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BiLKENT UNIVERSITY 

Abstract

COMPARISON OF ARTILLERY WEAPON 

SYSTEM BY USING LIFE CYCLE COST 

TECHNIQUE

by

OLCAY KUQUKTEPE

Advi sor  : Assoc.  Prof.  Can $imga-  Mugan 

Depar tment  of  Business  Adminis t ra t ion  

This thes is  present s  the use o f  l ife cycle  cost  t echnique.  By

using this t echnique ,  two di f ferent  a r t i l l e ry weapon systems is 

compared  on cost  base.  One o f  the sys tems is cal led SP2000 or 

Modern Se l f  - Propel led  Gun and design,  and will  be produced in 

Turkey;  and the other  sys tem is cal led M109 Paladin,  main ar t i l l e ry  

system in the U S army.

Main purpose  o f  the study is to show the d i sadvant ages  o f  the 

se lec t ion  system that  depends  on the ini t ial  cost  only.  The main cost  

i tems occur  af ter  some per iod o f  the life o f  the system. Maintenance  

or the opera t ion  cost  o f  the sys tems will  be the major  cost  i tem in 

the l ife o f  the system.  There fore  the l ife cycle cost  t echnique  is one 

o f  the tools  for e s t imat ing  the t rue cost  o f  the system before  the 

costs  occur.  In this thes is ,  the def i n i t i on  and the his tory and the



improvement  o f  the t echnique  are given,  and a model  is presented 

for l ife cycle cost  calculat ion.  By using this model  the l ife cycle 

cost  o f  two systems are c a l cu l a t ed ;  and based on this ca lcu l a t ion  a 

compar ison  o f  the system is done on the cost  base.
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ÖZET

Topçu Silah S i s temler in in  Ömür  Devi r  Mal iyet  Yöntemi  Kul lan ı la r ak

Kar ş ı laş t ı r ı lmas ı

A Olcay KÜÇÜKTEPE 

BİLKENT ÜNİVERSİTESİ  

Yüksek Lisans Tezi ,  İ ş l e tme Fakül tes i  

Tez Danışmanı :  Doç.Dr .  Can Şımga-Mugan  

Temmuz 2000,  77 Sayfa

Yapı lan bu ça l ı şma ile iki topçu si lah s i s t eminin ömür  devir  

mal iyet  yöntemi  kul lan ı la rak  ka rş ı l aş t ı r ı lmas ı  esas a l ınmış t ı r .  

Ka rş ı l aş t ı rmada  sadece mal iye t le r  dikkate  al ınmış  olup si lah 

e tk in l ik l e r in in  benzer  o lduğu kabul  edi lmiş t i r .

Bu s i s t emlerden  ilki SP2000 veya Modern Kundağı  Motor lu 

Top olarak t an ımlanan  ve ü lkemizde  t asar l anıp üret imi  p lanlanan bir 

s i s temdir .  Diğer  sistem ise Amer ika  Bi r leş ik  Devl et le r in in  ana topçu 

si lahı  olan M109 Paladin 'd i r .

Bu çal ı şmanın  esas amacı  halen kul lan ı lan  ve sat ın alma 

mal iyet le r i  d ikkate  a l ınarak yapı lan seçim yönt eminin

dezavan ta j l a r ın ı  or taya  koymakt ı r .  Çünkü yapı lan  i nce lemelerde  esas 

mal iyet  f ak tör le r in in  s i s temler in  bir süre kul lanımı  sonucunda  

or taya  çıkt ığı  be l i r l enmiş t i r .  Bunlardan bazı lar ı  i ş le tme ve bakım
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mal iye t le r i d i r .  Bundan dolayı  ömür  devir  mal iyet  yöntemi ,  

mal iye t le r  or taya  ç ıkmadan gerçek mal iyet le r i  t ahmin etmede 

kul lanı lan  yön t emlerden  bir tanesi  olarak kul lanı lmakt adı r .  Bu 

ça l ı şmada  ömür  devir  mal iyet in in  tanımı ,  tar ihi  ve gel i ş imi  

an la t ı lmakt a  ve ömür  devir  mal iyet in in  he sap lanmas ında  kul lanı lan  

bir model  or taya  konulmaktadı r .  Bu model  kul lan ı la rak  topçu silah 

s i s t emler i n in  mal iye t le r i  he sap l anarak  mukayese ler i  mal iye t le r  esas 

a l ınarak yapı lmış t ı r .
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Chapter I

PURPOSE OF THE STUDY

The aim of  this s tudy is fi rst  to apply " Life Cycle Cost" 

Methodology  into a newly des igned ar t i l l e ry weapon system in 

Turkish Land Forces  and M109 Paladin,  a U S made ar t i l le ry 

weapon system and secondly  to make a compar i son  between them. 

