d i c t i o n mo o e l i s :

Hh e r e :

70 = A v e r a g e P r e p a r a t i o n l i me

7 , , = A v e r a g e f a u l t I s o l a t i o n T i me

T, = A v e r a g e D i s a s s emb l y T i me
.-
1 , = A v e r a g e I n t e r c h a n g e T i me

1 . = A v e r a g e Re a s s emb l y T i me

7 . = Average A l i g nme n t T i me

7 ‘ c = A v e r a g e Ch e c k o u t ? i me

~~, . Average Startup T i me

7 . = a v e r a g e t i me o f t h e m “ e l eme n t o f MT TR .

V a r i a t i o n s o f t h e mo d e l a r e l i m i t e d t o d e l e t i n g t h e t i me e l eme n t s f o r
e l eme n t a l a c t i v i t y t e r ms t h a t a r e n o t n e c e s s a r y t o c omp l e t e c e r t a i n
ma i n t e n a n c e a c t i o n s .

T h e s e l e c t i o n o f s u bmo d e l s I s d e p e n d e n t o n t h e r e p l a c eme n t p o l i c y i mp o s e d .
T h e a p p r o p r i a t e $ u bmo d e l s f o r c omp u t i n g t h e a v e r a g e t i me f o r t h e a b o v e
e l eme n t a l a c t i v i t i e s a r e g i v e n i n F i g u r e s V - 3 a n d V - 4 ,

T h e s u t md e l s p r e s e n t e d a r e o f a g e n e r a l f o r m and c a n g e n e r a l l y b e a p p l i e d t o
a n y e ~ u i pme n t l e v e l ( i . e . a s y s t gm , s u b s y s t em , e q u i pme n t , e t c . ) . T h e o n l y
l i m i t a t i o n b e i n g t h a t i f SC o r S , a r e c omp u t e d , t h e p r e d i c t i o n l e v e l mu s t

b e c o n s i s t e n t w i t h t h e R I g r o u p i n g r u l e s p r e s e n t e d i n p a r a g r a p h 4 . 1 . 5 . 1 .
O t h e r w i s e , the elemental a c t i v i t y s u bmo d e l s a r e a p p l i e d a t t h e l ow e s t l e v e ~
f o r wh i c h a n MT TR p r e d i c t i o n i s d e s i r e d .

4 . 1 . 5 MT TR c omp u t a t i o n . T h e MT TR i s c omp u t e d a t t h e l e v e l a l wh i c h t h e
a v e r a g e n umb e r o f R I s c o n t a i n e d i n a f a u l t i s o l a t i o n r e s u l ~ ( S ’ ) o r t h e
a v e r a g e n umb e r o f i t e r a t i o n s ‘ g q u i r e g t o c o r r e c t a f a u l t ( S , ) i s
e s t a b l i s h e d . F o r e x amp l e , i f S , o r SC c a n b e e s t i ma t e d f o r e a c h e q u i pme n t
w i t h i n ? s y s t em , t h e ~ ~ $ e l ow e $ t ~ e v e ! ~ h ~ ~ ~ h ~ U? T p c a n b e p ~ e d ~ c t e ~ ~ j ~ ; , ~

e q u i pme n t l e v e l . H i g h e r l e v e l p r e d i c t i o n s o f MT TR , s u c h a s s y s t em I e v e i MT ~R ,
c a n b e c omp u t e d b y t a k i n g a f a i l u r e r a t e w e i g h t e d a v e r a g e o f t h e e q u i pme n t
MT TRs w i t h i n t h e s y s t em .

: 2 J a n : 9 3 {
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L

u r n er q u ~ r e ~t op r e p a r e* system for laul! Iso~atIon using the v
th

%w -
mrthud

th

%“ -
t)me rqu!red to Isolatc a fdl using the v mclhod .

ttm~ rqulred 10 pcrlorm d16as$embly urJin& the Y
111

Tr) -
method

v

th

‘1
- bmt rqw~d to Interchmge m! RI using the v methcd

v

7A - nmc required m !lign or cslibrste sin i?l using the w
th

method

v

!h

‘ c \ time required to check a rep$tir USIISC the v method

[h

‘ ST , - time r a q t i mdM s h r tUPn ~ vw~mu ~m~ t l wv me t h o d

kP , - ~ a l i u r er a t eo f I t l s~ s ~ o c { s t e dw i t ht h eV t hrnethd of perforrmng preps mlloo

th

‘ F ] - failure mte of flls associated with the v method of performing fault
v i301stion

J Dv
- failure rete of R l st s s o c i m t e dwtth the Vti method of petiormtng dlss~eemb}y

Ln - faflure rate of R I stmroclafecf w-M the v ti methcd of performing rets*embly

r

‘1 - failure rate of Ills s a - ~ a t e dw l ~ ht h eV t hme ~ t r o dof perforMhIK Interchame

v

hA - failure mtc of R I sa s s o c i a t e dw i t h( h eVm me - o fperforming slignment

v

‘ c - failure mte of R l saseocmled with the V* method of performing checkout

v

tsllure raw of I USassocmtad with the v
th

k STV - melhod d ~tlo) IItlng start-up

‘ P

‘ r l
\ ’u
\ ’R
v I

‘ A

‘ c

‘ ST
5C

E ,

A

7

‘ Dm

TRS

- the number of unique ways to perform preparation

th? number of unlquc wrIys to perform (suit lsolatton

- the number of unique wsyri to perform disassembly

- the number of unique ways m perform reassembly

- the number of unlqus umys to perform Merchsnge

- the number of uniqur ways to perform alignment

- the number of untque weys to perform check-out

- thenumber of untque ways to perform !wrt-up

- the •vem~e number of M corIt8Mted In ! hull Ieoblkon resull

. the s~rage number of tnbrchs~es rsqulred to correct ! fsull

- the number of untque !ccweees (A s VD or VR)

- the !verage number of unique accesses required per fault !sofatlon result

- the (allure rate of We M UtU r~ulre the Sw type of Sccess

- the totAl system failure mte

- the tlMC requl red to dlesssemble the B
th

!ccess

th
- the tkme ~utred to rasnemble the a cccesa

Flcuu v-l). ~ “

L“- 1-
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Comp u t a t i o n of r e p a i r t i me s b e l ow t h e l e v e l a t wh i c h S ( I o r G ) i s e s t a b l i s h e d
m? y r e s u l t f r a n i n a c c u r a t e a c c o u n t o f r e p a i r t i me s . T h e o n l y e x c e p t i o n t o
t h i s i s j f f a u l t i s o l a t i o n i s d own t o a s i n g l e R I ( < ’ = 1 ) f o r t h e entire
system, e q u ~ pme n t . . . ) , t h e n t h e MT TR ma y b e c omp u t e d a t a n y l e v e l s i n c e
amb i g u i t i e s b e t w e e n R I s d o n o t e x i s t . O t h e r w i s e , t h e f c l l ow i n g c r i t e r i a mu s t
b e f o l l ow e d :

! n o r d e ;
mu s t b e
w i l l b e
c omp u t e
r e p a i r

to c omp u t e a r e p a i r t i me a t a g i v e n l e v e l , a v a l u e f o r 3 ( 1 o r
e s t a b l i s h e d a t t h a t l e v e l . A f t e r t h e l e v e l a t wh i c h t h e r e p a i r
c omp u t e d h a s b e e n s e l e c t e d , t h e a p p r o p r i a t e mo d e l s a r e s e l e c t e d
t i me f o r e a c h e l eme n t a l a c t i v i t y a t t h a t l e v e l w i t h h i g h e r I e v e
i me s b e i n g c omp u t e d u s i n g a f a i l u r e r a t e w e i g h t e d a v e r a g e .

G)
t i me s
t o

V a l u e s f o r $C , ~ , , ~ , ~ ~ ’ o r ~ ~ ’ , wh e r e r e q u i r e d , s h o u l d
a s d e t a i l e d i n the f o l l ow i n g s u b s e c t i o n s .

4 . 1 . 5 . 1 Me t h o d o f c omp u t i n g 5 6 a n d % . Two me t h o d s a r e
c omp u t i n g t h e d v e r a g e n umb e r o f RIs in a f a u l t i s o l a t i o n
a v e r a g e n umb e r o f i t e r a t i o n s r e q u i r e d t o c o r r e c t a f a u l t

b e c omp t i t e d

o r e s e n t e d f o r
r g s u l t ( SC ) a n ~ t h e
( S , ) , c omp u t e S ( 1

o r G ) u s i n g t h e s p e c i f i e d o r d e s i g n r e q u i r eme n t s , o r c omp u t e S ( 1 o r G ) b y
a s s e s s i n g t h e a p p r o x i ma t e f a u l t i s o l a t i o n c a p a b i l i t i e s o f t h e s y s t em o r
e q u i pme n t .

4 . 1 . 5 . 1 . 1 Me t h o d 1 . T h e f i r s t me t h o d o f c omp u t i n g $ , o r : 6 d e p e n d s u p o n
h ow t h e f a u - t i o n r e q u i r eme n t s a r e s p e c i f i e d . I n t h e f a u l t I s o l a t i o n
r e s o l u t i o n i s s p e c i f i e d as follows:

X,% to~ N , RIs

h. RI~ < X2%t o ~ N z R I s

N* R I ~ ~ X , % t o s N ] R I s

a n d X , + X2 + X , = 1 0 0

t h e n ,

~ = x ( N ; ’ ] + X2 ( N1 +N ; + : ) .X, (N2+N3;1 )

1~

I f t h e f a u l t ! s o l a t i o n r e q u ~ r eme n t s a r e s p e c ~ f i e d a s f o l l ow s :

x , % t o : N , R I s

x , x t o ~ N2 R I s

1002 to:ti, I?ls

Hhere X,% c X22 c 1001

i~ idli ;?i+~
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~ h p r ,

(
N,+i \ ( N, + ti, + )

x + (X2-X.)
= 2 \ 2 ) ‘ ( 1 0 0 - %2 ) ( “ + : ’ + ’ )

]o ~

pre~i::p~ L ! T TR
t h e s p e c i f i e d

r e s u l t i n g p r e d
e v i n g t h e s p e c

u;ing this me t h o d o f c omp u t i n g ~ i s b a s e d o r I t h e a s s ump t i o n
f a u ” t i s o l a t l o n r e q u i r eme n t s have been (or w i l l b e ) me t ,
c t i o n i s t h e i n h e r e n t MT TR t h a t w i l l b e r e a l i z e d b y
f i e d r e q u i r eme n t s . T h i s a p p r o a c h i s v a l u a b l e d u r i n g t h e

e a - ; y s t a g e s o f e q u i Dme n t d e v e l o pme n t f o r p u r p o s e s o f a l l o c a t i o n a n d
assessment of t h e r e q u i r eme n t s f a c i l i t y . T h i s &p p r o& c h s h o u l d t I o t b e used
wh e n d a t a i s a v a i l a b l e o n t h e a c t u a l f a u l t l s o l a t i cm c h a r a c t e r i s t i c s .

4 . I . 5 . I . 2 Me t h o d 2 . T h e s e c o n d me t h o d o f c omp u t i n g ~ , Or <G Involves a n————
a n a l y s i s o f t h e f a u ~ t i s o l a t i o n c h a r a c t e r i s t i c s o f t h e s u b j e c t
e q u i pme n t / s y s t em a s f J l l ow s :

a . P - e p a r e a s i mp l e b l o c k d i a g r am d e p i c t i n g t h e s y s t em and how each
ma j o r f u n c t i o n i s r e l a t e d ( i . e . , s h ow f u n c t i o n a l i n t e r f a c e s ) .

b . Group t h e f u n c t i o n s ( R I s ) i n t o “ G ” R I s e t s s u c h t h a t :

! a n e s t i ma t e o f t h e f a u l t t s o l a t l o n ( n umb e r o f R I s ) c a n b e
d e t e r m i n e d f o r e a c h R I s e t .

e s t a b

c
o r t h ~

! e a c h R I $ e t i s i n d e p e n d e n t o f a n y ~ t h e r

! e a c h RI s e t e s t a b l i s h e d i s t h e sma l l e s t
i s h e d .

F o r e a c h R I s e t ( g ) e s t i ma t e t h e a v e r a g e f a u
a v e r a g e n umb e r o f R I s p e r f a u l t i s o l a t i o n r e s u

r e p l a c eme n t p h i l o s o p h y i n q u e s t i o n ~ ~ , , Q i f i t e r a t i v e
> ( 6 , 0 i f g r o u p r e p l a c eme n t ) .

R I $ e t .

s e t t h a t c a n b e

t I s o l a t i o n r e s o l u t i o n
t d e p e n d i n g o n t h e
r e p l a c eme n t ,

d . Compute t h e a v e r a g e $ , o r ~ , f o r t h e s y s t em o r e q u i pme n t u s i n g a
f a i l u r e r a t e w e i g h t e d mo d e l .

If t h e r e p a i l t i me s a r e c omp u t e d a t l ow e r l e v e l s , t h e n t h e o v e r a l l ~ d o e s n o t
h a v e t o b p c omp u t e d .

4 1 . 5 . 2 Comp u t a t j ~ ~O f ~ ~ r ~ _ _ _a n d ~ o ’ , T h e a v e r a g e ni~rntwr of accessg:. .
( d i s a s s emb l e s a n d r e a s s emb l i e s ) r e q u i ~ e d p e r f a u l t i s o l a t i o n r e s u l t ( A ) c a n
b e c omDu t e d a s f o l l ow s ’

1 2 J d n i 9 8 :
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G

I 1 ,
g - l

a n d ,

Mere:

1

T h e
o n e

~ q = t h e a v e r a g e n umb e r o f a c c e s s e s r e q u i r e d p e r fault Isolatlon r e s u l t
I n t h e g “ R I s e t , ( “ G ” R I s e t s e s t a b l i s h e d t h e s ame uay as was

d o n e f o r S )

F 98 = t h e p r o b a b i l i t y t h a t t h e a “ a c c e s ~ w i l l b e r e q u i r e d f o r a n y
r a n d om f a u l t I s o l a t i o n r e s u l t

AQ = t h e n umb e r o f u n t q u e a c c e s s e s i n t h e g “ R I s e t

A9 - t h e f a ~ l u r e r a t e o f t h e R I s l o c a t e d I n t h e g “ R I s e t

1 q b = t h e f a i l u r e r a t e o f t h e R I s l o c a t e d i n t h e a “ a c c e s s l o c a t i o n
o f t h e g ’ ” RI s e t

~@ = average n umb e r o f R I s p e r f a u l t l s o l a t l o n r e s u l t f o r t h e g ’ ~ RI
s e t

c omp u t a t i o n o f ~D ’ a n d ~ u ’ i s e x a c t l y I l k e t h e me t h o d u s e d f o r ~ w t t h
mo d i f i c a t i o n . Each p r o b a b i l i t y ! s mu l t i p l i e d b y i t s a p p r o p r i a t e

d i s a s s emb l y f o r r e a s s emb l y t i me . T h e e q u a t i o n f o r ?D ’ o r ~ , ’ 1 s :

G
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Nh e r e :

T h e s ame e q u a t f o n s ~ l s o h o l d t r u e f o r r e a s s emb l y , ( ~ ~ ‘ )
9

wh e r e :

T ~w . = t h e d i s a s s emb l y o r r e a s s emb l y t i me f o r t h e a“ access of t h e
~ ‘ h RI s e t .

No t e h e r e a l s o t h a t i f t h e R I s a r e g r o u p e d I n t o J u s t o n e s e t i n s t e a d o f G
s e t s , t h e n a l l t h e s u b s c r i p t s “ g ” w i l l f a l l - o u t a n d t h e f a i l u r e r a t e t i e i g h t i n g ,
o f t h e g “ R I s e t s I s n o t n e c e s s a r y .

4 . 1 , 5 . 3 De t e r m i n a t i o n o f ? 4 T TR . T h e MT TR c a n n o u b e c omp u t e d b y s u n n i n g u p
t h e a v e r a g e t i me s c omp u t e d f r om e a c h s u bmd e l . T h u s , t h e MT TR ! s e x p r e s s e d as

M
MT TR = I 7 .

m - l

,,-, . . . . .
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If t h e r e p a i r t i me c omp u t e d is f o r a l ow e r
t i me s a r e c c + n p u t e d a s f o l l ow s .

) 4 T TR

MT TR . - me a n r e p s ’ r t i me o f t h e b ’ ” l ow e r e v e l

l e v e l t h e n t h e h i g h e r l e v e l r e p a i r

1 0 = f a i l u r e r a t e of t h e b “ l ow e r l e v e l

B - q u a n t i t y o f l ow e r l e v e l b r e a k d own s .

4 , 2 Me t h o d B - Deta!led p r e d i c t i o n p r o c e d u r e . T h t s s e c t i o n p r o v i d e s a s t e p
b y s t e p ~ r o c e d u r e f o r p e r f o r m i n g a deta! led p r e d i c t i o n o f me a n t f me t o r e p a i r
( i 4 T TR ) ’ .

a .

b .

c .

d .

e .

f .

~

h

De s c r

4 . 2 . 1

pt

T h e t a s k s I n v o l v e d i n p e r f o r m i n g t h e p r e d i c t i o n a r e :

De f ! n e t h e p r e d i c t i o n r e q u i r eme n t s .

De f i n e t h e r e p l a c eme n t c o n c e p t .

I d e n t i f y t h e f a u l t d e t e c t i o n a n d I s o l a t i o n o u t p u t s ( F I X I outputs).

Co r r e l a t e t h e FD&X o u t p u t s a n d h a r dw a r e f e a t u r e s .

Co r r e l a t e r e p l a c e a b l e i t ems a n d f a u l t d e t e c t i o n a n d i s o l a t f o n o u t p u t $ .

P r e p a r e a maintenance flow d i a g r am .

P r e p a r e t i me l i n e a n a l y s e s .

Comp u t e t h e ma i n t a f n a b { l l t y p a r ame t e r s .

o n s o f e a c h o f t h e t a s k s a r e p r o v i d e d i n t h e f o l l ow l n g s u b s e c t i o n s .

P r e d i c t i o n r e q u i r eme n t s d e f ! n l t i o n . T h i s s t e p ! S s i m i l a r t o t h a t
r e q u ! r e d f o r a n e a r l y predtctlon; refer to p a r a g r a p h 4 . 1 . 1 .

4 , 2 . 2 Re p l a c eme n t concept d e f i n i t i o n . T h i s s t e p i s s i m } l a r t o t h a t r e q u i r e d
f o r an e a r l y p r e d ~ c t i o n ; r e f e r t o p a r a g r a p h 4 . 1 . 2 .

v - 2 ?
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4.2.3 Fault detection a n d ! s o l a t i o n output identification. Th~s step

i n v o l v e s t h e I d e n t i f i c a t i o n o f a l l t h e “ o u t p u t s ” wh i c h a r e u s e d i n t h e f a u l t
d e t e c t i o n a n d i s o l a t i o n p r o c e s s . No r ma l l y , t h e f a u l t d e t e c t i o n a n d i s o l a t i o n
p r o c e s s e s a r e s e g r e g a t e d . How e v e r , f o r p u r p o s e s of ma l n t a l n a b i l l t y
p r e d i c t i o n , t h e f a u l t d e t e c t i o n me t h o d o l o g y i s c o n s i d e r e d a s t h e f i r s t s t e p o f
f a u l t i s o l a t i o n a n d i s p r o p e r l y i n c l u d e d a s p a r t o f t h e I s o l a t i o n capability.

An y t i me a s s o c i a t e d u l t h f a u l t d e t e c t i o n ( e . g . , me a n f a u l t d e t e c t t o n t i me ) i s
n o r ma l l ~ e x c l u d e d f r om t h e p r e d i c t i o n mo d e l , b u t c a n b e i n c l u d e d I f d e s i r e d .

T h e t e r m f a u l t d e t e c t i o n a n d i s o l a t i o n outputs is d e f i n e d a s t h o s e
indications, symptoms, p r i n t o u t s , r e a d o u t s , o r t h e r e s u l t s o f ma n u a l
p r o c e d u r e s wh i c h s e p a r a t e l y o r i n c omb i n a t i o n , I d e n t i f y t o t h e ma i n t e n a n c e
t e c h n i c i a n t h e p r o c e d u r e t o b e f o l l ow e d .

FD& I o u t p u t s w t l l v a r y \ n f o r m , f o r ma t , c ~ ] e x i t y a n d d u t a c o n t e n t f r om
s y s t em t o s y s t em a n d s ome u I I I b e mo r e o b v i o u s t h a n o t h e r s . T h e ma i n t e n a n c e
a c t i o n s t a k e n i n r e s p o n s e t o t h e s e outputs may d e p e n d u p o n t h e s y s t em
ma i n t e n a n c e e n v i r o nme n t a n d t h e s y s t em o p e r a t i n g C r i t l C a ] l t V . I t i s
i mp o r t a n t , t h e r e f o r e , n o t o n l y t o I d e n t i f y t h e FD& I o u t p u t s b u t a l s o t o e n s u r e
t h a t t h e FD& I o u t p u t s i d e n t i f i e d a r e t h e o n e s that wII1 be used In t h e
i n t e n d e d ma i n t e n a n c e e n v i r o nme n t .

Some o f t h e mo r e c ommo n g e n e r i c FD& I o u t p u t s a r e :

a. I n d i c a t o r o r a n n u n c i a t o r .

b . D i a g n o s t i c o r B I T o u t p u t .

c . Me t e r r e a d i n g s .

d . C ) r c u i t b r e a k e r a n d fuse I n d i c a t o r s .

e . D i s p l a y p r e s e n t a t i o n .

f . A l a r ms .

9 . ~mp r o p e ~ - s y s t em o p e r a t i o n .

h . I mp r o p e r s y s t em r e s p o n s e .

,. S y s t em o p e r a t i n g a l e r t s .

,-, a----

“ o i Dp l y t h e o r e o i c t i o n me t h o d o l o g y p r e s e n t e d h e r e i n , t h e p r e d i c t o r s h o u l d
f ! r s ~ ! d e n t l f v a l l p r i ma r y u n i q u e o u t p u t s u p o n wh i c h t h e ma i n t e n a n c e
t e c h n i c i a n r e l i e s t o ma k e d e c i s i o n s o n t h e r e p a i r me t h o d o l o g y ( e . g . , p e r f o r m
a d j u s t me n t . r e r ) l a c eR I , p r o c e e d t o a d i f f e r e n t me t h o d o f f a u l t i s o l a t i o n ,
e t c . ) . S e c o n d a r y o u t p u t s s h o u l d t h e n b e i d e n t i f i e d f o r t h o s e c a s e s wh e r e t h e
p r i ma r y o u t p u t y i e l d e d a r e s u l t wh i c h d l d n o t c o r r e c t t h e p r o b l em a n d f u r t h e r
isolation is r eQu ’ r e d .
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4 . 2 . 4 FD& I o u t p u t s a n d h a r dw a r e c o r r e l a t i o n . T h e k e y t o t h i s p r e d i c t t o ~
p r o c e d u r e , a n d b y f a r t h e mo s t d ema n d i n g o f t h e p r e d i c t i o n t a s k s , i S t h e
e s t a b l i s hme n t o f a c o r r e l a t i o n b e t w e e n t h e FD& I outputs (See p a r a g r aDh 4 . L . 7 )
a n d t h e h a r dw a r e f o r wn l c h t h e p r e d i c t i o n i s b e i n g ma d e . T h i s s t e p j ema n d s a
t h o r o u g h u n d e r s t a n d i n g of the s y s t em h a r dw a r e , s o f t w a r e , mo n i t o r i n g a n d
d i a g n o s t i c c a p a b l l ~ t i e s , a n d o f t h e FD& I f e a t u r e s I n h e r e n t t o t h e s y s t em ,
F t ) & I f e a t u r e s a r e t h o s e h a r dw a r e a n d s o f t w a r e e l eme n t s , o r c omb ~ n a t ~ o n s
t h e r e o f , wh i c h g e n e r a t e o r c a u s e t o b e g e n e r a t e d e a c h FO&Io u t p u t .

‘ h i s t a s k c a n b e a c c omp l i s h e d e i t h e r f r om t h e t o p d own o r b o t t om bp. T h e t o p
d own a p p ~ o a c h ~ n v o l v e s a f a u l t t r e e t e c h n i a u e wh e r e t h e t o p of t h e t r e e ‘ s
e a c h u n i q u e FD& ] o u t p u t ; t h e n e x t t i e r i d e n t i f i e s t h e F CX I f e a t u r e ( s ) wh i c h
c a n y i e l d t h e s u b j e c t o u t p u t : a n d , t h e b o t t om t i e r I d e n t i f i e s t h e R I s o r
p a r t i a l R I s wh i c h u p o n f a ! ~ u r e would be d e t e c t e d o r i s o l a t e d b y t h e s u b j e c t
~% : f e a t u r e . T h e b o t t w u p a p p r o a c h i n v o l v e s i d e n t i f i c a t i o n o f a l l t h e
c i r c u i t r y i n t e r ms o f R I s a s s o c i a t e d w i t h e a c h FD& I f e a t u r e , a n d t h e a n a l y s t s
o f h ow a failure o f e a c h R I p r e s e n t s i t s e l f i n t e r ms o f a FD& l o u t p u t .

E i t h e r a p p r o a c h r e q u i r e s t h e s ame f i v e s t e p s t o b e p e r f o r me d :

a. I d e n t i f y a l l FD& I f e a t u r e s .

b. I d e n t ~ f y t h e circuitry a s s o c i a t e d w i t h e a c h f e a t u r e .

c. I d e n t i f y t h e f D& I s e q u e n c i n g .

d . E s t a b l i s h t h e R I f a i l u r e r a t e a s s o c i a t e d w i t h e a c h FD& I f e a t U r e .

e. c o r r e l a t e t h e FDL I f e a t u r e s w i t h t h e FD& I o u t p u t s .

FD& I f e a t u r e s a r e t h o s e h a r dw a r e a n d s o f t w a r e e l eme n t s , o r c omb i n a t i o n s
t h e r e o f , wh i c h g e n e r a t e o r c a u s e t o b e g e n e r a t e d e a c h FD&I o u t p u t . T y p i c a l
f e a t u r e s i n c l u d e d i a g n o s t i c p r o g r am r o u t i n e s , B I T r o u t i n e s , B I T E , p e r f o r ma n c e

mo n i t o r i n g p r o g r ams . s t a t u s mo n i t o r s , a n d t e s t p o i n t s .

