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PURPOSE: 
o f c t i v e s  t o  achieve c o n s i s t e n t  L i f e  Cycle Cost (LCC) a n a l y s i s  f o r  
m i l i t a r y  a i r c r a f t  engines. 

Aerospace In fo rma t ion  Report  (AIR) 1939 prov ides guide1 ines  i n  1 i e u  

A I R  1939 deals  s p e c i f i c a l l y  w i t h  t h e  d i r e c t  L i f e  Cycle Cost elements o f  
Aerospace Propul s i o n  Systems. It i s  recognized t h a t  propul s i o n  i s  normal l y  
one p a r t  o f  a l a r g e r  system, and t h a t  through i t s  performance i n t e r a c t i o n  
w i t h  t h i s  o v e r a l l  system, p ropu ls ion  can o f t e n  e x e r t  a g rea te r  i n f l u e n c e  on 
system cos ts  than are  poss ib le  through changes i n  the  d i r e c t  p ropu ls ion  
system c o s t  elements. A I R  1939 i s  n o t  d i r e c t e d  a t  t h i s  performance 
i n t e r a c t i o n  issue. 
a stand-alone measure o f  p ropu ls ion  system c o s t  - b u t  which can a l s o  serve as 
a c o s t  b u i l d i n g  b lock  f o r  broader system-or iented c o s t - b e n e f i t  eva lua t ions .  

Instead, i t  prov ides a L i f e  Cycle Cost approach which i s  

SCOPE: 
m i e r s ,  a i r c r a f t  engine producers, a i r c r a f t  manufacturers, and users, as 
i l l u s t r a t e d  i n  F igu re  1. 
research, development, t e s t  and eva lua t i on  (RDT&E); a c q u i s i t i o n  ( i n i t i a l  
procurement and investment) ;  and opera t i ng  and suppor t  (O&S) costs .  
i n p u t  and ou tpu t  formats are suggested, c a l c u l a t i o n  procedures and c o s t  
methodology a r e  s p e c i f i c a l l y  excluded s ince  many LCC models p r e f e r r e d  by t h e  
i n d u s t r y  a re  company s e n s i t i v e  o r - p r o p r i e t a r y  (F igure  1 1. 
o f  LCC i n p u t  data t o  program phase i s  described. 
assumptions a r e  addressed. 
impact o f  p ropu ls ion  systems on o t h e r  a i r c r a f t  systems i s  considered. 

Th is  document was s p e c i f i c a l l y  deve1 oped f o r  m i  1 i t a r y  propul  s i o n  system c o s t  
ana lys is .  However, i t  i s  b e l i e v e d  t h a t  a f u n c t i o n a l  r e l a t i o n s h i p  e x i s t s  
between m i l i t a r y  and c o m e r c i a l  L i f e  Cycle Cost ana lys i s  and t h a t  w i t h  some 
i n t e r p r e t a t i o n ,  sec t ions  o f  A I R  1939 might  be app l i cab le  t o  commercial 
propul  s i o n  systems as we1 1 . 
I n  summary, A I R  1939 prov ides  a b a s i s  f o r  LCC ca lcu la t i ons ,  f o r  m o n i t o r i n g  o f  
LCC s t a t u s  r e s u l t i n g  from t rade  s tud ies,  and f o r  t r a c k i n g  s t a t u s  aga ins t  LCC 
goals  i n  a c o n s i s t e n t  manner, thus  p e r m i t t i n g  q u a n t i t a t i v e ,  comparable 
assessment. A I R  1939 gu ide l i nes  recommend t h a t  a L i f e  Cycle Cost 
p resen ta t i on  i n c l u d e  cons ide ra t i on  o f  o v e r a l l  c o s t  r a t h e r  than a 
sub-opt imizat ion o f  j u s t  one o r  a few c o s t  elements, 

A I R  1939 addresses connnunication o f  LCC data between equipment 

The LCC data ca tegor ies  addressed inc lude:  

While 

The r e l a t i o n s h i p  
Ground r u l e s  and 

A g lossary  o f  LCC terms i s  provided. The LCC 

BACKGROUND: E a r l y  program LCC ana lys i s  recognizes t h a t  as the  engine des ign  
evolves, i t s  LCC becomes more f i x e d ,  as i l l u s t r a t e d  i n  F igure  2. Typica l  
t rends  o f  annual cos ts  as a f u n c t i o n  o f  t ime and throughout the  d i f f e r e n t  
l i f e  c y c l e  phases a r e  shown i n  F igure  3. 

The e v o l u t i o n  of LCC es t ima t ion  has r e s u l t e d  i n  many d i f f e r e n t  approaches, 
d e f i n i t i o n s ,  d i r e c t i v e s ,  and procedures. 
achieve consis tency i n  t h e  exchange o f  LCC data w i thou t  s p e c i f y i n g  methods t o  
c a l c u l a t e  these costs.  
and d e f i n i t i o n s  f o r  LCC i n p u t s  and outputs .  

Consequently, a need has a r i s e n  t o  

This  A I R  responds t o  t h i s  need f o r  c o n s i s t e n t  fo rmat  
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3. (Cont i  nued ) : 

I n  addi ts ion,  t h e  l e v e l  o f  LCC d e t a i l  has sometimes been inapprop r ia te l y  
appl ied. 
more appropr ia te  than an account ing model, 
d e t a i  1 cons is ten t  w i t h  t h e  phase o f  - p r o j e c t  deve1 opment. 

The prepara t ion  o f  t h i s  document, A I R  1939, used several  SAE documents as 
r o l e  models: 

For example, a parametr ic model a t  an e a r l y  phase o f  LCC migh t  be 
This A I R  recognizes LCC data 

Number T i t l e  

A I R  1812 Aerospace In fo rmat ion  Report  
"Envi ronmental Control  .Systems L i f e  Cycle Cost" 

ARP 1587 Aerospace Recomnended Prac t i ce  
" A i  r c r a f t  Gas Turbine Engine Moni t o r i  ng System Gui de" 

AS 681 Aero space Standard 
"Gas Turbine Engine Steady Sta te  Performance Presentat ion f o r  
ü i g i  t a l  computer Programs ' 

" A i r c r a f t  Gas Turbine Engine Moni t o r i n g  Systems" 
SP 478 Special  Pub1 i c a t i o n  

4. DESCRIPTION:  This A I R  presents the  f o l l o w i n g  gu ide l ines :  

o Defines LCC terms inc lud ing :  
- Nomencl a tu re  - Input/Output parameters 

o Provides - P r o j e c t  
- Depth o 

nput/output compati b 
phase 

ana lys i s  

o Describes r e s p o n s i b i l i t i e s  for - Equipment supp l i e rs  
- Engine producers - A i r c r a f t  manufacturers 
- System users 

l i t y  as a f u n c t i o n  o f :  

L i f e  Cycle Costs and r e l a t e d  l i f e  c y c l e  phases (development, a c q u i s i t i o n ,  
operat ions and suppor t )  a re  shown i n  F igure  3. L i f e  Cycle Cost p rac t i ces  
vary and the re fo re  requ i re  coord ina t ion  f o r  cons i s ten t  LCC data exchanges 
(Sect ion 5). 

. 

5. PRACTICES: This A I R ' S  dominant emphasis i s  t o  present  an LCC guide f o r  t h e  

This guide serves as a b a s i s  f o r  a i r c r a f t  engine system LCC data 

cons is ten t  exchange o f  data f o r  use i n  t h e  achievement o f  a f fo rdab le  and c o s t  
e f f e c t i v e  t o t a l  systems and r e l a t e d  RDT&E, a c q u i s i t i o n  and O&S c o s t  
elements, 
exchanges. 
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5.1 Analys is :  LCC a n a l y s i s  i nc l  u d i  ng Design-To-Cost (DTC) i s conducted a t  
va r ious  l e v e l s  o f  d e t a i l  and data as shown i n  F igure  4. 
e a r l y  program phases u s u a l l y  y i e l d s  t h e  l e a s t  accurate LCC est imates.  
t h e  program c o n t i  nues toward f u1 1 scal  e produc ti on and depl oyment , LCC 
est imates tend t o  become more accurate as a f u n c t i o n  o f  d e t a i l  data 
c e r t a i n t y .  F igu re  5 shows how mi l i tary  fund ing  phases a re  t ime r e l a t e d  t o  
LCC phases. Combining i n fo rma t ion  shown by F igures 4 and 5 a l l ows  
r e c o g n i t i o n  of  t h e  importance f o r  n o t  ove rspec i f y ing  LCC parameters beyond 
t h e  probable c a p a b i l i t y  o f  t he  s u p p l i e r  community a t  any p a r t i c u l a r  p o i n t  i n  
a program. 

I Analys is  du r ing  . 
As 

5 .1.1 Conceptual LCC Analys is :  A i r c r a f t  engine parametr ic  LCC a n a l y s i s  can 
begin du r ing  research o r  exp lo ra to ry  development program tasks.  The goal 
i n  these very  e a r l y  LCC phases i s  t o  determine the  gross probable LCC t o  
e s t a b l i s h  a base l i ne  around which i n i t i a l  eng ineer ing  des ign t rade  s tud ies  
can be exercised, While a p o t e n t i a l  l a r g e  u n c e r t a i n t y  i n  t h i s  type  o f  LCC 
es t imate  can be expected, such e a r l y  LCC ana lys i s  he lps c o n f i g u r e  an 
engine des ign  and i d e n t i f y  areas having h i g h  c o s t  d r i v e r s  o r  program 
elements very s e n s i t i v e  t o  LCC. 

. s p e c i f i c  i n v e s t i g a t i o n s  o r  s tud ies  du r ing  t h e  V a l i d a t i o n  Phase. LCC 
a n a l y s i s  i s  considered successful  a t  t h i s  program phase i f  i t  c o n t r i b u t e s  
t o  a p r e f e r r e d  and p roper  s e l e c t i o n  o f  an engine type and probable optimum 
thermodynamic c y c l e  f o r  a base l i ne  a i r c r a f t / n ? i s s i o n  set .  

Th is  knowledge can be used t o  s t r u c t u r e  

5.1.2 S e n s i t i v i t y  Analys is :  While perhaps o f  most value du r ing  e a r l y  LCC Phases 
when more o r  l a r g e r  u n c e r t a i n t i e s  e x i s t  i n  parameters associated w i t h  
ma jor  c o s t  d r i  vers , sensi  ti v i  ty a n a l y s i s  can prov ide  va l  uable r e s u l t s  
throughout  a l l  LCC Phases. An understanding of t h e  po.tentia1 impact on 
incremental  LCC, whether f rom pe r tu rba t i ons  i n  cha l l eng ing  des ign goa ls  o r  
even poss ib le  s h i f t s  i n  u t i l i z a t i o n  scenario, o r  v a r i a t i o n s  i n  
u n c o n t r o l l a b l e  parameters such as f u e l  p r i c e ,  can be o f  va lue i n  b o t h  
dec i s ion  making and c o n t i  ngency planning. 