The reason o f  using such a methodology mainly depends  on the 

current  a cqui s i t i on  or product ion  deci s ion method.  In this method 

the ini t ial  cost  o f  the weapon system and general  opera t ion costs 

are cons idered  as the real  cost  o f  the weapon system,  but wi th the 

Life Cycle Cost ing methodology  which is espec ia l ly  used in the 

Uni ted States  Depar tment  of  Defense(  DoD ) since the mid 1970s,  

the depar tment  should cons ider  the cost  of  weapon  system from the 

beg inn ing  o f  the acqui s i t i on  process  or the research and 

deve lopment  phase o f  p roduct ion  unt i l  the disposal  phase  o f  the 

weapon system from the inventory.  By the help o f  this

methodology main aim is to minimize  the total  cost  of  ownership  of  

the weapon  system.  On the other  hand today ' s  new weapon sys tems 

have very high ini t ial  costs  and also high opera t ing  and 

main t enance  cost  in thei r  l i fe t ime.  So LCC analys i s  tr ies to



es t imat e  the future  costs  o f  the system for minimiz ing  these  cost  

before  occur r ing  for the depar tment .

In this study,  the total  cost  o f  the a r t i l l e ry  weapon systems was 

ca l cu l a t ed  by using the Life Cycle Cost  t echnique.  In the 

ca l cu l a t ion  o f  one o f  the systems cal led SP2000 or Modern Se l f  - 

Propel led  Gun,  the cost  o f  research  and development  and cost  o f  

p roduct ion  was ca lcul a t ed  by using the or ig inal  data taken from the 

fac tory and the opera t ion,  maint enance  and logis t ical  suppor t  cost  

was es t imat ed  by using the model  that  is p r esented  in this study for 

a per iod o f  30 years.  Also in the M109 Paladin system instead o f  

the research  and deve lopment  and product ion  cost ,  acquis i t ion  cost  

wil l  be used in the ca lcula t ions .  By us ing this approach it is 

p lanned to genera te  a model  that  will  be used in the Turkish Land 

Forces  for f inding the Total  Owner sh ip  cost  o f  a new weapon 

system.

In the acqui s i t i on  o f  a new weapon system that  has a high cost .  

The Armed forces  should cons ider  not only the cost  of  acqui s i t i on  

but  also the cost  o f  whole  l ife o f  the system since it has a l imi ted 

budget .  In se lec t ion o f  the weapon system that  wil l  be purchased  or 

deve loped ,  the deci s ion  will  be more accura te  in use o f  Life Cycle 

Cost ing  t echniques ,  than cons ider ing  the ini t ial  cost  only.



REVIEW OF LITERATURE

a) In t roduct ion  Of  Life Cycle Cost ing

The def i n i t i on  o f  Life Cycle Cost  given by Dale:

"Life Cycle  Cost ing  is a mathemat ica l  method used to form or 

suppor t  a decis ion and is usual ly employed when de l i ber a t ing  on a 

se lec t ion o f  opt ions .  It is an audi t abl e  f inancia l  ranking system for 

mutua l ly  exc lus ive  a l t erna t ives  which can be used to promote  the 

des i rable  and e l imina te  the undes i rab le  in f inancia l  envi ronment . "  

( Dale,  1993, pp. 1 )

Another  de f i ni t i on  is given by Dhi l lon:

Chapter 11

"The sum o f  all costs  incurred dur ing the l ife t ime o f  an i tem, 

i .e. .  The total  p rocurement  and ownership  costs ."

