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~~~~~~~ I C  P R f l b L F M S  O F  D E T E R M ININ G  T H E  D U R A P I L I T Y  OF  A I : ~C~~A P T  F . G 1 F~;

V . K.  V 3:- ~nch~~n k o  ~ n 1  G. N .  Derkac~

Ir , cr~~a~;i:: j  t h e  r vice  l i f e , r e l i a b i l i t y  a n ~ m a i n t  .liT1 .- ib1~~ y n

d i r c u a f t  e n q i n e s  is a ccn ~~l€ x  i r o b l e m  W h i c h  i n v c l v ” s  ~~~~~~~~

t~~ch n o l o g i c a l , o p e r a t i o n a l  and  e c o now i c  p r c L l e m ~~. ~~ w i ll •~~ ~~~~~~

p r o b l e m  of e s t a b l i s h i n g  t h e  o p t i t n u~ n u m b e r  of w a i o r  o v P r L ~~u 1.3  ~~

d~~r i v a t i v e  en j i n e s  w i t h  d i t f ~~r~~nt service l i v~~~ in  ~~~ des i i r  ~~~~~~~~~~~~~~~~~

The .ini.u. ca lcu la t ed  e x p e n d i t u r c s  on in E n j i n e  ~‘~~r b o u t  of

o p e r a t i o n  A , ) can be u sed  as t h e  e c c n o m i c  c r it e r i o n  f o r  t b —

~. r e l i m i n a r y  d et e r m in a t i c n  at t h e  o p t i R u E  n u n b e r  of n a l o r  ov r h i i l s  n ’

t h e s e  en g i n e s :

I —  I V ( F~~ ) 1—007 3— 77
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P A G E  2

A ~ ~ in . ( I )

where ‘~ 
. — the p r i m ~ cc~~t of ~~~ “ n c j in t  ~e r  ~mi t  o~ c i . i ~~:c~

r u b l e s ;

— t h e  f i x e d  a n i  c i rc u l a t  i n :j  c al : it 1 1  cf t 1~~ . ) ‘  
~~., ‘~i~ i ’

o p e r a t i n g  the  e n g i n e , r u b l e s ;

— the s t a n da r i  e f f i c i e n c y  c o e f f i c i e n t .

We will consider the dependence of thEse values ~ r. t h ~ n : H ~

wa jor overhauls.

The prim e cost of the engine per operating hour (~~à f l  l~ u . i b y

the forisula:

0 ‘ ‘V
- / • , ,) ‘ .

where  -~ 
— the e x p e n d i t u r e s  on test  and  d e s i g n  work  f o r  one

eng ine , r u b les;

0 ,~~. the  p r i m e  cost f o r  m a n u t a c t u r i n q  t h €  en g i n e , r u b l , ;

FT. - L. ( b C ) 1_ 0 0 7 i _ 7 7
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(1
— the pr une cost  ot t m i jor engine cv.’rh aul , r u :

n — t h e  number of m ijor o v er h a u l s ;

— t h e  - p ’ t  ~ t iona  I i ’xpen ses  on servicin -j ~~ ~ : i  i r l

l u b r i c a n t s  C O 1 l s u n ~~d p~~r hour of eng ine aperut icr:, rub i . ;

— t h A -  L;ervice life at t h e  en ’~i ne  b E t V e ’~n • ) v e 1 h ~ ~ ,

As formula ( 2 )  shows , only the p r ime r~~p a it C C e-~~~ i~~ l A k ’ r is or

r u m b e r  ot major ov e rh~~uls of an enj in c , and here no • n- ~ :i i: : r i n ~~

cost, ~. ut only th~ ex penditures on replaceaole Spar ..? p a r t s  ~~~~~~~~

this. These expenses ire called standar d va r ia lle P X P t - r . r~~:;

(C
e )  

dependin g on the value of r .

Th~’ p r i me cost of a majo r overhaul

• . : b r , t~~

w h er e  ‘ — standard fixed expenditures , i.e., e x p e n d i t u ~~~~’ 0 1 .

repair without considera tion of replaceable spate parts , r u b 1 - ~~;

—IU( hY) 1—00 7 ~—77  
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A — the equ ation para m ete r;

b,, . — the  c o e f f i c ien t s  of t h e  i !cr e a se  i n  ex p en ~ i t ’ ~~t .

dej en~1ir.y cn the increase in n a n d  ~~~, resp ectivcly.

It  ~o l l o w s  f r o m  e - 4 u a t i o n  (3)  t h a t

‘s o  rPt ~ 1 - . ç ~~ ~ I : ‘ • J . . ( I )

Expenditur e3 on servicinq and fuel and lubr ic an ir: U -  ~~- ;

prcpo r t’ion to the l e n g t h  of time the engine is in op c s rati’ ~ .

expen .ltur .- s are fixed per hcur of ~he e n g in e’s cpe r.~t ior:.