5.1.3 V a l i d a t i o n  LCC Ana lys is :  Cont inu ing LCC ana lys i s  du r ing  t h i s  phase leads  

A t t e n t i o n  may 
L i f e  l i m i t s  

t o  narrowing t h e  es t imate  unce r ta in t y ,  thereby a l l o w i n g  more d e t a i l e d  
t r a d e  s tud ies.  More work on the  engine c y c l e  i s  possible.  
beg in  t o  focus on planned suppor t  f o r  t h e  propu ls ion  system. 
m igh t  now be c a l c u l a t e d  and t raded aga ins t  ma te r ia l  se lec t i ons  made i n  t h e  
Conceptual Phase. 
est imates m igh t  t r a n s i t i o n  from parametr ic  t o  a summary bottom-up 
ana lys is .  
LCC goal s. 

Depending on the  scope o f  t h e  Va l i da t i on  Phase, LCC 

This  l e v e l  o f  program progress ion a l  lows s e t t i  ng more rea l  i s t i c  

5.1.4 F u l l  Scale Development LCC Analys is :  S u f f i c i e n t  d e t a i l  now e x i s t s ,  and 
d e t a i l e d  p lans  a re  i n  place, so t h a t  a more r e f i n e d  RDT&E c o s t  es t imate  
can be made. The e f f e c t  o f  p roduc t ion  r a t e  v a r i a t i o n s  on u n i t  c o s t  i s  a 
key v a r i a b l e  i n  the  assessment o f  p roduc t ion  c o s t  due t o  t h e  na ture  of t he  
compet i t i ve  s p l i t  buy. (Reference 29 and 30 i n  Sect ion 10.4) Moreover, a 
d e t a i l e d  bottom-up es t imate  can be generated f o r  t h e  engine p o r t i o n  of 
p roduc t ion  o r  a c q u i s i t i o n  a t  the  engine component l e v e l .  A b e t t e r  
understandi  no o f  t h e  a i r c r a f t  i n t e r f a c e  and in tended opera t ing  scenar io  
a l l ows  t h e  range o f  u n c e r t a i n t y  f o r  O&S t o  be narrowed. 
c a l c u l a t i o n s  can be i n i t i a t e d .  

Warranty 
I n  o t h e r  words, t h e  LCC es t imate  becomes 
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5.1.4 (Continued 1 : 

usefu l  t o  i n i t i a t e  d e t a i l e d  LCC t redu t i o n  analyse fr m 
may a1read.y have been set. It should be i n d i c a t e d  i f  p a s t  MQ 

1s t h a t  
, P V ,  o r  

CËRT develõpment cos ts  ( i n -se rv i ce  development) a re  to '  be inc luded o r  
excluded. 

5.1.5 Product ion LCC Analysis:  A major  e f f e c t  o f  the  a p p l i c a t i o n  o f  LCC 
ana lys i s  du r ing  the  product ion phase i s  u n i t  engine c o s t  reduct ion.  
s tud ies  cen te r  on reducing u n i t  'costs a t  no s a c r i f i c e  t o  performance o r  
s u p p o r t a b i l i t y .  Another goal should be t o  h o l d  LCC t o  a minimum even i f  
some u n i t  c o s t  savings cannot be rea l i zed .  For  example, a small savings 
i n  product ion c o s t  genera l l y  should n o t  be made i f  a r e l a t e d  maintenance 
c o s t  increase overwhelms the  savings t o  the  product ion change. 
a l s o  be noted t h a t  d e t a i l e d  product ion l o t  s i z e  and t i m i n g  a l lows l e a r n i n g  
curve e f f e c t s  t o  be opt imized so t h a t  t h e  lowest  average cumulat ive engine 
cos ts  can be rea l ized.  

Trade 

It should 

5.1.6 Operat ing and Support LCC Analys is :  O&S LCC ana lys i s  prov ides an 
oppor tun i ty  t o  use d e t a i l ,  bottom-up data t o  determine LCC c o s t  d r i v e r s  
t h a t  escaped prev ious t rade s tud ies.  I n  p a r t i c u l a r ,  a t t e n t i o n  migh t  be 
focused on serv ice  revealed d e f i c i e n c i e s  which migh t  r e s u l t  from ac tua l  
operat ions causing behavior  d i f f e r e n t  from t h a t  p red ic ted  o r  demonstrated 
d u r i  ng deve1 opment test !  n 
be per fomance d e t e r i o r a t  
FSD, I n  add i t i on ,  r e p a i r  
achiev ing f u r t h e r  O&S sav 
more c r e d i b l e  s ince  RDT&E 
costs,  

I 

. For example, such a behavior  v a r i a b l e  migh t  
on o r  another v a r i a b l e  n o t  a n t i c i p a t e d  du r ing  
o r  rework procedures migh t  be reduced thereby 
ngs. Note t h a t  t h e  o v e r a l l  LCC es t imate  becomes 
and some p o r t i o n  o f  product ion a r e  now sunk 

s t o r i c a l l y ,  LCC ana lys i s  has p a i d  l i t t l e  5 .  , 7  Disposal LCC Analysis:  H 
a t t e n t i o n  t o  d i  sposal savings opportuni  t i e s  from a broad a n a l y t i c a l  
v iewpoint ,  
a c t i v e  se rv i ce  t o  support  r o l e s  t o  t h e  boneyard. 
phase ou ts  can be planned us ing  LCC ana lys i s  techniques. 
should be monitored aga ins t  t imed usage so t h a t  scrap cos ts  a r e  minimum 
when t h e  system goes ou t  o f  serv ice.  
i n  serv ice,  a mod i f i ca t i on  ana lys i s  cou ld  show LCC savings f o r  t h e  second 
system. 
government, an LCC ana lys i s  migh t  show a c o s t  e f f e c t i v e  way t o  t r a n s f e r  
assets. 
e f  f ec ti ve p l  an ( s 1. 

A i r c r a f t  systems, p a r t i c u l a r l y  m i l i t a r y  systems, pass from 
However, c o s t  e f f e c t i v e  

Inventory  l e v e l s  

i f  a d e r i v a t i v e  p ropu ls ion  system i s  

If the  system being r e t i r e d  i s  t o  be i n  se rv i ce  f o r  another 

I n  any event, LCC ana lys is  techniques migh t  'lead t o  more c o s t  

5.1.8 Risk Analys is :  LCC est imates are  sub jec t  t o  many k inds  o f  uncer ta in ty ,  
i n c l u d i n g  those i n  t h e  es t ima t ing  procedure and those i n  t h e  program be ing  
estimated. It i s  des i rab le  t h a t  s ing le -po in t  LCC est imates be accompanied 
by desc r ip t i ons  of these two k inds  o f  uncer ta in ty ,  quan t i f i ed  where 
poss ib le .  

Risk, a man i fes ta t i on  o f  uncer ta in ty ,  i s  de f ined i n  d i f f e r e n t  ways. 
can be de f ined as t h e  i n t e r a c t i o n  (a r i t hmet i c  un ion)  o f  t h e  p r o b a b i l i t y  o f  
an event occur r ing  and the  consequence of t h a t  event ( u l t i m a t e l y ,  t h a t  
consequence becomes a change i n  LCC). 

Risk 

Note t h a t  r i s k  can be favorable as 
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5.1.8 (Continued): 

w e l l  as unfavorable.  A common measure o f  r i s k  i s  t he  s tandard d e v i a t i o n  
o f  t h e  p r o b a b i l i t y  d i s t r i b u t i o n  o f  a performance measure. 
i s  t h e  a r ray  o f  known poss ib le  events and the  product o f  t h e i r  
consequences and p r o b a b i l i t i e s  o f  occurrence. 
cons t ruc ted  such t h a t  t h e  events a re  mu tua l l y  exc lus ive,  then binominal  
p r o b a b i l i t y  ana lys i s  would p rov ide  t h e  o v e r a l l  expected va lue and standard 
d e v i a t i o n  o f  t o t a l  program r i s k .  Otherwise, a more complex Monte Car lo  
s imu la t i on  migh t  be requ i red  t o  eva lua te  o v e r a l l  r i s k .  

A r i s k  p r o f i l e  

I f  t h i s  a r r a y  cou ld  be 

5.2 Time Value of Money: Since moneys can be inves ted  and thereby grow w i t h  
time, economic s tud ies  cus tomar i l y  d iscount  f u t u r e  d o l l a r  f l ows  t o  r e f l e c t  
t h i s  time-value-of-money concept. W i t h i n  t h e  Government, a wide range o f  
op t i ons  i s  a l lowed f o r  addressing t h i s  i ssue  i n  Army, Navy and A i r  Force 
programs. Where s p e c i f i c  Government d i r e c t i o n  i s  g iven i n  t h i s  regard,  
Propuls ion System L i f e  Cycle Cost Analys is  should be done accord ing ly .  
t h e  absence o f  such d i r e c t i o n ,  cons ide ra t i on  should be g iven t o  employing a 
s u i t a b l e  d iscount  r a t e  i n  e v a l u a t i n g  Propul s ion  System L i f e  Cycle Cost 
t r a d e o f f  s. 

I n  

Se lec t i on  o f  a d iscount  r a t e  i s  very  impor tan t  and requ i res  cons iderab le  
judgment. 

o Using a base l ine  i n t e r e s t  r a t e  versus us ing  one which inc ludes  an 
allowance f o r  t n f l a t i o n .  

Two impor tan t  i ssues  i n  t h i s  s e l e c t i o n  i n v o l  ve: 

o Using a d iscount  r a t e  which r e f l e c t s  t h e  Government's d i r e c t  c o s t  o f  
borrowing money versus s e l e c t i n g  an i n t e r e s t  r a t e - o f - r e t u r n  which 
r e f l e c t s  average r e t u r n  i n  t h e  p r i v a t e  sec to r  of the  na t i ona l  economy 
(e.g., Government borrowings considered as a l o s t  oppor tun i t y  f o r  
investment i n  t h e  p r i v a t e  sec tor ) .  