( Dhi l l ion,  1989, pp.3 )

Also p rocurement  cost  def ined as "the total  o f  inves tment  or 

a cqui s i t i on  costs  ( recur r ing  and non- recur r ing) "  and ownership  cost  

is def ined as;" The sum o f  all the costs  other  than the procurement  

cost  dur ing the l ife t ime o f  an i tem".  ( Dhi l l ion,  1989, pp.3 )



So that  Life Cycle  Cost ing is a methodology  for ca l cul a t ing  

all the costs  for an i tem not only in the acquis i t ion  phase but  also 

for the whole  l ife o f  the i tem. These costs  consis t  o f  Research and 

Development  cost ,  product ion ,  acquis i t ion ,  opera t ion  and 

main t enance  costs ,  suppor t  and disposal  costs  o f  the i tem.

The main idea o f  using the Life Cycle Cost  was created in the 

1960s.  This depends  on the rapid improvement  o f  the weapon 

system and cont i nuous  innovat ions  in t echnology  and depending on 

these  two,  the cost  o f  opera t ion;  maint enance  and suppor t  costs 

increase  up- to very high level  at the same t ime the acqui s i t i on  cost  

o f  a weapon  system increase  up- to  high amount .

As Kinch stated:

"There are three  main reasons  o f  using Life Cycle Cost ing in 

the defense  indust ry.  Fi rs t  o f  all acqui s i t i on  cost  o f  the system is 

too high.  Such that  today one o f  the weapon sys tems that  are used 

in the air  forces ,  has an average  cost  of  hundreds  o f  mil l ion 

dol lars .  The second reason is the l ife o f  sys tem increased to more 

than 25 years.  In the 1940 and 1950s a new type of  an a i rcraf t  

began to fly every three  years  or so. But today the planned life o f  a 

new weapon  system is at least  25 years ,  so that  the p roducer  should 

make the system more durable  against  the years  and also they



should use more compl ica ted  sub-sys tem in the weapons .  And all o f  

these made the ini t ial  cost  o f  acqui s i t i on  very high.  The third 

reason most ly depends  on the fi rst  two. Using highly compl ica ted  

sub-sys tem and having long life,  the cost  o f  opera t ion,  maintenance  

and suppor t  have a big propor t ion  in the total  cost  o f  a system. In 

the year  1989-1 990 it was es t imated that  the maintenance  costs  o f  

the defense  system in the United Kingdom exceeded £l  bi l l ion."

( Kinch,  1993, pp.87)

Depending  on the these reasons  DoD in the Uni ted States 

wanted the Logis t i cs  Management  I ns t i tu te (  LMI ) in Wash ing ton  to 

prepare  a repor t  in 1965 which has a t i t le  o f  Life Cycle Cost ing in 

Equipment  Procurement .  This is the fi rst  s tudy on the subject  o f  

Life Cycle Cost ing.  In the year  1969, several  s tudies  were 

publ i shed  on the use o f  Life Cycle Cost ing  in the mi l i ta ry as well  

as in the c ivi l ian  sector .  ( Chakour ,  1969; Kaufmann,  1969)

Also in the same year  U.S Depar tmen t  o f  Defense  wanted the 

LMI to prepare  another  repor t  about  the Life Cycle Cost ing in 

System Acquis i t ion .  After  this repor t  three gu ide l ines  were 

publ ished  by the U.S Depar tment  o f  Defense.  These were:

1-Life Cycle  Cost ing  Procurement  Guide  (1970) ,

2-Life  Cycle  Cost ing  in Equipment  Procurement  (1970) ,



3-Life Cycle Cost ing Guide  for System Acquis i t ion  (1973).

These guides  were impor tant  in the his tory o f  the Life Cycle 

Cost ing,  because  af ter  this  guide re leased  DoD es tabl i shed  the 

r equi rement  for the Life Cycle Cost  procurement  for weapon system 

acquis i t ion.

According  to B.S .Dhi l l on

"Since 1974, many states in the Uni ted States have passed 

l eg i s l a t ion  making Life  Cycle Cost  analys i s  manda tory  in the 

planning ,  design,  and cons t ruc t ion  o f  state  bui ld ings"  (Dhi l l ion,  

1989, pp . l ) .