The greatest difficulty lies in determinin g ~he v.111 1 - of I’ q j :

‘p
- 
,
,•

‘ . (
~)

w h e r e 1’ — the  a n n u a l  f i x e d  a n d  c i r c u l a t i ng  c a p i ta l  of t h r ’

o r g a n i z a t i o n  o p e r a t i n g  t h e  e n g i n e , r u b l e s ;

— the a n n u ~i l  f l y i n g  t i m e  of t h e  a i r c r a f t , h o u r s .

we w i l l  cons ide r  t h e  c h a n g e  in  t h e  c o m p o n e n t s  of v a l u e s  ‘b w i t h 

- - ~~~~~~~~~~~~~~~~~~~~~~~~ —~~~~~~~~~~~ - - - - - 
- 

- 
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~he increase it . t~ ie  n u m b e r  ot m aj o r  ~- A f .g 1 f l f  cvei ~~i ’ i l ~ -; i~~ 
-

ix ei an I ci:culat in c a p i t a l  C t  ‘h e cr ;i r ~~z~~ ~or. ~~p - :  i i ’

th.- erginc are cumpos c 1 of + h~ ca~ i t a  1 cf tn. r en ~~~~~~

a i r c t t

The fix .— I ca p ital consist s of the cost of t h U i r  •~L t u i p ’

!miiUijngs and installation s (inc lu i in g the airc rif’ 1 1~~U t ” - ~~n - ’

ba se) , as well as the a i r c r a f t  and engine fleet , a :1 b ’  c iLc I ] .~

cap i t a l  — t h e  cost of m a t e r i a l s , s p a r e  p a r t s , f u e l , o i l , 4 r .

W i t h o u t  c o n s i d e r a t i o n  of t h e  4 - ’n g i n e  t i t ~et , t h e  ~~ sol u t ’~ v f l u -  A~~ ’

‘he f i x e d  a n d  c i r c u l a t i ng  c a p i ta l  of r e p a i r  shc ~~s at: I a i t UO !  ~~~~

in c re i s c ’ s w i t h the increase ira the n u m b e r  cf ma lot  overhaul s -
~~

d e r i v a t i v e  e n g i n e s  w i t h  a g i v e n  Ser v i C e  l i te . T h u s , a:; ‘:t c-  v o l i i r -  ~~:

w o r k  cr m aj o r  o v e r h a u l s  a n d  ma in t e r . a n ce  i n c r e a s e s , m or e  t y U e ; ot

w o r k  are done , w h i c h  i n c r e a s e s  t h e  a m o u n t  of  e q u i p m e n t  f l e ” 1~~ c

o u t t it  the buildings , ins talla t ions , an d circul ati ni cant ’ ii.

There are virtually no procedures ava i lable tot deter m i n i r l

f ixed dnd circulating cap ital. For a rep air shot : - ‘
~~~~ ~ their v t~~u

can be approximated as follows :

_____________________ —.---~~~-‘——-—-~.:‘———~~
• — ‘, ~f’ ’k .r- - - —- - -  -
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where -“ - , — the fix e d a r ~~ c ir c u l a t i n ;  c u p i t i l  -
~~

respective ly, r ubles;

— coinm oli t y output , r u t l e s ;

— the fixed and circulatin g :a1 .ital e u i r t ,
~ : ‘r ~~ :~ 1.

of  c m s o d i t y  o u t p u t .

St u d i e s  h a v e  sh o w n  t h a t  .
~~~ is close tc one for differ . n

shops. For rouj h oa 1cula~~ions, we can ray that . ‘ : ~ Th-

A ..-

E v e n  i f  i t s  l o w e r  l i m i t  is  p r o j e c t e d ,  t h e  r e p a i r  co:~t : :- Jv i . : ’ r

th e plant with a standard leve l of profitablene ss , n’ n a t t e L  w h i t  t t ~~~.

nu mber of r epa i r s .  T h u s , w h e n  d e t e r m i n i n g  t h e  o p t i m u m  n witb .r o~

ov erhauls the standard level of’ profitablenes s is accoun tel f r  it .

the repair cost in expenses per operating hour cf the e n j i r . .