A f t e r t h e FD& I f e a t u r e s a r e i c i e n t l f i e d , t h e c i r c u i t s c h ema t i c s a r e a n a l y z e d t o
i c ! e n t l f y t h e c omp o n e n t s t e s t e d o r v e r i f i e d b y e a c h f e a t u r e . T h e o u t p u t s o f
t h i s a n a l y s i s a r e t h e n t r a n s l a t e d i n t o a ma t r i x a s s h own i n F i g u r e V - 5 . T h e

ma t r i x I d e n t i f i e s , for e a c h FD& I f e a t u r e , t h e RIs a n d c a n p o n e n t s wh i c h a r e
t e s t e d b y t h a t f e a t u r e . A l s o i n c l u d e d i n t h e ma t r i x i s a n i d e n t i f i e r wh i c h
d e f i n e s t h e o r d e r i n wh i c h t h e FD& I f e a t u r e s are u t i l l z e d d u r i n g t h e i SO l a t i On
p r o c e s s .

1 2 J a n 1 9 8 4
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The ma t r i x i s u s e d t o i d e n t i f y t h e f a i l u r e r a t e o f e a c h R I a s s o c i a t e d w i t h
e a c h F l ) & I f e a t u r e . T h e f i r s t FD& I f e a t u r e I s e x am i n e d a n d t h e f a i l u r e r a t e o f
e a c h c omp o n e n t a s s o c i a t e d w i t h t h a t f e a t u r e \ s e n t e r e d i n the ma t r i x u n d e r
that feature. T h e s e c o n d f e a t u r e I s t h e n e x am i n e d . e t c . I f a c omp o n e n t i s
t e s t e d b y m r e t h a n o n e f e a t u r e , t h e f a i l u r e r a t e i s a s s i g n e d t o t h e f i r s t
f e a t u r e wh i c h wo u l d r e s u l t i n a p o s i t i v e f a i l u r e i n d i c a t i o n . I f d i f f e r e n t
t e s t s o f t h e sane c omp o n e n t c h e c k d i f f e r e n t f a i l u r e n x x ! e s , t h e n t h e f a i l u r e
r a t e I s a p p o r t i o n e d t o e a c h f e a t u r e b a s e d o n t h e r e l a t j v e o c c u r r e n c e o f e a c h
f a i l u r e mo d e . T h e f a i l u r e r a t e s f o r t h e c omp o n e n t s u n d e r e a c h RI in each FD&I
f e a t u r e c o l umn a r e sumned t o g e t h e r a n d e n t e r e d a s t h e f a i l u r e r a t e f o r t h e R I
c h e c k e d b y t h a t p a r t i c u l a r f e a t u r e . This a s s ume s t h e f e a t u r e e ! t h e r c h e c k s a
s i n g l e R I o r c a n c h e c k mu l t t p l e RIs b y s ome s e q u e n c i n g s c h eme . T h o s e
c omp o n e n t s wh i c h a r e n o t i n c l u d e d u n d e r a n y F(MI f e a t u r e s r e p r e s e n t f a i l u r e s
n o t i s o l a t e d w i t h t h e FD& l f e a t u r e s . T h e f a i l u r e r a t e s o f t h e f a i l u r e s n o t
i s o l a t e d by t h e FD& I f e a t u r e s a r e n o t e d I n t h e ma n u a l i s o l a t i o n f a i l u r e r a t e

c o l umn o f t h e ma t r i x t o c omp l e t e t h e a c c o u n t i n g o f t h e t o t a l e q u l p t n e n tf a i l u r e
r a t e . A l l ma n u a l i s o l a t l o n c a s e s mu s t b e a c c o u n t e d f o r ,

I f t h o s e c a s e s where t h e n “ f a i l u r e r a t e t s k n own t o r e s u l t i n s e v e r a l FD&I
o u t p u t s , b u t t h e a l l o c a t e d f a i l u r e r a t e s a r e n o t k n own , t h e r a t i o n a l e f o r t h e
a s s ume d a l l o c a t i o n o f t h e f a i l u r e r a t e s s h a l l b e s t a t e d .

F I GURE V - 5 . Ma t r i x f o r c o r r e l a t i n g FD& I f e a t u r e s w i t h R I s .
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T h e n e x t s t e p i n t h e c o r r e l a t i o n p r o c e s s i s t o a s s o c i a t e t h e FO&I f e a t u r e s
w i t h t h e FDM o u t p u t s . T h i s i s a c c omp l i s h e d u s i n g a f a u l t t r e e t y p e d i a g r am
s u c h a s t h e sample s h own t n F i g u r e s V - 6 & V - 7 . T h e T o p o f t h e t r e e c o n s i s t s
o f a l l FD& I o u t p u t s ; t h e s e c o n d t i e r c o n t a i n s t h e F i l & l f e a t u r e s u h l c h
s e p a r a t e l y o r j o i n t l y r e s u l t i n t h e g i v e n FD&I o u t p u t ; a n d , t h e b o t t om t i e r
p r e s e n t s the RIs associated w i t h e a c h FM f e a t u r e a n d t h e f a i l u r e r a t e
a s s o c i a t e d w ! t h t h a t f e a t u r e . T h e c i r c l e s a r e u s e d t o a s s i g n n umb e r s t o a l l
u n i q u e FD&Ioutputs. T h e t r i a n g l e s i d e n t i f y t h e o r d e r i n wh f c h RIs a r e
r e p l a c e d wh e n t h e r e p l a c eme n t c o n c e p t c a l l s f o r i t e r a t i v e r e p l a c eme n t .

4 . 2 . 5 P r e p a r e ma i n t e n a n c e f l ow d i a g r ams . Ne x t a ma i n t e n a n c e f l ow d i a g r am
( MFD ) i s p r e p a r e d t o e s t a b l i s h t h e Re l v a l u e s f o r i n s e r t i o n i n t h e
! l a l n t e n a n c e Co r r e l a t ~ o n Ma t r i x ( F i g u r e V - 1 0 ) . T h e MFD i s p r e p a r e d t o
i l l u s t r a t e t h e s e q u e n c e o f ma i n t e n a n c e r e q u i r e d . T h e s ymb o l s u s e d i n t h e t 4 FD

a r e :

o S t a r t M i Po i n t ( i . e . , F a i l u r e Oc c u r s and is
De t e c t e d ) o r E n d i n g Po i n t

I I

o

0n,j
n

A c t i v i t y B l o c k . T h e t o p o f t h e b l o c k i n d i c a t e s
a sDe c l f i c ma i n t e n a n c e a c t i v i t y a n d t h e b o t t om
i n d ~ c a t e s t h e t i me a s s o c ~ a t e d w i t h t h a t a c t ! v i t y .

T h i s i s t h e o n l y s ymb o l t h a t d e n o t e s t t me .

FD& I Ou t p u t s . De s i g n a t e s t h e p r i ma r y o r s e c o n d a r y
u n i a u e FD& I o u t m t wh i c h d e f i n e s t h e s u b s e q u e n t
ma i ~ t e n a n c e a c t i v i t y t o b e p e r f o r me d . T h e - ’ j ”
a s s o c i a t e d w i t h t h e o u t p u t i s e n t e r e d i n t h e
c i r c l e .

De c i s i o n Po i n t . De f i n e s a p o i n t I n t h e
ma i n t e n a n c e f l ow a t wh i c h t i me t h e ma i n t e n a n c e
t e c h n i c i a n mu s t ma k e a d e c t s l o n o n wh i c h
s u b s e q u e n t p a t h t o take.

P a t h I d e n t l f l e r . Un i q u e l y i d e n t i f i e s e a c h p a t h
b y u n i q u e R I ( n ) a n d FD& I o u t p u t ( j ) .

Co n t i n u a t i o n . De s i g n a t e s c o n t i n u a t i o n f r omo r t o
a n o t h e r p l a c e I n t h e ma i n t e n a n c e f l ow d i a g r am .

.
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\
T h e HFD ( a s I l l u s t r a t e d i n F f g u r e V - 8 ) s t a r t s o n t h e l e f t s i d e o f t h e f i g u r e s
as a “ F a \ l u r e Oc c u r s a n d I s De t e c t e d ” e v e n t . I f I s o l a t i o n I s i n h e r e n t i n
f a u l t d e t e c t i o n , t h e n e K t I t em s h own i n t h e MFD i s t h e u n i q u e FD& I o u t o u t s .
I f i s o l a t i o n i s n o t I n h e r e n t I n d e t e c t i o n , t h e n e x t f t em i n t h e MFD i s t h e
f a u l t d e t e c t i o n output. T h i s wo u l d b e f o l l ow e d b y a c t i v i t y b l o c k s wh i c h
d e f i n e t h e p r o c e d u r e f o l l ow e d t o a c h i e v e f a u l t i s o l a t i o n . T h e a c t i v t t y
b ) o c k ( s ) i s f o l l owe d b y t h e u n i q u e p r i ma r y FD& l o u t p u t s a s s o c i a t e d w i t h t h e
ma i n t e n a n c e a c t i o n s t h a t h a v e b e e n e x e c u t e d .

f o l l ow i n g t h e FD& I o u t p u t s ymb o l s a r e s h own t h e a c t i v i t i e s r e q u i r e d f o r f a u l t
c o r r e c t i o n a n d r e p a i r v e r i f l c a t ~ o n .

I f a FD&I o u t p u t r e s u l t s f n n o n - amb i g u o u sma i n t e n a n c e ( i . e . , p r i ma r y i s o l a t i o n
t o a s ~ n g l e R I , o r g r o u p R I r e p l a c eme n t ) , t h e n a n “ E n d ” s ymb o l w i l l d i r e c t l y
f o l l ow t h e f a u l t c o r r e c t i o n and v e r t f t c a t f o na c t t v ~ t f e s . l f eW&J W? pW
r e s u l t s I n a n amb i g u o u s r e s u l t , a v e r i f i c a t i o n d e c i s i o n b l o c k IS s h own a f t e r
e a c h v e r i f i c a t i o n a c t l v ~ t y ( e x c e p t t h e l a s t ) . An y a c t l v l t y ( e . g . , c l e a n - ~ p )
p e r f o r me d a f t e r a p o s i t i v e v e r i f i c a t i o n d e c i s i o n I s s h own I n a n a c t i v i t y
b l o c k ( s ) b e t we e n t h e d e c i s i o n b l o c k a n d t h e E n d s ymb o l . A s s o c i a t e d w i t h e a c h
E n d s ymb o l I s a p a t h i d e n t i f i e r wh i c h un!quely i d e n t ! f l e s e a c h p a t h b y R I a n d
FD& I o u t p u t . F o r e x amp l e , t h e p a t h a s s o c i a t e d w i t h t h e s e c o n d R I a n d FD& I

Ou t p u t # 1 2 wo u l d b e d e s i g n a t e d a s 2 , 1 2 .

C a r e mu s t b e e x e r c i s e d t o e n s u r e t h a t a l l p o s s i b l e ma i n t e n a n c e a c t i o n s that
c o u l d b e f o l l owe d a s a r e s u l t o f a FD& I o u t p u t o b s e r v a t i o n h a v e b e e n a c c o u n t e d
f o r , e s p e c i a l l y t h o s e t h a t r e s u l t i n Ma n u a l F a u l t I s o l a t \ o n .

T h e R.j v a l u e s a r e c omp u t e d b y a d d i n g t h e t i me s a s s o c ~ a t e d w i t h e a c h
a c t i v i t y b l o c k f r om t h e “ F a i l u r e Oc c u r s a n d I s De t e c t e d ” e v e n t t o t h e
“ e n d ” e v e n t f o r t h e s u b j e c t ( n , j ) p a i r . No t e t h a t o n l y t h e a c t ! v i t y b l o c k s
h a v e t ~me a s s o c i a t e d w i t h t h em . T h e t i me e n t e r e d i n t h e f n d i v ~ d u a l a c t i v i t y
b l o c k s f s c omp u t e d f r om a t i me l t n e a n a l y s i s p r e p a r e d i n a c c o r d a n c e w i t h
p a r a g r a p h 4 . 2 . 6 . E l eme n t a l t i me s e n t e r e d i n t h e t i me I l n e analysis are
e x t r a c t e d f r om t h e f o l l ow i n g s o u r c e s I n t h e o r d e r g i v e n :

a. A c t u a l t i me s e Kp e r l e n c e d o n t h e s u b j e c t e q u ! pme n t .

b . S t a n d a r d t i me s f r om Ap p e n d i x A .

c . A c t u a l t i me s e x p e r i e n c e d o n s l m l l a r e q u i pme n t .

d . O t h e r r e c o g n i z e d t i me s o u r c e s .

e . E n g i n e e r i n g j u d g eme n t .

I n t h e e s t a b l i s hme n t o f t h e t i me line a n a l y s e s , t h e n umb e r o f ma i n t a i n e r smu s t
b e c o n s i d e r e d , F o r e x amp l e , I f a g i v e n equipment h a s t wo t e c h n i c i a n s
p e r f o r m i n g ma i n t e n a n c e , o n e t e c h n i c i a n ma y p e r f o r m d i s a s s emb l y t o a c h ~ e v e
a c c e s s t o t h e f a u l t y R I wh i l e t h e s e c o n d t e c h n i c i a n s i mu l t a n e o u s l yp e r f o r ms
o t h e r wo r k . I n t h ema t n t e n a n c e f l ow d i a g r am , t h i s wo u l d s h ow a s a s i n g l e
ma i n t e n a n c e a c t l v l t y w ! t h t h e a s s o c i a t e d t i me b e i n g t h e e l a p s e d c l o c k t i me .
I f t h e p a r ame t e r o f I n t e r e s t wa s ~ l o i i , I n s t e a d o f MT TR , t h e n t h e t h e

e n t e r e d I n t h e a c t l v l t y b l o c k wo u l d b e t h e c omb i n e d MMH i n l i e u o f t h e e l a p s e d
t i me .

V - 2 9 1 2 J a n 1 9 8 4
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4.2.6 T i me l i n e a n a l y s i s . T h e e s t i ma t e d times used In t h e t wo p r e d i c t i o n
me t h o d o l o g i e sa r e s y n t h e s i z e du s i n g a t i me l i n e a n a l y s i s me t h o d . A t l w l l n e
a n a l y s l s c o n s t s t s o f c omp u t t n g t h e t o t a l e l a p s e d t i me o f a ma i n t e n a n c e a c t t o n
b y a c c o u n t i n g f o r t h e t ~me r e q u i r e d t o p e r f o r meach s t e p . T h e p r o c e d u r e f o r
p e r f o r m i n g a t i me l i n e a n a l y s ~ s i s a s f o l l ows :

a .

b .
t i me s ,

c .
ma ! n t a

d .

I d e n t i f y e a c h t a s k t h a t c omp r i s e s t h e ma i n t e n a n c e a c t i o n ,

De t e r m i n e t h e t ! me r e q u i r e d t o
ma i n t e n a n c e t i me s t a n d a r d s , t i me

De t e r m i n e wh i c h a c t i o n s c a n b e
n e r I S a v a i l a b l e .

p e r f o r m e a c h t a s k b y e i t h e r a c t u a l
s t u d i e s , o r e n g l n e e r ! n g j u d g eme n t .

d o n e s i t n u l t a n ews l y i f mo r e t h a n o n e

De t e r m t n e t h e o v e r a l l t i me t o p e r f o r m t h e ma i n t e n a n c e a c t i o n b y
smn l n g u p t h e t i me s t o p e r f o r m e a c h a c t i o n .

F i g u r e V - 9 i s a n e x amp l e o f h ow a t i me i s s y n t h e s i z e d f o r a s i mp l e p h y s i c a l
t a s k . T h e t i me associated w i t h e a c h t a s k ! s e x t r a c t e d f r om t h e t a b l e o f

ma i n t e n a n c e t i me s t a n d a r d s s h own i n T a b l e A - V - I I n Ap p e n d i x A .

R I NAME : NODUL E ( l / R ) E L EMENT MA I NT ENANCEACT I ON : I NT ERCHANGE

DESCR I PT I ONOF THE E L EMENTAL TASKS T I ME / ACT I ON QTY TOTAL T I ME

RE I WVEQUICK RE L EASE COAX 0.04 4 0 . 1 6

RENOVE SL I DE LOCK CONNECTOR 0 . 0 9 1 0 . 0 9

RE 1 4 0VEMODUL E 0 . 0 9 1 0 . 0 9

REPLACE ! WDUL E 0 . 1 1 1 0 . 1 1

REP I ACE SL I DE LOCK CONNECTOR 0 . 1 2 1 0 . 1 2

REPLACE QU I CK RE L EASE COAX 0 . 0 4 4 0 . 1 6

TOTAL T I ME 0 . 7 3

F I GURE V - 9 - EXAMPL E T I ME SYNTHES I S ANALYS I S

1 2 J a n 1 9 8 4
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4 . 2 . 7 R I a n d FD& I o u t p u t c o r r e l a t i o n . T h e r e s u l t s o f t h e p r e c e d i n g s e c t i o n
a r e s u n a n a r i z e dI n a ma t r i x wh i c h s h ows t h e r e l a t i o n s h i p a n n n g t h e R I s f o r
wh i c h t h e p r e d i c t i o n i s b e ! n g p e r f o r me d a n d t h e t o t a l s e t o f FD& I o u t p u t s .
T h e ma t r i x ( F i g u r e V - 1 0 ) i d e n t i f i e s t h e R I s a c r o s s t h e t o p a n d t h e u n i q u e FD& I
Ou t p u t s d own the l e f t column. In reference to t h e ma t h mo d e l s ( r e f e r to
p a r a g r a p h 3 . 2 ) the RIs a r e t h e “n “ p a r a nw t e r s a n d t h e FD& l o u t p u t s a r e t h e “ j ”
p a r ame t e r s . E a c h R I c o l umn i s f u r t h e r d i v i d e d i n t o t h r e e c o l umn s :

15 I I 1 1’

F I GURE V - 1 0 . Ma i n t e n a n c e c o r r e l a t i o n ma t r t x f o r ma t .

Un d e r e a c h R I c o l umn , e n t e r t h e f a i l u r e r a t e ( A . j ) o f the RI ( o b t a i n e d
f r om t h e FD& I c o r r e l a t i o n t r e e ) ( s e e F i g u r e V - 6 ) t h a t i s a s s o c i a t e d w i t h e a c h
FD&Ioutput. F o r e a c h untque output wh i c h h a s o n l y o n e RI a s s o c i a t e d w i t h I t ,
e n t e r a 1 I n t h e ( ) . j c o l umn f o r t h a t c omb i n a t i o n . F o r t h o s e o u t p u t s wh i c h
a r e a s s o c i a t e d w i t h 2 o r mo r e R I s , t h e Q “ , v a l u e i s d e t e r m i n e d b y t h e
r e p l a c eme n t c o n c e p t . I f t h e r e p l a c eme n t c o n c e p t 1 s g r o u p R I r e p l a c eme n t ,
e n t e r u n d e r Q . j t h e n umb e r o f R I s a s s o c i a t e d u ~ t h e a c h o u t p u t . F o r e x amp l e ,
i f t h r e e R I s could c o n t r i b u t e t o t h e s ame FD& I o u t p u t , t h e n a 3 t s e n t e r e d

-

1 2 J a n 1 9 8 4
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.—

in the Q., for each of those R I s . I f t h e r e p l a c e m e n t c o n c e p t is Iterative
r e p l a c e m e n t , t h e n Q . , \ s a s s i g n e d b a s e d o n t h e o r d e r o f r e p l a c e m e n t . T h a t
i s , t h e f i r s t R I t o b e r e p l a c e d u p o n r e c o g n i t i o n o f t h e s u b j e c t F 0 8 J o u t p u t I s

d e s i g n a t e d a s Q . j = 1 , t h e s e c o n d Q . j = 2 a n d s c f o r t h . In cases o f
i n t e g r a t i v e r e p l a c e m e n t , t h e v a l u e s f o r e a c h Q . j I s b a s e d o n t h e r e l a t i v e

f a i l u r e r a t e s of t h e RIs, w i t h t h e h i g h e s t f a i l u r e r a t e R I a s s i g n e d a s t h e
f i r s t r e p l a c e m e n t i t e m .

4 . 2 . 8 C omp u t e m a i n t a i n a b i l i t y p a r a m e t e r s . On c e t h e M F D a n d M a l n t m a n c e
C o r r e l a t i o n M a t r i x h a v e b e e n c omp l e t e d , c omp u t e t h e m a i n t a i n a b i l i t y
p a r a m e t e r ( s ) using t h e e q u a t i o n s i n s e c t i o n 3 .

.- .-_.
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APPENOIX A
TM STAKWD5

10. T h e t i - s t a n d a r d s a r e t a b u l a t e d i n T a b l e A - V - I . T h e times tabulated in
Table A-V-I h a v e corresponding figures referenced which illustrate uhat e a c h
time represents. T a b l e A-V-II c o n t a i n s coqosite times o f c c x mn maintenance
actions that may occur. Colums two and four of Tab?e A-V-II denote which
tires of T a b l e A - V - I w e r e u s e d t o s y n t h e s i z e e a c h a c t l v l t y (letters denote
r emv a l (A) a n d r e p l a c e a b l e ( B ) t i r e s ) .

2 0 . O t h e r m a i n t e n a n c e t a s k s c a n e a s l I y b e synthesized by the following method
(for a n e x ~ ? e . s e e F i g u r e v-9, i n p a r a g r a p h 4 . 2 . 6 ) .

a. L i s t the a c t i o n s i n v o l v e d f o r t h e m a i n t e n a n c e t a s k .

b . Ob t a i n t h e t i w s f o r each action by using T a b l e A-V-I (tiws that are
not Ilsted should be established either b y actual data, time studies, or
e n g i n e e r i n g j u d g emn t ) .

c. Compute the tim by sumlng up each ind~vidual time.

-.
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TABLE A-V-X. &
b

Time
standard

Number Description

1

~

3

4

5

6

7

8

9

10

11

12

13

14

15

16

17

18

19

20

FASTENERS

Standard Screws

I!exor Allen ~q3e
‘ Screws

, Captive Screws
:_ .. !.-.. .
DZUS {U4 LUHUOCK)

Tridair Fasteners

Thumbscrews

Machine Screws

Nuts or Bolts

Retaining Rings

LATCHES

Drawhook

Spring Clip

ButWrfly

ATR (spring loaded,
pair)

Lift & Turn

Slide Lock

TERMINAL
CONNECTIONS

Terminal Posts
(per l e a d )

Screw Terminals

Termipoint

Wirewrap

Taperpin

mental maintenance actions.

1
Standard Times

Rem we Replace Interchange
(min.) (min.) (min. )

0.16

0.17

0.15

0.08

0.06

0.06

0.21

0.34

NA

0.03

0.04

0.05

0.45

0.03

NA

0.22

0.23

0.22

0.09

0.07

0.26

I 0.43

0.20

/ 0.05

i 0.06

0.08

0.46

0.4-4

0.27

\ O*OZ

‘ 0.03

0.05

0.69

0.04

NA

0.64

0.45

0.30

0.24

0.07

I

I

I

I

I

0.42

0.60

0.35

0.13

0.12

0.14

0.67

0.78

NA

0.06

0.37

0.10

1.14

0.07

NA

0.68

0.14

Reference \
Figure ~

A-~!_ 1

A-Y-2

A-V- 3

A-V-4

A-V- 5

A-V-b

A-V- 7

A-V-H

A-1’- 9

A-V-IO

A-IJ- ] !

A-v- I ~

A-V-13

A-V-14

A-v-. i J

A-V-10

A-V- 17

A-V- Ii{

A-v- 19

A-\l_:f)

I

I

I

1 2 J a n 1 9 8 4
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L maintenance actions (continued).
1

Stidard Times I
~

Remove Replace \ lnterc~ge

I 4

Reference

(min. ) I (min. ) I (min. ) ~ Figure

TIMLE A-V-I. Element;

~

Time I

Standard
Number Ik2scription

1

~ TERMINAL

CONNECTIONS (cont. )

I I

I t

I A-V-~)

1%-’(-2 i

I

i A-V-2 1

I A-V-2 1

I

!
\
I ~-1~-z~

A-V-22

i A-L’-23

i
A-’; -2JI

\ A-V-25

I

I A-v-26
1
1

,j-~-~?
I

i

I

1

I

~-\l-’)~

A-\’-2y

,j-’:-~q

‘-”,’-,t 1’2

I f\-\’-3o
)
I

0.14 io.17 !
1

0.14 0.13 perl

PCB a) Discretes

b) Flatpacks

c) DIP [Cs

! 8 pin

21

2’J

23

24

25

26

27

28

29

30

31

32

33

34

35

per lead Iflatpack

0.46 0.52

! 14&16 i ().90 \ 0.86
I

I
I

pin

CONNECTORS ,
I I

0.17

(). lg

0.08

NA

0.38

0.26

0.21

0.21

NA

0.11

0.13

0.17

BNC (single pin) ~ 0.07 ~ 0.10

0.07 0.12

0.04 , 0.04

NA ! NA

1
0.18 ! 0.20

, 0.09 \ 0.17

BNC (multi pin)

Quick Release Coax

Friction bcking

Friction Locking with

I

I
one Jack Screw

Thread Locking

I

I

, Slide Imcking
i
0.09 { 0.12

I
1

!
JPLUG lN

MODULES

DIP ICS (into
DIP sockets )

CCAS (without tool)
(guided)

I (

I
I
I

I
,

I
I

1

! 40 pin

! SO pin , 0.04 ~ 0.07
I

CCAS (with tool) I

(guided)

! 40 pm 0.06 0.07
I

b 80 pin I 0.09 i 0.08

I 1

I

I
( ! I

I

1 2 J a n 1 9 8 4A-[l_’)
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TABLE A-V-1. ~lmental mimtenance a c t i o n s ( c o n t i w e d ) .
—f w 1

T i me

Number

36

37

38

39

40

41

42

43

44

45

46

47

4a

49

50

51

52

53

54

I S t a d 8 t d Time

IPLUG IN

MODULB (cow)
,
j CCAS (without tcml)

; (sot @d@
I

i
! 40 pin

i ! ao pin

I
I
I strip wire

cut wire of sleeving

(Dress Wire with

ISieevilqg

II
I

I
(

MA
I
NA

0.04 0.16

0.09 0.11

1- ‘-

I
i-

“crimp hlgs 1- 1-
1

Form Leads (per

lead)

Trim L a d s (per
had)

Adhesives

Conformal Coating

soldering A) Terminal
Posts

B) PCB

Reflow Soldering

Tinning Flatpacka

(dipping)

Resoldering A) Braid@
Wick

B) Solder
Sucker

FomtI Fla@ack YJEads

(Mechsnkslly)

Clean Su tie

P a n e l s , Do o r s , &
Co v e r s

<
I

h-
1

10.55 , 0.13

2.20 i 0.23

I

i-

I
i-

i-

I

1-
1

I
0.04 I 0.03

!

1 2 J a n 1 9 8 4 A-v-4

i

I
1
1

NA

0.20

0.20

0.10

0.04

0.21

0.27

0.03

0.03

0.68

2.4S

0.22

0.06

0.25

!