Also in 1978 U.S Congress  es t abl i shed  the Nat ional  

Energy Conserva t i on  Pol icy Act.  According  to this act every new 

federal  cons t ruc t ion  should use Life Cycle  Cost  e f fec t ive ly  in the 

Uni ted States ,  and this  l eg i s l a t ion  made the concept  o f  Life Cycle 

Cost ing  very popular .  After  1969 there are many publ ica t ions  made 

in the subjec t  o f  Life  Cycle  Cost ing.

Today,  most  o f  the cons t ruc t ion  f i rms,  defense  cont rac tors ,  

companies  that  produces  cost ly  product s  use Life Cycle Cost  

analys i s  methods  in thei r  business .  As ment ioned before,  some o f  

them use this method because  o f  the l eg i s l a t ion  and r equ i rements



and some o f  them use this method for reducing the cost  of  thei r  

firm.

The need o f  Life Cycle Cost ing depends  on several  factors ,  

these fac tors ;

"Rising Inf la t ion,  Budget  Limi ta t ions ,  Increased cost  

e f f ec t i veness  awarenes s  among users.  Compet i t i on ,  Cost ly 

p roduct s !  e.g. .  Commercia l  a i rcraf t s ,  mi l i ta ry  systems) .  Increas ing  

main t enance  cost" (Dhi l l ion,  1989,pp.30)

The main idea in LCC is to calcula te  the all the es t imable  cost  

for a p roduct ,  not only acqui s i t i on  cost  o f  it. Fabrycky and 

Blanchard  expla in this problem as:

"Total  system cost  is of ten not vis ible ,  par t icu l ar l y  those costs 

assoc i a t ed  wi th system opera t ion  and support .  The cost  v i s ibi l i ty  

problem can be re la ted to the iceberg effect  . One must  address  not 

only system acqui s i t i on  cost  , but other  costs  as wel l ."  (Fabrycky 

and Blanchard,  1 991 ,pp. 123)

Life Cycle Cost  can be used for d i f ferent  purposes ,  such as, 

compar ing  compe t ing  projec ts ,  long- range  planning  and budget ing,  

se l ec t i ng  among compet ing  bidders ,  cont ro l l ing  and ongoing 

projec ts ,  compa r ing  logis t i cs  concepts ,  and deciding the



rep l acement  o f  aging equipment .  Fabrycky and Blanchard  give some 

LCC appl ica t i on  areas ,

"Al te rna t i ve  sys tem/produc t  opera t ional  scenar ios  and 

u t i l i za t i on  approaches ;  a l t erna t ive  system maint enance  concepts  

and logis t ic  suppor t  pol ic ies;  a l t e rna t ive  sys tem/produc t  design 

con f igu ra t i ons  i nvolv ing  technology appl i ca t ions ,  equipment  

packaging  schemes,  d i agnos t i c  rout ines ,  bui l t - in test  versus 

external  tes t ,  manual  funct ions  versus  automat ic  funct ions  . .;

Al te rna t i ve  suppl ier  sources for a given i tem; a l t erna t ive  

product ion  approaches ,  such as con t i nuous  versus  d i scont i nuous  

product ion ,  quant i ty  o f  p roduct ion  l ines, .  . ; a l t erna t ive  product  

d i s t r ibu t ion  channels ,  t ranspor t a t i on  and handl ing  methods,  

wa rehouse  locat ions  ; a l t erna t ive  logis t i c  suppor t  plans,  such as 

cus tomer  service  levels ,  sus ta ining  supply suppor t  levels , .  ; 

a l t e rna t ive  product  disposal  and r ecyc l ing  methods;  a l t erna t ive  

managemen t  pol ic ies  and thei r  impact  on the system",  (Fabrycky 

and Blanchard,  1991,pp. 130)

There  are several  areas for LCC concepts  and there are many 

advan tages  o f  us ing  LCC in these  areas.  Ashwor th  def ines  the 

advan tages  o f  us ing  Life Cycle Cost ing as,"



• Life Cycle Cost ing is a whole  or total  cost  approach 

unde r t aken  in the acqui s i t i on  o f  any cap i ta l -cos t  project  or asset ,  

ra ther  than merely concent r a t i ng  on the ini t ial  capi tal  cost  alone.