D i f f e r e n t  t y p e s  of  a i r c r a f t  a n d  e n g i ne s  w i t h  d i f t~-r en t s-~r vice

l i f e  d e r i v a t i v e s  a r e  o p e r a t e d  s i m u l t a n e c u s l y  a t  a i rp o r t s .  T! - ” r I c r o ,

I— — .~~~~ —. 
~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

— —‘ ‘-- v--’ —‘ ~ ,P
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:; v~- v I i  r f i c i  1 ~ o d . t err in~ i t . ’ ii X e  1 in d C 1 LC ’I la~ I ri ~ i t 1

c:~~~~,j 1 I’~~~~~t s W i t h O U t  ~~~~~ f l U ] I . ’ t 1 T J ‘h c  i j i c r a f t  f l e e t . Tb~~ ~~~~~ . j ’ i t :  A~~~~4

v_ i  1 uc ot ~ h i c a ni al c a r  -i rhi t r ar ii y i-c c-c t s  i 1 r el o be f 1 ~~C U t

1 0 U ~. Cd I c ij  1 a t  i on:;

T h e  i x ed c~~;i i t i l  ot  d1 i~~o r t : ;  u s c  i n c 1 I I E ~ tb. cO  ;~~ t L .

e n g i n e  f l e et .  Tn e  co.;t ot a ( k r i v a l - i v e  e n g i n e  w i t h  -i ;~~ r ’ i c :f l  i :

s~~r v i c . ’ 1 i f e  is t i x e d .  T h e  an r . u u  1 en q i  no r ” ~~‘i i r e r n e r i  t t pen ho

r u m b e ~ of a i r c r a ft  ne . .Ie d  a n d  t h e  n u m b e r  o t  e n g i n - ~s p’- r a i r r r i ~~~ . 1’ t .~

n u m b e r  o~ a i r c r a f t  dep~~n d s  on t h e  a n n u a l  t r a n s l . c r t a 4 ic’A r l :~~ - : ‘iir ~ . - . t ~~~.

P o t h  t h e  a i r c r a f t  f l ee t  ( a n d , t h e r e f o re , t h e  n u n t b .~ :’ o:

as w a l l )  an d  ‘heir annual fl y in g time ±ncr€as~ as the v ‘> i ’ i ~~” r~~

t r a n sp o r t a t  ion i nc reases .  C o n s e q u en t  l y,  t h e  m e a n  a n n u u  cO: -  ‘f

e n g i n e  f l e e t  per  h o u r  of o p e r a t i o n  w i l l  v a r y  in s i g n i : .i c i r ~~1v , a~~ ; c

be c o n s i d er e d  to  b e  f i x e d  f o r  a p p r o x i m a t e  c a l c u la t i o n s .

T h u s , we can a Iso say th a t  ‘P g.  -~~ ‘ ‘ - I .

We will expan i to rm ul a (1) • r e v e a l i n g  t h e  v a l u e s  w h i c h I ’ ; ~~ tfl Or

the number of ma jor ~-n - -J ine overhauls:

~~~~ ~~~ C~~~~~~ I ‘ -~ (a I )

— 
~ t n  I )

( I  : / 
~ I ~ -. ‘‘~ ‘ . n (7)

..—•—-ø—___.
~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ •.—•- .- .—- . - 

— 
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I~.ttin q t i e  f i r s t  d v r i v a t i v e  of  e q u a t i c l i  (7)  ~~~: i i l  f o ‘ ‘ U° ,

w i l l  cb ~~ii n t h e  t o r m u ], a t o r  A-S t dhlis hi rg ‘h. ec cr’o:riicull y c : i ~~~r:~

n u m t . e r  of ma jo r  o v e rh a u l s  ot a d e r i v a t i v e  ~~r . j i i t -  w~~~t r i  ~ i ‘irul

service life I” )

A A 
,~~ 

i . )  ~~~1 c~ ) 1 
~ ,

where and ~‘ are t he  s e q u e nt i a l  n u m b e r s  of t h e  ~U - u U ’ A ’ t s  ~~i~~~rr ‘~~~~~‘

b cr;i nrin q of t~te s~~ries pr oduction of t l ~e e n g i n e s  an d  r n e i  r e ~

rcspect ively.

As formula (8) shows, “ A depends on the ratio of  .x ’ n t l t  ‘ I t -s

cii expe rim ental des ’ign work and series Frodu ct i cn , ‘is w ’~1l ‘IS 01’

repair expenses, which .are attected by ~he tim e fu c to r .

This makes it necessary to cons ider first— crder ohso l e s c - r c .~,

‘a
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i. ’., ~~~ l e i r .  Ci u~ ion of an r;iro -’ t b l o u i h  * im€ . Tlt ’ t  ~‘ t  , r .~, ..

f i nd c u t  w h e n  i t  is a i v i ~~-i t’ 1e to i * -tera j n ,. t h i s  val ’i - .

~ct ’ i - i 11y .  by ~h t i m e  i s. L i e S—  [ - r c A l u c e i ~ i o i n~ - i s

t h e . t r i t r e cos t of s i m i l a r  e n g i n e  v e i~~i o r s  w i t h  t h  . ‘ i ’u.- S A ’ ’ v ;  -
~~~‘

h a s  b e f - IA i e d u c c i . I n  o r d e r  t~~~ t u k e  t h i s  i n t c  c o r s j - ~- n i t  iOh  ‘~ i .