0.30

0.16

0.09

0.11

0.29

0.07

Referencx
Figure

A-V-3]

A-v-31

A-V- 32

A-V-33

A-V-34

A-V-35

A-V- 36

A-V-37

A-V-38

A-v- 39

A-v-40
-
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TABLE A-V-I. E1-enLal maintenance actions (continued).

Standard ! I Remwe
Number Descri@ioa I (min.)

55

56

57

I
I

S t md a r d Time
1
Repiane M&w&m@? Reference
(min.) (min.) Figtm

MBCELLANEOUS
(cont. )

Drawers (Urge) 0.09

Display Ixuxw 0.10

Threaded Connector ‘

Ccnrers 0.11

.-–L ....._..__.

0.10

0.11

0.14

-..-— -.

I

0.19

0.21

!

I

i

i

_l

I

0.25

I

i

I

.- —-- --- 1----

A-V-4 1

k-V-42

{

I

:
I
I
I
I

. -

NOTE: Oata obtained from RADC-TR-70-89, Maintainability Prediction and

Oemmstration Techniques

A-V-S 1 2 J a n 1 9 8 4
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m
L?.--

m s--
m“
7

--
w -“

m

1-a
0
N

m “
m

N -
L?

-“

m“
m
N

G :
7

—.

.—
1-

C-J
m m

In. .-.
m C-J G---

m

G “U

<

E
.

G

a

-“

..— .—— —..—-—. -— —

I I

\

o 1+.
1+u r)

-.—

m

I .—..—___ —.-

1 2 J a n 1 9 8 4 A - v - b
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!

ST ANOAQO !ica~b%’s

THIS TIME ts~OR ALL sTAh’DARG THREADEo Fasteners
SUCM AS. SLOTTED HE&O. OI+JLLIPS MEAD, AND ~tLLISTER
l+ Ao

THE TIME GIvEN IS THE TIME QEOUIRCD TCI QEMOV’EI
StEPL ACE THE FASTENER FROM THE HOLE AND DISENGAGE:
OR ENGAGE IT L?Y SEVERAL TwISTING MOTIONS OF THE
HAND (A PPROXIMATEL~ S TWISTS I

TOOL ffEQUIUEC) IS STANDARD SCa EWDRIVER (FLAT HEAD.

Pt+t LLIm. OR~Exl

FIGURE A-V- 1. Standard screws.

HEX OR ALLEN SET SCREWS

! THIS TIME IS Fo$? HEX OR ALLEN TYPE
SET SCREWS

! THE TIME GIVEN IS FOU THC TIME TO ?lGHTEN/
OR LOOSEN A HExAGONAL TVC% sET SC f4EW
US?NG AN ALLEN TYPE wRENCH

! TOOLS REOUIREO ARE HEX WRENCHES OR
ALLEN TVPE wRENCHES

I
I

FIGURE A-V-2. Hex or Allen set screws.

1 2 J a n 1 9 8 4
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CAPTIVE SC$lEWS

! TH6 IS THC TIME FOfl STANOARDFASrENERS
THAT ARE C14PTl VE TO THE PA NE L/B RACUEl
TUEV SECURE

! THE TIME GIVEN FOR THIS ACTION INCLUDES
THE TIME TO EF4GAGEKIR DISENGAGE THE FASTENER

ov A SERIES OF TwIS?t NG MOTIONS WI Tti TblE HANO

! THE TOOL I? EOUIREO IS A ST ANOAfl DSCfl EWORIVER
[F MT+IEAD, PHILLIPS OR HEX I

FIGURE A-V-3 . Captive screws.

m
DZUS FASTENER

! THIS TIME IS rOR FAsTENERS THAT REOUIRE ONLY
A 1/4 TuRf’4 TO ENGAGE OR OISEWGAGE fFASTENEn
IS cAPTIVE)

! THE T4ME 61v EN IS THE TIME REQu IREO TO ENGAGE
On DISENGAGE THE FASTENf Fl BY A 1/4 TWIsT Mo.
TION OF THE HAND

! TME TOOL REQUla EO IS A ST ANOARO SCREWDRIVER
IF LATUEAO, PMILLl~ On HEX)

FIGURE A-V-4 . DZUS fasteners.

12 Jan 1984
A-v-8
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TRIOAIR FASTENER

c THIS FAST ENE’R Is A QUICK ENGAGING FASTENER
TH4T REQUIRES LESS THAN ONE TuRN

9 TM!S. TIME INCLUDES THE TIME NECESSARV TO
tZNGAGE/OR DISENGAGE THE FASTE!WER USING A
TURN OF TwE wAND

c THE TOCJL REQUIRECI IS AN ALLEN wRENCH

I/ ’
/’

-$3=‘,/> ,,/—.
,{ ’

e/“
LJ. -. k’

FIGURE A-V-5 . Tridair fastener.

-.

THUMBSCREWS

! THIS FASTENER IS A THREADED SCREW WITH A HEAD
THAT CAN SE GRASPED EASILY BY THE HAND

! THIS T{ME WCLUOES THE TIME NECESSARY TO DISEN -
GAGE/OR ENGAGE THE FASTENER BV TURNING IT WITH

W’c’

—
—

THE HAND

! NO TOOU REQUlaEO —

FIGURE A-V-6. Thumbscrews.

1 2 Jan 1 9 8 4
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. . . .

MACHINE SCREWS fWITHNUTl

! THIS FASTENER IS ANV THREACWD ~ASTENER 7HA1

DO ES NOT TAP INTO THE ST QUC~URE. INSTEAD IT
E?+ GCtCIES INTO A LOOSE NUT

! THIS TIME INCLUDES THE T)ME TO REMOVE/OR POSI
TION THE FASTENER ANO NUT ANO TI+E TIME
REQuIRED TO TIGHTEN THE FASTENER

! TOOLs REOU!REO ARE A SC REw DQlv EQ AND A wRENc H

FIGURE A-V-7 . Machine screws.

[

NUTS OR BOLTS

! A?4v FASTENER THAT REQUIRES A WRENCH
TO TIGHTEN IT DOWN

! THIS TIME INCLUOES THE TIME NECESSARY TO
POSITtON THE w$7ENCW ANO ENGAGE/OR DISEN.
GAGE THE FAST ENEF!

la
\

I

FIGURE A-’4-8. Nuts or bolts.

1 2 J a n 1 9 8 4 ,1-V- 10
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RETAINING RINGS

THIS DEvICE IS A.’ U’” SHAPED PIECE OF METAL THAT
RETAINS A UN! T/COMpONENT IN POSITION

THE TIME GIvEN INCLUDES THE TIME NECESSAQV TO
tINGAGE/OR OISENGAGE THIS FASTENER--—— -—
SPECIAL PLIERS ARE REQUIRED TO REMOVE /REpLACE
TH!S FASTENER

b
i

;

‘;,2

L“

-1-”

FIGURE A-V-9. Retaining rinlls.

DRAWHOOK U$TCH mi,.”
I

Llli
! ANY LATCH THAT IS S\ MILAa TO THE ONE

SHOWN I Ill
! THE TIME lf’+CLUOES THE TIME TO ENGAGE I

DISENGAGE THE LATCH COMPLETELY

! No TOOLS REQUIRED

&

J

FIGURE A-V-1 O. Drawhook latch.

L-v- 1 1

12 Jan 1984
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Sw!tw CLIP cnTcll

t ANY LATCN slMILAn TO Tt4E ONE 51 iOWN

! TIME INcLUDES T14E TIME FJECESSARV 70
!IWOfNWE~n DtSEM3NiE THE LATcH COM.
PLETFLV

* NO TOOLS nEQUIREO

t4JL-III)NK-472

L 1

FUUKE A-V-11. Spchui clip Utch.

EWTTEnFLV LATC~l
—— —
! nNv LnTc$4 slMILnn To T14E ONE SIKWJN

! TIME W+ CLUTWS THE PtECESShnv TIME To cNGAnE/
OR DW~NOAmE THE LnTC\l COMWETELY. Nnn~nL-
LV coN$lsTs oF CIFTINQ TI+E lfbl! hNO TUnN)tVG IT
me,

! NO TOOLS REOUta EO

I

FIGURE A-V-12. Butterfly latch.

ATR LATCH

! ANY LATCH SIMILAR 70 THE ONE S140WN

. TIME INCLUOES 7*$E TIME Nccessnnv Tn uf4scn Ew/

On SCnEW T$+E Ch*UVEn TNE NIB TO HQOnUEttTQ OIS.
lENOfiOE THE SeCUREO UN1l. TME TIME OIVEM !S FOm
A !NR OF ATI! LATCNE$.

! MO TOOLS *l! OUtn ED.

/

/

FICURE A-V-13. ATR latch,

1 2 J a n 1 9 8 4 A-V-1 2
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!

!

LIFT ANO TuRNLAICM

I

ANY LATCH SIMILAR 70 THE ONE S+40WN

TIME INCLUOES T?’(E TIME NE CESSAHV TO LIF 1 THE
l+ ANa LE aNO TURN 1? ?0 UNSECURE OR SECURE A

DOOR OfJ PANEL

NO TOOLS REQU!UED

I.

1 1

FIGURE A-V-IL . Lift and turn latch.

SLIOE LOCK LATCH

! ANV LATCH slMILAR 10 THE ONE SHOWN

! THE TIME GIVEN IS THE TIME NE CESSARV TO
SLIOE 7HE LOCKING DEvICE TO ENCf+GE)OR
OISENGAGE THE PANEL

! NO TOOLS REQuIRED

FIGURE A-v-l 5. Slide lock laLch.

TERMINAL Posrs

b aNv TERMINAL connection SIMILAR TO THE ONES
SHOWN

! THIS TIME IS THE TIMf REQuIRED TO REMOVE OR
REPLAcf A LEAD FROM A TEQMINA( (n~ES No*
IN CLUOE sOLDEOING OR oESOLOCRINC)

! NE EOLE NOSE IJLIEt?SAfl E REQUIRED fOR THIS TASK

ino0
v
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!

!

!

SCREW TEQMINALS

ANY TERMINAL CON NE C710N SIMILAR TO THE
ONE SHOWN

THE TIME GIvEN IS THE TIME REQuIRED TO
Rf MOVE/OR POSITION THE TERMINAL LUG AND
LOOSE N(OR TIGt+TEfw THE SCREW

A SCk EWCIRl Vk8 IS fiEQul RED

FIGURE A-V- 17. Screw terminal connections.

TERM IPOINT cONNECTIONS

! ANY TERMIANL CONNECTION S! MIMF! TO THE
ONE SHOWN

! THIS TIME IS THE TIME TO REMOVE THE CLIP
WITH A PICK OR TwEEZERS ANO THE TIME TO
REPLACE lHticLIP WITHA TERM IPOINT GUN

! TOOU REQUIRED ARE TWEEZERS, OR A PICK,
ANDA TERMIPOINT GuN

FIGURE A-V-18. Termipoint connection.

. ,,%1
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\

WIREWRAP

J

1
! ANY TERMINAL CO NNEC710N SIMILAR TO THE ONE SHOWN

! THE TIME SGIVEN ARE TO REPLAcE THE WI REWQAPWJITH
s WI REWRAP GUN AND TO REMOVE THE Connection WITH
AN uNWRAPPING TOOL

! TOOLS REOLJIQEL) ARE A WI REWRAP GUN ANO AN UNWRAP.
PING TOOL

,,

FIGURE A-V-19. WireWrap connection.

TAPER PIN

! ANY TERMINAL CONNECTION SIMILAR TO THE ONE SHOWN

! THE TtME GIVEN IS THE TIME REG)u IREO TO UNPLUG MATE
OR DEM&TE THE CONNECTOR

/-
o

y

! NO TOOL REQUIREO

#

‘,

FIGURE A-V-20. Taperpin connection.

%6—

! ANY TEHMINAL CONNECTED O! RECTLV TO
THE PRf NTEO CIRCUITI?V OF A CIRCUIT CARD

! THE TIME GIVEN IS THE TIME REQUIRED TO REMOVE OR

REpLACE f! LEAD ~NOM THE PCB (NO SOLOER!NG OR RE-
SOLDERING TIME)

! THE TOOLS REQUIRED ARE A PICK OR NE EDLENOSE PLIERS

r ’

FIGURX A-V-21 , PCB connections.

.- ..-.
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E-c cowvEc To$ls

! ANv CONWECIOm THn T wA54 BAVONET LOOKING OEV,CE

! TIMEs GIvEN ARE FO~ MA TIN G/DE MA TlMt2 THE COIW.4ECTORS
BV A TwISTING MOTION

! NO TOOLS REQu IREO

H
FIGURE A-V-22 . BNC connectors.

QUICK RELEASE COAX Connectors

! ANY COAK CON UECTOR THAT cNcAGE5 OR DISENGAGES
BV A PMw On PULL MoTION

! TIMEs GIvEN ARE FOP DC MAT? NGfWA71NC THK CONNECT
ORS BY A DULLING OR J%ISuf NG h@TIc~N / e

! No TOOLS Rf. QUINLU /

M

e

FIGURE A-V-23. Quick release coax connectors.

FRIc710N LOCKING CONNECTORS

! ANV CON NE CTOQ THAT IS MATED ANO SE CUREO
eV THE Ffllc TION OF THE PINS ANO/0= CONNFC70R
CASE

! THE TIME GIvEN 1$ THE lfME NE CC SSA~V TO MATE
OFI DE MAt E THESE CONNECTOR TYPES

! NO TOOLS RECMJIf!ED

FIGURE A-V-24 . fric~ion locking connector.

1 2 J a n 1 9 8 4 A-Y-16
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FIGURE A-V-?5. Friction locking connector wit~]~ackscrew._— — .—-.

lHQEADLOCKING CONNECTOR

! ANV cONIWECTOQ THAT lSSECIJRED8v A
lHUEADED CONNECTOUSMELL

! 1-!S TIME GIVEN 15FOR TME DEMATING/MATING
oF THE cONNECTORAND THE SECURING/UNSECUR
IF4GOF 11 @V A TuHNINGMOTION

! NO TCIOLSQEQUIRED

FIGURE A-V-26. Threadlocking connector.

K

SLIDE LOCKING CONNEC1O9

! ar.Jw CONtU(CTO!=T-IAT IS sIcIJfJ[l) RV A Ll~DE LOCK

! THF TIME GlVEN15T14f TIME REQul\?fDTOMATE/DEMATE
THE cONNEC70FI ANL! ENGAGE/CllSfNGAGF THE SLIDE LOCK

! NO TOOLS RCQUIRED

FIGURE ,1-’:-27. Slide lockin~ connector.——

, 1 - V - 1 7 12 Jan 1984
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/

U(P fc$

! THIS INCLUDES ANY DIP IC THAT !5 SECURED IN
a DIP SOCKET

! THE TIME GIVEN IS THE TIME REQuIRED TO UNDLUG
,,.&@

;;> / ‘~
OR PLUG lN THE DIP IC

! NO TOOLS REOLMR60

‘===

F1CX?9E A-V-28. m“

GuIDED CCA\

! ANY GuIDED CCA THAT IS lNSERTED/REMOVED BY
HAWD

! THE TIME GIVEN !S THE TIME TO PULL OUT OR
PUSI-I IN THE CCA

. NU TCKJLS REQUIRED

ylcu~ A-v-29. Guided CCAS.

GuIDED CCAS WITH A TOOL

! THIS TIME IS ~swcl AT ED WITH ANY CCA THAT
IS w4sEf+7E0/REMOVED wlTH A CARD ExTRAc T.
lfuG TOOL

! THIS TIME INCLUDES THE TIME REOUIREO TO
F9SITION THE TOOL AND REMOVE/REO@CE
TUE C C A

! A cARo ExTRAcTING TOOL IS REQUIRED

I
FIGURE A-V-30. Guided CCAS with a t o o l .

&_,., 10
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I

NOt+A2UlDE0 CCAt

. TMIS TIME 1S ASSOCIATED WITH PLUG )Nc Alt DS
THAT AQC NOT GUIOEO

L

ID

! Tl+tb TIME lNc LLloES THE TIMC NC CESSAF4 < ro
~{LMOVE/RCPLAcC THE ccA r ROM TnL LUG(

COMNt CTOIl IOOC5 NOT I?UCLLM3E 1 ~ME +064 d ml

FIGURE A-V-31 . Non-~;uided CCAs.

MODULES F:,’
—. .
9 THIS IS THC TIME ASSOCIATED WfTH REMOVING 0$? POC>I

lIONING A MOOULAR AsSEMBLY 41

! THIS TIMC IS THE TIME Nf?CESSARV 10 REMOVE 7+4[ Mf>(). ‘w&
ULE Ofi POSITION IT 4N PLACE

%

%
.-. #-

./
..

/4 .d” ,
..- ~--

-----

=&

! NO TOOLS RCOUIRECI !

‘4’’”
I
)

F1(XJREA-V-3?. tl[>dules

\. ‘.,
C[<lhll> LIJC,~

?!!!%?
.

! TH!s 1s TH[ TIML Assf)c IA7CD WITH 5fc(Jut Nc n If 0t141NAL

LUG TOA WIRE

! $?4[ TIML G IVFN lNCLUO[S 114E lIML 10 WSIII(JN !Iff
W,lll. IN T,4c L uG AN OCOIMP II

! A (141 M01NG 100( IS RCOUIIJ( 1)

\

o 0

1 2 J a n 1 9 8 4

I
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f

Air/ “

L / ,1

FORM LEA12S
(1,

!1(,
! TH!S IS THE TIME ASSOCIATED WIT* ~ORMING A

LEAD ON A COM-NENT pFil OR TO CONNECTING
1,

1? TO A TERMINAL \/i:\

! THE TIME GIVEN 15 7ME TIME NECEsSAa Y 10 GRXP
THE L@ AD W!TH THE PL)ERS ANO FORM IT

( ~~ \

! NEEDLE NOSE PLIERS ARE REQUla E@

FIGURE A-V-34. Form leak.

/’

SOLDERING TERMINAL POSTS

! THE TIME AS50CJATED wITH SOLDERING A LEADTC
A TERMINAL POST

/
.5

..-

! THE TIME GIvEN M THE TIME TO HEAT THE TERMINAL

B

-.-
_=--

IWST AND APPLY THE SOLDER

! A SOLDERING IRON IS REQuIRED

FIGURE A-V-35 . Soldering terminal posts.

SOLDERING =8 CONNECTIONS

! THE TIME ASSOCIATED WITH SOLDERING A LEAD
?0 A PCB ETCHING

! THE TIME GIvEN Is THE TIME TO HEAT THE ETCHING

PAD fiND aPPLY THE SOLDER

! A SOLDERING IRON IS REQuIRED

FIGURE A-V-36 . Soldering PCB connections.

A - V-2(-I
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RESOLDERING USING ABRAIDEDWICR——— .—— —

! THE TIME ASSOCIATE DVVITH RESOLDERING A CONNECTION USING
A BRAIDED COPPER WICK

! THE TIME C!VEN IS THE TIME TO REHEAT THE SOLDER A N D EXTRACT
u’

IT FROM THE PCB OR TERMINAL USING A BQAIDED COPPER wlc~

! A sOLDER!NC IQON AND BRA IDFO COPPER WICK ARE REQUIRED

4

FIGURE A-V-37 . DeSoldering with a braided wick.

DESOLOERING USING A VACUUM— --— .—— - —

! THE TIME ASSOCIATECI WITH DE5C)LOERK+4G A CONNECTION
U51NG A VACUUM ASSISTED RESOLDERING lPf ON

! THE TIME GIVEN IS TI+E TIME REG)u IREDTo REHEAT
AND SSLJCK. UP’B THE SOLDER

! A DESOLDECIING IRON IS REQUIF4E0

FIGURE A-V-38 . Resoldering using a vacuum.

FORM FLAT PACK LEAOS

THE TIME ASSOCIATECI WITH FORMING FLAT PACK LEADS USING A
.,+@O:i.-

MECHANICALLV OPERATEO OIE
.:--

“.
THE TIME GIVEN IS THE TIME REQUIRED TO ~SITION THE FLATPACK
ANO AC TUA7E THE MECHANISM

AM+FCHANICALLV OPERATED DEvICE IS uSED TO 00 THIS
m

I
FIGURE A-V-39 . Form flat pack leads.

1 2 Jan 1 9 8 4
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PANELS. OOORS, AND COVERS

! THE TIME ASSOCIATED WITH OPEN/CLOSING PANELS,
DOORS, AND COVERS

! NO TOOG REQuIRED

‘+

FIGURE A-V-40. Panels, doors and covers.

DRAWERS

THE T$ME ASSOCIATED WITH O~NINGtCLOSING
OF DRAWERS THAT ARE ON A TRACK

NO TOOLS aEOUl~ED

I

1

\

1

-J
FIGURE A-V-4 1. Drawers.

!

!

DISPLRV LAMPS

THE TIMI? REQuIRED TO REMOVE /aEf%ACE PANEL
INDICATORS THAT POP IN AND OUT

NO TOOLS REQUIRED

g.a~”

---a/

-

\

w

FIGURE A-V-42. DiePlay lamps.

1? ,L3n lQM
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APPENDIX B

ESTIMATES OF Me,. ($) FOR LOGNORMALREPAIR DISTRIBUTIONS

1 0 . T h i s a p p e n d i ~ t mo v i d e s e s t i m a t e s o f K , , ( $ ) f o r 1 0 9 n o r m a l ” Y
distributed repair times. The estimates f o r ~m , = ( $ ) a r e t a b u l a t e d i n
T a b l e s B - V - I a n d B - V - I I . T h e % . . ( 0 ) v a l u e s a r e f o u n d b y :

a . Selectlng the p e r c e n t i l e
or 99 p e r c e n t .

b .
the NT ’
f r om O

c .
w t t ic h
0.1 to

d.

col umn

L o c a t e t h e m e a n r e p a i r t
R of the equipmentlsystem

1 to 2.6 i n s t e p s o f 0 . 1 .

L o c a t e the c o r r e s p o n d i n g

o f interest {*I e i t h e r 60, 10, 80, 90, 95.

me (MEAN) which most closely a p p r o y i m a t e $
n question The repair times are ~ r o v i d e d

r e p a i r t i m e s s t a n d a r d d e v i a t i o n ( S I GMA )
s e s t i m a t e d f o r t h e s u b j e c t e q u i pm e n t / s y s t e m . V a l u e s a r e p r o v i d e d from

2 . 5 i n s t e p s o f O . 1 .

R e a d the v a l u e o f K , . ( 0 ) under the appropr ate p e r c e n t i l e

.-

!

R–\l 1
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60thi 70th and 8 0 t h percentiles of the Iogrmrnal distribution
for means and si~~as from .1 tc 2.5.

.!

.1

.,

.1

.i

! d

.1

.1
!I
.i
.!
.1
.1

.1

.1

! 4

.1

.1

!I

.!

.1

.1
1*.

.1

.1

.2
!2
! -
.:
. 2
. 2
J
9 2
. 2
0 2
. 2
2
. 2
. 2
. .
. ;

.
!L
6 -
. 2
. 2
. 2
2
0 2
. 2
. 2

.!

.2

.3
,4
5. .

.6

.7

.8

.9
i .G
1 .1
102
] !J

I .4
i !5

1.6
i .7

1 .6
1 .9
2.0

2.1

2.2

2.3

2,4

2.5

.1

.2

.3

.4

.5

.6

.7

!0

Q

I :G

1 .1

12

I .3

I ,4
1 .5
I .6
1.7

J !P
] .?

2.:
2.1
202
2.3

2 .4

2.5

!32 PF.JC:!:T

.0673]5

.06J 674
,(j&~g$47

. c-
!GJ /I.-

.C323?3

.02 SK’ 6

.C23J <2

.0208!4

.0;E756

.C1 7J 45

.@i5775

.014614

.013613

.C12755

.0119s6

.01!330

.GIC73>

.CIC222

.OO!J 721

.009286

.006889

.006526

.0061s3

.007636

.007602

201 Q8
.174630

.146064

.123348

.106102

.0928S5

.082564

.0 743G3

.0675Q

.061965

.057245

.053212
!C)49R7

.0466S4

.044005

.04!S27

.039 5C2

.c3 75?2

.035e55

.03429<

.032654

.031551

.03034.3

.02?228

.02E!?6

~~ p~~~~;;~

.109413

.086984

.0 7L’O 73

.:>:~~

.C50535

.044:!32

.0J9899

.036212

.3332Z?

.030657

.02d575

.026754

.025171

.C23 792

.(322 552

.021454

.02046S

.C19576

.018769

.018030

.017353

.016729

.016153

.0156J9

.015123

.229170

.218639

.196038

.173968

.155384

.140157

.127649

.117259

.loe518

.101071

.094652

.089063

.0)34151

.C 7’S793

.075914

.072424

.C 692 7;

.066406

.063791

.06!394

.059 I 88
C5?;51

:L1552@

.05J>07

.051871

13CI?~CE:i7

.142493

.130081

.I134G6

.! 3L9Q2

.OES ~9L

.081369

.Z?74R3

,069236

.!-)64Q2

.060532

.357273

.?54290

.C51 654

.C4920C

.047193

.C45295

.S43565

.041985

.040536

.039201

.037966

.0365?.0

.035753

.C34757

.033624

.26Qj7

.284966

~76636

.2601 ti

342835

.226812

.212556

.2COO04

.166953

.i791g3

.170501

.162738

.155757

.149446

. I 43709

.138471

.133666

.129244

.!25156

.121364

.117s37

.1;4546

.ll14~”i

.iu65eo

.I05g66

12 J a n 1984
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TABLE .3-;-1.

60th, 7oth and OOth percentiles of the lo~ncrrnal distribution
for means and sigmas ‘rem

.1 to ?.5 (continued).