• Life Cycle Cost ing a l lows for an e f fec t ive  choice  to be 

made be tween compet ing  proposa l s  o f  a s tated object ive .  The 

method will  take into account  the capi tal ,  repai rs ,  running and 

r ep l acement  costs ,  and expresses  these  in cons i s tent  and 

comparab l e  terms.  It can a l low for d i f ferent  so lu t ions  and di f ferent  

va r i ab les  involved and set up hypotheses  to test  the conf idence  o f  

the resul t s  achieved.

• Life Cycle Cost ing is an asset  management  tool  that  will  

a l low the opera t ing  costs  o f  premises  to evaluated at f requent  

in te rval s

• Life Cycle Cost ing will  enable  those areas o f  bui ld ings  to 

be i dent i f i ed  as a resul t  o f  changes  in working  prac t ices ,  such as 

hours  o f  opera t ion ,  i n t roduc t i on  o f  new plant  or machinery,  use o f  

main t enance  analysi s"  (Ashwor th,  1 993 ,pp. 122)

Most  o f  the t ime the analys t s  use LCC methodology  in 

di f fe rent  sys tems.  These systems or product s  have a long l ife and 

high produc t ion  and opera t ion  costs.  The main problem in this



methodology is to def ine the parts  o f  the cost .  In a big projec t  most  

o f  the var i ab les  are not  visible.  Thus the main problem is to find 

re l evan t  data  for the system. Most  of  the t ime the system is a new 

one that  has no past  data  for the ca l cula t ion  o f  LCC. So f inding 

re l evant  data  for the ca lcula t ion  is the main problem in this 

concept .  Also there  are some other  problems in this methodology.  

Ashwor th  t r ies to explain these problems in his study,  "

• Life expec tancy;  def in ing  the l ife o f  a system is mainly a 

problem,  no one can predic t  the future innovat ions  in that  area.

• Data  d i f f i cu l t ies ;  the lack o f  appropr ia te ,  r elevant  and 

re l i able  his tor ical  cost  i nformat ion  and data  for the system.

• Technologi ca l  change;  it is di f f icul t  to forecas t  wi th any 

degree  o f  accuracy  the poss ible  changes  in t echnology ,  mater ia l s  

and needs

• Fashion changes ;  same as the t echnology  this f orecas t ing  

this  changes  is very di f f icul t  so Life Cycle  Cost  analysi s  cons iders  

on the s tatus  quo

• Cost  and value  changes;  the effect  o f  i nf la t ion  on the 

analys i s

0



• Pol icy and deci s ion making changes;  one o f  the most  

impor tan t  Life  Cycle Cost ing var iables  is the future  use and 

main t enance  pol icy o f  the projec t  by the owner.

• Accuracy;  on o f  the main cr i ter ia  in any es t imate  is its 

accuracy  or re l i abi l i ty"  (Ashwor th ,  1 993 ,pp. 1 27-1 30)

The ques t ion  in the LCC is what  type o f  cost  should be 

cons ider ed  in the calculat ions .  This always changes  but general ly  

the analyst  group should cons ider  the cost  depending on the phase 

o f  the project .  In one o f  the books S.J .Ki rk and A.J .Del l ' i so la  

ment ion these  cost;

"Dur ing its economic  l ife an i tem is subject  to purchase,  use,  

repai r ,  main t enance ,  perhaps  modi f i ca t ion ,  and f inal ly  disposal .  

These process  compr i se  the l ife cycle  o f  the i tem, and the cost  o f  

these p rocesses  make up Life Cycle Cost ,  or total  cost  o f  

ownership ,  o f  the i tem." (Kirk and Del l ' i so la ,  1995, pp.27)

b) Methods

The methods  or t echniques  for f inding the LCC o f  an i tem 

most ly  depends  on the analyst  but main idea in these methods  to 

f ind the most  avai lable  a l t erna t ives  for the system.  Gri ff in 

d i s t ingu ishes  these  methods  into two groups.