O f  upmost importance i s  c l e a r l y  i d e n t i f y i n g  the  ground r u l e s  se lec ted  and 
i n s u r i n g  t h a t  they a re  c o n s i s t e n t l y  app l i ed  throughout  a study. 
d i scoun t ing  d i r e c t l y  i n f l uences  t h e  we igh t ing  o f  c o s t  elements w i t h i n  each 
phase o f  LCC. 
outcome o f  a dec i s ion  i n v o l v i n g  t h e  s e l e c t i o n  o f  a p r e f e r r e d  design o p t i o n  
based on a comparison o f  t o t a l  d iscounted L i f e  Cycle Cost. 

The r a t e  o f  

I t s  i n c l u s i o n  i n  t h e  LCC process might, there fore ,  a f f e c t  the  

5.3 Study Types: Subsequent subsect ions b r i e f l y  d e f i n e  and descr ibe  f o u r  
fundamental study types as i l l u s t r a t e d  i n  t h e  m a t r i x  c h a r t  o f  F igure  6 where 
t h e  Engine System and Ai r f rame System can be e i t h e r  f i x e d  o r  var iab le .  
Typica l  r e l a t i o n s h i p s  o f  these s tudy types t o  LCC Phases and r e l a t i v e  impact 
on i tems o f  LCC emphasis a r e  presented i n  F igure  7. 
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Engine Studies: 
variable engine and fixed airframe scenario. The engine size and/or cycle 
are key variables, Since the airframe is fixed, no significant airframe 
cost changes are involved. 
Although any model can be used, it must be consistent with the LCC phase 
of the specific program (paragraphs 5.1.1-5.1.8). The latter can be and 
often are different for the airframe and engine. 

Engine/System Studies: This type of LCC analysis involves a variable 
airframe as well as a variable engine. In contrast to Section 5.3.1, the 
airframe is a key variable; and consequently, the engine manufacturer 
needs airframe data and vice versa. A l l  the ingredients of Section 5.3.1 
apply; but in addition, airframe costs are included. 

LCC analyses focused on Engine Studies are based on a 

Such studies may be conducted at any depth. 

System Studies: This type of LCC analysis applies to variable airframe 
and fixed engine situations.. Since the engine is fixed, there is no 
effect on engine cycle or engine size. Because airframe variations can 
impact engine usage, severity effects can be important considerations. 
The ingredients of paragraph 5.3.1 again apply; in addition, however, the 
engine and airframe costs (often from probably different phases) are added 
together. 

Ground Rule Studies: In this situation, both the airfrariie and engine are 
fixed, but the scenario is variable. Typically, the impact of changes in 
the maintenance concept, mission details, delivery schedule, economics, 
etc. are evaluated. 
variability impact should be consistent with the LCC phase. 
paragraph 5.3.3, engine and airframe costs are added as appropriate. 

Choice of such specific variables and their allowed 
As in 

5.3.2 

5.3.3 

5.3.4 

5.4 Projecting/Tracking: LCC tracking projections are used for cost control by 
design engine'ers, program managers, financial analysts and many others. 

Design engineers use LCC as a technical parameter for improving the engine 
system, That is, LCC is established as a technical parameter in the same 
sense and for the same purpose as performance parameters. 

Program managers use LCC tracking projections for program cost control. 
Similarly, financial analysts use LCC tracking projections for contract cost 
control 

Five elements of LCC tracking projections are (Figure 8): 

- initial base1 ine 
- previous projections - current status - future project ions - goal or target 
The initial baseline LCC is the Initial Projection, sometimes called a 
calibration, of the total cost of an engine program from start to finish. 
The current status LCC is the Current Projection or most recent calibration 
of the total cost of an engine program from start to finish, The goal or 
target LCC is the projected cost of the engine program that has been 
establ.ished as an achievement objective for engine program participants. 

COPYRIGHT SAE International (Society of Automotive Engineers, Inc)
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5.4 (Continued): 

As t h e  engine program proceeds, improvement changes u s u a l l y  a re  i nco rpo ra ted  
i n t o  €he engine des ign and i t s  program elements t o  reduce cost. The r e s u l t s  
a re  a d d i t i o n a l  LCC p r o j e c t i o n s  genera l l y  ( b u t  n o t  always) lower  than the  
i n i t i a l  p ro jec t i on .  

LCC t r a c k i n g  p r o j e c t i o n s  t h a t  have been est imated f o r  t ime per iods  p r i o r  t o  
t h e  c u r r e n t  s ta tus  LCC a r e  Previous Pro jec t ions .  S i m i l a r l y ,  LCC t rack ing .  
p r o j e c t i o n s  t h a t  a re  be ing  est imated f o r  t ime per iods  beyond t h e  c u r r e n t  
s t a t u s  LCC a re  Future  Pro jec t ions ,  as shown by F igure  8. 

LCC t r a c k i n g  p r o j e c t i o n s  are e i t h e r  o r  b o t h  o f  t h e  f o l l o w i n g  c o s t  and c o s t  
re1 a t e d  da t a  approat hes : 

- absolute 
- r e l a t i v e  

ADsolute data has n o t  had a q u a n t i t y  m u l t i p l i e d ,  d iv ided,  subt racted,  o r  
added t o  it. Absolute data presents numerical values independent o f  a 
fiase1 i ne. 

R e l a t i v e  data has had a q u a n t i t y  m u l t i p l i e d ,  d iv ided,  subt racted,  o r  added 
t o  it. 
o r  values (e.g., n e t  change from an es tab l i shed  base l i ne ) .  

R e l a t i v e  data presents numerical values dependent upon another va lue 

For  c l a r i t y  and improved t r a c k i n g  p ro jec t i ons ,  L i f e  Cycle Costs can be 
separated as i l l u s t r a t e d  i n  F igure  9 ( f o r  a scenar io  d i f f e r e n t  f rom t h a t .  
dep ic ted  i n  Figure  8). Using t h i s  approach t o  LCC t r a c k i n g  p ro jec t i ons ,  
b o t h  c o s t  and c o s t - r e l a t e d  ac tua l  and updated p r o j e c t i o n s  can be b e t t e r  
presented and con t ro l l ed .  

Some v a r i a n t s  to  t h e  above recommended gu ide l i nes  f o r  LCC t r a c k i n g  
p r o j e c t i o n s  a re  p r a c t i c e d  by i n d u s t r y  and government. . S p e c i f i c a l l y ,  t he  
c la imed base l ine  LCC migh t  n o t  be t h e  I n i t i a l  P ro jec t i on .  F o r  example, 
sometimes t h e  claimed base l i ne  i s  t h e  Current S ta tus  Pro jec t ion .  
t imes t h e  c la imed base l i ne  i s  t h e  Goal o r  Target  LCC. F o r  t h i s  and o t h e r  
areas o f  LCC data presentat ion,  bo th  users and supp l i e rs  o f  LCC data should 
coord ina te  and mu tua l l y  agree upon c o n s i s t e n t  LCC data p resen ta t i on  
gu i  de l  ines. 

Breakouts o f  L i f e  Cycle Cost t r a c k i n g  p r o j e c t i o n s  t o  severa l  h i g h e r  and 
lower  indenture  l e v e l s  can be h e l p f u l  t o  bo th  LCC data presenta t ion  users 
and supp l ie rs .  When t r a c k i n g  p r o j e c t i o n s  o f  engine LCC, t h e  eng ine ' s  
ongoing c r e d i t  and d e b i t  impacts on t o t a l  system LCC (e.g., a i r c r a f t / f l e e t )  
should be  reported. Th is  should be coord ina ted  and mu tua l l y  agreed upon i n  
advance by LCC data p resen ta t i on  users and suppl i e r s .  

A t  o t h e r  
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5.4 (Continued): 

Improvement experience curves, a l  so cal led 1 earning curves, are frequently 
applied for tracking projections of cost and cost related L C C  parameters. 
Many different learning curves of the fom y=AX-B are i n  use by industry and 
government. Plotted d a t a  can be a straight line on log-log. paper depending 
on whether the d a t a  are cumulative average or per u n i t  d a t a  (Figure 10) .  
Users and suppliers of LCC d a t a  should clearly indicate which d a t a  tracking 
projections are'being presented, e.g., cumulative average or per u n i t .  
Historical d a t a  actuals should be used as a basis t o  substantiate and/or  
verify LCC tracking projections. 

5.5 Caution; Program managers, financial analysts, design engineers and other 
technical specialists should be aware of erroneous conclusions resulting 
from inappropriate input and/or inappropriate comparisons w i t h  historical 
results, in spite of adequate LCC effor t  and  valid LCC o u t p u t .  

For example, a new engine program managed "business n o t  as usual" w i t h  novel 
engine design features m i g h t  n o t  fol low historical trends. LCC analyses 
intended for  engineering design activity migh t  be inappropriate (without 
a d d i t i o n a l  coordination and costing) for f inanc ia l  budget activity (see 
Figures 11 and 1 2 ) .  

5.5.1 Engine Fleet Size LCC Impact: 
dominant  i s  the engine development cost. 
engine f leet  size the more dominant i s  the engine acquisition, maintenance 
and fuel cost. W i t h  only engine f lee t  size as a variable, a typical trend 
of impact on L C C  percentage allocations i s  shown f o r  a 50-50,000 unit 
range of engine f lee t  size (Figure 1 1 ) .  

5.5.2 Engine Program Life L C C  Impact: 
more dominant i s  the engine development and acquisition cost. Conversely, 
the longer the engine program l i f e  the more dominant i s  the engine 
maintenance and fuel cost. With only engine program l i f e  as a variable, a 
typical trend of  impact on L C C  percentage allocations i s  shown for  a 1-45 
year range of engine program l i f e  (Figure 1 2 ) .  

5.6 Coordination and Responsibility Requirements: A s  was indicated i n  Figure 1 ,  
LCC involves several different participants. Consequently, a 
well-coordinated LCC effor t  i s  important. Furthermore, many o f  the L C C  
functions addressed in this  A I R  can be accomplished by more t h a n  one o f  
these participants. 
thorough del ineation of these responsibilities should be made and understood 
by the LCC participants. For example, the amount of i n p u t / o u t p u t  detail can 
vary with program phase and fund ing .  