I’IEAN

.3

.3

.3

.3

.3

.3

.3

.3

.3

.3

.3

.3

.3

.3

.3

.3

.3

.3

.3

.3

.3

,3

.3

!3

.3

.4

.4

.4

.4
!4
.4
.4
.4
.4
.4
.4
.4
.4
.4
.4
.4
.4
.4
!4
.4
.4
.4

.4

.4

.4

SIGRA

!1
.2

.3

:;

.6

.7

.8

.9
1 .0

Ii
J .3
1 .4
1.5
I .6
1.7
J .B
J .9
2.0
2.1
2.2
2.3
2.4
2.5

:4
.3

:;
.6
.7

.8

.9
1 .0

lj
I .3
I !4

! .5

1.6
1.7

1.8

1.9

2.0

2.1
2.2

2.3

2.4

265

60 F’5?CENT

.308999

.291067

.261946

.232534

.206706

.165022

.167000

.151974

.AJ9342

.128616

.119418

.111455

.104500

.096377

.092948
!08810J
.083748
.079818
.076252
,073001
.070026
.067292
,064772
.062441
.060278

.413035

.403256

.379013

.349261
,3! 9492
.292127
.267876
.246695

.228265

.212204

.198151

!165789
.174855

.!65128

.156428

.148606

.141539

.135125

.129279

.123930

.119017

.114490

.110305

.106424

.1028I 6

B-V- 7

70 PDICENT

.337417

.34.3064

.A26258

.305822

.262530

.260952

.241768

.22A94~

.2 i 0236

.197.333

.165964

.175889

.166909

.156860

.151606

.145036

.139058

.133595

.128582

.123965

.119698

.115743

.1!2065

.1OG63S

.105432

.441541

.458339

.4$4249

.437678

.415575

.392076

.369238

.34?936

.328447

.310768

.294770

.280314

.267207

.255297

.244443

.234519

.225415

.217036

.209302

.202142

.195493

.169305

.183529

.178126

.j 73061

80 P ERC ENT

.37401 I

.4! 5832

.427476

.421424

.407261

.390244

.372776

.355961

.J4G2i6
,325667

.312286

.300006

a266725
~78346

.268775

.259927

.251727
244107

.237007
J?30376

2241 6E!
.218344
.~!~E67

.207707

.202636

.477410

.532433
.561473
.569971
.565313
.553272
.537551
.520326
.502814
.485669
.469222

.453624

.438923

.425113

.412158

.400008

.388609

.377905

.367841

.358367

.349435

.341001

.333027

.325475

.318315

12 J a n 1 9 8 4
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f)~tt?, 70th and 80th percentiles of the lognorrr,aldistribution
for means and sigmas from . 1 to 2.5 (continued).

9:> ‘.

,5
5! -
.5
~,

! -
<

! -
.5

.5

.5

.3

.5

,5
5. .

.5
5. .
.5

.5

.5
,5

.5

.5

.5

:;

.5

.5

.6

.6

.6

.6

.6

.6

.6

.5

.6

.6

.6

.6

.6

.2

.6

.6

.6

.6

.6

.5

.6

.6

!6

.6

,5

.
.:
.4

.5

.,

.;

.8

.9
1.0
1.1
102
1.3
1.4
1 .5

!.5
I ,7
1.8
1.9

2.9

2.1

22
~ !3

2,4

2.5

.1

.2

.3

.4

.5

.6

.7

.8

.9
1 .0
1 .1
12
1 .3

1 !4

1 .5

1.6
I .?

1.8

1 .9
~ !2

2.1

22

2.3

2 .4
~ !5

.515518

.511835

.495415

.4665!91

.436576

,406623

.378393

.352557

.329253

.s083’69

.289687

.272960

257’351
.244440

.232236

.221173

21}108

.201917

.193497

.185758

.178Q2

.172023

.165904

.160215

.154913

.617183

.617998

.604883

.562133

.554030

.52389i

.493830

.465067

.438191

.413412

.390 ?32

.370043

.351190

.334001

.318306

.303s49

490784

a2786g4

.267533

35Z32
.247692

.23683 b

.239595

.222909

.215727

~~ ~~~c~:~i

.543941
,55~17~

.573439

.5,4557

.547097

.525254

.5G1846

.478493

.45605G

.434920

.415246

.397036

.380223

.364711

.350393

.337159

.324903

.313546

.5029g5

.293149

.28396~

.275383

.267337

259763
.252677

.645504

.674833

.6g7509

.6FC129

.674565

.656516

.634874

.611644

.5813114

.565060

.542917

.521904

.502J07

.483536

.466152

.449895

.434694

.420471

,407153

.394667

.302946

.371928

.361556

.351778

.342541

EC ?~=c~t/T

.579215

.642030

.6ai72c
,705714
,7]2464

.708736

.698370

.684094

.66172C

.65G407

.632878

.615571

.598744

.582540

.567030

.552239

.538165

.X? 4788

.512061

.500010

.488540

.477534

.46R51

.457376

.447959

.680304

.748023

.798650

.83 I 664

.849315

.854957

.851 8R9

.842848

.829908

.814561

.797851

.760489

.7Q952
.745556
.728504

.71 i923

.695887

.660436

.665585

.651333

.S7669

.s24576

.S12032

.600013

.588494

—...—..
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TABLE B-l’-I.

50:F,,70:h and 8(’)t!? pprcentil~s of the Iognormal distribution

rut!

.7

.7

.7
!7

.7

.7

.7

.7

.7

.7

.7

.7

.7

.7

.7

.7

.7

.7

.7

.7

.7

.7

.7

.7

.7

.8

.0

.8

.8

.0
.8
.8

:;

!8

.8

.8

.8

.8

.6

.8
!6

::
.0

.8

.8

.8

.6

.8

for means and slpmas from .1 cv 2.5 iCUIIL~iIUeCI).

SIGMA

.1

.2

.3

.4
,5
.6
.7
.8
.9

1.0
1.1
! .2
i .3
1.4
1.5
1.6
1.7
1 .8
1,9
2.0

.1

.2

.3

.4
!5
.6
.7

.8

.9
1.0
1.1
12

I .3
1.4
! .5
1.6

1 .?
I .8
) .9
2.0
2.1
2.2
2.3
2.4
2.5

60 PERCENT

,716373

.722570

.7JJ344

.6953E8

.670232
,641427
.611206
.5BI076
.5513 (J!
.524368
.498529
.47450s
.452267
.431717
.412740
.39521 I
.379003
.363998
.350084
.337159
.325131
.313917
,303443

293641
.284453

.819263

.826070

.S21 164

.806511

.7s4635

.758026

.726?86

.69052J

.668344

.638985

.610877

.584254

.559210

.535753

.513838

.493391

.474321

.456531

.439924

.424408
,409895

.39630i

.383552

.371578

.360317

70 PERCENT

.746569

.779571
,?97??9

.803159

.7s7639

.784357

.765936
,744451

.7214!6

.697872

.674502

.65I 733

.&!9817

.608888

.589003

.570172

.552370

.535559

.519669

.5i14704

.490550

.477170
.464S!2
.452526
.441165

.847385

.883082
,906002
.916678
.916780
.908498
.894042
.875355
.853997

.831150

.807670

.784153

.761OOI

.738477

.7I 6737

.69513R

.675921

.656893

.638774

.&1536

.605144

.589556

.574732

.5@Q8

.5472C12

60 PERCENT

.781022

.852016
,909022
.950660

.977825

.992571

.997449

.994874
,986892

.975127

.9608! 5

.944B?2

.927964

.910570

.893030

.875581

.858387

.841557

.825164

.809251
!793gQ

.77894B

.764568

.750696

.73732 I

.881526

.954821

1.016467
1.064867
I .099959

I .122945
1.1356?1
1.139942

1.137748
1 .130Q7

1.119681
1.106543

1.0914[3

1 .O751OI
I .058066
j .040652

1 .023110
1 .0056?8
.986339
.971336

.954692

.936445

.922625

.907248

.692322

12 Jan 1984
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TABLE B-i-l.
-

60th, 70th and 80th percentiles of the logncnnal distribution
for means and sigmas from . 1 co 2.5 (continued).

ME/it;

.9

.9

,9
r

:;

.9
,?
.

!9
.5
3

! -
.9

.2
, ~,

.3
9c-

.>
!9

.9

.9

.9

.9

.9

.9
a. .
Q

! -

1 .0

1 .0
] .0

1 .0
1 .0
1 .0
] .,?

1.0

1 60

1.0
1 .0
1 .0

1 !C
I so
I J

1.0
1 .0

1 .0
1.0

I .0
1.0
1 ,0

1.0

1.0
I .0

. - .– . m,-, n

SIGMA

.1

.2

.3

.4

.5

.6

.7
.

!5
.9

i .0
1 .1
1~

1 .3
1 .4
1 .5
1.6
I*7

1.6
1.9
2.0
2.1

2.2

2.3

2.4

2.5

i
.3

:;

.6

.7

.6

.9

1.0
i .1

12

1.3

I !4

I .5

1.6
!.7

1.8

1.9

2.0

2.1

22

2.3

2.4

2.5

60 PERCENT

.919954

,928s22
,92 ~&? 7

.91>629

.g972] 7

.fj752G0

.845L>5

.~i 61.33

.7S5637

.755GZ6

.72GG89

.07601

.6?03E2

.644542

.Qolls

.597C96

.575432

.555065

.535921

.517925

.Solooi

.485072

.47C)CJ6Y

.455925

.442572

1.020504

1 .03!035
1.031779

1.023670

1.008139
.986831

.961365

.933162

.903469

.673152

.842916

.813247

.784468

.756787

.730318

.705114

.6811F4

.656507

.637043

.616739

.597526

.579374

.562183

.545?21

.532510

70 PERCENT

.947994

.985773

I .!212250
1 .027526

I .032642
1 .029193
1.0189Q

! .C03651
.984775
.363523
.940S46
.917466

.E93302

.E170S25

.84759)

.825270

.603671

.782856

.762e54

.743673

.725304

.707727

.69091 7

.674843

.659473

1 .048473
! .087893
1.117232
1 .136345
J .145648
1 .146879
1 .140839

1.129174
1.113235

1.094194
I .073026
1.050508
1 .027244
i .003692
.980191

.956985

.934249

.912100

.890 6! 5

.869640

.649797
,830493

.811922
,?94071

.77632:

80 PEI?CEHT

.981697
1.056874

1 .! 22034
1 .175669
1.217311
1.247496

1 .267407

~ .27e538

1.202435

1.280545
1.274135
1 .264272
! 25!627
1 .237530
I .22 I 64?.
i .2 C52E5

1.188163

I .170733

1.153192
1 .135688

1.116333

1.10[210

I .G6438G
1 .0 G7864

1.051753

1.082180
1 .158430

1.22=70
1 L84060

1.331084

1.367449

1 .3938?0

I .411429

1.421364

1 .424928

f .423285

1 .417471
1.406375

I .396740

1 .383179

1.368189

I .352170

1.335441

! .318256
1.300815

I .283274
j .265756

10248354

1.231142

~02’lt173
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TABLE B- V-; ,

60ch, 70tt~ and 80th percentiles @f the logrtonnal distribution
for means and sigmas from .1 zo 2.5 (continued)..

1 .1

J ,1
1 !1
1 ,1
i .1
1 .1

1 .1

1 !I

1 .1

I !1

1 .!

I .1

1.1

J .1

! .1

1 .1
1 .1
} .1

1.1
1 .1
1 .1

I .1
1 .1
J .1
1 .1

1.2
I .2
i .2
1 .2
12
102
12

E
12
1.2
1 .2
1.2
I .2
1.2
i .2
1.2
12
1!2
12
12
12
12
12
12

SIGMA

!J
!2
.3

.4

.5

.6

.7

.8

.9
1.0
1.1

12

~ .3
I .4
1.5
1.6
1.7
1.8

;::
2,1
22
2.3
2,4
2.5

!1
.2
.3
.4

.5

.6

.7

.8

.9
I .0
1.1

12
1.3
1 !4

1.5
1.6
I .7

J .8

; ::

2.1

2.2

2.3

2.4

2.5

60 PERCENT

1.120953
I .132652
1.135756

1.130316
1.117617
I .096976

i .075768
1 .049282
1.020649
.990198
.960467

.930212

.90044 I

.8?1437

.843389

.8!6413

.790573

.765892

.742364

.71996?

.698665

.678412

.6591=

.6406Q

.Q3461

1 Z21326

I .234367
1 .239105

1,235996

1 225864

I .209767

1.188856
1.164267
1 .137039
1 .1OBO76
1.078124
[ .0477S2
1.017512

,987661
.950477
.930134
.902747
.876361
.851071
.826824
.803Q?9
.781464
.760295
.740066
.720795

I)-y-j

70 P ERC ENT

1 . 1 4 E E 5 9
1 . 1 6 9 6 0 3
1 2 2 1 2 7 3
1 . 2 4 J W6
1 . 2 5 6 9 2 1
1.262914
j .259956

1.251572

J .239213

1.222777

1.203613
] •]~251~

1.160141

1.136998

1.113493

I .069934

1 .066554
I .043522

1.020961

!998957
.97756’6

.956624

.936747

.917343

.898tW6

I .249178

1 0291009
1 ,324622

1 .34966?

1 .36 G?134
].375017

1.376665

1 .372257

1.3 Q746

1 !349129

I .332297

1 .313033

1 ,292000

1.269748

I .246725

1223288

1.! 99717

I .176229

1 .! 52989

1.130121

1.107715

1.085834

1.064523

j .043306

1,023 ?03

60 PERCENT

1,182403

1.259642
J .329565
t .390700

I .442159
I .463793
I .5] 5972
1,539436
I .55514!

1.564127
I .567420
\ ,565963
I .560676
I .552250

1.541346
I .528503
1 .514168
1 .496711

1.462432
1.465578
I ,446346
1.430696

I .413356
1.395828
I .378392

1382562
1.360609

1.432231
I !496045
1.551181
I .597300

1.634524

1.663328
1 .684418

1.698630

1.706841
1.709913

1.708649
1.703777

1.695940
I .665695

1.673519
I .659815
1.644922

I .629123

1.612652
1.595703

I .578434

I .5609?8

I .543438

12 Jan 1984
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60th, 70th and 80th percentiles of the Iognormal distribution
for means ant sigmas from .! cc 2.5 (continue(i).

I .3
1 .3

i .3
] ,:

1 .5

1 .3

I .3

1 .3
Ij.*

1 .?

1 ,:

I ,3

; .3

1 .:

i ,3

I .3

1 .3

1 .3

1.3

I .:

1’ !.
II. .-

1 .3
1 .:
7, .-

1 .4
1 .4

1 .4
1 .4
1 !4

I .4

1 .4

1 ,4
1 .4

1 .4

1.4

! .4

1 ,4

1 .4
1 .4

I .4

I .4

1 .4

] .4

1.4

1 .4

I .4

1 .4

I .4
j !G

1 2 J a n 1 9 8 4

sic!%

.1
2
.3

.<

.5

.5
.

.I

.8

.9
I!C
1.1
1~

I .3
I .4
J .5
1.6
1-

i :6

1.9
2 .C

2 .~

22

2.3

2.4

2.5

.1

2
.3

!4
.5

.6

.7

.8

.9
] .0

! .!

1W2

I .3

1 .4

1 .5

I .6

‘7

; :8

I .9

2.0

2.1

22

2.3

2.4

2.5

60 PZi?CEliT

1.521641
I .335649

i !J4i959
I .3408$0

1 .333C72

1.319353
1 .30CCS7

1 2780e9
i w2524&I
1 .224686
i .195475
1.IE5347

1 .1:5097
10104?16
1 .974?00

1.045:71

1 .0163?6

.S~9259

.9Q455

.936615

.911754

.867B74

.864959

.842988

.821953

I.42I91O
1.436746

1 .444417
1.445141

1 .43s404

1.427887

1.411394

1.390776

1.366672

1 .340465

1.312257

I 382e55
1 a252768

1222412

1.192121

1.IQ153

1 ,132705

1.103923

1.075910

1.048736

1.022445

.997058
,977>~4

.94SOi 6

.92t.~4~

R-t’-f

70 PERCE’;T

1 .349445
1 .392164
i .42742;

1 .4547EC
] !47426E
I*&lgEtf

1.431326
1 !4902G2
1 .4633 ?s
1 .4732 G
1 .45E3>5
1 !441gc’o

i .4224; ::
1.4 C: 473

I ..3 V3J4
1 ,:5 G~.L?
1 .333GfJ5
1.30s516
1 .285963
1.26? 566
1.239469
:216772

i .194502
1.172726
1.151464

i .4496?2
1.493179
1 ,529600
1 .559142
1.581134
1.595997

1.604187
1.(3)6317
1 .6030?9

i ,595277

1.533585
J.569714
1.551290
1,531872

1.510939

1 !468903
1.466!06

I .442833

1.4193!6

I .395744
1.372267
1.349004
I .32 C046
1 .3034cfi

1281315

80 ?ERCCNT

1A82723
I .451395
1 .5:4JE2
1 .CO0414

1.658621

i .798555

1.750194

: *78377R

i .&09618
1 .528966
i •gd{p~o

i .S4!) 520

i .S524CG

I ,621290
I .S46?96

1 .=9480

I ,5?9630

1.218271
1 .805166
1 .79@E27

1 .775517

1 .7554G0

J .74284i

1.725818

] .708521

1.482652

1 .5 Q045

I .~61S9
] .7 C4033

1.764826

1.618044

106635I7

1.901359

1.931906
] .955650

1.973!83

1.935141

1.992171

I .994899

I .993911

1.989748

1.962895

J .s73764

1 .9 Q794

I .950254

I .936451
1 .g~] ~o

I .906001

1 .t!a9 743

! .873099
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MEAN

i.>

1.5
1 .5
1 .5

1.5
1 .5

1.5
1 .5

1.5
1 !5
1 .5

1.5
J .5
I !5
i .5
1 .5
I .5
1.5

1.5
1 .5
1 !5
1.5
! .5
I .5
1.5

1 ,6
1.6
1.6
1.6
1.6

1.6
1.6
1.6
1.6

1.6
1.6

1.6
1.6

1.6
1.6

1.6

1.6
1.6

1.6
1.6
1.6
J .6

1.6
1 .6

1.6

for means and ~irma. frnm -1 tn ~ 5 (rnnt+n,,erl). . . .. . . ... ..--, ,

S I GMA

!1
.2
.3
.4

.5

.6

.7

.8

.9
1.0
1 .1
12
1.3
1 .4

1.5
1.6
1.7
1.8
1.9
2.0
2.)
2.2
2.3
2.4
2.5

!"

.2

.3

.4
*5
.6
.7

.8
!9

1.0

1 !J
12
I !3

1.4

1.5
I .6

1.7

1.8

1.9

2.0

2.1
22

2.3

2 . 4
2.5

60 PERCENT

J .522143
1.537697
I .546553

I .546661
1 !544995

1.535505

1.521060

1,502394
1.480246
1.455333
I .4283!3
I .399773
1+370221

I .340066
1.309726
1 .27942%
J .249417

! 219870
1.190921
1.JQ668
J .135180
1.108502
I .0826Q
I .057671

1.033530

1.&!2346
I .638527
1.648426
1.652140
1 .fxs958
1.642327

J .629606
I .613022

1 .592=9
1 .56927)
1 !543559
1.516052
1.487240
1.457577
1.427406
1.397043

1.366737

1.336689
] .307059
1277969

1.249512
l&21755

1.194743
) .166508

1.143065

~-!J_c,

70 P5?CENT

i .549867
1 .594G32
i .~184C
i .66289Y

1.687084
1.704517

1 .715526
1.720600
1 !i203J6
1.715321
1.706259
1.693762
1.678420
I .660770
;.641291
I .Q0400
1.598455
1 .57576?

1.552576
1.529110
1.505538
1.462003

1.458619
1 !435478
1.412651

1.650036
I .694771
1.733607
1 .766 I 63
1.792279
1.812004
1,825571
1.833356

1.835838
J .633560

1.827069
1.816995
1.803824
1.788085
1.770242
1.750710

1 ,R9856
1.707995
1.685399

1 .6=300
1.638893

i .615339
1,591773

1.568305

I .545025

80 P ERC ENT

I . 5 8 2 9 5 5
1 , 6 6 ? 5 8 9
I . 7 3 7 6 4 5
1 . 6 0 7 0 6 8
I . 8 7 0 0 5 7
1 . 9 2 6 0 9 0
I . 9 7 4 9 2 0

2 . 0 1 6 S 4 7
2 . 0 5 1 1 7 3
2 . 0 7 9 1 6 0
2 . 1 0 0 9 7 2
2 . 1 1 7 1 4 3
2 . 1 2 6 2 3 2
2 . 1 3 4 8 0 0
2 . 1 3 7 3 9 1
2 . 1 3 6 5 ! 6
2 . 1 3 2 6 4 5
2 , 1 2 6 2 0 7
2 !1 1 7 5 8 5
2 o 1 0 7 1 1 9
2 , 0 9 5 1 1 1
2 , 0 8 1 6 2 !
2 . 0 6 7 4 7 9
2 . 0 5 2 2 8 3
2 . 0 3 6 4 0 4

1 . 6 8 3 0 4 4
1 . 7 6 3 0 5 2
1 . 8 3 8 9 0 5
i . 9 0 9 6 4 2
1 . 9 7 4 5 0 8

2 .032s 75
2.084745

2.129734
2.168042
2.199918
2.225723
2245890
2260698
2.271241
2.277412

2379884

2479107
2a275496

2J269431
2,261254

2,251273

2.239762
2.226963

2.2130s7

2.19S321

1 2 J a n 1 9 8 4
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?!IL- HD9K-472

TABI.E B-V-I.

60th, 70th and 80:h percentiles of the loRnormal distribution,
for means and sl~as from .1 to 2.5 (continued).

rlE&ii sIGnA 60 Pt??CENT

I .7
I .7

1 .7
1 .7
1 .7

1 .7
1 .7

I .7
1 .7
; .7

:07
! .7
1.!?
1 .7
:* 7
!.7
J ,7
1.7
1.7
1.7
1.7
i .7
1.7
1.7
].7

1.8
1.6

f !6
1 .8

! .5
1,8

1.8
1.8

1.8

1.6

1.6

1.6

i ,s

1.6

1 ,8

1.8

1 .6

1.6

1.8

1.6

1.6

1 .a

1.6

1 ,8

1.6

.1

.2

.J1

.4

.5

.6
,7

,8

1::
1.1
12
1 !3
1 .4
1.5
!.5
i .7
1.8
1 .9
2.0

‘1
Z2
2.3
2.4
2.5

.1
2
.3
.4

,5

.6

.7

.8

1::

i .1

12

1.3

1.4

1.5

1.6
]!1

1.6

1.9
2.0

:2

2,3

2.4
2.5

1 . 7 2 2 5 2 5
I . 7 3 9 2 5 8
1 . 7 5 0 0 3 0
I . ? 5 5 0 4 6

1 . 7 5 4 3 C ” I
i . 7 4 3 4 6 2
I . 7 3 7 7 3 5
1 .722746

I .704075

I .622292

1.6572G2

1.531W9
: .6037;C
I .574(92

i .544s25
!.5!4724

1.484358

1.454046

1.423966

1.394267

1 .36505?

I .336425

10308435
10281134
1254553

1.622684
1.839906

1.851550
1 .857tM3

1.656359
1.853994
1 .844939
1.631657
1.814650
1,794434
1.771521

1.746400

1.?19524

1.Q1306
1.6QI13

1.632267

1 .6U2042
1.571673
1.541356

1.511252

1046!4?1

1.4521~9

1.423394
1.395202

1.367647

70 FmcCI/T

1.750185
1.7954:7

i.M5152

i !S63022

1 .29s846

1.915C)

1 .9345a3

! .9447s:

1.949850

1.9501 w

1 .94G2@a

1 .YZ85G;

1 .327523
1.9!3795

!.ss7716
1.879-/07

j .6&3!3C

1 .S3S303

1 .817523

i. 795019
1 .7?200G

I .74R6Q

1.725139
1.7o15&~

1 .67S039

1.850317

1.895387

1.936513

1.971545

2 .0008B8

2.024500
2 .0424s2

2.055053

2.0 S252S

2.065284

2.063755

2.05838G

2.049630

2 .037s2 6

2.023694

2.007322

1.969166

1.969543

: !948757

1 .92704!

1 .9046?2

1.681 6;2

1 .!35S41 6

i .834932

1.611362

62 P ERC ENT

1.783121
I .e63649
1 .939582
2.011845

2.078329

2.138912

2.193264

2J241242
Q ~P~g67

;.318298

2.347804

2.371 732

2 .39a4r34
2.404439

2.4; 4165

2.429008

2.422-377

2.421668

2.418309

2.412580

2 .4048!0
2 .395279

2.334233

2.371898

2.35E!4R

I .8531e9

1 !963794

2.040913

2.113749

2.161637

2.244068

2.300697

2.551338

2.335950

2.434622

2.467545

2 .4s4931

2.517292

2.534814

2.547945

2.557075

2 .5e593

2.564670

2.564250

2.561OE9

2.555666

2.546269

2.539152

2,528543

2.5i 6649
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mti

60th, 70th and 80t11percentiles of the lo~normal dist:ibutior,
. - . . .. . .- - ..- - - ...- - - - --- . - -- - . . -- - - .-—-

I .9
1 .9
! .9
1 .9
1 .9
I .9
~ !9

1 .9
! .9
1 .9
1.9
J !9
1 .3
1 .9
1 .9
i .9
1 .9
1 .9
1.9
1.9
1 .9
i .9
1 !9

1 s
I .9

2.0
2.0
2.0
2.0

2.0
2.0
2.0

2.0

2.0
2.0

2.0
2.0
2.0
2.0

2.0

2.0
2.0

2.0
2.0

2 !0

2.0
2.0
2.0

2 !G

2.0

SIGf14

.:

.2
.3
.4
.5
.6
!7
.8
.9

! .0
1 .1
I .2

1.3
I .4
! .5

1.6
1 .7
1.8

; ::
2.1
22

2.3
2.4
2.5

.1

.2

.3

.4

.5

.6

.7

.8

.9
1.0
1.1
J . 2
1 ,3
1.4
1 !5
1.6

1.7

1 .B

1 !9

2.0

2.1
22

2.3

2.4

2.5

60 PERCENT

1.922826
1 .940467
1 .952856
1.959971
1.961937

1 !959004
1.951503

1.939830
1.924423
1.905745
1.884256
1.660415
I .834642
1.807336
! .778854

1.749516
J .719604

J .689359
I .656968
I .fZ?8667
I .598540

1 .~66727
1.539325
1.510409
1.482040

2.022953
2.041006
2.054049
2.062071
2.065175
2.063556
2.057500

2.047339
2.033462
2.01Q76

1 .99=06
J .973662
1 .949045

I .922731
I .895065

~ .866363
1.836905

1 .80s38

J .776675
1.746304

i .715979
1.685832

! ,655974

1.626493

I .5974Q

~-f!-: 1

?0 PERCENT

1.950434
I .996493

2. C37721

2. G73785

2.104485
2.12975!
2.!49640

2,1643!3
2.174021
2 .I 79083

2.179867
2.176766
2.170166
2.160530

2.148!89
2.133532
2.{ 16905
2.098621
2.076969
2.058202
2.036550
i.0142i Z

1 . 9 9 1 3 =
1 . 9 6 8 1 5 3
] . 9 4 4 ? 1 6

2 . 0 5 0 5 3 8
2 . 0 3 6 9 4 5
2 . 1 3 8 6 0 0
2 . 1 7 5 7 8 6
2 . 2 U7 7 0 4
2 . 2 3 4 4 6 4
2 . 2 5 6 0 8 7
2 . 2 7 2 6 9 0
2 . 2 8 4 4 7 1
2 L 9 1 0 5
2 . 2 9 4 6 7 6
2 0 2 9 3 7 5 B
2 Z ! 8 9 3 0 3
2 . 2 S 1 6 7 8
2 . 2 7 1 2 4 4
2 . 2 5 0 3 4 9
2 . 2 4 3 3 2 2
2 0 2 2 6 4 6 9
2 . 2 0 8 0 7 3
2 . 1 8 8 3 8 8
2 . 1 6 7 6 4 6
2 . 1 4 6 0 5 2
2 . ! 2 3 7 8 P
2 . 1 0 1 0 1 6
2 . 0 7 7 8 7 6

80 PERCEti7

! .s8324E
2.064095
2./a I725

2.215407
2.264520
2.340576
2 ,4 C7220
2,460237

2.507543
2.549166
Z .56%Z36

2.615959
2.641605
2.6Q481
2.678926

2.69i289
2 .69992i
‘2.705168
2.707362
2.706621
2.703841
2.698697

2.691643
2.6~9J0

2.6727!C

2.083301
2.164360
2.242437
2.316861
2.3 B7052

2.452541
2.512975

2.566120
2.617855

2.6 S2167
2.701130
2.734898
2.763682
2e?B?740

2 .go7363

2.822857

2.834540
2.g42729
2.847734

2.849855
2.849378

2.846570
2. R416RI

2.834942

2,826567
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rw N

2,i
?*!
9’*..
2.1
2,1

2.1
?!L..
2.1
9G.!
2. I

2.:
201
2.1
2.4
~7!