11



"There are two broad methods that  can be adopted for this 

model ing  and ca lcu l a t ion  process  which can be summar ized as top- 

down or bot tom-up.  The bot tom-up  models  use expl ici t  engineer ing ,  

program and suppor t  e lements  and ac t iv i t ies  to create  a high 

f idel i ty  model  o f  the life cycle and then phas ing and all 

i n t e r r e l a t i onsh ips  of  the e lements  with one another .  These models 

tend to concent r a te  in most  detai l  on the opera t ion  and suppor t  o f  

the system.  Top-down or paramet r ic  LCCA models  take a d i f ferent  

approach and are par t icu lar ly  useful  in ear l ie r  phase o f  the 

projec ts . "  ( Gri f f in,  1 993 ,pp. 145)

There are several  methods  for f inding the LCC.

i) One is s imple payback per iod method,  however  this one is 

not  so common and the resul t  o f  this method is not  well  sui ted for 

the analysi s .  Because  o f  the nature  o f  the method,  the analyst  

cons iders  only the number  o f  years  that  the projec t  covers  the 

i nves tment .  So the analyst  take care o f  projec ts  that  tend to cover 

t hemse lves  quickly.  But this method requi res  some revenues  in 

order  to cover  its inves tment .  So that  it is not avai lable  for non ­

prof i t  pro j ec t s  such as government  projec ts ,  weapon systems,  some 

ut i l i ty  projec ts ,  etc. Of  course  the method is well  unders tood  by the 

manager s  o f  the p ro jec ts  because  ca lcu l a t ions  are s imple and the
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resul t  o f  this method gives  the number  o f  the inves tment  cover ing 

years.  One o f  the formula t ion about  simple payback is given in the 

book o f  Capi tal  Inves tment  Analysis  For Engineer ing  And 

Management  as.

Investments
Net Cash Flow( Revenues - Disbursements)

(Canada,  Sul l ivan and White,  1 996 ,pp. 1 02)

Fabrycky and Blanchard  give another  f ormula t ion  in thei r  

book.  In this f ormula t i on  they appl ied an interes t  rate in f inding 

the pay back period.  And the resul t  is given as,

N

0 < 2 F O + i )
t=()

Where the smal les t  value o f  n that  sa t i s f ies  the express ion 

above is the payback period.  In this  ca l cula t ion  analyst  ca lcula tes  

the per iod by using in te rpo la t ion ,  and f inal ly f inds the payback 

per iod o f  the project .  (Fabrycky and Blanchard ,  1991, p p . 59-60)

ii) The second method and most  prefer red one is net present  

va lue  method and its de r i va t i ons  such as annui ty  and uni form ser ies 

payment .  In this method all the costs  that  will  occur  in the future 

should be ca l cu l a t ed  and then the present  value o f  this cost  should 

be found by using the net present  value formula t ions .  Main idea in
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this method is c a l cu l a t ing  all the cost  o f  the system in its full l ife 

and conver t ing  the value into t o d a y ’s amount  by using the interes t  

rate  that  analyst  decides .  This is the most  appl icable  way o f  

c a l cu l a t ing  the LCC. There  are several  formulas  for this method 

and the basic  present  value formula  is given below:

N

PV = X( -
Ct

-)
t=o (1 + n)

Where S  refers  to the sum of  ser ies  and Cj refers to the net

cash f low o f  the system for the whole  l ife at t ime t. There are 

several  de r i va t i ons  o f  this formula  and the analyst  should use the 

one most  proper ly  fit for the ca l cula t ion  o f  the LCC.

iii) The third method is internal  or external  rate  of  return 

method.  By using this method the rate  o f  the system return could be 

ca lcula ted .  And by compar ing  with the interes t  rate the eff i c iency 

o f  the system can be found.  Basic concept  in this method is to find 

the rate  that  makes the net present  value o f  the total  cost  o f  the 

system to the zero.  After  f inding the rater  of  the return the analyst  

should compare  the resul t  wi th the oppor tun i t y  cost  o f  capi tal  in 

order  to decide whe ther  the projec t  is accep t ab l e  or not.