The smaller the engine f lee t  size the more 
Conversely, the larger the 

The shorter the engine program l i f e  the 

To reduce duplication and improve productivity, a 
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6. INPUT: There a r e  no r i g i d  g u i d e l i n e s  which can be app l i ed  t o  c l a s s i f y  i n p u t  
i n f o r m a t i o n  used t o  c a l c u l a t e  a i r c r a f t  engine L i f e  Cycle Cost. 
elsewhere, parameters regarded as an i n p u t  t o  one ana lys i s ,  i.e., shop v i s i t  
r a t e  goal, can i n  d i f f e r e n t  circumstances be c o r r e c t l y  i d e n t i f i e d  as an 
output.  Sometimes t h e  same parameter i s  u t i l i z e d  as b o t h  an i n p u t  and an 
output.  This apparent anomaly i s  i l l u s t r a t e d  i n  F igure 13. 
"scoping" study, L i f e  Cycle Cost and p o s s i b l y  even R D T & E ,  A c q u i s i t i o n  and O&S 
migh t  be i npu t .  
corresponding o u t p u t  values o f  the corresponding sub-elements c o n s i s t e n t  w i t h  
t h e  i n p u t  ob jec t i ves .  
sub-element values as i n p u t  t o  b u i l d  up the r e s u l t i n g  ou tpu t  L i f e  Cycle Cost. 

As noted 

I n  a top-down 

I n  such cases, t he  o b j e c t i v e  would be t o  determine the  

On t h e  o t h e r  hand, a bottom-up study would u t i l i z e  

I n  t h e  l a t t e r  case when LCC i s  an output,  t he  p r i n c i p a l  sources o f  i n p u t  
i n f o m a t i o n  r e q u i r e d  by the  Engine Producer t o  c a l c u l a t e  a i r c r a f t  engine L i f e  
Cycle Cost are: 

- System User 
- Engine Producer 
- Ai r f rame Manufacturer - Equipment Suppl i e r s  

The r e s p o n s i b i l i t i e s  f o r  p r o v i d i n g  s p e c i f i c  data i tems i s  l i k e l y  t o  vary 
between types o f  analyses and a l s o  a t  d i f f e r e n t  phases o f  t h e  program (see 
paragraph 5.6). P r i o r  t o  expect ing responsive LCC c a l c u l a t e d  r e s u l t s  t o  be 
furnished by t h e  Engine Producer, i t  i s  impor tan t  t h a t  t h e  Customer spec i f y  
which values o f  t h e  f u n c t i o n a l  parameters ( i n p u t  and/or ou tpu t )  w i l l  be 
furn ished t o  t h e  Engine Producer c o n s i s t e n t  w i t h  the  approp r ia te  program 
phase. F o r  example, r e l a t i v e l y  few i n p u t  parameters should be assumed, 
scaled o r  ad jus ted  by t h e  Engine Producer from s i m i l a r ,  p r e v i o u s l y  completed 
LCC s t u d i e s  o r  r e l a t e d  exper ience t o  p rov ide  Engine LCC est imates a f t e r  
complet ion o f  t h e  Conceptual Phase (F igu re  4). 

While t h e  u n i t  o f  currency used throughout t h i s  document i s  t h e  U.S. d o l l a r ,  
t h e  u n i t  o f  currency a c t u a l l y  used f o r  t h e  I n p u t  and Output parameters o f  
t h i s  document should be t h a t  app rop r ia te  f o r  the p a r t i c u l a r  L i f e  Cycle Cost 
appl i c a t i o n .  

The f o l l o w i n g  should be regarded as a t y p i c a l ,  b u t  n o t  exhaust ive l i s t  o f  
i n p u t  requirements t o  support  t h e  c a l c u l a t i o n  o f  Engine LCC. 
i n p u t  parameters i n c l u d e  such i t ems  as engine goal values. 
Producers may r e q u i r e  such goals  as an i n p u t  f o r  t h e i r  methodology. 
o t h e r  Engine Producers, t h e  engine goals  may be an o u t p u t  of t h e i r  
method01 ogy. 1 

It should be noted t h a t  engine modules o r  accessor ies which can be l i n e  
rep laceable u n i t s  (LRUDRA) have severa l  d e s c r i p t i v e  f u n c t i o n s  a l s o  r e q u i r i n g  
i d e n t i f i c a t i o n  t o  p e r m i t  p roper  establ ishment o f  t h e i r  maintenance c o s t  
c o n t r i b u t i o n s .  
MMH/ERR(M) as l i s t e d  i n  paragraph 6.3. 

(Note: These 
Some Engine 

For 

For example, such f u n c t i o n s  i n c l u d e  ERR, NRTS(M), and 
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6.1 General Desc r ip t i on  o f  the P ro jec t :  Under t h i s  heading, a general n a r r a t i v e  
d e s c r i p t i o n  o f  the  p r o j e c t  migh t  be provided. 

6.2 System Parameters i nc lud ing :  

EPA 
D MM 
MM 
ADK 

6.3 Lngi ne Design and Devel opment Requi rements i ncl u d i  ng: 

Number o f  engines pe r  a i r c r a f t  
Design Missions -t N i x  -t Payloads +- Expendables 
Peacetime Miss ions t Mix -t Payloads + Expendables 
Add i t iona l  Design Requirements (g 's,  Accel Time, e tc .  

F OD 
FODOW 
FODSV 
ERR 
FiMH/EH( Fi) 

NRTS (hi)  

L KR 
TMC 

Engine Fore ign  Object  Damage Rate: 
Requi r i  ng On-Wi ng Repair 
Causing a Shop V i s i t  

Engine Repair Rate (events/1000 EFH) 
Maintenance Man Hours Per Engine Removal 

( A t  Appropr iate Maintenance Level, M )  
Not Repairable This S t a t i o n  

(For  Appropr iate Maintenance Level, M )  
L i n e  Replaceable U n i t  Removal Rate (Events/1000 EFH) 
Tota l  Maintenance Cost 

(Events/l,OOO EFH) 

[Parts,  Consuniables t Labor] ( D o l l a r s )  
TDC 
UFC 
MP 
SFC 

LCC 

Total  Devel opment Cost, Engi ne Only (Dol 1 a r s )  
Average U n i t  Flyaway Cost, Engine Only ( D o l l a r s )  
Measuring Po in t  f o r  Goals (Cumulative Engine F l i g h t  Hours) 
Spec i f i c  Fuel Consumption Based on Average Miss ion 

Useage Fuel Consumption 
Sum o f  RDT&E, A c q u i s i t i o n  and O&S Costs 

(can a l so  be Output - see Sect ion 7 )  

6,4 F l e e t  Size and S t ruc tu re  i nc lud ing :  

CCA 
TRA 
PAA 
A TA 
B A I  
F TA 
TA 
FTEI 
FTES 
FTE T 
PE I 
PES 
PET 
APS 
SPW 
W PB 
BUS 
BOS 
BTOT 

No. o f  Combat Coded A i r c r a f t  ( I n t e g e r )  
No. o f  T ra in ing  A i r c r a f t  ( I n t e g e r )  
No. o f  Primary Author ized A i r c r a f t  = CCA + TRA ( I n t e g e r )  
No. o f  A t t r i t i o n  A i r c r a f t  ( I n t e g e r )  
No. o f  Backup Author ized Inventory  A i r c r a f t  ( I n t e g e r )  
No. o f  F l i g h t  Test A i r c r a f t  ( I n t e g e r )  
No. o f  Tota l  A i r c r a f t  = PAA + ATA -t B A I  + FTA ( I n tege r )  
No. o f  F l i g h t  Test Engine: 

No. o f  Product ion Engine: 

No. o f  A i r c r a f t  Per Squadron ( In tege r )  
No. o f  Squadrons Per Wing ( I n t e g e r )  
No. o f  Wings Per Base ( I n t e g e r )  
No, o f  Bases: CONUS ( I n t e g e r )  

I n s t a l l s  ( I n t e g e r )  
Spares ( i n t e g e r )  

I n s t a l l s  ( I n t e g e r ) .  
Spares ( I n t e g e r )  

Total  = FTEI t FTES 

Tota l  = P E I  + PES 

Non-CONUS ( I n t e g e r )  
Tota l  = BUS t BOS ( I n t e g e r )  

COPYRIGHT SAE International (Society of Automotive Engineers, Inc)
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6.4 (Continued) : 

SPfY No. of Squadrons Per Carrier Vessel (CV) (Integer) 
SPNAS 
NCV No. of CV's (Integer) 
NBUS No. of NAS'S: CONUS (Integer) 
NBOS Non-CONUS ( Integer) 
NBTOT 

No. of Squadrons Per Naval Air Station, NAS (Integer) 

Total = NBUS t NBOS (Integer) 

6.5 Overall Timescales and Delivery Schedules including: 

I oc Initial Operational Capability (Date) 
EPY(i) No. of Engines Produced Each Year (Integer) 
YEP No. of Years of Engine Production (Integer) 
SI Study Interval (Indicate Life Cycle Phases) 

6.6 Fleet Utilization including: 

FTP 
FTH 
AFHPAA 
AFHCV 
AFHNAS 
EFHEOH 
EOPY 

Flight Test Period (Nuniber of Months) 
Total Number of Flight Test Hours (Integer) 
No. of Aircraft Flight Hours Per Year Per PAA (Integer) 
No. of Aircraft Flight Hours Per Year Per CV Aircraft (Integer) 
No. of Aircraft Flight Hours Per Year Per NAS Aircraft (Integer) 
No. of Engine Flight Hours Per Engine Operating Hour (Ratio) 
No. of Engines Operating Per Year (Integer) 

6.7 Maintenance Organization including: 

E ML 
PWF 
MAXCM) 

TOC V 
TONAS 
TOB(M) 

AMHCV 

AMHNAS 

AMMH RT 

ACMHD 

Number of Engine Maintenance Levels (Integer) 
Packaged Weight Factor, Shipping Weight/I tem Weight (Ratio) 
Maximum Engine Units Repair Capability, Maintenance Level 

CV Annual Turnover Rate (Personnel Per Year) 
NAS Annual Turnover Rate (Personnel Per Year) 
Base Annual Turnover Rate, Maintenance Level M 

(Personnel Per Year) 
CV Available Personnel Hours 

(Personnel Hours Per Personnel Month) 
NAS Available Personnel Hours 

(Personnel Hours Per Personnel Month) 
Total Available Military Personnel Hours for All Maintenance 
Levels (Personnel Hours Per Month) 

Depot Available Civilian Personnel Hours 
(Personnel Hours per Personnel Month) 

M (Integer) 

6.8 Maintenance Demands including: 

SI I Scheduled Inspection Interval (F1 ight Hours or Cycles) 
SIW 
SM I Scheduled Maintenance Interval (Flight Hours or Cycles) 
LEFF Labor Efficiency (%) 
PCUS Packaging Cost Per Pound : CONUS ($/Pound) 
PCOS Non-CONUS ( $/Pound) 

Scheduled Inspection Window (F1 ight Hours or Cycles) 
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6.8 (Cont i  nued : 

TC Transpor tat ion Cost fronr I n t  Shop t o  Depot, One-Way: ($/pound) 
TCUS CONUS 
TCOS Non -CONUS 
OSTUS Order and Ship Time [Par ts  Only]: CONUS (Days) 
OSTOS Non-CONUS (Days) 
RCTKS (Ml 

K c1 P L ( F! 