2.:
~... . 1

2“.,
Q,L*.
2.1
2.i
Z.i
2.1
9L.!
2.1

?:; i. -Ili)i, f:-..;.

TABLE B-!’-I.

61JthJ 70rh and flOtll percentiles of the lognonnal distribution
for means a n d s i gm a s f r om , 1 t o 2 . 5 ( c o n t i n u e d ) .

~] G m &

.1
2
,

.J

.4

.5

.6

.7
!8
.9

1.0
1.1
102
I .3
1 !A

I .5
1.6
i .7
la, .“
I .9
2.0
2.1
22
2.3
2.4
2.5

.1

$
.4
.5
.6
.7

.8
9

1 :C

1.1

! .2
J .3

I .4
I .5
1.6
j .7

1.6

1 .9

2.0

2.1

22
2,3

2.4

2.5

2.123068
2,141479
2.!5512C
2.1U973
2.lwl15
2.1677il
2.lf&?913

2.154253
~*14j9:]

2.126089
2.107497
2.066154
2 !OQ 733
2.037457
2.01C 637
1 .982730
I .953643
1 .924282

1.894268
I .8639S2
I .833619
1 .8CU3~
1.773127
1 .743229
1.713660

2&!23173
2.241SC6
2.256092
2265704
2270799
2.271511
2.268038
2260632
2 .2495B9
2.235233
2.217995
2.197953
2.17:719
2.! 51537
2.125721
2.0 S8~66
2.070343
2.041298
2.011650
1.981597
1.951308
1 .920934
1.890603
1.8604?4
I .8304S2

7 0 P ERC EUT

2 . ! 5 0 6 3 3
2 . 1 3 7 3 5 2
2 . 2 3 9 7 6 ?
2 . 2 7 7 5 2 4
2 . 3 1 0 5 9 9
2 . 3 3 6 7 ~ 3
2 . 3 6 1 9 : 7
2 . 3 8 0 2 9 3
2 . 3 9 3 9 9 s
2 . 4 0 3 2 4 5
2 . 4 0 8 3 0 5
2 . 4 0 9 4 7 6
2 . 4 0 7 0 6 1
2 . 4 C 1 4 2 C
2 . 3 9 2 S 1 6
: . 3 8 1 5 0 3
2 . 3 6 6 4 2 3
2 . 3 5 3 0 7 C
2 . 3 3 6@1 9
2 . 3 1 7 5 2 1
2 . 2 9 7 8 0 7
2 . 2 7 7 0 6 7
2 . 2 5 5 5 4 7
2 . 2 3 3 3 5 4
2 . 2 1 G6 5G

2 . 2 5 0 7 1 6
2 . 2 9 7 7 ! 9
2 . 3 4 0 6 4 2
2 . 3 7 g 2 0 7
2 . 4 1 3 2 1 6
2 . 4 4 2 5 5 ?
2 . 4 6 7 2 0 9
2 . 4 6 7 2 1 6
? . 5 0 2 7 0 2
2 . 5 1 3 PA 7
2 . 5 2 0 6 6 5
2 . 5 2 4 0 2 9
2 . 5 2 3 6 1 ~
2 . 5 1 9 9 3 2
2 . 5 1 3 2 7 4
2 . 5 0 3 9 4 3
2 . 4 9 2 2 3 4
2 . 4 ? 8 4 2 6
2 . 4 6 2 7 e 4
2 . 4 4 5 5 5 5
2 . 4 2 6 9 6 6
2 . 4 0 7 2 2 7
2 . 3 6 6 5 2 7
2 . 3 6 5 0 3 5
2 . 3 4 2 9 0 9

80 PERCENT

2.183348
2 .26459S
2.343067
2.41 g144
2.489288
:,556049

2.618079
2.675133

2.727066
2 .77392?

2.815449
2,652039

2.883759
2 .910E23
2.953476
2.>~!905

2.966635
2.977712
Z .9 B5X15
2,990293
2.992346
2.99! 326
2.989277
2.984622
2.978176

2 .2 S339C
2.364805

2.443627
2.519265
2.591275

2.659169
2.722628
2.781400

2.e35323

2.684316

2.928364
2.967586

3.002049
3.031943

3.057473
3.078872
3 .09&388

3.110283
3.120817

3.128253

3.132846

3.134841

3.[34473
3.i31966

3.127527

1 2 J a n 1 9 8 4
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TABLE B-V-;.

60rtI, 70th and 80th percentiles of the lognomal distribution
for means and siQmas from .1 LO 2.5 [continued).

FIEAN

2.3
2.3
2.3
2 .3

2.3
2 !3
2.3
2.3
2.3
2.3
2 !3
2 !3
2 *3

2.3
2.3
2.3
2.3
2.3
2.3
2.3
2.3

2.3
~ !J

2.3
2.3

2.4

2.4
2.4
2.4
2.4
2,4
2.4
2.4
2.4
2.4
2.4
2.4
2.4
2.4
2.4
2.4

2.4
2.4

2.4

2.4
2 !4
2.4

2.4

2.4

2,4

SIGMA

.1
92
.3

.4

.s

.6

.7

.8

.9
1.0
1.1
1.2
J !3
I .4
1,5
1.6
1.7
1.8
1.9
2.0
2*1
22
9b !5
2.4
2.5

.1
2
,3
.4
.5
,6
.7

.8
!9

i !o

Ii
I .3
1,4
I .5
1.6

I .7
1.8

; ::
2.1
22

2.3

; ::

60 PD?CENT

2.323268

2.342296
2.356S78

2.367284
2.373255
2.374999
2.372684
2.366529
2.356792
2.343763
2.327740

2.309063
2268026
2J?64947

2.240124
2213839
2.186355
2.157913
2,128733
2.099011
2,068923
2 .1338&?4

2.008249
1.977915
1,947724

2.423355
2.442652
2.457790
2.468734
2.4755J1
2,476210
2.476974
2.471991
2.463491

2.451?28
2.436979
2.419533
2.399681
2.377712

2.353906
2.328533

2.301646
2274079

2&?45448

2.216151
2.186365
2.15Q48
2.125940

2.095564
2.065228

g_v- ] 3

70 PERCENT

2.350796
2.396052
2.441434
2.480678
2.515590
2.546055
2.572029
2.593540

2.6i0678
2.623588
2.632459
2.657517
2.639012
2.637211
2.632390
2. Q4826
2.614793

2.602556
2.588368
2.572468
2.555079
2.536409

2.5! 6545
2.495964
2.474520

2.450867
2.496356
2.542156
2.582018
2.6 J7754

2.649245
2.676435
2.699334
2,716006

2.732568
2.743!80
2.750034

2.753352
2.753370

2.750339
2.744514

2.736149

2.725492

2.712786
2.698258
2.682127
2.664595
2.645650

2. IQ6066

2. f335401

80 PERCENT

2.363428
2.464994
?.544120

2 .(20303

Z .693049
2.761956
2.826701
2 .867024*

2.942753
2.993788
3.040099
3.061721
3.118741
3.151293
3.179548
3.203703
3,223978
3.240604
3.253819
3363864
30270978
3.275393
5 . ~ 7 7 3 3 4
3 2 7 7 0 1 4
3 2 7 4 6 3 9

2 . 4 8 3 4 6 2
2 . 5 6 5 1 6 3
2 . 6 4 4 5 7 8
2 . 7 2 1 2 1 8
2 . 7 9 4 6 4 1
2 . 1 3 6 4 4 ~
2 . 9 3 0 3 6 5
2 . 9 9 2 0 9 0
3 . 0 4 9 4 e
3 . I 0 2 3Q
3 . 1 5 0 7 4 0
3 . 1 9 4 6 0 0
3 2 3 4 0 0 3
3 . 2 6 9 0 4 9
3 . 2 9 9 8 7 7
3 . 3 2 6 6 5 5
3 . 3 4 9 5 7 3
3 . 3 6 6 8 3 5
3 . 3 8 4 6 5 7
3 . 3 9 7 2 5 9
3 . 4 0 6 8 ~
3 !4 1 3 6 8 3
3 . 4 1 7 9 3 6
3 . 4 1 9 6 2 6
3 , 4 1 9 5 5 1

1 2 J a n 1 9 8 4
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2.5
?.5
2.5
2.5
2.5
2.5
2.5
2.5

2.5
?.5

2.5
2.5
2.5

:* 5
2.5

2.5
2.5
2. 5
> 5

;:5

2. 5
2.5
2.5
2.5
2.5

2.6
2.6
2.6
2.6
2.6
2.6
2.6
2.6
2.6

2.6

2.6
2.6
~C6

2.6
2.6
2.6
2.6
2.6

2.6
2.6

;::

2.6

2.6

2.6

60th, 70th and 80th percentiles of the lognonnal distribution

for means and sigmas from .1 to 2.5 (continued).

SIGMA

.1

.2

.3

.4

.5

.5

.7

.8

.9
! .0
1 .1
! ,2
! .3
1 .4
i .5
;.6
1 .7
1 .8
I .9
2.0
2.1
2.2
2.3
2.4
2.5

.!

.2

.3

.4

.5

.6

.7

.8

.9
1.0
1.1
102
1.3
1.4
i .5
1.6
1.7
! .8
1.9
2.0
2.1
22
2.3
2.4
2.5

63 PERCS’JT

2.523436
2.5A29b0

2.55B537
‘2.5700G7
2.5775g9
2.5~1174
2.560944
2.577063

2.569730

2.559174
2.545644
2.529402
2.510715
2.489852
2.4G7i177
2.442645
2.416797
2.389760
2.361748
2.332954
2.303556
22737]4

2.243571
2213256
2.182879

2.623510
2.643282
2.659225
2.671297
2.679509
2.683918
2.684LS28
2.681780
2.675551

2.666144
2.653?83

2.638707

2.621161
2.601394

2.579653
2.556177
2.531199
2.504936

2.477599
2.449373

2.420436

2 i390950

2A 61059
2.330894

2.300571

7CI ?iRCZI; T

2.550933
2.532634
2.64281?
2.52324:
2.713733
2.752165
2.780475
2.304656
2.524755
2.s40862
2.653!10
2.861656
2.866723
2.668491
2.867197
2.863074
2.856356
2.847277
2.83 S064
2.822936
2.808103
2.791764
2.774101
2.75’5259
2.735465

2.650S93
2.698890
2.743423
2.784367
2.821549
2.954847
2.884190
2.909560
2.930985
2.948537
2.962325
2.972491
2.979204
2.982651
2.983036
2.980571
2.g75471
2.967955
2.958237
2.946524

2.9330!8
Z.9I791O
2.901381
2.683601
2.864726

8C F’ERCE::I

2.5 R34?4
2.5 S5J17
2.744985
2 .822043
2. Z9GC76
2.966721
3.033669
3.09 S671
3.155540

3.210i49
3J!6C429
3 .30636.3
3.347984
3.385357
3.418622
3.447890
3.473333
3.495131
3.5! 3477
3.52e57i
3.540615
3.549615
3.556370
3.560474
3.5@.319

2.683523
2.765458
2.845354
2.922790

2.997375
3.068765
3.136664
3.2 COI127
3.261065
3.317242

3.369275
3.41 7!30

3.460817
3 .5003e9

3.535s30
3.567556
3.595406
3.619636

3.640418

3.657931

3.67236S

3.683900
3.6s2731

3.69? 041
3.703009

—

*V-14
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TABLE B-V-Ii.

90th, 95th and 99th percentiles of the loRnomal distribution

for means and sigmas from .1 to 2.5.

.!

.1

.[

.!

.!
!1
.1
. 1

I.4
.1
.1
.!
.1
.1
.1
.1
.1
.1
.1
. 1
!1

I
! .

.!

.1

.1

7. .

.?

.-2

.Z

.?

‘7.-

.?

.?

.?

9.-

.2

.?
n.{.
.?

.2

.2

.2

.2

.2

.2

.2

.7

::
.?

.! ,2~7523

.2 .??7300
*.- ,22!OF3

.4 !20C7(72

.5 1cF214

.6 :IF77723

.7 ! 17F3F0

1.4
1.5
I .6
1.7

1 .F
I !:

2.P
2.1
2.2
2.3
2.4
2.5

:;

.3

.4

.5

.6

.7

.P
Q

I : b

1 . 1
1.2
[ !J

I*4

1.5
!.6
I .7

1 .F
I !C

2.C’
2.
2.;

2.5
?*4
2.5

7ioQ4
62725
5613?
502!5
44?59

3?9e?
.135536

!
13~44p

.12767F
1241RP
:120945

. 117?21

.115094
112444
:IOC052

.107605
!I053FF
.103290

. 3 2 7 7 0 ?
.41!046
,4499s:

.454601

.45!04F

.442165

.43!120
419404

:40772$
.3F6427

.SF564Q

.375445

.365g22

.356760

.34P227

.3401!?F

.33?.60F

.32545!

.31F684

. 3 1 2 2 7 7

. 3C6 2 0 1
.3P0431
.2$4>44
.2pa7J8

.2f4755

R-v- 15

.27?1 12

.36C13f3

.Ypscp>

.3F’6526
. 3 F I F F !
. ! . 7 4 4 C 0
.365$44
.3573/6
.3APP74

.340772

.3?3071

.5257P3

.31F?CI

.312402

.306265

.JOC461

.2Q4Q6p

.2ps76fi

.2F4F16

.2FOJ 16

.275641

.271375

.?6730!

.?6:40?
,25y67a

.3FC063

.536?24

.&61649

.720766

.752131

.767367

.7730F2

.773053

.76?49$

.76376?

.7566F4

.74P7Q!

.7404s7

.731FF?

.723246
,714633
.706118
.60774p

.~p$550

.6P1544

.673739

.666141

.65F751

.6515K7

.6445P5

. 4904?3

.F553A?
1.C7916&
1.217?03
1.:SCC60
1.s6f:*l
1.40?67s
1.43PCII
1.45P74fl
1.473312
1.4e!57c
j,4$@r47

1.494154
1.4sJ6277
104C6F54

1.496214
1.4s4610
1 .4c223g

1.uFS253
1.4F5775

1.4FI?C2
1.477713
i.4Y3272
;.46P62C

1.463P30

,536F23
.9P09F5
1.3F6603
1.71109P
1.s62764

2*15P353
2.3!2P36
2.434407
2.533017
2.613321
2.67?2?9
2,733Q@?

2.77?355
2.F17359
2.?4S2S4

2.?76C22
2.89F541?
2.91747S

2.933357
2,946625

2.95765P
2.966739
2.97414fJ

2.9F@094
2.9F4762

12 J a n 1 9 8 4
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TABLE B-i- Il.

?c:h, 95tk, and 99th percentiles nf the loj?, normal discri$utim
for means and si gmas from .1 to 2.5 (continued). -

m-A !’

.<

.;
1..
1

! .

1
. .

.3
x

! .

.3
x. .
x

! .
\9.
t..

.3
!3
1. .
T. .
\. .
\. .
t

! -
T.<
t

! .
t*“
. .
.;
;. .

. 4

. e
!A
. 4
!A
. 4
. 4
. 4
. 4
.A

. 4

. 4

. 4
.4

. 4

. 4

. 4

. 4

. 4

. 4

. 4
!4
. 4
, 4
. 4

2.1
2.2
2.3
2.4
2.5

CC P E PC ENT

. 4 3 1 4 ? 1

. 5 4 2 9 7 1

. 6 J 6 5 6 P

. 6 5 7 4 0 : ”
, 6 7 6 3 3 6
. 6 F l ?@ l
. 6 7 9 5 ~ 7
. 6 7 2 7 1 0
. 6 6 3 2 4 P
. 6 5 2 3 ? 2
. 6 4 C ’ P 6 5
. ~ 2 9 j ~ 6
. 6 [ 7 3 F 5
. 6 0 5 F , 6 4
. 5 $ 4 6 4 1
. 5 8 3 7 6 P
. 5 7 3 2 7 4
. 5 6 3 1 6 F
. 5 5 3 4 5 0
. 5 4 4 J [ I
. 5 3 5 J 4@

. 5 2 6 5 2 2

. 5 1 F ? 4 1
.5102E?
.50262?

.53202F

.65541?

.7532?5

.t?zzo?l

.e66214

.F91??7
!5@4a59

,~~pzp]

.?075?3

.9@2096

.F?4039

.pp4330

.F735F?

,FC2240

.F5057?

.?3FROP

.F27CC?

.F1545?

.F04037
7Q2F54

:7i1935

.7712$7

,760$4F

.750F91

.7411?4

.4F54f7

.67679]
!F.!4J36
.949!(I4

1.02F166
l.PPI 14:.

1.I15F7[

].137e96

1.)51C50

1.157S4i

1.i6C366

1.15s579

!. 15646?

1.1516KF
1.145643

1.13F73?
1.1311P?

1.1231?!

1.[14s0s

1.1064?6
l,pa7p32

I,cRs191

1.rPo551
!.07194s

1.0634!4

.fp]p]~

.77PI?.6
,CK(’216

1.11244P
102?2]9C

!.3222??
1*3C 1347

!.4415~2
1.47FOP4

1.504?63

I .5??53@
~ ,534733

1.54??61

1.546164

1.547240

1.54FIP5

1.?43?.34

\ .53P??5
[C%3~6F7

) !%?75p4

~o%pf17@J

IC513367

1.505634

1.49759F

!.4??3s7

.5055ss
I,C2! 154

1.47}47F
1.P?CC45
2.255?11

?.5f5f4c

2.e2Fp7p
3.(150107

L.2J74ss
503c7/~~

:.533F22

3.65161C

3.753622
3.F423$5

3.SIS9FI
3.cPF~~7
4,c47yi’2

4. IC’0P53
4.14766(’

4.IPS!6F’
A ,7?f,~:F

4 . ? . 5 F F 3 1
t . ? F PC 2 C

4.314032

4.331?P3

. 6 F F I OP
1 . 0 7 : 6 4 6
\ . %1 3 f p 2
1 . ! ’ 6 1 9 7 [
2.3FFF17
2.773206
3. I17F76
3,422195
3.6F??5?
3.c2557~
4.,1331KI
4.316(.6(
a.47935P
G.624@72
4.753212
4.F6FEI:
4.972600
5.cc6@33
~e)~p~fa
s.?266al
5.2?5752
5.35p5cp
5.41573F
5.~67fc5
~ . 5 1 5 3 1 2

-

1 2 Jar~i98i
II-v-lb
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TABLE B-i’- II.

9 0 t h , 9 5 t h and 99th percentiles of the lopnormal distribution

for means and sigmas from ,1 to 2.5 (continued).

v&t;

c
0/

5! .
. 5

c
. .,

G.,
‘

. . .

c
. .,

L
. .,

%. .
c,

. .
c

..’

5. .
5. .

.5

.5

.5
5. .
c,

! .,

:;
!5
5. .

, ‘.
7. .
-.

!

t-.,
. c
.s
.6
.6
.6

:;
.6
.6
.6
.6
.K
.6
.6
(

:6
(.-l

.6

.6

.6

.6

.6

.K
!K

01
. 2
. 3
.4
.5
.C
.7
. F

I : :
1 . 1
1 . 2
[ !3
1.4
1.5
I .6
1.7
I .F

N
2.1
2.2
eL .3
~.d

2.5

.1

.2
Tw.

.4

.5

.6

.7

.P
c

I;6

1.1
!.2!

1.3
].4

1.5
1.6
1.7
I !F
]Cp

?.r
2.1
Q-G.&
2*J
2.A
tic
f.

.63194:

.76C’CP9
. F 7 2 6 2 ?
. s f 1 6 3 4

1 . C 2 7 C : 4
1 . c 7 J J P ? r ’
1 . I C 4 3 7 5
1 . 1 7 3 C 7 4
1 . 1 3 2 9 ? 7
1.i365r!
1 . 1 3 5 3 4 P
i . 1 J @ F 3 1
1 . 1 2 3 9 0 2
1 . 1 1 5 7 ! 5 F
1 . 1 0 5 4 1 3
I . c ’ s 4 7 4 f
1 . 0 F 3 5 . ~ C
1 . P 7 2 POC
j . C f ~ 2 p 6

1 . C 4 P 5 1 C
I . C 3 6 7 6 1
1 . @2 5 1 0 2
1 . C 1 3 5 7 9
1 . PO? 2 2 6

. > $ ; o ~ p

. 7 3 ! 6 ? 3

. P 6 2 F 4 2

. : F 3 1 2 C
1 . C F 5 S 4 ?
1 . 1 6 ?OOC
1 . 2 3 3 1 3 7
1 . 2 F C 7 F 0
1 . 3 1 4 F I P
I . 3 3 7 S $ 6
1 . 3 5 2 6 7 2
1 . 3 6 C 7 6 7
1 . 3 6 3 F 0 2
1 . : &2 9 6 5
1 . 3 5 s 1 7 5
] . 3 5 3 1 4 3
1 . 3 4 5 4 1 ?
1 . 3 3 6 4 2 7
I . ~ 2 6 4 a K

1.315PP2
1.3C47F5
I .2$33~(7-

1.2F1730
I .26spFe
1.25F213
I ,2A~45F

fj-~-17

?Q PERCENT

.7772]2
1.13755C
!.557551
2.CC51F2
7..45?463
2.PFC576
3.27$442
3.5451]e
~*077~~l
4.277744
4 . 5 4 F F $ C
4 . 7 c 3 6 C 1
5 . C 1 4 6 3 7
5 . ? 1 4 5 9 9
5 . J Q5 P 3 2
5 . 5 K 0 4 2 7
5 . 7 1 C 2 2 6
5 . F 4 6 F 4 4
5 . S 7 1 K ? 5
6 . 6 F 6 0 1 7
6 o l ? o F p 2
6 . m? ? 7 3
6 . 3 7 5 ? ? 2
6 . 4 5 7 7 1 ? 5
6 . 5 3 3 3 0 1

. R6 9 P 3 4
1 . 2 1 1 1 9 s
I . 6 1 0 4 6 9

2 . 0 4 6 2 6 ?
2 . 4 9 6 4 6 0
~ . g 4 2 0 5 5
3 . 5 7 3 2 e r
3 . 7 F OOS I
4 . 1 5 S F 0 9
4 . 5 1 1 4 2 2
4 . F 3 5 4 5 5
5 . ! 3 3 2 9 3
5 . 4 0 6 7 4 0
5 . 6 5 7 7 5 6
5 . 8 ? F 2 9 2
6 . 1 0 0 2 ! 4
6 . 2 9 5 2 5 4
6 . 4 ? 4 ?Q?
6 . 6 4 0 P F 3
6 . 7 s 4 2 0 0
6 . S 3 6 1 0 7
7 . 0 6 7 6 4 4
7 . I F 9 7 3 F
7 . 3 0 3 2 2 0
7 , d ~ F F 3 3

1 2 J a n 1 9 $ 4
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TABLE B-V-II,

90th, 95th and 99th percentiles of the lognormal distribuclon
for means and sipnas from .1 to 2.5 (continued).

ME AN

.7

.7
.7
.7
,7
*7
.7
.7
.7
.7
.7
.7
.7
.7
.7
.7

:;
.7
.7
.7
.7
.7
.7
.7

.E

.F

.F
!F
.8

!F
.8
.e
.F
.F
.F
.f?
!F

.e

!P
.F

!E!
.?
.?
. 8
!F
. ?

F! .
!F
. 6

$] GF#

!1
.2
.3
.4
.5
.6
.7
.P
*C

! .0
!.!
I .2
I .5
1.4
I ,5
I .6
1.7
I .F

N
2.!
2.2
2.3
2.4
2,5

.1

.2

.3

.4
5. .

.6

.7

.?

.9
I .0
1.1
1.2
1 .3
1.4
1.5
I .6
!.7
1 .?
I .9
2.0
2.1
2.2
2*3
2 . 4
2 . 5

90 PERCENT

.R3t41?

,963760
t.oe9006
1.201145
\02969P@

1 ,375F20

1.43tJ660
I ,4t!7353
! .524Q34
1.550769
!.5694PK
1.5F!5!3

!.Y?F3Q2
1.5sI]02

1.59049e
1.5?7266
1.5P195F

1.5750!5

1.566790

1.55756?

1.54757?

1.537004

1.525994

1.51467P

1.503J2R

. 9 3 1 1 6 2
1 . 0 6 4 0 5 6
1 . 1 9 2 3 5 5
1 . 3 t o F 3 5
1 . 4 1 6 0 8 9
1 . 5 0 6 5 S 0
1 . 5 ? 2 S 0 6
1 . 6 4 4 1 F 2
1 . 6 9 3 6 7 7
I , 7 3 2 4 2 7
1 , 7 6 2 0 4 1
1 . 7 F 3 PP 5
1 . 7 9 9 5 1 J 3
1 .FOP?IF
1.F15931
i.el~402
1.F17977
1.F15187
1.elo471
1.F04191
1.796645
I*7$807F
1.77P694
1.76F661
1.75FI17

95 PERCENT

.p754?9

1.067007

1.264213
1.457C22

!.6S7712
1.F@1616
1.$467$4

2,073190
2. IR1956
2.274?67
2.3534~0

2.41?9S5
2.475851

2.5226FI
2.561753
2.3941F9
2.620949
2.642F47

2.660576
2.674722
2.6F57F4
2.6?41F4

2.?00284

2.704594
2.706777

.974251
!.1636?5
1.36030?
1.5562S2
1.744592
1.9~0432

2.0?0917

2.224F96
2.352439
2.4643??
2.561?6!
2.646597
2.719721
2.7R2694

2.F3676F

2.PP3065
2.922575
2.95616@
2.9F4599
3.00F525
3.O?.F515

3.045@60

3.C5F58fI
3.06?467

3*07FO19

99 PERCENT

.964527

1.29!44S

!.672466

2.0s3129

2.5567@4

2.9Q762F

3.43344F

3.?65316
4.2776!5

4.66724?