Also the analyst  can use di f fe rent  methods that  depend on the 

system speci f i ca t i ons  but  the general  rule is to conver t  the cost  into
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today ' s  value by using net present  value methods,  and then decide 

whe ther  the system is appl icable  or not.

c) Models

For ca l cu l a t ing  the LCC o f  the system,  one o f  the methods can 

be used,  but methods  are not the only requi rement  o f  LCC. The 

analyst  should cons t ruct  a model for LCC. To build a s t ruc ture  of  

a model  is very cri t ical  point  for the analyst  because  every 

ca l cu l a t ion  and es t imat ion  depends  on this model.  Dhi l lon gives 

several  d i f fe rent  models  in his book.  In this study the author  

summar i zes  twenty- t hr ee  models  in d i f ferent  areas.  An example  o f  

the models  that  is given by Dhi l lon;

" This model  was developed by the Uni ted States Navy for 

major  weapon systems.  The Life Cycle  Cost  is made up o f  five 

major  components :  research and development  cost  (RDC),  opera t ing 

and suppor t  cost  (OSC),  assoc ia ted sys tems cost  (ASC),  i nves tment  

cost  (IC),  and t ermina t ion  cost  (TC).  Ma themat ica l l y  the Life Cycle 

Cost  is expressed  as fol lows;

L, ,  = RDC \ OSC ^ASC-\-IC  ̂ TC "

(Dhi l l i on ,1989 ,pp .48)
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In this model  every i tem has some sub components  so that  the 

total  Life Cycle Cost  can be calcula ted by using such models.  But 

in every model  the components  and the sub components  di f fer  from 

system to system In every ca l cula t ion  o f  the Life Cycle Cost  of  a 

system the analyst  should cons ider  the every sub components  o f  the 

major  component .  And this mainly depends  on the work and cost  

break down s t ruc ture  of  the system. For every system the work 

b reakdown s t ruc ture  shows di f ferent  types.  Also some 

mod i f i ca t i ons  o f  the same system can have di f ferent  work 

b reakdown s t ructures .  Because  type o f  the works or the e lements  o f  

the works  have di f fe rent  spec i f i ca t i ons ,  and depending on this 

s i tua t ion the cost  e lements  have di f ferent  pat terns .  So the steps in 

ca l cu l a t ion  o f  Life Cycle Cost  can be summar ized l ike this;

• Cons t ruc t  a cost  s t ruc ture  that  ref lects  every part  of  the 

l ife cycle  o f  a system,

• Find r e levant  data for the cost  s t ruc ture ,

• Make r e l a t ionsh ips  between the past  data and the 

r equi rement  for the new system,

• Formulat e  a model  depending  on the cost  s t ruc ture ,

• Calcu la t e  the Life Cycle Cost  o f  a sys tem.

16



• Make va l ida t ion and analys i s  o f  the model

In this approach the model  should cons i s t  o f  every separate  

i tem o f  the cost  s t ructure ,

U.S Army uses LCC analysis  procedure  in every phase of  

a cqui s i t i on  o f  weapon systems.  In thei r  methodology they use six 

steps for making cost  analysi s  These are ment ioned in the manual  

prepared  by the Army Cost  And Economic  Analysis  Center .  The 

steps are

"Set up def in i t ions ,  ground rules and assumpt ions /cons t ra in t s ,  

select  the cost  s t ruc ture ,  compi le  the data base,  prepare  the cost  

es t imate ,  test  the total  cost  es t imate ,  and prepare  documenta t ion"  

(US Army C&E Analys i s  Center ,  1997, pp.32)

The work flow o f  cost  c a l cu l a t ion  is descr ibed  in the manual  

and shown in Figure  1:
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Figure l:Cost calculation workflow

After  cons t ruc t ing  a cost  breakdown s t ruc ture  o f  a system the 

second step should be es t imat ing  or ca l cula t ing  the costs  o f  every 

part  o f  the s t ructure .  N.M de Vasconce l l os  Jr. And M Yoshimura  

s ta te  this s i tua t ion in thei r  study;

"In general ,  there are two ca tegor ies  of  cost  es t imat ing:  the 

top-down approach (par amet r ic )  and the bot tom-up approach 

(eng ineer ing  approach) .  The top-down approach uses his tor ical  data 

f rom previous  system and forecas ts  the cost  o f  a new system based 

on cost  de te rmining  var iables , .  The bot toms-up approach

requi res  es t imat ion  o f  mater ia l  needed for the system,  labor hour,  

suppor t  equipment ,  maint enance ,  etc. These two approaches  are 

usua l ly  used in d i f fe rent  s tages o f  the purchas ing  planning  system,  

where  top-down approach is used in early stage and the bot toms-up
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approach is used in the later  stage." (Vasconce l l os  and Yoshimura ,  