ETT(Fi) 

Repair  Cycle Time a t  Maintenance Level M f o r  Modules and 

Repair  Cycle Time a t  Maintenance Level M f o r  Par ts  and 

Engine Turn Time, Exc lus ive  o f  In-Work, a t  Maintenance 

S K U ' S  (Days) 

LKU 's  (Days) 

Level M (Days) 

6.9 Spares Requi rernents i ncl u d i  ng: 

SPCF(i 

IPSE. No. o f  I n i t i a l  Pipe1 i n e  Spare Engines 
ï P S M ( i  1 
ïPSP(i ) 
E CON 

Spares Confidence Fac tor  f o r  Each Engine, Module, SRU, LRU 

No. of  I n i t i a l  P ipe l i ne  Spare Modules and/or S K U ' S  
No. o f  I n i t i a l  P ipe l i ne  Spare Par ts  and/or LRU's 
No. o f  Engine Condemnations ( In tege r  o r  % o f  I n s t a l l s )  

and P a r t  ( % )  

6.10 Cost Basis i nc lud ing :  

BYD 

FC 
LRB(F:) 

o k C  ( PI 1 

IMC( i )  
RMC( i 
B M î (  i 
TDC 
TDCPAC 
TDC PUP 
TDCPRE 
DISC(i)  

Base Year Do l l a rs  
(Government F i s c a l  Year o r  Calendar Year) 

Fuel Cost ($ /Gal lon)  
Government Labor Rates, Burdened a t  Maintenance Level M 

($/Personnel Hour) 
D i r e c t  Ma te r ia l  Cost a t  Maintenance Level F1 

($/Personnel Hour) 
I n i t i a l  management Cost ( D o l l a r s  Per I tem)  
Recurr ing Management Cost ( D o l l a r s  Per I tem Per Year) 
Base Supply Management Cost ( D o l l a r s  Per I tem Per Year) 
Technical Data Cost Per Page: ( D o l l a r s )  

Acqui s i  t i o n  
Update 
Rep roduc t i on 

Annual Net Discount Rate ( % )  

7. OUTPUT: 

7.1 RDT&E: 
Development, Test and Eva lua t ion  cos ts  over  the l i f e  c y c l e  o f  the  weapon 
system. 

RDMQT 
RD I O C  
RDFTE 
RDFTE I 
RDFTES 

Sect ion 6, Input ,  should be considered when reading t h i s  sec t ion .  

A se r ies  of currency values represent ing t o t a l  Engine Research, 

These values i nc lude  t h e  f o l  l o w i  ng RDT&E c o s t  ca tegor ies  (do l  1 a r s ) :  

RDT&E Through PV/MÇT, I nc lud ing  AMT Test ing 
RDT&E from Completion o f  PV/MQT t o  I O C  
Number of F l i g h t  Test Engines: 

I n s t a l l s  ( $  and Number o f  Engines) 
Spares ( $  and Number o f  Engines) 
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7.1 (Continued): 

RDFTS 
RDI  LS 
RD I LDSD 
RDILDTP 
RD ILSEBO 
RDILSEBI 
RD ILSED 
R D I  LSP I L 
RDILSPSP 
RDILTS 

- 17 - 

F l i g h t  Test  Support  
I L S  Development: 

Data: Support Data 

Support Equipment: Base - Organizat ional  

Sys/Proj  Mgmt: ILS Management 

Tra in1  ng: Services 

Technical Pub1 i c a t i o n s  

- Intermediate 
Depot 

Sys Eng'g + P r o j  Mgmt 

7.2 Acqu is i t i on :  A s e r i e s  o f  currency va lues represent ing  t o t a l  Engine 
cos ts  over  t h e  l i f e  c y c l e  o f  t he  weapon system. Also c a l l e d  

o r  Investment. These values i nc lude  the  f o l l o w i n g  c o s t  
Categor ies ( d o l l a r s  1: 

ACIE 
ACSE 
ACSP 
ACS PMS 
ACSPP L 
ACPSE 
ACSEDMD 
ACSEDSD 
ACSEBO 
ACSEBI 
ACSED 
ACSESP I L 
ACSESPS P 
ACSETE 
ACSETET 
ACPTI 
ACPT 
ACTO 
ACWRS 

I n s t a l l e d  Engines ( $  and Number o f  Engines) 
P i p e l i n e  Spare Engines ( $  and Number o f  Engines) 
P i p e l i n e  Spare Modules + Par ts :  

Modules + SRU's ( $  and Equ iva len t  Number o f  Engines) 
Pa r t s  + LRU's ( $  and Equ iva len t  Number o f  Engines) 

Pecu l i a r  Support Equipment: 
Data: Management Data 

Support Equipment: Base - Organizat ional  

Sys/Proj  Mgmt: ILS Management 

Tra in ing :  

Support Da ta  

- In te rmed ia te  

Sys Eng'g and P r o j  Mgmt 
Engines ( $  and Number o f  Engines) 

Depot 

. Equipment/Tool i n g  
Personnel T r a i n i n g  - Type I 
Product ion Tool i n g  
Technical Orders 
War Reserve Spares 

7.3 - O&S: A s e r i e s  of currency va lues represent ing  t o t a l  Engine Operat ing & 
Support c o s t s  o v e r  t h e  l i f e  c y c l e  of t h e  weapon system. 
parameters a r e  f u n c t i o n a l l y  responsive t o  t h e  engine r e l a t e d  c o s t  ca tegor ies  
o f  t h e  OSD (CAIG) A i r c r a f t  O&S Cost Development Guide (Reference 21 o f  
paragraph 10.2). 
(do l  1 a r s  1 : 

These ou tpu t  

These values i n c l u d e  t h e  f o l l o w i n g  O&S c o s t  ca tegor ies  

OSL Labor Expended: 
OSLB Base 
OSLBFL 
OSLBON On-Mi ng (o rgan iza t i ona l  ) 
OSLBOF Off-Wing ( In te rmed ia te )  
OSLD Depot 

F1 i g h t  L ine  Inspec t ions  (Organ iza t iona l  1 
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7.3 (Continued) : 

OSRM 
OSRMB 
OSRMBO 
OSRMBI 
OSKMD 
OSRS 
OSKSB 
OSRSBO 
OSRSBI 
OSRSD . 
USEC 
OSFSS 
OSF 
OSFCM 
OSFEM 
OSIL 
os I El 
OSPTI  
OSSE 
OSTOK 
OST 
OSUF 

Repair Hater i a  1 (Expendables) Used : 
Base 

Depot 

Base 

On-Wing ( Organ i z a t  
Off-Wing ( Intermed 

Spare Par ts  Consumed: 

onal  
a t e )  

On-Wing (Organ iza t iona l  
O f f  - W i ng ( I ntermed i a t e  ) 

Engineer ing Change/TCTO R e t r o f i t  
F i e l d  Service Support 
Fuel  : 

Compos i t e  bl i s s i on 
E ng i ne Ma i n t ena nce 

ILS Management 
Inven to ry  Nanagement 
Personnel T ra in ing  
Recurr ing I laintenance Support Equipment 
Techn i c a  1 Orders (Revis ions)  
Transpor tat  i o n  
Unique F a c i l i t i e s  

Depot. 

- C I P :  y e a r l y  p r o j e c t i o n  represent ing  t o t a l  Engine Component A,iiprovement 
Program costs  ( d o l l a r s )  over t h e  l i f e  cyc le  o f  t h e  weapon system. 
inc ludes a l l  design, f a b r i c a t i o n  and t e s t  costs  associated w i t h  component 
improvement, once the  engine design i s  f i n a l i z e d  and goes i n t o  product ion.  

I t  

7.5 Miscel laneous: This  output  fortnat concentrates on elements t h a t  a re  
s p e c i f i c a l l y  cos t  or iented.  
categor ies i n  t h e  forni  o f  o the r  parameters (such as engine removal r a t e )  i s  
recognized, bu t  excluded f rom t h i s  document. Understandably, d i f f e r e n t  
customers w i l l  have need f o r  o ther  r e l a t e d  parameter values; and such 
parameters w i l l  change w i t h  both t ime and s p e c i f i c  program d e t a i l s ,  A 
separate advance request ( p o s s i b l y  i n  t h e  Kequest f o r  Proposal, i f  
extens ive)  should be made o f  the  Engine Producer(s1 t o  p rov ide  any such 
( non-cos t o r  tented ) i nfortnat i on. 

The need t o  p rov ide  a d d i t i o n a l  ou tpu t  

8. COLLABORATION: 
communications i n  c o l  l a b o r a t i v e  ventures. The f o l  lowing descr ibes t h e  
p r i n c i p a l  areas which genera l l y  need t o  be addressed t o  ensure successful  
p u r s u i t  o f  LCC ob jec t ives .  

a a n g u a g e .  To a s s i s t  non-English speaking nat ions,  t h e  S i m p l i f i e d  
Eng l ish  System should be used wherever poss ib le .  Th is  system was developed 
by AECMA and agreed t o  by A I A .  

Guide1 ines presented i n  A I R  1939 e s t a b l i s h  a framework f o r  

8.1 Lan ua e: I n  a m u l t i - l i n g u a l  co l l abo ra t i on ,  Eng l ish  i s  suggested f o r  a 

(See paragraph 10.4, Reference 27.) 
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8.2 Accounting: Each LCC p a r t i c i p a n t  may have d i f f e r e n t  account ing p rac t i ces ,  
e.g., overhead s t r u c t u r e s  and methods o f  overhead recovery. 
e f f e c t i v e  c o s t  comparisons can be made, c lose  a t t e n t i o n  should be d i r e c t e d  
t o  d e t a i l e d  agreement o f  d e f i n i t i o n s  o f  c o s t  s t r u c t u r e  elements. 
p r a c t i c e s  should be coord inated f o r  e f f e c t i v e  c o s t  c o n t r o l .  

To ensure t h a t  

Accounting 

8.3 Currency and I n f l a t i o n :  I n  a mu1 t i  -currency c o l  labora t ion ,  c o s t  should be 
t r a n s l a t e d  t o  a comnon currency o r  LCC Index. 
v a r i a t i o n s  i n  exchange r a t e  and d i f f e r e n t i a l  i n f l a t i o n  r a t e s  m igh t  d i s t o r t  
t h e  c o n t r i b u t i o n s  o f  c o s t  elements w i t h  time. 
o f  t r a c k i n g  and c o n t r o l l i n g  p r o j e c t  costs .  Formulae can be embodied i n  the  
c o s t  c a l c u l a t i o n  process t o  min imize these e f f e c t s .  