3.032>27

5.374563
5.69~F2~

5.9FFF42
6.263945

6.51?5!!0
6.7571F9

6.97F172

7.jE3e55
7.375472

7.534165

7.7209~1

7.@76F75

F.@2272!

P.i5930?

1.060533
!.376219

1.7417?4

2.14?292

2.5FO19?

3.027765

3.47F6$6

3.923?40

4.356?31

4.773235
5.170}79

5.546412

5.901525

6.235752

6.549739
6.P44~9@

7.12C745

7.379905

7.6229F0

7.F51056

F.065175

F.266322

e.455421

8.633332

F.60@P5t

-
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90th, ?5rh and 99t~ percentiles o f t h e l o p n o r m a l d i s c r i b ~ t i o n

for means and sipmas from .1 to 2.5 (continued).

1.($
I.c
!.0
1.0
1.0
1.0
!.0
1.0
IOc

I.(I

1.0

l.r

1.C
1.@
1.0
J*n

!.0
I*O
1.0

1.@

1.0
I ,0

100
I*C
In

~:~m~

.1

.2

.3

.4

.5

.6

.7

.?
c

1:6
1.1
1.2
] !S

1.4
]Oy

! .6
1.7
I .?

;::
2.1
2.2
2..3
2.4
Z*:

.1
! *
.;
.4
.5
.6
.7
.F

I ::
I*I
J .2
1.3
1.4
1.5
1.6
1,7
I !F
] .$?

2.0
2.1
2*2
2.3
2.4
~.~

9tI P ERC ENT

1 . 0 3 0 9 3 1
! . J 6 4 0 4 7
1 . 2 9 4 2 6 3
1 . 4 1 7 ! 1 C
1 . 5 2 9 3 0 !
1 . 6 2 F 9 1 3
1 . 7 t 5 2 5 6
1 . 7 ? F 5 7 !
1 . P 4 9 7 0 5
I . F PS F S I
l , ? 4 0 2 4 3
1 , 9 7 2 2 2 7
1 . S 9 6 9 P 3
2 . 0 1 5 5 9 3
2 . 0 2 9 0 0 ?
2 . C 3 E 0 4 7
2 . 0 4 3 4 1 3
2 . 0 4 5 7 0 3
2 . 0 4 3 4 1 F
2 . 0 4 2 9 F 6
2 . 0 5 e 7 6 2
2 . 0 3 3 0 4 9
2 . 0 2 6 1 0 0
2 . 0 1 8 1 2 9
2 . 0 0 ? 3 1 4

1 . 1 3 0 7 2 7
1 . 2 6 3 F ! 8 5
1 . 3 9 5 3 2 0
1 . 5 2 1 2 1R
1 . 6 3 P 5 4 3
! . 7 4 5 2 4 S
1 . S 4 0 2 3 7
] . ? 2 3 2 6 7
1 . 9 0 4 6 ~ 3

2 . 0 5 5 2 2 P
2 . 1 0 5 8 6 4
2 . 1 4 7 6 3 9
2 . 1 8 1 6 0 3
2 . 2@ F 7 5 1
2 . 2 2 9 ? 9 3
2 . 2 4 6 1 4 9
2 . 2 5 7 9 3 ?
2 . 2 6 9 9 9 3
2 . 2 7 0 E 5 C
2 . 2 7 5 0 C 3
2 . 2 7 2 f l ! $ 3
2 . 2 7 0 6 9 6
2 . ? 6 6 F F 1
2 . 2 6 1 6 6 2
2 . 2 5 5 ? S 9

95 P ERC E P T

] . 0 7 3 2 6 5
1 . 2 6 0 6 ? 7
1 . 4 5 6 2 5 2
! . 6 s 3 4 5 4
1 . P 4 6 3 9 2

2 . @3 0 5 7 s
2 . 2 0 2 1 7 2
2 . 3 5 9 9 5 4
? . 5 0 3@o F
2 . 6 S ! 4 4 !
2 . 7 4 5 F S 1
2 . $ 4 7 3 1 1
2 _ y 3 K 7 c 7
3 . 0 ! 5 4 F ?
3 . @ F 4 4 ? F
3 . 1 4 4 E 6 S
~O ! ? 7 5 6 2

3 . 2 4 3 4 4 e
3 . 2 8 3 3 0 3
3 . 3 1 7 F 2 0
3 . 3 4 7 6 1 0
3 . 3 7 ! ) 2 1 1
~ e > o ? c ! ? p
3 . 4 1 3 6 F 9
3 . 4 2 9 3 5 3

! . ) 7 2 4 5 6
! . 3 5 t ! 1 7 2
1 . 5 5 2 3 5 6
1 . 7 4 ? ? 5 !
1 . 9 4 5 3 1 4
2 . 1 3 4 7 4 P
2 . 3 1 4 7 7 ?
2 . 4 P 3 2 0 ?
2 . G3 F P@7
2 . 7 F I I ? . O
2 0 ? l f ) 2 ~ 7
3 . 0 2 6 7 5 ?
3 . 1 3 ! 3 2 2
3 . 2 2 4 $ 4 7
3 . 3 0 ! z 2 4 7
3 . 3 F 7 4 3 P
3 . 4 4 e 3 0@
3 , 5 0 6 6 5 F
3 . 5 5 F 2 7 0
3 . 6 0 3 8 3 1
3 . 6 4 3 5 6 5
3 , 6 7 g 2 3 7
3 . 7 1 0 1 5 1
3 . 7 3 7 1 5 7
3 . 7 6 0 6 : ?

~g p~Rc~MT

!.157422
1.464169
!.61679?
2.208218
2.629223
3.06940S
3.519040
3.s69632
4.414433
4.t148279
5.267616
5.670136
6*C34>23
6.429201
6.767!33
7.C95653
?.406342
7.69?939
7.977272
?.239211
F.4F6634
F.7204C7
IT.g4J369
S.15C321
s.34F023

1.254932
1 .55A424
I .F?6169
2.275099
2.6F4115
3.115062
3.559686
4.010~64
4.460544
4.904925
5.339443
5.76115!
6.16F045
6.558PIJ4
6.9S3015
7.290236
7,63066?
7.s54661
F.262731
C.55548i?
F.F336C7
?.0977?I
9,s4?7s4
Q.5F7201
?.8{3F20
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TABLE B-V-II. -

9 0 t h , 9 5 t h and 99th percentiles of the lognor~l d i s t r i b t i i o n
for means and sigmas from . I to 2.5 (continued).

F I E 4N

I*I
1 . 1
1.1
! . 1
1 . 1
1 0 /
I * I
1 . 1
1 . 1
I * I
1 . 1
l . !
1 0 1
1 . 1
l o t

1 . 1
1 . 1
1 . 1
1 . 1
1 . 1
} . 1
1 . 1
! * !
1 . 1
! . 1

1.2
1.2
!.2
t.2
1.2
1.2
1,2
1 , 2
1 , 2
1 . 2
1 . 2
1 . 2
1 . 2
1 . 2
[ . 2
1 . 2
1 0 2
1 . 2
1 . 2
1 . 2
1 . 2
1 . 2
I . 2
1 . 2
l . ?

S 1GFIh

. 1
.2
.3
.4
.5
.6
.7
.?
.9

1.0
!.1

I .2
I .3
1.4
1.5
I .6
1.7

:::
Z.@

::;

:::
2.5

.1

.2

.3

.4

.5

.6
!7

.?
Q

J :6
l.!

1.2
I .3

!.4
1 . 5
1 . 6
1 . 7
I . F

; : ? ’
2 * I
2 . 2
2 . ! !
2.4
2.5

s O PCRC ENT

1.230548
1.363651
].495~61
1,623916
!.745074
1.?572?1
1.9592F7

2.050469
2*\30goR
2.2006(?5
2.260751
Z.slle!o?
2,3>472(!
2.390363
2.41?56s
2.443116
2.461714
2.415997
2.4F6SS0
2.493F1O
2,49R274
2.500303
2.5C322F
2,49F33g
2.494FQ4

1.330390
1.4633E5
1.5960F4
1.7256P4

1.l?49723
1.966252
2.073906
2.171PF4
2.259683
2.337?99
2.4066(!6
2.466274
2.517682

2,56156(!
2.598641
2.62?635
2.655213

2,675992
2,692533
2.705344

2.714F76

2.721533

2.72567!

2.727603

2.727KOP

1.2717F2
I*4559F7
1.64F741
1.F45723
2.042640
2.235643
2.4215PS
2.59E!125
2.763723
2.$17525

3.05!232
3,1PR965
3.307!32
3.414330
3.511263
3,5?~6p7
3.677363
3.74R03!l
3.FI 1420
~.F6f/174
3*9]~917
3.?64214
4.064576
4.040479
4.07233R

1,371212
1.5540?7
t.74543F
!.94!669
2.139120
2.S34377
2.524504
2.707163
2.F80649
3.043R44
3.!96]42

3.337344
3.467567
S.5F7146
3.696569
~.7s6415

3.eF7310
J.9~9~96

4.044809
4.112663
4.I?4042
4.2294S1
4.27951?

4.324597
4.365!54

1.35ZI!94
1.646393
1.g7P922
2.34676!
2.744475

3.165563
3.603139
4.C50524
4.501666

4.951377
5.39541F
5.eso477
6.254@e4
6.6644F9
7.060537

7.44[553
7,807232

e.t57552

F.492?04
F.U13026
9.lle965
?.41!037

9*6FW01
9.95583P
10.20?73?

1045II?7
1.73S668
2.06432P
2.42239@
2.R09670
3.220938
3.6!50483
4.o$25~7

4.541647

4.992?21
S.442162

5.8t?5910
6.321415

6.746575

7.159F52
7.5601@2

7.S46891
F.31961F
F.67F246
9.022F45

9.353627

9.670?10
9.9750e3

10,2665?6
10.5458F9
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90th, 95th a n d 9 9 t h ~ercentiles of che lognormal distribution

for means and sigmas from .1 to 2.5 (continued). —

i.4
1.4
!.4
1.4
I*4
I*4
!.4
1.4
1.4
!.4
1.4
!.4
1*4
1.4
1.4
1.4
1.4
1.4
1.4
1.4
!.A
j.a
I,A

1.4

1.4

. 1
.2
1.-

,4
5. .

,(
.7

. P
Q

! :6

I*I

1.2
] .3
].4
lo~
I .6
:. 7

I.F
]*$

2.C
2.!
2.2!
~1&,-
2.4
2*5

. 1
!2
. 3
. 4
.5
.6
.7
!F’
Q

1:0

!.1

I .2
I .3
]OA

1 .5
I .6
1.7
t .?
I !Q
2.C
2.1
2.2
2.3
2.4
2.5

1.530127
1.6C2E3F
1.7s6007
1.~27520
2.05541$
2.17F012
2.293961
2.402290
2.5~23eP
2.5~3g6@
2.67CQ$3
2.751641
2.PIP272
2.P7731$
2.$2!+2P6
2.5747~7
~.o14124
3.@4pof7
3*@77046
3.lr153s
3.1?1ss0
:.13FP II
3.152376
3.163(’26
5.171070

C Q P [ p ~ ~ L T

1.54976[
1.?ss959
?.151?40

2 . 5@1 3 0 c
2.F’75F44

2.2PoP7fI
2.7C2C4Ct

4.13760$
4.W2731

5.C32?CC
5.4P41!7
5,a3?cQf7
6.376~03
6.?12281
7,2Jp73~
7.654398
6.05e2~s
F.44s7@l
F.F2F452
S.194131
$.546PC4
0.PF65Ps

10,213701
!O.52~42P
10.?31!13

1.64F’530
1.929C53
2.241C4P
2.5?2P?P
2.951994
3.344931
3.75?761
4.l@625@
4.62616F
3.@734@s
5.52422!
5.975256
6.423623
6.f166P?5
7*303C9C
7.730632
8.14F311
F.55523P
?.950761
?.3344??
?.7C6?21

10.065?$5
JO.413444
10.749i2~
11.873!10
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T AB L E B-V-II. -

9 0 t h , 9 5 t h and 99rh percentiles of the lognormal distribution
for means and sisrmas from .1 to 2.5 (continued).

MEAN

!.5
1.5
1.5
1.5
1.5
1.5
1.5
1.5
1.5
1.5
1.5
],y
1.5
1.5
1.5
1.5
1.5
1.5
I*5
1.5
1.5
1.5
1.5
1.5
1.5

1.6
1.6
1.6
1.6
I .6
i .6
1.6
I .6
1.6
I .6
1,6
1.6
!.6
1.6
1.6
1.6
1.6
I .6
1.6

;::
1.6
1.6
1.6
I .6

s] Gmn

!I
!2
. 3
,4

!5
. 6
. 7
. F
.9

\ ,0
J*I
I !2
1!3
1.4
!.5
1.6
J.7
1 .F
1!9
2.0
2*I
2 . 2
2 . 3
2 . 4
2 . 5

:;

.3

::
, 6
, 7
!F

a
I : 6
1 . 1
I .2
I ,3
1,4

1.5
1 . 6
1 . 7
I . ?
] , $

2 . 0
2 0 1
2 . 2
2 . 3
2.4

2 . 5

90 PERCENT

! . 6 3 0 0 ! 6
1 . 7 6 2 S 7 4
l . e s wm

2 , 0 2 7 9 2 ?
2 . 1 5 7 1 0 4
2 , 2 F 1 8 2 7
2 . 4 0 0 8 0 3
2 . 5 1 3 0 4 5
2 . 6 1 7 P 6 5
2 . 7 J 4 F ? 5 5
7 . e o 3 e 5 4
2 . F F 4 9 0 1
2 0 $ 5@1 9 3
3 . 0 2 4 0 4 2
3 . @ F 2 8 4 2
3 . 1 3 3 C 3 3
3 . l F I O F 1
3 . 2 2 1 4 5 ?
3 . 2 5 6 6 3 0
3ei?e7044

3.313126
3.335274
3.353e59
3.369223
3.3F16F0

1 . 7 2 9 9 1 6
; . P 6 2 3 2 3
1 . 9 s 5 6 0 1

2 . 1 2 E 1 1 2
2 . 2 5@2 B 9
2 . 3 F 4 7 1 1
2 . 5 0 6 1 6 3
2 . 6 2 ) 6 7 0
2 . 7 3 0 5 0 3
2 . P 3 2 1 7 F
2 . 9 2 6 4 3 C
3.013180
3.09250p
3.164612
3.22?7gl
3.2FR365
3.340753
21.3P7355
3.42FSP5
3.464P54
3.496560
3.5240?2
3.5477?0
J*567cp9

3.5F5P22

1 2 J a n 1 9 8 4

?~ p~Rc~NT

l . 6 6 ? o 3 2
1 . 8 4 9 6 6 !

2 . 0 3 7 2 5 7
2 . 2 3 0 5 1 5
2 . 4 2 7 0 F 6
2 . 6 2 4 6 2 7
2 . F 2 0 9 2 3
3 , 0 1 3 s P 6
3 . 2 0 2 1 2 1
3 . 3 ? 3 $ 5 4
3 . 5 3 1 ? 4 3 4
3 . 7 ? 4 F I ?
3 . F F 2 6 1 2
4 . 0 3 1 5 F 7
4 , 1 7 1 6 8 1
4 , 3 0 2 9 P 4
4 , 4 2 5 7 0 3
4 . 5 4 0 1 2 9
4 . 6 4 6 6 0 6
4 . 7 4 5 5 1 e
4 . 8 3 7 2 7 0
4 . 9 ? 2 2 7 ?
5 . 0 0 0 9 3 4
5 , 0 7 s 6 5 7
3 . 1 4 0 ? 2 9

] . 7 g s 6 0 7
1 , 9 4 ? 5 0 3
2 . I ? 5 0 2 1
2 . 3 2 7 2 5 0
2 . 5 2 3 1 4 1
2 . 7 7 0 6 1 ?
2 . 9 1 7 6 F 5
3 . 1 1 2 5 0 3
3 . 2 P 3 4 5 6
3 . 4 1 7 9 1 P 5
3 . C 6 F ’ 5 9 7
3 . F 4 C F 6 5
4 . 0 P 5 4 0 1
4 . 1 6 1 F 3 4
4 . 3 0 ? s 7 7
4 . 4 4 ? 7 9 3
4 , 5 0 1 3 6 7
4 . 7 C 4 F 7 9
4 . F ? C 5 7 6
4 . 9 2R7 5 8
5 . 0 2 9 7 5 6
5 . J 2 3 9 2 1
5 . 2 1 1 6 1 3
5 . 2 $ 3 1 9 5
5 . SK 9 C ? 7 !

9 9 PERCENT

1.747464
2.024796
2.331636
2.666732
3.027997
3.412649
3.t?17390
4,23P612
4.6?2~9~
5.1156’12
5.5643R1
6.015545
6.466339
6.9! 4311
7.3573FF
7.795?54
P.22232?
6.64J 727
9.05J225
9.450227
9.F3F325

10.215272
10.5?0951
10.935353
I 1.27F556

1.846532
2.121C66
2.423362
2.732A57
3.t06610
3*4P35P9
3.FF0608
4.2~45?4
4.72226?
5.16039F
5.6C5F07
6.05552$
6.306833
6.957372
7.40497?
?.847FFo
F.2f4%’3
F.713F63
9.134743
9.54646S
9.94F475

10.3403W
I0,721F56
I I .0c2tT24
11.453212
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TABLE B-V-Ii,

1 . 7
! . 7
1 . 7
1 . 7
] . 7
1 . 7
! . 7

1 . 7
1 . 7
] . 7
1 . 7
] . 7
l e ?

1 . 7
1 . 7
1 . 7
1 . 7
1.7

1.7

90th, 95th and 99th percentiles of the Iognormal discribucioc

for means and sigmas from .1 to 2.5 tcmcinued).

1 . 7
1 . 7
1 . 7
] , 7
1 . 7
1 . 7

I*P
1 .F
1 .F
I .F
I.F
1!F
I.F
I.E
log

1*F

I.R
1 ,F
1.F

I.F

1.?
1 .F

!.F

I.F
I.F

1.F
I.F
I.P

I.@

l.!?

l.F

s] GFP

.1

.?.

.3
.4
!. .

.6

.7

.?
a

1 :i

1.1

1.2
I .3
!.4
1.5
I .6
1.7
! !F
1.9
2.0

2.1
2.2
2.3
2.4
2.5

.1

.2
,3

::
.6
.7

!F
e

1:6
!.1
1!2
I .3

1.4

I .5
1.6

l.?
1 .P
I .9

:::
2.2

2.3

2*
2.:

~@ p~pcENT

1.f2?F27
l*9520p6
2.C$53~7

2.Z2F155
2.35s1(’2

2.4F6FFS
2.6!0375
2.?2s613
2.F40F61
2,$465F5

S,045443
3.13?267
3.222059

3.29sF59
3.370s2?
3.435493
3.4?3?Ff!
3.546450
3.5?3544
3.635536
3.672792

3.7C5666
3.734500
3.75?617
3,7F1324

I .92S746
2.061F62
2.j9507p

2.32EOS3
2.45?63?
2.5FE!525
2.7136F?
2.g34zzo

2.S4937F
3.C’5F602
3.161497
3.257F26
3.3474?2

3.430512
3.5@69??

3.577142

3.6411F4
306$g410

3.752129
3e7@9662

3.F42339
3eFF04p6
3,$]4422

3.?44453

3.972F75

95 pFRr~~IT

!.F6?3!F
2,047465
2.2!?.?F7
2.424214

2.61S34F
2.F 16547
3.Q14P07
3.210C’3F
3.403!!7
3.5?1S23
3.775Z56
3,952559

4.122?!0
4.2P57Q3
4.440s26
4.5FFs?)3
4.7??905
4.F?S71R
409p393]

5.l@075s
5.210460
5.3!3325
5.4C96&0
5.40?7F2

5.5F4013

l*9&po59

2.146530
2.331130
2.5?.1$?4
2.715733

2.9125C3
3.! 10079
3.3@690?
3.50!566
~c~027fJ4

3.F79476
4.QK0745

4.235PF0

4.404345
4.565766

4.719?0s
A.P66663

5.006017
5.!3R043

5.262FFI
5.3F@71?
5*4$17g3

5.5$6327

5,6?4622

507F04Q

?s PERCENT

10945710

2.217773
2.516C34
~*p3p7jc

3.IF745S

3.557354
3.947076
4.3539FI
4.775237
5.2C7944
5.64?235
6,~$6367

6.54677P
6.9PF136

7.44P35F

7.E95625
F*33F373
6.775282
9.205264
s.627437

lC.041102
10,445728
IG.P40?22
11.226415
11.602041

2.044?F0
2.314P44
2.6C9502
2.92F33~
3.270231
3.6335S7
4.016462
4.416555
4.E31407
5.25F445
5.6s50F5

6.13F?06
6.587213

7.C380P0
7.4e93et
7.93930”8
P.SF6257
?.F2PF65
9.2C5S5F
9.696557

19.l~9F63
19.535232
19.942!61
11.340273
1 [.729294
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TARLE B-”,’-II.

90th, 95th and 99th percentiles of the lognormal distribution

for means and si~mas from .1 to 2.5 (continued).

mAN

]*:

1.9
I*9
1.9
1.9

1.9
1.9
I*9
1.s
I*$

log

1.9
1.9

;::
l,?

!.9
j,~

1.9
1.9
I.g
1.9

1.9
[.?

{.9

2.0

2.0
2.0
2.0
2.0
2.0
2,P
2.0

2,0
2.0
2.0
2.0

2.0

2.0
2.0

2.0

2.0
2.0

2.0

2*P
2.0

2.0
2,0

;::

1 2 J a n 1 9 8 4

S 1GMA

01
.2
.3
.4

.3

.6

.7
!F
a

I :6
I*J
I .2
I .3

M
1.6
1,7
1!P
I .9
2.0
2.1
2.2
2.3
2.4
2.5

,1

::
.4
.3
.6
.7

.F

1::
1.1

1.2

I .s
1.4
1.5
1.6
!.7
I !P
I .9

2.0
2.1

2.2
2.J
?.4
2!.5

2.029672
2.161652

2.294F03
2.427?5C
2.559c6F
2.6P9744
2.F 16297
2.95t75e
3.C56402

3.16P655
3.2750P7
3.375412
3.469467
3.557202
3.65?660
3.713962
?J.7F32P6
3.C46~57

3.904933
3.9577s1
4.005720
4.049016
4.0F?g72

4.12287S
4.154005

2.129604
2.261455

2.394520
2.527771
2:660141
2.7?0639
2.918344
3.042436
3.16220?
3.2770F7
3.386621
3.4904F6
3.58F472
3.6PC474
3.766475
3.E146535
3,920775

3.9P?366
4.052515

4.110456

4.163439

4.2117??
4.2555P5
4.2?5276

4.35106F

93 PERCEPT

2.06FF27
2.245683
2.42?432
2.616776
2.1312304
3.oog547
3.206033
3.403S42
3.59?144
~,7$22~4
3*51#lj554
4.166206
4.345450
4.51F704
4.6P5530
4.845625
4.99QFO0

5.144?69
5.2F412S
5.416346
5.541744
5.660490
5.772782
5.e7f1845
S.S7F920

2.16?618
2.344912
2.527P73
2.716343
2.909063
S.!04712
3.301960
3.499503
3.696105
S.F~Q620
4.0$2055
4.269495
4.452200
4.629556
4.F@loFl
4.966416
5.125311
5.277614
5.423256
5,562241
5e69463~

5.t??0534
5.940099
6.053505
6.160fJ4P

99 P ERC ENT

2 . 1 4 4 3 2 7
2 . 4 1 2 2 2 3
2 . 7 P 3 6 4 5
3 . O I P I O I
3 . J 5 4 6 6 7
3 . 7 1 2 0 1 2
4 . C ) F E 4 5 6
4 . 4 6 2 0 4 7
4 . $ 9 C 6 2 2
5 . 3 1 1 9 0 2
5 . 7 4 3 5 6 4
6 . I F 3 3 0 5
6 . 6 2 E ?O0
7 . 0 7 F 2 4 $
7 . 3 2 9 4 0 3
7 . 9 F 0 5 F 7
F . 4 3 0 2 1 3
8 . P 7 6 P 7 6
S . 3 1 9 3 5 F
s , 7 5 6 6 ! 3

1 0 0 1 t ! 7 7 6 0
1 0 0 6 1 2 0 6 ~
1 1 . 0 2 F 9 4 3
1 1 . 4 3 1 9 1 2
1 1 . 8 3 F 6 0 ?

2 . 2 4 3 7 3 S
2 . 5 0 9 P 6 4
2 . 7 9 P 3 6 4
3 . 1 o e e 4 P
5 . 4 4 0 5 4 6
3 . 7 9 2 3 3 7
4 , 1 6 2 7 8 6
4 . 5 5 0 1 9 9
4 . 9 5 2 6 6 7
5 . 3 6 F 2 3 0
5 . 7 9 4 7 4 1
6 . 2 3 0 1 2 4
6 . 6 7 2 3 2 4
7 . 1 1 9 3 7 1
7 . 5 6 S 4 1 1
F . 0 2 0 7 2 7
8 . 4 7 1 7 5 5
e.92]oee
9.3674g3

?.P09F50
\oo~47251

10.67FFe6

11.lo40e7
11.522302

11.933(W7

R - V - 7 . 4
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TABLE B-V-T[,

9f)t!7 , 95cII and 99th percentiles of the lo~normaj distribuclon
for means and si~as from .] to 2.5 (~~ntinued),

2 . 1
2 . 1
9 ,
. .