~:. t e i  m i r i n g  ~~~ pLi  ic cost  of n a n u f a c t u r i r g  en  n - is , i • ‘ -~~~~‘ ‘

t o  a c c o u n t  f o r  t h e  l u a r t e r  c o r r o s p o n d i r q  t c  f h ~ - time I u i  i n  ~ *1

€ r q j n .  w a s  o v e r h a u l e d .

F u r t h e r m o r e , eac h suiL;equent arab ! ov erh aul of t~~1 e sar ~

is done aft e r a -;pecit ’icd period of t i m e ’ , whi ch cl .an~jes its  ~ r tii ~

cos t  both d u r i n g  se r i~~~ p r o d u c t ion a n d  d u r i n g  i~~pa i i~. ‘i te i~~ ~ i . 1150

be t a k e n i n t o  c o n — ;  i - l e t  a ’ i o n  W i e  t i  (1I .tet w i n i n g

The t i m e  bet we en  m a j o r  ~ r g  m e -  o v e r h a u  l ( n i )  i~~p.’t :  i s • I : .

SeLY ICI life b e t w e en  r e p a i r s , t h e  ‘ I n n u a l  f l y r n i  ~~~~~~:‘ - I t  * h e  u t

a n d  ~ he transportation and i~torage time :

~ - i .

wher e  t is t h e  eng ine  t r a n ~~p o r t a t i on  a n d  s t o r a ge  t i m e , in  : t u u r er ~ . .

I

_ _  - -  - -‘4 - ‘ ~~~~~~~ ~~~~~~~~~~~~~~~ .1
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T he  tn r  betwee : In A n q l r ; e ‘ S t i r t ~ m i  ~cr c v i  h i i  t n t  i n ,

s~~
- pt .’ r:  • ovei-ha ul

‘,  ( 
C 

- ‘. A , A

Th u s , ~ it o r L r  t o  ac c c unt  f o r  the  e ft e c ~ cf  f i r  ~: -

oL_ o l €s cen c e  when  d e t e r i r i n i n g  ‘ - it is n e c e s s ar y  t ) i i i  i~~

cf “ to the  n u m b e r  ot  t h e  quartQr of se r ies  pr , 1 2c~~io f l  c : . l

i n  f o r m u l a  (8)

The f iju r -~ ~ h o w ~ the char , g. ir, the v a lu e cf t t i ~~- op j a r  i i  I:  i ’ ~~

of o v e r h a u l s  o f  e n j  j n e s  w i t h  d i f t e ~-en t  s e r v i c e  l i ves  t ) . t W A - , n r- ,- : i i : : ;

(- r i, ~~2’  ~~3v r ,), A l epe n - l j n -;  on t h e  t i m €  t h e  L ’ ~~ a iL’s i r - - :r~ I - ~~

e x p e n . i t u r e s  ott se~ i s  ; r o d i i c t  ion at  ~ nct r € d u c c i  a: m u c h  i u i  :- I •

p e r i o l  w h e n  t h e  r ep a i r  ir  b e g u n  as in  t h e  p e r i c d  ot t n ~ t~~o p 1 - ’ )~~

~r o d u c t i - o i . The  e x p e r : l i t u r . :’, o n r e-’~ .a i i  i n g  a n  eng ine wit h s i t  - i i -
~ I

‘r- 1 t ) e~~we e ’n  r ep a i r s  l ec re ase  m a r k e d l y d u r i n g  t h e  period of t~

t icn of iro d ic tion; t h e r e ~t o re , t h ~1 v a l u e  of “ m a r k e d ly

in r r t~ 1m;e~ :. A f t e r  t h i s  p e r io d , e x p e n d i t u r e s  on r e p a i r  are r e d u c - d  nr t . -
~

g r a d u a l l y .  T h u s , t h e  v a l u e  cf t h e  o p t i f f u m  n u m b~- r  of o v e r h a u l - ;  of

en J in~~i~ w i 4 h  d i f f e r e n t  se rv ice  l i v es  b e t w e e n  r~~ç a i r s  c h a n g e : ;

i n s i g n i f i c a nt l y  ( w i t h i n  0 .5  over an  extended p e r i od ) .  I n  e~ .s~~nc ,

this ieans that the value of ~~‘u can be deterw ined for any “r ’ l i l i ”

-4 .

~~~~~
-‘
~~~~~~~

, ‘
~~~

--, -‘ - -- — . -. — ‘  --‘-— . - —-—- -— -
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~t any t 1;r e ~~ ‘ ‘ j- — t  iO -~ ot ‘h ud c ’~ t j~~ m t  - A ’ J ~ l i i : ’ ‘ S t . - ~~ a , :

I r cc ’-~~~.

: ) e ’L or. ~— “ i I i ( L  oh:;oI( A e r t t o  also t ft ’~c~~s t h e V t i l t -  0~ 
• ::‘
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