There i s  a danger t h a t  

Th is  increases the  d i f f i c u l t y  

8.4 Track ing and M o n i t o r i  ng: Impor tant  agreements i nc l  ude: 

o Datum designs aga ins t  which improvements can be measured 
o Targets f o r  LCC elements 
o Procedures f o r  adjustment t o  above 
o Mechani sms f o r  moni t o r i  ng progress 
o Working p r a c t i c e s  f o r  LCC 

8.5 Data: Common quest ionnai  r e s  should be adopted f o r  o b t a i n i n g  i n f o r m a t i o n  
f rom customer, supp l ie rs ,  etc., a t  d i f f e r e n t  phases o f  t h e  p ro jec t .  
formats and rou tes  f o r  data feedback from opera tors  should be es tab l i shed  t o  
ensure a coord ina ted  approach t o  i n-serv ice suppor t  and management. 

Common 

9.  TERMINOLOGY AND GLOSSARY: 

9.1 Acronyms and Abbrev iat ions:  

AECMA Assoc ia t ion  Europeenne Des Constructeurs De M a t e r i e l  Aerospat ia l  
A I A  Aero space Indus tri es Assoc i a ti on 
A I R  Aero space I n f  ormat i on Repor t  
ARP Aerospace Recommended P r a c t i c e  
AS Ae ro s pace Standard 

CERT FAA C e r t i f i c a t i o n  Test 
C I P  Component Improvement Program 
CONUS Cont inenta l  Un i ted  States 
DOD Department O f  Defense 

DT Development Test 
D TC Design To € O s t  
DTUPC 
DTLCC 

FMECA 
F SD Fu1 1 Scal e Development 
FSP Fu1 1 Scale Product ion 

Design To U n i t  Product ion Cost 
Design t o  L i f e  Cycle Cost 

F a i l  Ure Mode, Ef fects  and C r i  t i c a l  i ty  Analys is  
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9.1 (Continued) : 

GFE 
I I S  
J RMB 
LCC 
LI? I P  
LSAR 
MCT 
M TBF 
WTTK 
NAS 
O&M 
O&S 
O T  

PEP 
P I P  
POL 
PV 
RAM 
R&D 

R&M 
RDTE 
SAE 
WBS 
W RA 
wuc 

9.2 Glossary: 

Product Improvement Program 
Petroleum, O i l  and Lubr icants  
Product V e r i f i c a t i o n  
Hel i a b i  1 i ty , Ava i l  ab i  1 i ty , and Mai n ta  
Research and Deve1 opment 

R e l i a b i l i t y  and M a i n t a i n a b i l i t y  
Research, Development Test  and Eva1 ua 
Society  o f  Automoti ve Engineers 
Work Breakdown S t ruc tu re  
Weapon Rep1 aceabl e Assembly 
Work U n i t  Code 

nabi  1 i ty  

i o n  

Government Furnished Equipment 
In teg ra ted  L o g i s t i c s  Support 
J o i n t  Requi rements Management Board 
L i f e  Cycle Cost 
Low Rate I n i t i a l  Product ion 
L o g i s t i c  Support Analys is  Record 
M i l  i t a r y  or Model Q u a l i f i c a t i o n  Test 
Mean Time Between F a i l u r e  
Mean Time To Repai r  
Naval A i r  S t a t i o n  
Operations and Maintenance 
Operat i  ng and Support 
Opera t i ona 1 Test i g 

P r o d u c i b i l i t y ,  Engineer ing and Planning 

Acqu is i t i on  Cost: Acqu is i t i on  c o s t  i s  t h e  sum o f  investment o r  procurement 
costs ,  r e c u r r i n g  and non-recurr i  ng. 

A l te rna t i ve :  One of several d i f f e r e n t  ways o f  achiev ing a des i red  
c a p a b i l i t y .  

Cost Element: 
g iven  LCC ana lys is .  
ra tes,  fac to rs ,  o r  constants  r e l a t e d  mathemat ica l ly  which produce a money 
amount corresponding t o  an aspect o f  t h e  product  under i nves t i ga t i on .  

Cost Factors :  
p e r  u n i t  bas i s  which, when m u l t i p l i e d  by the  number o f  u n i t s  o r  program 
fac tor ,  y i e l d s  the  est imated cost .  

A c o s t  element i s  the  lowest  l e v e l  i d e n t i f i e d  c o s t  f o r  a 
A c o s t  element i s  f u r t h e r  broken down i n t o  var iab les,  

A c o s t  p e r  u n i t  o f  resource; hence, a value es tab l i shed  on a 

Cost Growth: 
est imated o r  ac tua l  amount over  a base f i g u r e  p rev ious l y  establ ished,  The 
base should be r e ì a t a b l e  t o  a program, p ro jec t ,  o r  c o n t r a c t  and be c l e a r l y  
i d e n t i f i e d  i n c l u d i n g  source, approval a u t h o r i t y ,  s p e c i f i c  i tems included, 
s p e c i f i c  assumptions made, date, and amount. 

Cost growth i s  a term r e l a t e d  t o  the  n e t  change o f  an 
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9.2 ( Cont i  nue d ) : 

Cost Model: An ordered arrangement o f  data and equat ions t h a t  permi ts  
t r a n s l a t i n g  phys ica l  resources i n t o  costs.  A mathematical dev ice used t o  
develop est imates and ou tpu t  formats f o r  presentat ions.  The model c o n s i s t s  
o f  an i n p u t  format  t o  spec i fy  t h e  problem; in format ion,  i n c l u d i n g  bo th  
system d e s c r i p t i o n  data and es t ima t ing  r e l a t i o n s h i p s ;  and an o u t p u t  format.  

Cost o f  Ownership: 
ope ra t i ng  and suppor t  c o s t  category exc lus i ve l y .  
paragraph 10.2, Government Documents. 1 

Ownership cos ts  encompass t h e  c o s t  elements w i t h i n  t h e  
(See Reference 3 o f  

Cost Parameters: 
bands. Cost t h resho ld  i s  t h e  upper boundary value o f  c o s t  which should n o t  
be  exceeded. Cost b rackets  o r  band i s  t h e  acceptable range of  c o s t  f o r  t h e  
p e r f  o m a  nce band. 

Cost parameters a re  c o s t  th resho lds  and c o s t  b rackets  o r  

Cost Track in  : 

between planned o r  p ro jec ted  versus ac tua l  costs .  

General ly,  a process which c o l l e c t s  and evaluates data i n  
e t e n n i n i  ng t h e  reasons f o r  var iances between successi ve c o s t  est imates o r  

DELPHI Technique: 
est imates.  
They a r e  asked t o  est imate t h e  c o s t  f o r  a system d i s p l a y i n g  c e r t a i n  
s p e c i f i e d  c h a r a c t e r i s t i c s .  T h e i r  responses a re  summed and a mean, s tandard 
d e v i a t i o n  o r  range establ ished.  Th is  data i s  f ed  back t o  the  exper ts  i n  
another  l e t t e r  and they a re  a l lowed t o  change t h e i r  est imates,  i f  they  
des i  re. A f t e r  several i n t e r a c t i o n s ,  an order  of magnitude es t imate  ( t h e  
mean ) r e s u l  t s .  

A po l  1 i ng technique o f t e n  used t o  make e x p e r t  op in ion  
The exper t s  i n  a g iven techn ica l  area a re  p o l l e d  by l e t t e r .  

Design t o  Cost [Design t o  U n i t  Product ion Cost (DTUPC)]: 

achieve system designs t h a t  meet s t a t e d  c o s t  requirements. 

Design t o  c o s t  
C l  and des ign t o  L i f e  Lyc le  Cost ( D i L C C )  a re management techniques t o  

Disposal  Cost: Dlsposal c o s t  i s  t h e  sum o f  a l l  c o n t r a c t  and government 
in-house c o s t s  r e q u i r e d  t o  remove t h e  system o r  equipment f rom t h e  
inventory ,  and which may be o f f s e t  by some res idua l  va lue (e.g., salvage o r  
resa l  e ). 

Economic Analys is :  A systemat ic  approach t o  t h e  problem o f  choosing how t o  
employ scarce resources and an i n v e s t i g a t i o n  o f  the  f u l l  i m p l i c a t i o n s  o f  
ach iev ing  a g iven o b j e c t i v e  i n  t h e  most e f f i c i e n t  and e f f e c t i v e  manner. 
de termina t ion  o f  e f f i c i e n c y  and e f fec t i veness  i s  i m p l i c i t  i n  t h e  assessment 
o f  t h e  c o s t  e f fec t i veness  o f  a l  t e r n a t i v e  approaches. 

The 

Equipment: 
procured f o r  i n s t a l l a t i o n  i n  a system o r  t o  suppor t  a system. 

Refers c o l  l e c t i  ve l y  t o  an item, component, o r  sub-system 

Exper t  Opinion Est imat ing:  
exper t s  i n  t h e  f i e l d .  
" s ta te -o f - the -a r t "  technology or systems. 
exper ts .  (See DELPHI Technique. ) 

Es t imat ing  cos ts  based on t h e  op in ion  o f  t h e  
E s p e c i a l l y  useful when es t ima t ing  cos ts  f o r  

Invo lves a DELPHI p o l l i n g  o f  t h e  
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9.2 (Cont 

Force 

Goal : - 
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nued) : 

St ruc ture :  F l e e t  s i z e  s t ruc tu re .  (See paragraph 6.4.) 

Normally a f i m  number (sometimes interchangeable w i t h  " t a r g e t " )  

I n d u s t r i a l  Engineer ing Est imate:  Used p r i m a r i l y  t o  est imate r e c u r r i n g  
product ion o r  investment cos ts  and invo lves  t h e  bu i ld -up  o f  cos ts  by 
d e t a i l e d  ana lys i s  o f  work processes and ma te r ia l .  
examination o f  separate segments o f  work a t  a low l e v e l  o f  d e t a i l  and a 
synthes is  o f  t h e  many d e t a i l e d  est imates i n t o  a t o t a l  (bottom-up est imate) .  

Investment Cost: 
o f  c o n t r a c t o r  and government in-house costs ,  b o t h  non-recurr ing and 
recur r ing ,  requ i red  t o  t ransform the  r e s u l t s  o f  R&D i n t o  a f u l l y  deployed 
operat ional  system o r  equipment. 

It invo lves  an 

Investment (development and/or p roduc t ion)  c o s t  i s  the  sum 

Learning Curve: 
equipment. General ly used t o  p r e d i c t  o r  descr ibe the  decrease i n  t h e  c o s t  
o f  a u n i t  as the  number o f  u n i t s  produced increases. 