7~.i
9,Lot
2.1
-<.!
:.1
?.1
2*!
2.1
7.1
2.1
:.1
?.!
2.1
2.1
.->c. 1
2.1
2.1
2.1
?.1
2.1
?.1
291

2.2
-J*L.*1
2.2
2.2
2.2
2!.2
2.2
?.2
2.?
?.2
2.2
2.2
2.2
2.2
2.2
?.2

t

:;

3. .
.4

.5

. 6

. 7
!P

o
I : ;
1 . 1
1 . 2
] , 3
1 . 4
1 . 5
1 . 6
1 . 7
1 . F
1 . 9

2 . 0
? . 1
2 . 2
2 . 3
2 . 4
2 . 5

. 1

. 2

. 3
!d
. 5
. 6
. 7
. ?

c
I : i

J . ]
1 . 2
] !J

1 . 4
1 . 5
I . K
1 . 7
1 !P

; : ;
2 ! . 1
? . ?
2 . 3
2 . 4
2 . 5

2.22?543
?,361270

2.4?42s6
2.62754F
2.760195
2,F$12F()

3.019946
3.145418
S.267@lF
3.3F4176
3.496432
3.603436
3.704?41
3.EP0797
3.F?os4@
3.975376
4.054176
4.12’7461
4.]~53a2
4.25e16(l
4.315979
4.369076
4.4176$0
4.462C60
4.50242F

2.3294F6
2.46]0?7
2.59~9?l
2.72?302
2.F60160
2.??1722
3.121191
3.247636
3.371OOF
3.49014F
3.60479&
3.714W3
3.?1S237
3.91e574
4.0124F6
4.100938
4.1F3956
~.261616
4.334037
4.401371
4.4637?4
4.52!501
4.574703
4.C?36!5
4.66?4S3

2.268427
2,4442Fs

2.G2645P

2.F14CFI
3.(’06CPL
3.?010?!
3*3~7:2)

3.5?7509
3.7~26JF
3.9p~242

4. IF134C
403710K7

4.556676
4.737536

4.?13135
5.n9sc17Q
5.247043
5*4p4p8p

5.55636!
5.70!526
5.FA@355
5.~7ppQ7
6mp>$~59

6.21?57C
6.*>JJo~g

2.36F253
2.5435G4
2.725115
2.911974
3.103121
3.2?74F3

3.4$s?56
3a6aj4~5

3.FFF8fz?

4.0P52F0
4.27$692

4.4712P5
4.659322
4.F4316r5

5.0222R6
5.l?625fI
5.J~4720

5.527446
S.6F4257

5.FS504Q
5.97:762

K.IIF4K5
6.25]]5]
6.>77~~,~

6.49F9~6

2.3432@7
2,60772?
2.6S35FG
3.~OC446

L.5276P6
3.F74346
G.25Q196
8.520765
5.017397
5.4272>s
5.64F5?7
6.2733F7
6.717781
7.15194C
7.610113
‘P.@60654
P.512040
P.962FP3
?.411?34
?.P5FOP0

10.300343
10.737F74
! 1.169?4P
11.5S5?4F
12.015363

2.442724
2.70S7~9
2.9P?227
!I.2927P6
3.61592?
3.957F44
4.31746E
4.693522
5.0F4546
5.4FFP51
5.$05(!53

6.331]27
6.765437
7.20627F
7.652004
F.101049
8.s51944
9.C03333
S.453?76
S.902754

IC.34F66F
IC.7SOF35
11.228486
I 1.6C0955
12.0F7674

1 2 J a n 1984
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TA3LE E-I’-::.

9(lth, 9 5 t h a d 9 9 t h percentiles of :he lo~normal distribution

fOr means and sipmas from .1 :0 Z.5 (conticud’)—. —.

FIEAN

2.3
2.3
2.3
2.3
2.3

:::
20 3
2.3
2 !3
2.3
2.3
2.5
2 .s
2.3
2,3
2.s
203
2 . 3
2.3
2.3
2.3
2.3
2.s
2.3

2.4
2.4
2.4
2,A
2*A
2.4
2.4
2.4
2,4
2.4
2.4
2.4
2.4
2.4
2.4
2.4
2.4
2.4
?.4
2.4
2.4
2.4
2.4
2.4
2.4

1? ;ap 19?4

SIGMA

.1

.2

.3

.4

.5

.6
,1
.?
!9

1.0
l.!
1.2
1.3
1.4
1.5
1.6
),7
1!F
1!9
2.0
2.1
2.2
2.3
2.4
2.5

.!

::
.A
.5
.6
,1

.F

1::
1.1
I.2
I .3
1.4

1.5

1.6
1.7
J !e
lea
2.0
2.1
2.2
2.3
2.4
2.5

?(I p~Rc~NT

2.42943!!
2.560934
2.693754
2.e27041
2.96005F
3.0F2001
3.22Z147
3.349791
3.474S!8
3.5?5!88

3.711939
3.F?4197
3.931671
4.034)47
4.1314F7
4.223619
4.310531
4.3$2259

4.46eeF!3
4,540519
4.607309
4.66S417
4.72?024
4.7F0320
4.F29503

2.5293F5
2.6607@l
2.7?341?5
2.926770
3.059905
3.102169
3.322871
3.45136T
S.577066
3.699445
3.fft6051
3.932904
4.042502
4.147611
4.241F26F
4.34S769
4,43426P
4.519770
4.600320
4.6759?ff
4.?46918
4.F13211
4.e75033
4.9S2547
4.91?3930

“ f-l~,-’”-.

—

95 PERCENT

2.46t?094
2.642971
2.F23F90
3.010009
3.2@0404
3.39410!

3.590093
3.7F7374
3*>p495g
4.lf1905
4.377334
4.570438
4.760495
4.$46873
5.129030
5.306513
5.47P955
5.646072
5.$07653
5.963553
6.I136FF
6.25F025
6.JJQ6577
6.52?3?2
6.656553

2.56794R
2.742424
2,$22754

3.loe173
J.2Q~044
3.490875
S.6B6S43
3.?F333P
4.0F092R
4.?7F240
4.474439
4.66F755
4.8604F6
5.04?OOP
5.233777
5.414S27
5.5S0271
5.761297
5.927162
6.0F76FF
6.242751
6.3Q22F3

6.53625P
6.6746F9
6.F07625

99 PERCENT

2 . 3 4 2 2 t 4
2.RC)4C17
S.C8924~
:.3F5?75
3,705145
4.042662
4.s97407
4.76F26U
5.15593?
5.S53021
5.964001
6.3F5313
6.815366
7,252984
7.695425
8.142406
F.502]23

9.043260
$.494601
9.945033

10.393549
\o.g3924e
11.2F132?
11.7190156
12.15191S

2.641F@0
2.902393
3.IF1599
3.47$336
3.795221
4.12F656
4.4781?41
4.P44?96
5.2253?3
5.6!934!
6.025312
6.441@76
6.8675!!0
7.300966
7.140597
8.lf35074
?.633062
9.DF3294
9.5345!$s
9.9FW41

10,43605(!
10.S~4324
1 1 . 3 2 9 F 2 1
l i . 7 7 f e 2 0
1 2 . 2 0 9 6 7 7

-
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TABLE E-V-::,

-.

9 0 t h , 9 5 t h and 99th percentiles of che Lognarrdl distribution

for means and sipmas from .1 to 2.5 (continued).

2.5
2. . 5
2.5

2*>
2.5

?.5
?.5

~2..
2.5

2.5
?.5
2!.5
2.5
2.5
?.5
2.5

2.5
2.5

2.5
?.fl

2.5
2!.s
?.fl

2.5
2,5

2.6
2.6
2 . 6
2.6
2.6
2. 6
2 . 6
2.6
2.6
?.*K

2.6
2.6

2.6
2.6
2.6
2.6
2.6

2.6
2.6

2.6
2.6
2.6

2 . 6
2 . 6
2 . G

SI GYA

. 1
?. .
7. .
.4
5. .

!f

.7

.r

1::

1.1
I .2
1.3
1.4
1 . 5
I . 6
1 . 7
I . F
] . ~
2.0
2.1
2.2
.-.*,.5

2 . 4
2 . 5

. !
.2
.3
. 4
. 5
. 6
. 7
. ?
Q

I :6

1.1

I . 2
I . 3
]*A

!.5
1.6
1.7

1!e

;::

2.1

2*2
2 . 3
2 . 4
2.5

9 0 P F PC ENT

2.62934P
2 . 7 6 0&~ 7
2 . F : 3 2 4 5
3 . P 2&4 ?G
3 . 1 5 : 7 1 3
3 . 2 c ? 2 3 2
3 . 4 2 3 4 0 7
3 . 5 5 2 6 3 1
3 . 6 7 9 3 4 5
3 . ? ? 3 C 4 4
3 . ~ 2 3 2 p ~
4 . 0 3 ? 6 9 3
4 . 1 5 1 ? 5 3
4 . 2 5 9 F ’ 2 0
4 . 3 6 3 1 0 P
4 . 4 6 1 6 9 0
4 . 5 5 5 4QS
4 . 6 4 4 4 ? 1
4 , 7 2 F 6 9 ?
4 . P@ F 1 6 $
4 . p s 2 9 e l
4 * ? 5 3 p 4 4
5 . 0 1 ?OP 3
5 . 0 F @6 4 0
5 . 1 3 F 0 7 0

2 . 7 2 9 2 9 P
2 . F 6 0 5 C 2
2 . g s 3 0 j 4
3 . 1 2 6 2 2 0
3 . 2 5 9 4Q4
3 . 3 $ ? 2 1 7
3 . 5 2 3 7 F R
3 . 6 5 3 6 3 7
3 . 7 E ! ! 2 3 1
3 . 9 ( i 6 0 F F
4 . 0 2 7 7 7 7
4 . 1 4 5 9 2 4
4 . ? . 6 0 2 1 3
4 . 3 7 0 3 F P
4 . 4 7 6 2 4 9
4 . 5 7 7 6 4 ?
4 . 6 7 4 4 s ]
4 . 7 6 6 7 2 4
4 . P 5 4 3 3 7
4 . 9 3 7 3 5 4
5 . ( ’ 1 5 8 3 1
5 . 0 F ? F 4 ! ?
5 . 1 5 ? 5 0 7
5 . ? 2 4 9 2 7
5 . 2 B 6 2 4 1

o s fJFf?cFNT

2 0 6 6 7 F ] ~
2 . P 4 1 s l ~
3 . P 2 ! 6 ? ?
3 . ? n ~ 4 5 5
3 . 3 c 5 4 2 c
3 , 5 F 7 F C 2
3 . 7 F P . 7 3 3
3 . > 7 0 3 6 7
4 . 1 7 6 F 5 7
4 . 3 7 4 : 7 F
4 . 5 7 1 1 4 5
4 . 7 6 K 4 2 1
4 e p 5 ~ 5 3 p

5 . 1 4 ? F K 0
5 * 3 3 6 p 6 $
5 . > 2@C ? 6
5 * ~ 9 c l l l
5 . F 7 3 6 1 0
6 . 0 4 3 3 1G
6 . 2 0 F 0 2 0
6 . 3 C 7 5 7@
6 . 5 2 1 8 6 2
6 . 6 7 0 i ’ 3 S
6 . F 1 4 4 F 0
6 a 9 5 ~ F o l

2 . 7G7 6 F F
2 . Q4 1 4 4 V
3 . i 2 0 7 i 4
3 . 3 0 4 P 4 ?
3 . 4 9 3 1 5 0
3 . 6 F 4 F 7 K
3 . F 7 ? 2 5 C
4 . 0 7 5 4 F 4
4 . 2 7 2 7 P F
4 . 4 7 0 3 9 4
4 . 6 6 7 5 6 P
4 . F 6 3 5 F 4
5 . C 5 7 F 1 F
5 . 2 4 $ 6 6 4
5 . 4 3 F 5 9 0
5 . 6 2 4 1 2 2
5 . F OW5 1
5 * 9 p 3 4 3 1
6 . 1 5 6 5 7 3
6 . 3 2 5 C ’ 4 6
6 . 4 F F 6 7 1
6 . 6 4 7 3 1 7
6 . F P@ F s 7
~6~A?~~l

7 . 0 ! 2 6 ? 5

0 9 P ERC ENT

2 . 7 4 1 5 0 F
3 . o o@9 9 0
3 . 2 7 ? 2 4 0
3 . 5 7 3 4 C 2
3 . F f ’ C ( ? 6@
4 . 2 1 5 6 ? F
4 . 5 6 1 6 1 9
4 . 5 2 2 y 5 9

5 . 2 9 ? 7 1 1
5 . 6 P 7 7 4 e
6 . 0 F F E 4 S
6 . 5 0 0 7 2 4
S . 9 2 2 0 4 5
7 . 3 5 1 4 6 F
7 . 7 f ’ 7 6 5 5

P . 2 2 ? 2 ? 3
F . 6 7 5 ! 1 5
S * 1 2 3 ? I 0
S . 5 7 4 5 3 1

1 0 . 0 2 S 9 0 9
1 0 . 4 7 7 0 5 2
1 0 . 9 2 7 0 5 1
11.375079
1 1 . F 2 0 3 F F
1 2 . 2 6 2 3 1 3

2 . F 4 1 1 6 5
; . p a 9 5 z I
3 . 3 7 5 1 3 9
3 . 6 6 7 ? 1 7
3 . 9 7 7 5 F 0
4 0 3 0 3 6 F I
4 . 6 4 5 6 0 $
5 . 0 0 2 6@ l
5 . 3 7 3 7 6 4
5 . 7 5 F O F F
6 . 1 5 4 4 7 2
6 . 5 6 1 7 4 g
6 . 9 7 F 6 9 $
7 . 4 0 4 0 F F
7 . v 3 6 6 7 0
f i . 2 7 5 2 1 F
F . 7 1 8 5 3 4
s . 1 6 5 4 6 2
S I . 6 i 4 9 0 1

l C . 0G5 F 1 2
1 0 . 5 1 7 2 2 3
1 0 . ? 6 F 2 3 4
1 1 * 4 1 F O1 7
1 1 . B 6 5 F 1 7
1 2 . 3 1 0 9 5 0
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APP END I X C

ACCURA T E COMPUT ER Hm . , ( 4 ) ANALYS I S

1 0 , T h i s section d e s c r i b e s a me t h o d f o r p r e d i c t i n g M~ a = $ wh e n a n
a c c u r a t e r e p r e s e n t a t i o n o f t h e o v e r a l l r e p a i r t i me d i s t r i b u t i o n i s d e s i r e d .
T h e p r e d i c t i o n r e q u i r e s t h a t a d i s t r i b u t i o n o f t i me f o r e a c h ma i n t e n a n c e
e l eme n t ( i . e . , p r e p a r a t i o n , f a u l t i s o l a t i o n , e t c . ) b e a n c n r no r a s s ume d ,

T h e p r e d i c t i o n ts g e n e r a l a n d c a n b e a p p l i e d t o a n y d e f i n a b l e d i s t r i b u t i o n o r
c omb i n a t i o n s t h e r e o f , h ow e v e r , t h e c omp l e x i t y o f c omp u t i n g t h e o v e r a l l
d i s t r i b u t i o n I n c r e a s e s p r o p o r t i o n a t e l y w i t h t h e c omp l e x ~ t y o f t h e m a i n t e n a n c e
e l eme n t d i s t r i b u t i o n s , A s i mp l i f y i n g a s s ump t i o n c a c b e ma d e t h a t a l l
ma i n t e n a n c e e l eme n t s h a v e n o r ma l l y d i s t r i b u t e d t i me s . T h i s s l mp l l f y l n g
a s s ump t i o n ! s r e a s o n a b l e s i n c e e a c h ma i n t e n a n c e e l eme n t I s t h e s um o f ma n y
i n d e ~ e n d e n t t a s k t i me s , e . q . t h e ma i n t e n a n c e t a s k “ p r e p a r a t i o n ” ma y i n c l u d e
t i me ’ f o r e q u i pme n t w a r &u p ~ a c q u i s i t i o n o f n e c e s s a r y t & l s , e t c . b y t h e
c e n t r a l l l m l t t h e o r em I n s t a t i s t i c s , t h e d i s t r i b u t i o n o f t h e ma i n t e n a n c e
e l eme n t t a s k t i me a p p r o a c h e s a n o r ma l d i s t r i b u t i o n a s t h e s amp l e s i z e o f
I n d i v i d u a l t a s k t i me s i n c r e a s e s . %a s e d o n t h i s a s s ump t i o n t h e d e t a i l e d

p r o c e d u r e h a s b e e n d e v e l o p e d a n d a c omp u t e r p r o g r am w r i t t e n f o r c omp u t i n g
d e s i r e d I I L . . ( 0 ) . P r o g r ams b a s e d o n o t h e r d i s t r i b u t i o n s o f ma i n t e n a n c e
e l eme n t s c a n b e s t m i l a r l y d e v e l o p e d a n d p r o g r ame d .

t h e

1 0 . 1 Ge n e r a l a ~ p r o a c h . I n t h e g e n e r a l a p p r o a c h , w e h a v e a s y s t em w i t h t o t a l
f a i l u r e r a t e X , . a n d w i t h N x J p o s s i b l e r e p a i r t y g e s w i t h r a n d om r e p a i r
t i me s Rn j , n - l , . . . . N . J - 1 , h . . , J wh e r e J ’ i s t h e ’ t o t a i n umb e r o f u n i q u e
f a u l t d e t e c t i o n a u d ~ s o l a t i o n o u t p u t s a n d N i s t h e t o t a l n umb e r o f r e p a i r a b l e
i t e r n s . L e t A . , b e t h e f a i l u r e r d t e o f t h a t p o r t i o n o f t h e n “
r e p a i r a b l e ! t em wh i c h i s c o v e r e d b y f a u l t d e t e c t i o n a n d I s o l a t i o n o u t p u t :
F u r t h e r , l e t f , ( t ) b e t h e p r o b a b i l i t y d e n s i t y f u n c t i o n f o r R . j . n = l . . . . . N ,

n ~
~ - i , . . . . J . I t ! s a s s ume d t h a t f . i s c o n t i n u o u s a n d c o n c e n t r a t e d o n [ O , W ) .

WJ

I f T 1 s t h e s y s t em r e p a i r t i me , t h e n i t s d e n s i t y f u n c t t cm g t ( t ) ( s f n c e t h e
e v e n t s T = R . j a r e mu t u a l l y e x c l u s l v e ) 1 s :

!

g , ( t ) = I Pm , f , ( t ) ( 1 )
n ~

wh e r e :

-

r - v - l

12 J a n 1984
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T h e me a n s y s t em r e p a i r t i me i s
-

wh e r e

p, ~ , = E ( R . l ) = me a n r e p a i r t i me R . j , a n d t h e v a r i a n c e o f t h e s y s t em
r e p a i r t i me i s

(2?

( 3 )

!

2 z
= z P . , ( 0 , ‘ + p , ) - p ?

n ~ n ~

wh e r e

p. 2 = v a r \ a n c e o f t h e r e p a i r t i me R . J .
n ~

V a l u e s o f Mma . ( 4 I ) a r e g i v e n a s s o l u t i o n s t o t n e e q u a t i o n

!

#

Mma” (~)
Mman ( 0 ) g T ( t ) d t = 1 Pm j f “ ( t ) d t = o ( 4 )

o n . J

wh i c h a r e n o t , I n g e n e r a l , u n ~ q u e . Su f f i c i e n t c o n d i t i o n s f o r t h e e x i s t e n c e o f
a u n i q u e s o l u t i o n a r e t h a t f . , ( t ) > 0 f o r a l l t > 0 , n - l . . . . . N , ~ = 1 , . . . . J
a n d t h a t e a c h f . j ( t ) b e c o n t i n o u s , c o n d i t i o n s e a s i l y me t i n p r a c t i c e .
E q u a t i o n ( 4 ) c a n e a s i l y b e s o l v e d , u n d e r t h e s e s u f f i c i e n t c o n d i t i o n s ,
by u s i n g I t e r a t i v e me a n s o n a c omp u t e r .

1 0 . 2 A s s uw t l n g n o r ma l d e n s l t l e s f o r t h e R . , ’ s . I n p r a c t i c e , R f i j , n - 1 , . . . . N ,
j = l , . . . . J a r e s ums o f s e v e r a l i n d e p e n d e n t r e p a i r e l eme n t t i me s wh i c h
a r e t h ems e l v e s s ums o f a l a r g e n umb e r o f i n d e p e n d e n t r e p a i r t a s k t i me s . An
a p p l i c a t i o n o f t h e c e n t r a l l i m i t t h e o r em s u g g e s t s t h a t t h e d e n s l t t e s f R
a r e a p p r o x i ma t e l y n o r ma l . - j

Sp e c i f i c a l l y , t h e d e n s i t y f . w i l l b e ( a p p r o x i ma t e l y )
- l

f . , , ( t ) =

+ + - - “ ’ { - ’ ( ‘~:’)21 -

12 Jan 1994 c - v - 2
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~- wh e r e

p a a n d OR 2 a r e t h e s ums o f t h e e l eme n t a l r e p a i r t i me
‘J n. .

me a n s a n o v a r i a n c e s , r e s r ) e c : i v e l y , P r e s uma b l y , u , a r t do . z

w i l
p o s

‘J * J

b e s u c h t h a t t h e n o r ma l d e n s i t y i s , a p p r o x i ma t e l y , c o n c e n t r a t e d o n t h e
t ! v e r e a l a x i s , i . e . ,

r

1
\ ‘IJ J

J

( 5 )

I f we l e t n ( t ) = 1~ 2 f i f e - x ’ / 2
d x , t h e n e q u a t i o n 4 b e c ome s

m

wh i c h w i l l h a v e a u n i q u e s o l u t i o n f o r a l l O wh e r e O c 4 < 1 . T h e a d v a n t a g e
h e r e ! s that o n l y o n e d e n s ! t y f u n c t i o n n e e d b e p ? o g r i wn n e d i n o r d e r t o c a c u i a t e
( 4 ) u s i n g a c omp u t e r .

1 0 . 3 Comp u t e r p r o g r am . A c omp u t e r p r o g r am l i s t i n g i s p r o v i d e d I n T a b l e C - V - I f o r
De r f o r m~ n g t h e n o r ma l c a s e d e s c r i b e d a b o v e . A s amp l e i n p u t / o u t p u t f o r t h e p r o g r am i s
s h own i n T a b l e C - V - I I . T h e r e s u l t i n g d i s t r i b u t i o n f o r t h e e x amp l e i s s h own i n F i g u r e

C - V - I .

T h e me a n s a n d v a r i a n c e s f o r e a c h r e p a i r e l eme n t wh i c h ma k e s u p t h e i n d i v i d u a l r e p a i r
t i me s R . , a r e i n p u t t e d . p . a n d o, .,2 a r e t h e n c omp u t e d

I ’ J

a n d e q u a t i o n ( 6 ) i s s o l v e d f o r Mm , , ( 0 ) f o r t h e g i v e n O u s i n g t h e s e c a n t
me t h o d . T h e s e c a n t me t h o d s o l v e s e q u a t i o n s o f t h e f o r m

f ( x ) * o
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b y f o r m i n g t h e s e q u e n c e ( f o r n - ~ . ? , . . . )

a f t e r c h o o s i n g x c a n d x l a s s t a r t i n 9 p o i n t s . T h e s e q u e n c e i s t e r m i n a t e d
a f t e r t h e d e s i r e d a c c u r a c y i s r e a c h e d . S e v e r a l p o i n t s c o n c e r n i n g t h e c omp u t e r
p r o g r am d e s e r v e d i s c u s s i o n .

F i r s t , n o l n t e g r a ~ l o n i s p e r $ o r me d p e r s e i n t h e c a l c u l a t i o n s o f

I n s t e a d , t h e f o l l ow l n g a p p r o x i ma t i o n i s u s e d

f
- x 2 / 2

n ( t ) =
+ - ” ‘ “

. , _ ( & i e - > / ’ [ b , A + b 7 A 2 + b 3 A 3 + b . A 6 + b s A ’ ] + , ( t )

wh e r e

l c ( t ) i ~ 7 . 5 x 1 0 ” f o r a l l t a n d

A = 1 / ( 1 + 0 . 2 3 1 5 4 1 9 t ) w i t h t h e b , ’ z g ! v e n b y :

b , = 0 . 3 1 9 3 8 1 5 3 0

b , = - C . 3 5 6 5 6 3 7 8 2

b , _ 1 . 7 8 1 4 7 7 9 3 7

S . = - 1 . 8 2 1 2 5 5 9 7 8

b , - 1 . 3 3 0 2 7 4 4 2 9

-

c - v - 4
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s e c o n d ~ y , t h e u s e r mu s t p r o v i d e t wo i n i t i a l g u e s s e s t o M . , . ( 0 ) d e n o t e d b y
XO a n d X l i n t h e c omp u t e r p r o g r am . I t i s e s s e n t i a l t h a t XO n o t e q u a l x l s i n c e
t h i s wo u l d c a u s e “ z e r o d i v i d e s ” i n t h e P r o 9 r am . T h e b e $ t w a y t o p i c k Xo a n d
x l i s t o e s t i ma t e a n i n t e r v a l wh i c h ~m , . ( @ ) u i ’ 1 l i e . T h e n , s e l e c t XO

a n d X l a s t h e e n o p o i n t : o f t h e i n t e r v a l .

F i n a l ~ v , a l t h o u g h t n e P r e s e n t d i s c u s s i o n d e a l s w i t h d o u b l e s u b s c r i p t s n a n d j ,
t 4 e d ~ ~ t i n c t i o n ~ i n d i c a t e d b y t h e s e s u b s c r i p t s a n d i n d e p e n d e n t
c a l c u l a t i o n s p e r f o r me d . He n c e , t h e p r o g r a n u s e s t h e d a t a i t ? : ;
d i me n s i o n e d a r r a y s o f l e n g t h N x J.

T h e i n p u t d a t a i s r e a d i n t h e f o l l ow i n g o r d e r :

XO < I n i t i a ’
s y s t em f a i l u r e

N1 ( Numb e r

of t h e
ngle

esirn ation), Xl (Ifiitia! estim atic m;, ‘ H I ( $ ) , L T ( T o t a l
r a t e

o f e eme n t s c o n t r i b u t i n g t o f i r j t R ) . LAMBDA ( 1 ) ( F a i ~ o r e r a t e )

W , S I G2

Mu , S I G2

( me a n , v a r i a n c e f o r f i r s t e l eme n t )

( me a n , v a r i a n c e f o r 2 n d e l eme n t )

. .

. .

. .

W ( Numb e r o f e ! e f ! ! e n t sc c x ? t r l ! ? u t i n gt e s e c o n d R ! , LAMBDP , ! 2 ) ( f a i ! u r e r a t e !

MU , S I G2
. .
. .
. .

T h e f o l l ow i n g c o n d i t i o n mu s t b e me t :

I LAMBDA ( I ) = L T
A l l I

S amp l e i n p u t / o u t p u t . a n d p r o g r am l i s t i n g f o l l ow .
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TABLE C-V-I. L i s t i n g for camputer program to c qxste M -(0

vhen eiesoental maintenance activities are norm ally distributed.

00010
0 0 0 2 0
0 0 0 3 0
noo40c

, 0 0 s 0c
0 0 0 4 0
0 0 0 7 0c
O*OSO
Oo o ? o
0 0 1 0 030
00110
0 0 1 2 0
0 0t3 0
0 0 1 4 0
001 so
Oo l b oc
Oo t ? oc
0 0 1 0 0c
0 0I? 0
0 0 2 0 0c
0 0 2 1C
0 0 2 1 0m
0 0 2 3 0
00?40 10

0 0 2 s 0
0 0 2W
0 0 ? ? 0 4 0
0 0 2 s 0
0 0 2 9 0c
~ o : a o

0 0 3 1 0
0 0 3 ? 0
0 0 3 3 0
0 0 3 4 0 “ W
0 0 3 s 0
o o 3 b o 1
0 4 3 7 0 1
o o 3@o
0 0 3 9 0
0 0 4 0 0
0 0 4 1 0

l r rL I C I TRF A l * 8 ( A - M~ ,RE ~ L * 9 ( 0 - 7 ~
RML *B R@ , S1 6X , W , SX : 2 , ~ . L ~ ~M , L T
c o nRoNW , LAM#M ( l o o) .M ( l o o ) ,s I s i * f l w ) . lTD I A

I O ,X1 AM I N I T I ALGUESSESTO MAX ( PN ! ) .L T ! S TO l &L
F41LuR[ KATE o F ; “ f ST EM .

R [ hP1 5 ,@ ) XO ,X1 ,F ’ ’ N I , L 1
ERR=Ra IERR ( I SI I IRMA1 ( W I )
tRR=U.00W0

J . O
J , $ , l
BEAO ( S ,* ,f NL I = lO ) NN ,L@ l I W ( J l
L hNBDh ( J ) - %MDDA (J ) / L T
WF ( . l l = o . o o
S I G2R ( J ) : o .BO
8 0 2 0 S= 1 , N9

NO I S THEWNSSROF [ L EKNTSTO F a LW I .
LMSRA ( J )I S T J I Er 4 1 L L JREMT E O f TWEREPL 6CEARL EITEff
UNOS [t EPAXRI l n EI SMOE U~ OF W U [ NH7S U i I C f iF f l L I OU .

R f aD ( S ,* ) I l lJ ,S I G?
mu I s TNEHff3h, sm rs wf ww a w o r [ MM E L E F KMT .

MUR I J ) = l f ~ ( j ) +MU
S I G2R ( J ) =S I G2R( J ) +S1 6 2
6 0 1 0 3 0
l TOTAL = J - 1
ru=xl
xH’tl=xo
: N1 =XN - ( XN - XNN1) * f ( I N ) /( F ~XN ) - F ( X t W li i

UR I T E ( 6 , 2 )M l
HRAX ( FH I )I S PR I NT I OAT EACHITERATi ON.

]ff YfiPs(IN1-xffI .Lf. [W) GO TO 5 8
x i l M I x xN
l M= l U1
6 0 1 0 4 0
t ON l ] t ! I J :
L I K I ? t ( ~ , l )PHI, XN1

F~MATil A, ’W~X(”, F4.3, ): ,;?.2)
F oR f l a l ( 5 x ,F l o . 2 )
STOP
[ m
F uNCT I ONN ( l )
I s 4 r L I c I Tt EAL *B ( A - M ,* ) .t E u = t ( O - 2 )

004?0 C SIMBAMI N O MAl DISTRKW!ON : l ” UCTSW
0 0 4 3 0C r ORTK NE T 1 4 0D ,SEE 7!4[ t t h T I ONALPL I HAUOF STAi~WR@S
0 0 4 4 0c NMD I 0 9Uo f MTWMT I CAL r um z o ~ s
0 0 4 s 0
o o 4 b o
0 0 4 7 0
0 0 4B0
0 0 4 ? 0
0 0 s 0 0
0 0 3Io
0 0 s ? 0
0 0 5 3 0
0 0 5 4 0
0 8 s s 0
1 0 5 4 0

Oo s ? o
0 0 s s 0 1 0
0 0 5 ? 0
0 0 6 1 0
0 0 4)o

. . . .
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Input Da t a

Output from Program

TABLE C-V-II , Sample input /out Tut data for

~ax(~) computer program.y

7 . O I J O 9 , 0D0 . 9 0 1 1 0 2 5 0 . ODG
4 SO . ODO
2 . OBO . 2 4D0
z . ~ ~ o . 2 1D0
I . e B o ! 2 0D0

2 . 1 0 0 . 1 8D0
2 1 0 0 .ODO
2 . 7 ~ o 1 5 [ 1 0
3 . ODO : 1 4B0
4 5 0 . ODO
1 . SD ( ) .10DO
1.4D0 . 0 8D0
1 , 7D ( ) . l lL JO
1 . 9D0 . 0 9 0 0
~ 5 0 . On o
1 . ODO . 0 5D0
1 . 3D0 ! 8 0D0

8.17

b . o ?
8.10
8 . 1 0

MAx(.we)= 6 , 1 0
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F I GURE C - V - I . Re s u l t i n g r e p a i r time distribution for a samplo

svstem containing four (L) repair~pcs with

different normally distributed repair times..-—..
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APPENO I X D

A c f J JRAT EMANUAL M . , , O ANALYS I S

i O . An a l t e r n a t i v e t o t h e a c c u r a t e c omp u t e r M - . , ( 4 ) a n a ] y S i S \ S
prese nte d. Tne p r e v i o u s t e c h n i q u e , Ap p e n d i x C u s e s a c omp u t e r i z e d , i t e r a t i v e
t e c h n i q u e t c s o l v e t h e e q u a t i o n . A c omp l e t e d e v e l o pme n t o f t h e p r o p o s e d

ma n u a l M~ , . ( @ ) t e c h n i q u e i s g i v e n h e r e . T h e t e c h n i q u e i s i l l u s t r a t e d
u s i n g t h e p r e d i c t i o n e x amp l e d e s c r i b e d i n p a r a g r a p h 1 0 . 3 o f a p p e n d i x C . Hh e r e
~ o s s i b l e , t h e s ame terminolo g y a n d a b b r e v i a t i o n s u s e d i n p a r a g r a p h 1 0 o f t h e
c omp u t e r i z e d t e c h n i q u e a r e a l s o u s e d h e r e . T u o a l t e r n a t i v e s a r e g i v e n f o r
h a n d l i n g l a r g e n umb e r s o f

a . Re f e r e n c e i s ma d e
wh i c h s p e e d s u p t h e c a l c u

b . A me t h o d o f g r o u p
p r e d i c t i o n e x amp l e .

t y p e s o f r e p a i r s :

t o a p r o g r a n u n a b l es l l d e r u l e c a l c u l a t o r p r o g r am
atlc m p r o c e dme s .

n g t h e d a t a i s d e s c r i b e d a n d i l l u s t r a t e d u i f h a

2 0 . T h e ma n u a l H - , , ( 0 ) a n a l y s t s i s b a s e d o n t h e s ame t wo b a s i c p r em i s e s
o f t h e c omp u t e r i z e d t e c h n i q u e . B e f o r e g i v i n g t h e s e p r em i s e s , SO f I Wk e y
t e r m i n o l o g y i s f i r s t d e f i n e d . T h e r e a r e NxJ p o s s i b l e s y s t em r e p a i r t y p e s w i t h
r a n d om s y s t em r e p a i r t i me s R . j , n = l , . . . . N , j - l , . . . . J wh e r e N 1 5 t h e
t o t a l n umb e r o f r e p a i r a b l e i t ems a n d ~ i s t h e t o t a l n umb e r o f u n i q u e f a u l t
d e t e c t i o n a n d i s o l a t ~ o n ( f D& I ) o u t p u t s . T h e s y s t em r e p a i r t i me s R . j a r e
t h ems e l v e s t h e s umo f t h e a p p l i c a b l e ma i n t e n a n c e e l eme n t ~ / t y p e t i me s E -

- J

t i h e r zm +nd!catez t h e e l eme n t t y p e a n d wh e r e t h e e l eme n t t y p e s a r e d e f i n e d a s
f o l l ow s :

a . F a u

b . F a u ’

t l o c a l i z a t i o n

t i s o l a t l o n

c . D i s a s s emb l y

1 / T h i s e l eme n t o f r e p a i r t i me h a s u n t t s o f h o u r s a n d s h o u l d n o t b e c o n f u s e d
~ i t h t h e p r o b a b i l i t y d e n s i t y e l eme n t i n t r o d u c e d l a t e r , u h ~ c h h a s u n i t $ O f
p r o b a b i l i t y .
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d . I n t e r c h a n g e

e . Re a s s emb l y

f , A l i g nme n t

9 Ch e c k o u t

T h e f i r s t p r em i s e i s t h a t a t l e a s t t h e me a n ( wC ) a n d
m

T f c a c t i o f t h e i . are kq~wfl. 21 T h e s e c o n d p r e f a i s e
n ~

-

v a r i a n c e ( UE 2 ,
m

i s b a s e d o n t h e c e n t r a l

l i m i t t h e n r em wh i c h s u g g e s t s t h a t t h e p d f o f e a c h o f t h e i n d ~ v ~ d u a l

a p p r o a c h e s a Po ” ma l d l s t r l b u ? ~ o n w i t h a w a n ( PP ) f ~ r me d f r om t h e
n ~

t h e r e s p e c t i v e ( P F ‘ s ) .m

M
p r m j - z p i

m

M

RfIJ

s um o f

( 1 )

wh e r e 1 l n d l c a t e s t h e s um I s t a k e n o v e r a l l a p p l ~ c a b l e e l eme n t t y p e s a n d a

v a r t a n c e ( u n 2 , f o r me d f r om t h e s um o f t h e r e s p e c t i v e u ~ 2 ’ s j l
n ~ m

( 2 )

~ 1 T h e o b v i o u s a d d i t i o n a l s u b s c r i p t n j i s ~ ~ t t e d o n ~ E a n d o r z
m m

t h r o u g h o u t t h e d l s c u s s ! o n ,

j J I n f o r m i n g t h e o n “ s a s t h e s um o f t h e r e s p e c t i v e UC “ s , t h e
m J *

v a r i a b l e s a r e a s s ume d t o b e u n c o r r e l a t e d . l t ! s n o t e d t h a t I t ! s n o t

e s s e n t i a l t o k n ow t h e d l s t r l b u t t o n o f t h e Em t i me s , m e r e l y t h e i r

1 2 J a n 1 9 8 4
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3 0 . Bo t h t h e c omp u t e r i z e d a n d t h e m a n u a l c a l c u l a t i o n t e c h n i q u e s a r e s u b j e c t !
to t h e s ame i n a c c u r a c i e s i n h e r e n t i n t h e a s s ump t i o n o f n o r ma l i t y . A l t h o u g h
t h e c e n t r a l l i m i t t h e o r em
i s e v i d e n c e t h a t i t i s a p p ’
- e s u i t s ) f o r t n e t y p e o f s

u s e d a n d t h e p e r c e n t i l e v a ’
P*m a. (0) f o r t h e c a s e j u s t
h i g h e r p e r c e n t i l e s - i . e . .

s u s u a l l y a p p l i c a b l e o n l y f o r l a r g e n umb e r s , t h e r e
I c a b l e ( l e . , i t s u s e g i v e s r e a s o n a b l y a c c u r a t e
t u a t i o n t r e a t e d h e r e wh e n a s f ew a s s i x E * ‘ s a r em ..

u e I s n o t l a r g e r t h a n 9 5 p e r c e n t . T h e a c c u r a c y o f
r e f e r e d t o d o e s d e c r e a s e s i g n ! f i c a c t ! y a t t h e
a t 9 9 p e r c e n t . F o r t ~ n a t e l y

r e q u i r e n i e n t s a r e u s u a l i y l i m i t e d t o 9 0 o r 9 5 p e r c e n t .

4 0 . L e t f , ( t ) b e t h e p d f f o r t h e s y s t em r e p a i r t i me s
n ~

p c s s i t ! l e d i f f e r e n t f . i t ) ’ s . B y d e f i n i t i o n , t h e f Q ( t
* ; r . ;

M~ . . ( 0 )

Rq j . T h e r e a r e Nx J

a r e n o n - n e g a t i v e

f u n c t i o n s wh o s e i n t e g r a l s , wh e n e x t e n d e d o v e r t h e e n t i r e t a x i s , a r e u n i t y .

F o r a g i v e n f n ( t ) , t h e p r o b a b i l i t y t h a t t h e n j ’ h t y p e o f s y s t em r e p a i r
m j

i s c omp l e t e d I n t h e i n f i n i t e l y sma l l i n t e r v a l ( t , t + d t ) ! s f ~ ( t ) d t . T h e
* )

q u a n t i t y f R ( t ) d t I s c a l l e d } h e p r o b a b i l i t y d e n s i t y e l eme n t a t t h e p o i n t t .
~ j

T h e r e l a t i v e p r o b a b i l i t y o f t h e n j ” t y p e o f s y s t em r e p a i r o c c u r r i n g , P . j

i s :
P . , WA . , I EA ( 3 )

Mh e r e Xn j t s t h e f a i l u r e r a t e I n f a i l u r e s p e r m i l l i o n h o u r s a s s o c i a t e d

w i t h t h e n . j ” t y p e o f s y s t em r e p a i r a n d 1A i s t h e t o t a l s y s t em f a i l u r e r a t e

o f r e p a i r a b l e i t ems , ~ 1 P . j i s a l s o t h e r e l a t l v e p r o b a b i l i t y o f t h e n j ”

p r o b a b i l i t y d e n s i t y e l eme n t , T h e c omb i n e d p r o b a b i l i t y o f n j ’ h t y p e o f

s y s t em r e p a i r o c c u r r i n g a n d b e i n g c omp l e t e d I n t h e I n t e r v a l s ( t , t + d t ) i s

P . j f ~ ( t ) d t . T h e c omb i n e d p r o b a b i l i t y o f a n y o f t h e Nx K p o s s i b l e s y s t em
n ~

r e p a i r t y p e s o c c u r l n g a n d b e i n g c omp l e t e d \ n t h e ( n t e r v a l ( t , t + d t ) i s

~ 1 No t e t h a t P . j i s b a s e d o n a l l f a i l u r e s a n d r e p a i r p r o c e d u r e s t h a t l e a d
t o s y s t e m r e p a i r n j . A p a r t i c u l a r P . , ma y r e s u l t f r om f a i l u r e o f a
s i n g l e c omp o n e n t , s e v e r a l c omp o n e n t s i n s e r i e s , s e v e r a l r e d u n d a n t
c omp o n e n t s , o r s ome o t h e r c omb i n a t i o n s o f c omp o n e n t s . T h u s , a n y s y s t em ,
wh e t h e r f o r me d o f s e r i e s , r e d u n d a n t , o r s ome o t h e r c omb i n a t i o n o f
c omp o n e n t s ma y b e a n a l y z e d b y b o t h t h e c omp u t e r i z e d a n d t h e ma n u a l
c a l c u l a t i o n t e c h n i q u e s p r o v i d i n g t h e X . j v a l u e s c a n b e d e t e r m i n e d .
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( s i n c e t h e R . , r a n d om e v e n t s a r e mu t u a l l y e x c l u s l v e ) t h e s um o f t h e r e l a t i v e

p r o b a b i l i t l e $ o f e a c h o f t h e NxJ p o s s i b l e p r o b a b i l i t y d e n s ! t y e l e I Wn t S

mu l t l p l e d b y e a c h c o r r e s p o n d i n g p r o b a b i l i t y d e n s i t y e l eme n t a t t i me t . T h i s
! ! NJ

is l P . j F ~ n \ t ) d t , where t = I 1. This expression Is the
n-l j,l

p r o b a b i l i t y s y s t em r e p a i r , c omp l e t e d i n t h e t ~me i n t e r v a l ( t , t + d t ) . l t I s

a l s o t h e s y s t em r e p a i r p r o b a b i l i t y d e n s i t y e l eme n t a t t i me t . l J s l n g t h e
!

p r o b a b i l i t y d e n s i t y e l eme n t d e f i n l t i cm g i v e n a b o v e , l Pm j f * ( t ) 1S t h e p d f
n J

o f t h e s y s t em r e p a i r t i me T , i . e . ,
!

g , ( t ) - f . ” f t ) - I P . , f * ( t ) ( 4 )
n j

!

5 0 . B e f o r e u s i n g l P . j f e ( t ) a s t h e p d f o f s y s t em r e p a i r t i me T , l t mu s t
n j

b e s h own t h a t t h i s f u n c t i o n I s a p d f - i . e . . t h a t I t ! s n o n - n e g a t ! v e a n d i t s

i n t e g r a l o v e r t h e e n t i r e t a x ! s i s u n i t y . S i n c e I t I s f o r me d f r om t h e s umo f

n o n - n e g a t ! v e f u n c t i o n s , t h i s f u n c t i o n ! s a l s o n o n - n e g a t i v e . T h e I n t e g r a l o f
! m

t h e f u n c t i o n o v e r t h e e n t i r e t a x i s 1 s l P . j ~ f , ( t ) d t . T h i s i S j u s t
o n ~

t h e s um o f t h e r e l a t l v e p r o b a b l l i t t e s o f e a c h Nx J p o s s ~ b l e s y s t em r e p a i r t y p e

p r o b a b i l i t y d e n s i t y e l eme n t mu l t i p l i e d b y t h e I n t e g r a l , o v e r t h e e n t i r e t

a x i s , o f t h e p d f o f e a c h NxJ p o s s i b l e s y s t em r e p a i r t y p e . A s s t a t e d I n

p a r a g r a p h ~ 0 , t h e s e I n t e g r a l s o f p d f ’ s a r e b y d e f t n i t l o n e a c h u n i t y . E a c h o f

t h e Nx J p o s s i b l e P “ j ’ s I n t h e f u n c t i o n a r e t h u s mu l t i p l i e d b y u n i t y a n d t h e
!

I n t e g r a l , Ov e r t h e e n t i r e t a x t s , o f t h e f u n c t i o n b e c ome s j u s t XP~ j . T h ! $

1 s t h e s umo f t h e r e l a t l v e p r o b a b l l ! t ~ e s o f e a c h NxJ p o s s i b l e syste m r e p a i r

t y p e p r o b a b i l i t y d e n s i t y e l e ~ n t Oc c u r r i n g , a n d t h ! s s um , a s u i t h t h e s umo f

any complete set of r e l a t l v e p r o b a b l l t t e s , I s u n i t y . T h u s , t h e I n t e g r a l o f

.

t h e f u n c t ! o no v e r t h e e n t t r e t a x i s f s unity.
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6 0 . L e t t h e c umu l a t i v e d i s t r i b u t i o n f u n c t i o n ( c a l f )o f T b e G , ( t ) . B y
d e f l n l t { o n o f t h e r e l a t i o n s h i p b e t w e e n t h e p d f a n d c a l f :

* t
J g?(t) d t - G , ( t ) ( s )

o

S \ n c e GT ( t ) I S t h e p r o b a b i l i t y o f c cmp l e t t n g s y s t em r e p a i r a t t i me t o r
l e s s , i t f o l l ow s t h a t :

J

M ma . ( @ ) !

r

m , , ( 0 )
g , ( t ) d t = l Pn j f . ( t ) d t = 0 $ 1 ( 6 )

o 0 n ~

wh e r e Mm , . ( $ ) r e p r e s e n t s t h e v a l u e o f t a t wh t c h t h e p r o b a b [ l l t y o f
r e p a i r i s Q .

7 0 . T h e i n t e g r a l

t y p e n j a t t i me t
o f r e p a i r t y p e n j
l e t

F “ , ( t )

J
M**.(O)

f ~ ( t ) d t I s t h e p r o b a b i l i t y o f c omp l e t i n g r e p a i r
o n ~

o r l e s s . T h i s t n t e g r a l ! s a l s o t h e a r e a u n d e r t h e p d f c u r v e
u p t o ( a t ) a p a r t i c u l a r t v a l u e . T o s l mp l l f y e q u a t i o n ( 6 ) ,

J

Mm..(~)

D f . ( t ) d t ( 7 )
o n ~

E q u a t t o n ( 6 ) b e c ome s

J

Mm , , ( @ ) !

g r ( t ) d t - W . j Fm j ( t ) = 0
o

~ / T h i s i s e q u a t i o n 4 o f p a r a g r a p h ? 0 . 1 o f Ap p e n d i x C .

(8)
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No t e t h a t t h e d e r i v a t i o n o f e q u a t i o n ( 8 1 h o l d ; ‘ o r a n y dls:ributlon of R . j .

T h v x , ! f t h e f o r m o f p d f o f t h e R . j a n d t h e p a r ame t e r s n e c e s s d r y t o

c n a r a c t e r : z e t h e p d f d i s t r ~ b u t ~ o n o f t h e R . j a r e k n own , b c t h t h e

c omp u t e r i z e d a n d the Inanua? C?lCUldtiOn tect’n;ques c a n De u s e s without

assum~ng the a d f o f e a c h o f t h e i n d : ~ i d u a ! R . , i s n o r ma l .

8 0 . TO s o ! v e e q u a t i o n ( 8 ) , : t i s n e c e s s a r y o n l y t o f i n d t h E t v a l ’ ) e f o r u h ’ c b

t h e ~ um , o v e r a l l NxJ poss;ble system repair types, of ~,F,Jt~j gives the

desired O. Valtjes of +., are calculated as i o d ! c ~ t e d b y equation (4!.

V a l u e s o f F . , ( t ) a r e f o u n d f r om t a b l e s o f a r e a u n d e r s u i t a b l e p d f c u r v e s .

An Inltal t t s s e l e c t e d a n d e v a l u a t e d . Su c c e s s i v e t v a l u e s a r e t h e n

u n t i l t h e d e s ~ r e f . iQ I s o b t a i n e d , t o t h e d e s i r e d l e v e l o f a c c u r a c y .

9 0 . T h e p,ed!etion example used here to illustrate the manual calcu

technique i s t h e e x amp l e d e s c r i b e d i n p a r a g r a p h 1 0 . 3 o f t h e c omp u t e r

e x am i n e d

a t i o n

z e d

t e c h n i q u e . T h e i n d i v i d u a l R . j a r e a s s ume d t o h a v e n o r ma l p d f ’ s . T a b l e

D - V - I c onta ins th e i n p u t d a t a f o r t h e E - c omp r l s i n g e a c h n j s y s t em r e p a i r
- J

t y p e , p l u s t h e P I a n d U [ ‘ f o r e a c h E . o f e a c h n j s y s t em r e p a i r
. .

t y p e . Us f n g t h i s I n p u t d a t a , t h e i n d i v i d u a l n j s y s t em r e p a ~ r t y p e i JW .
2

~j

ok a n d P . j a r e c a l c u l a t e d a s d e s c r i b e d a b o v e i n p a r a g r a p h s 2 0 a n d 4 0 a n d
mJ

a s i n d i c a t e d i n f o o t n o e s ! / t h r o u g h I i o f T a b l e D - V - X I . Co l umn s 2 t h r o u g h

r e s p e c t i v e l y , o f T a b l e O - V - I I p r e s e n t t h e s e c a l c u l a t e d v a ’

i n d i v i d u a l n j r e p a i r t y p e s . Co l umn s 5 t h r o u g h 8 , r e s p e c t

D - V - I I p r e s e n t t h e c a l c u l a t e d v a l u e s o f F . j . P . j F . j a n d O

u e s f o r t h e

v e l y , o f T a b e

f o r f o u r

i t e r a t i v e l y - s e l e c t e d t r i a l v a l u e s o f t . A s s h own , t h e d e s i r e d @ v a l u e o f

4 .

--

0 . 9 0 I s a c h i e v e d a t 8 . 1 0 h o u r s . T h i s i s t h e s ame v a l u e g i v e n i n p a r a g r a p h

1 0 . 3 o f Ap p e n d i x C f o r t h e e x amp l e c omp u t e r o u t p u t .

1 2 J a n 1 9 8 4
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c t i o n e x amp l e d e s c r i b e d a b o v e i n d i c a t e s t h e r e l a t i v e s i mp l i c i t y

o f t n e m t i r l u a lc a l c u l a t i o n t e c n n i q u e A l t h o u g h a p p l i e d I n t h e e x amp l e t o a

d u a l r e p a i r t y p e s , t h e t e c h n i q u e i s

y p e s . F o r 1 0 r g e n umb e r ~ o f r e p a i r t y p e s ,

j j s t e n i c omp r i s e d o f o n l y f o u r i n d i v

a p p l i c a b l e t o ? n y r , umb e r o f r e p a i r ‘

i t wCL l d b e C c n i ’ e r i e r t t o u s e a p r o g r amma b l e : ~ l c u ! a t ~ r w i t h a n o r m~ l

d i s t r i b u t i o n p r o g r am .

i ~ i j , An o t h e r p r a c t i c a l c a l c u l a t i o n a l ~ e r n a t i v e f o r h a n d l i n g l a r g e n umb e r s o f

r e p a i r t y p e s w i t h t h e ma n u a l c a l c u l a t i o n t e c h n i q u e i s b y g r o u p i n g t h e d a t a . I t

I S a s s ume d t h e n e c e s s a r y C a i c u l a t l o n s have Oe e n ma d e t o o b t a i n t h e MU “ S
~ J

a n d a l l 2 ’ s , o r t h e y a r e g i v e n d i r e c t l y . G r o u p t h e o r d e r e d r e p a i r t y p e
n ~

P . m , ‘ s i n t O 1 t i me I n t e r v a l s o f l e n g t h A t . F o r e a c h s e t o f d a t a a ms t

s u i t a b l e n umb e r , 1 , o f c l a s s e s c a n b e f o u n d . S t u r g e s h a s d e v e l o p e d t h e s i mp l e

r u l e 1 = 1 + 3 . 3 l o g , O N wh e r e 1 i s t h e n umb e r o f c l a s s e s a n d N 1 s t h e n umb e r

o f d a t a . ADD r o x i ma t e t h e a c t u a l d i $ t r t b u t l o n o f r e p a i r t y p e p ~m j ’ s ! n

e a c h o f t h e 1 t i me i n t e r v a l s b y a n o r ma l d i s t r i b u t i o n w i t h a me a n ( p , )

c a l c u l a t e d a s t h f a i l u r e r a t e - w e ! g h t e d r e p a i r t y p e me a n

i 1
p , = Z p . A . j l z l ( 1 0 )

mJ
i

wh e r e Z i n d i c a t e s t h e s um i s t a k e n o v e r t h e i i ” i n t e r v a l a n d a v a r i a n c e

( U , 2 ) c a l c u l a t e d a s t h e f a i l u r e r a t e - w e i g h t e d r e p a i r t y p e v a r i a n c e
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