L i f e  Cycle Cost: LCC i s  the  sum t o t a l  o f  the  d i r e c t ,  i n d i r e c t ,  recur r ing ,  
non-recurr ing,  and o t h e r  r e l a t e d  cos ts  expended, o r  est imated t o  be expended 
i n  the  design, research and development ( R & D ) ,  investment, operat ion,  
maintenance, and support  o f  a product  over  i t s  l i f e  cyc le ,  i.@., a n t i c i p a t e d  
usefu l  l i f e  span. 
where appl icable,  d isposal  phases o f  the  l i f e  cycle.  
should be i ncl uded regard less o f  fund i  ng source o r  management con t ro l .  

Mean-Time Between F a i l u r e s  (FiTBF): 
func t ion ing  l i f e  o f  a popu la t ion  o f  an i t em d i v i d e d  by t h e  t o t a l  number o f  
f a i l u r e s  w i t h i n  the  popu la t ion  du r ing  t h e  measurement i n t e r v a l .  
d e f i n i t i o n  holds f o r  a t ime, cyc les,  d istance, events, o r  o t h e r  measures o f  
l i f e  u n i t s .  

The cos t -quan t i t y  r e l a t i o n s h i p s  f o r  es t ima t ing  cos ts  o f  

It i s  the  t o t a l  c o s t  o f  t h e  RAD, investment, O&S and, 
A l l  r e levan t  cos ts  

Fo r  a p a r t i c u l a r  i n t e r v a l ,  the  t o t a l  

The 

Mean-Time-To-Repai r (KTTK)  : 
by t h e  t o t a l  number o f  c o r r e c t i v e  maintenance ac t i ons  du r ing  a g iven pe r iod  
o f  time. 

The t o t a l  c o r r e c t i v e  maintenance t ime d i v ided  

Operat ing and Support Cost: 
con t rac to r  support,  assoc iated w i t h  t h e  operat ions and maintenance o f  a 
system or equipment. 

Parametr ic Est imat in9:  An es t imate  made by us ing  an expression r e l a t i n g  
c o s t  t o  se lec ted  system parameters, per fomance requirements o r  goal s. 

O&S c o s t  i s  the  sum o f  a l l  costs,  i n c l u d i n g  

Procurement Cost: See Investment Cost. 

Product: 

Product ion Cost: 
Inc ludes r e c u r r i  ng c o s t  and t o o l  i ng. 

Refers t o  the  system o r  equipment be ing acqui red o r  modif ied.  

Cost assoc iated w i t h  manufacturing, assembly and t e s t .  
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9.2 (Continued): 

Regression Analys is :  A s t a t i s t i c a l  technique f o r  express ing f u n c t i o n a l  
r e l a t i o n s h i p s  between q u a n t i t i e s  t h a t  can be measured o r  observed, and 
q u a n t i t i e s  t h a t  a re  t o  be p r e d i c t e d  on a p r o b a b i l i s t i c  bas i s ,  

Research, Development, Test and Eva lua t ion :  RDT&E c o s t  i s  t h e  sum o f  a l l  
c o n t r a c t o r  and government-funded cos ts  requ i red  t o  b r i n g  a p r o d u c t ' s  
development f rom concept t o  p roduc t i on  i n c l u d i n g  eng ineer ing  design, 
ana lys is ,  development, t e s t ,  eva lua t ion ,  and management. 

- Risk:  As used i n  c o s t  e f fec t i veness  a n a l y s i s  and opera t ions  research, t h e  
produc t  o f  t h e  consequence o f  an outcome and i t s  p r o b a b i l i t y  o f  occurrence. 

A r i s k  p r o f i l e  cons iders many p o s s i b l e  outcomes. 

Sensi ti v i  ty  Analysi  s:  
values f o r  c o s t  o r  ope ra t i ona l  assumptions o r  est imates such as h i t - k i l l  
p r o b a b i l i t i e s ,  a c t i v i t y  ra tes ,  o r  R&D cos ts ,  t o  determine t h e i r  e f f e c t s  f o r  
t h e  purposes o f  comparison w i t h  the  r e s u l t s  o f  bas ic  ana lys i s .  I f  a small  
change i n  an assumption r e s u l t s  i n  a p r o p o r t i o n a t e l y  o r  g rea te r  change i n  
t h e  r e s u l t s ,  then t h e  r e s u l t s  are s a i d  t o  be s e n s i t i v e  t o  t h a t  assumption o r  
pa rame t e r  . 

Repeti t i o n  o f  an a n a l y s i s  w i t h  d i f f e r e n t  quan t i  t a t i  ve 

Simulat ion:  The c o n s t r u c t i o n  o f  a working mathematical o r  phys ica l  model 
p resent ing  s i m i l a r i t y  o f  p r o p e r t i e s  o r  r e l a t i o n s h i p s  w i t h  t h e  n a t u r a l  o r  
t echno log ica l  system under study. 

S t a t i s t i c s :  Concerned n o t  o n l y  w i t h  t h e  c o l l e c t i o n  and i n t e r p r e t a t i o n  o f  
l a r g e  masses o f  data, b u t  a l s o  w i t h  s c i e n t i f i c  techniques o f  a n a l y s i s  f o r  
drawing va l  i d  conclus ions about phenomena opera t i ng  under u n c e r t a i n t y  o r  
under p r o b a b i l i s t i c  cond i t ions .  

Sunk Cost: 
p resent  and f u t u r e  dec i s ions  (might be i nc luded  i n  t o t a l  LCC). 

The cos ts  expended i n  t h e  p a s t  and which are  n o t  r e l e v a n t  t o  

System: 
make up an e n t i t y .  
r e l a t e d  equipment, ma te r ia l s ,  f a c i l i t i e s ,  and personnel requ i red  f o r  
o b t a i  n i  ng, o p e r a t i  ng, and m a i  n t a i  n i  ng t h e  system. 

Target:  Used i n  a c o n t r a c t  t o  d e f i n e  the  customer 's ob jec t i ve .  It i s  
sometimes used as t h e  b a s i s  f o r  an i n c e n t i v e  arrangement, i s  normal ly  more 
ambi t ious than a goal, b u t  sometimes used in terchangeably  w i t h  "goal 'l. 

Refers t o  a composite o f  equipment, f a c i l i t i e s ,  and se rv i ces  whic,, 
The complete system inc ludes  the  prime and a l l  suppor t  

Time-Phased Cost: 
t i m e  p e r i o d  i n  which t h e  cos ts  occurred r a t h e r  than a s i n g l e  t o t a l  c o s t  
f i  gu re. 

A presen ta t i on  o f  t h e  c o s t  r e s u l t s  broken down by the  

Uncer ta in ty :  
ass ign ing  numerical  p r o b a b i l i t y  we igh ts  t o  t h e  d i f f e r e n t  p o s s i b l e  outcomes 
o r  the re  i s  no way t o  descr ibe  t h e  p o s s i b l e  outcomes. 

A s i t u a t i o n  i s  unce r ta in  i f  the re  i s  no o b j e c t i v e  b a s i s  f o r  
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9.2 (Continued): 

Work Breakdown S t ruc tu re  (WBS): A WBS i s  a product -or iented f a m i l y  t r e e  
composed o f  hardware, services,  and data which r e s u l t  from the 
i d e n t i f i c a t i o n  o f  a c q u i s i t i o n  tasks du r ing  the  development and produc t ion  o f  
a system o r  equigment, and which completely descr ibes the  program o r  
p ro jec t .  A WBS d i sp lays  and de f ines  the  product  t o  be developed o r  produced 
and r e l a t e s  elements o f  work t o  be done t o  each o the r  and t o  the end product. 

1 O. BIBLIOGRAPHY: 

10.1 SAE Documents: The f o l l o w i n g  documents a re  a v a i l a b l e  from the  Society  o f  
Automotive tngineers,  Inc., 400 Commonweal t h  Drive, Warrendale, PA 15096: 

1. 

2. 

3. 

4. 

5. 

6. 

7. 

A I R  1812 - Environmental Contro l  Systems L i f e  Cycle Cost 

Tegarden, F. W., and Shoemaker, W .  W., General E l e c t r i c  Co., " L i f e  
Cycle Cost i n  Advanced Technology Engine Development" a v a i l a b l e  from 
SAE No. 781029, Aerospace Meet ing o f  27-30 November 1978, San Diego, 
Cal i f o r n i  a. 

Apel, J. R., and Wi l tse,  D. E., Teledyne CAE,  "Apply ing Design-To-Life 
Cycle Cost Methods During Engine Advanced Development." Ava i lab le  
from SAE No. 781030, Aerospace Meeting o f  27-30 November 1978, San 
Diego, Cal i f o r n i a .  

Curry. C. E.. e t  a l ,  D e t r o i t  D iesel  A l l i s o n  Div. o f  G.M., "Turbine 
Engiñe Cost ReductiÖn Using L i f e  Cycle Cost Techniques."- Ava i lab le  
from SAE No. 781031, Aerospace Meeting o f  27-30 November 1978, San 
Diego, Ca l i f o rn ia .  

Vernon. J.. P r a t t  & Whitne-y A i r c r a f t .  " L i f e  C.vcle Cost Pre1iminar.v 
Engine-Design." A v a i l a b l e  from SAE No. 787033, Aerospace Meeting" o f  
27-30 November 1978, San Diego, Cal i f o r n i a .  

Comey, D. H., e t  a l ,  AiResearch Manufactur ing Co./Rockwell 
I n te rna t i ona l ,  "Trade-of f  Studies w i t h  an I n t e r a c t i v e  EnginelAi  rframe 
Life-Cycle-Cost Model .II 
Meeting of 27-30 November 1978, San Diego, Cal i f o r n i a .  

Turnbul l ,  R. C., General E l e c t r i c  Co. , "Recent General E l e c t r i c  Engine 
Development Test ing f o r  Improved Serv ice L i f e . "  Ava i lab le  from - SAE 
No. 780990, Aerospace Meeting o f  27-30 November 1978, San Diego, 
E T T f o r n i  3'. 

Ava i lab le  from SAE No. 781033, Aerospace 

1 O. 2 Government Documents: 

1. AFR 800-11 L i f e  Cycle Cost Management Program (27 Jan 84) 

2. DoDI 4245.3 DoD D i r e c t i v e  Design t o  Cost ( 6  Apr 83) 

3. DoDI 5000.33 DoD I n s t r u c t i o n  Uniform BudgetKOst Terms and D e f i n i t i o n s  
(15 Aug 77) 

COPYRIGHT SAE International (Society of Automotive Engineers, Inc)
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10.2 (Continued): 

4. 

5. 

6. 

7. 

MIL Handbook 259 (Navy) LCC I n  Navy A c q u i s i t i o n s  ( 1  Apr 83) 

DoD J o i n t  Design t o  Cost Guide LCC as a Design Parameter (15 Oct 77) 

Army Pamphlet 11-2 R&D Cost Guide f o r  Army M a t e r i a l  Systems ( 1  May 76) 

Army Pamphlet 11-3 Investment Cost Guide f o r  Army M a t e r i a l  Systems 
(12 Apr 76) 

8. 

9, 

Army Pamphlet 11-4 O&S Cost Guide f o r  Army Mater ia l  Systems ( 1  Apr 76) 

Army Pamphlet 11-5 Standards f o r  Presentat ion and Documentation o f  LCC 
Estimates f o r  Army M a t e r i a l  Systems 

10. " I n s t r u c t i o n s  f o r  Reformatt ing t h e  BCE/ICE, DCA-P-92(R) 15 May 1984, 
D i r e c t o r a t e  o f  Cost Analysis,  O f f i c e  o f  t h e  Comptro l ler  o f  t h e  Army" 

11. Execut ive C i r c u l a r  A-109 Major System A c q u i s i t i o n  (5 Apr 76) 

12. DoD D i r e c t i v e  4105.62 S e l e c t i o n  o f  Contractual  Sources f o r  Major 
Defense Systems ( 9  Sept 85) 

13. MIL-STD-881A Work Breakdown St ruc tures  f o r  Defense M a t e r i e l  Items 

14. MIL-STD-1629A Procedures f o r  Performing a F a i l u r e  Mode, E f f e c t s  and 

(25 Apr 75) 

C r i t i c a l i t y  Analys is  I 2 4  Nov 80) 

15. DoD D i r e c t i v e  5000.40 R e l i a b i l i t y  and M a i n t a i n a b i l i t y  ( 8  J u l y  80) 

16. SECNAVINST 500.1A System A c q u i s i t i o n  (Navy) (17 Nov 78) 

17. AFR 800-30 LCC Management o f  Aeronaut ical  Gas Turbine Engines 

18. 

(14 Apr 80) 

AFR 173-13 USAF Cost and Planning Factors  (O1 Feb 85) 

79. AFR 800-6 USAF Product Assurance Program (15 Mar  84) 

20. DoD 7220.29-H Depot Maintenance and Maintenance Support and Product ion 
Report ing Handbook (21 Oct 75) 

21. A i r c r a f t  Operat ing and Support Cost Development Guide, O f f i c e  o f  t h e  
Secretary o f  Defense (OSD), Cost Analys is  Improvement Group (CAIG) 

22. MIL-STD-1388-1A L o g i s t i c s  Support Analys is  

23. MIL-STD-1388-2A L o g i s t i c s  Support Analys is  Record 

D 

.L .. 
- c  
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10.3 Books: 

1, Blanchard, B. S., Design and Manage t o  L i f e  Cycle Cost, 1978, M/A 
Press. 

2, Ear les,  M. E., Factors,  Formulas, and S t ruc tu res  f o r  L i f e  Cycle 
Costina. 1981. Eddins-Earles. 

Y '  

3. Blanchard, B. S,, L o g i s t i c s  Engineer ing and Management, Second 
Ed i t i on ,  1981, Prent ice-Hal l .  

4. AFIT ( A i r  Force I n s t i t u t e  of Technology, Wright-Patterson AFB, Ohio) 
L i f e  Cycle Cost Course and accompanying notes. 

10.4 Other Documents: 

l .  

2. 

3. 

4. 

5 .  

6. 

7. 

F i n i z i e ,  L. T., Naval A i r  Development Center, "A Comparison o f  Navy 
and Contractor  Gas Turbine A c q u i s i t i o n  Cost." Ava i l ab le  from ASME, 
No, 82-GT-56, 

Dighton, R ,  D,, McDonnell Douglas Corporation, "Designing t o  L i f e  
Cycle Cost i n  t h e  Hornet Program." Ava i l ab le  from t h e  Society  o f  
A l l i e d  Weight Engineers Technical Paper 1293. 
Annual Conference o f  t h e  SAWt o f  /-9 May 1979, New York, NY. 
Ava i l ab le  through SAWE, Inc., P.O. Box 60024, Terminal Annex, Los 
Angeles, Cal i f o r n i a  90060. 

Shoemaker, W ,  W . ,  General E l e c t r i c  Co., " L i f e  Cycle Cost Before, 
During and A f te r  t he  Design of A i r c r a f t  Propuls ion Systems." 
Presented a t  t h e  Gas Turbine Conference & Products Show o f  9-12 March 
1981, Houston, Texas. Ava i l ab le  from ASME, No. 81-GT-111 ASME, 345 E. 
47th S t ree t ,  New York, NY 10017. 

Curry, C. E. ,  D e t r o i t  Diesel  A l l i s o n  Div. o f  G.M., " L i f e  Cycle Cost as 
a Propul s i o n  System Design Considerat ion.  'I Presented a t  t he  Gas 
Turbine Conference & Products Show o f  27-31 March 1977, Phi ladelph ia,  
Pennsylvania. A v a i l a b l e  from ASME, No. 77-GT-99. ASME, 345 E. 47th 
S t ree t ,  New l o r k ,  NY 10017, 

ASME, 345 E. 47th St reet ,  New York, NY 10017. 

Presented a t  t h e  38th 

Walker, G. I . ,  and Saunders, D. E. ,  General E l e c t r i c  Company, "The 
A p p l i c a t i o n  of L i f e  Cycle Cost D i s c i p l i n e s  i n  the Design, Development 
and Manufacture of t he  F404-GE-400 Engine," 
Turbine Conference & Products Show o f  9-12 March 1981, Houston, Texas. 

Montgomery I I I ,  J .  F., e t  a l ,  General E l e c t r i c  Co., " A i r c r a f t  Usage 
and E f f e c t s  on Engine Life." A v a i l a b l e  from ASME, No. 83-GT-143. 
ASME, 345 E. 47th S t ree t ,  New York, NY 10017. 

W i l l i s ,  W. S . ,  and Sewall, T. R . ,  General E l e c t r i c  Co., "The Impact o f  
Engine Usage on L i f e  Cycle Cost." Ava i l ab le  from AIAA,  No. 
AIAA-83-1406. 
Conference of  27-29 June 1983, Seat t le ,  Washington. 

Presented a t  the Gas 

Presented a t  t he  19 th  AIAA/SAE/ASME J o i n t  Propul s i o n  
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10.4 (Cont inued):  

8. 

9. 

1 o. 

11. 

12. 

13. 

7 4. 

15. 

16. 

17. 

Ha l l ,  C. L., e t  a?, McDonnell Douglas Corporat ion,  " I n v e s t i g a t i o n  o f  
F/A-l8A Engine T h r o t t l e  Usage and Parametr ic S e n s i t i v i t i e s . "  
Presented a t  t h e  28th I n t e r n a t i o n a l  Gas Turbine Conference and E x h i b i t  
o f  27-31 March 1983, Phoenix, Arizona. Ava i l ab le  from ASME, No. 
83-GT-64. ASME, 345 E. 47th  S t ree t ,  New York, NY 10017. 

Cote, S. M., Naval A i r  Development Center, "Recent Developments i n  
Naval A i r c r a f t  J e t  Engine Usage Performance Requirements on Engine 
Trades." A v a i l a b l e  f rom AIAA,  No. AIM-81-1266. Presented a t  t he  
AIAA/SAE/ASME 1 7 t h  J o i n t  Propu ls ion  Conference o f  27-29 June 1981, 
Colorado Springs, Colorado. 

Dannenhoffer, R.  F., Grumnan Aerospace Corporat ion,  "Engine Duty Cycle 
Es t imat ion  f o r  Conceptual Design A i r c r a f t . "  Ava i l ab le  from AIAA, No. 
AIAA-81-1368. 
Conference o f  27-29 June 1981, Colorado Spr ings, Colorado. 

Kyle, S. G., Boeing M i l i t a r y  A i rp lane  Company, "P re l im ina ry  Design 
Method f o r  P r e d i c t i o n  o f  Engine U t i 1  i z a t i o n  f o r  Tac t i ca l  A i r c r a f t . "  
Ava i l ab le  f rom AIAA, No. AIAA-81-1369. Presented a t  t h e  1 7 t h  
AIAA/SAE/ASME J o i n t  Propul s i o n  Conference o f  27-29 June 1981, Colorado 
Spr ings, Colorado. 

Presented a t  t h e  1 7 t h  AIAA/SAE/ASME J o i n t  Propu ls ion  

Troha, W . ,  and S t a b r y l l a ,  R., A i r  Force Aero Propu ls ion  Lab/General 
E l e c t r i c  Co,, " E f f e c t s  of A i r c r a f t  Power Usage on Turbine Engine 
Re1 a t i  ve D u r a b i l i t y  and L i  fe. 'I 

AIAA-80-1115. Presented a t  t h e  16 th  AIAA/SAE/ASME J o i n t  Propul s i o n  
Conference o f  30 June - 02 J u l y  1980, Har t fo rd ,  Connect icut .  

Rademacher, J. T., e t  a l ,  General E l e c t r i c  Co., " S u p p o r t a b i l i t y  
Considerat ions o f  Advanced F i g h t e r  Engines." 
AIAA-84-1257. 
Conference o f  11-13 June 1984, C inc inna t i ,  Ohio. 

Avai 1 ab1 e f rom AIAA,  No. 

Ava i l ab le  f rom AIAA, No. 
Presented a t  t h e  20th AIAA/SAE/ASME J o i n t  Propul s i o n  

Cavol i ,  N. C., and Rokick i ,  6. J., P r a t t  & Whitney A i r c r a f t  Group, 
"Commercial Engine L o g i s t i c s  Cost P ro jec t i ons  - A Dynamic F l e x i b l e  
Approach." Presented a t  t h e  28th I n t e r n a t i o n a l  Gas Turbine Conference 
and Products Show o f  9-12 March 1981, Houston, Texas. 
ASME, No. 81-GT-114. ASME, 345 E. 47th S t ree t ,  New Lork, N Y  10017. 

Culy, D. G., and Gossen, J. J., G a r r e t t  Turbine Engine Co., "Monte 
Car lo  S imula t ion  o f  t h e  Engine Development Process." Journal  o f  
A i r c r a f t ,  Volume 21, No. 7, J u l y  1984, pp 462-468. 
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