1999)

Also in every sub level  o f  the b reakdown s t ructure  the analyst  

should def ine  the way o f  ca lcu l a t ing  the cost  of  sub e lements ,  so in 

the LCC concept  every act ivi ty  that  takes parts  in the l ife o f  the 

system should be cons idered as a separa te  problem and should be 

ca l cu l a t ed  accordingly .  So the analyst  should be fami l ia r  wi th the 

system and should def ine the speci f ic  cost  e lements  o f  the system 

in every phase.  As a resul t  the impor tant  issue turns to be def ining 

the cost  b reakdown

St ruc ture  o f  the system in LCC calculat ion;  In that  part  of  the 

subject ,  there  are some general  gu ide l ines  that  are publ i shed by 

several  au thor i t i es .  In thei r  book Fabrycky and Blanchard give a 

general  cost  br eakdown s t ructure  format ,

"Total  sys tem cost

1.Research  and development

A. Program Management

B. Advanced R&D

C. Engineer ing  Design
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System engineering

• Elect r ica l  engineer ing

Mechanica l  design

• Rel i abi l i ty

Ma in ta inab i l i ty

• Human factors

• Producib i l ty

Logis t i c  suppor t  analysis

D. Equipment  Development  and test

Engineer ing  models

• Test  and eva lua t ion

E. Engineer ing  Data

2. I nves tment

A. Produc t ion

Produc t ion  engineer ing

• Tools  and test  equipment

Fabr i ca t i on
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• Assembly

• Inspect ion and test

• Qual i ty  control

• I nventory

• Packing and shipping 

B, Cons t ruc t i on

• Produc t ion  fac i l i t i es

• Test  faci l i t ies

• Opera t ional  f ac i l i t i es

• Ma in tenance  fac i l i t i es

C. Ini t ial  Logis t i c  Suppor t

%

• Program management

• Provi s i on ing

• Ini t ial  spa re / repa i r  parts

• Ini t ial  i nven tory  management

• Technica l  data  prepara t ion

• Ini t ial  t r a in ing  and t ra in ing  equipment
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Test  and suppor t  equipment  acquis i t ion

First  des t ina t ion  t r an spor t a t i on

3. Opera t ions  and Maintenance

A. Operat ions

Opera t ing personnel

Opera tor  t ra in ing

Operat ional  fac i l i t i es

Suppor t  and handl ing equipment

B. Ma in tenance

Maintenance  personnel  and suppor t

Spare/ repa i r  par ts

• Test  and suppor t  equipment  maintenance

Transpor ta t i on  and handl ing

• Ma in tenance  t ra ining

Main tenance  f ac i l i t i es

• Technical  data
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4. System Phase-out  and Disposal  " ( Fabrycky and Blanchard,  

1991, pp. 333)

There are d i f ferent  cost  s t ruc tures  in the l i t e ra ture  but this one 

is the most  general  cost  breakdown st ructure.  But  every system or 

equipment  has d i f fe rent  cost  s t ructure.  So the analyst  should 

cons t ruc t  his own s t ructure  depending on the system speci f i ca t ions .  

Also in every part  o f  the cost  s t ruc ture  the analyst  can find some 

d i f f i cul t ies  in the ca l cula t ion  o f  the cost.  One o f  them occurs  in the 

main t enance  cost  o f  the system. In both approaches ,  top-down and 

bo t toms-up ,  the analyst  can find re levant  data for the scheduled 

main t enance  o f  the system,  or make some es t imat ion  depending on 

the past  data  for the system maint enance  cost.  The labor  hour of  

main t enance  personnel  or the spa re / repa i r  parts  or maintenance  

equipment  cost  can be found in the past  data or can be es t imated by 

using these  data,  but unexpec ted  maint enance  costs  are not a part  o f  

the past  data.  So the analyst  should cons ider  these c i rcumstances .

a) Implementa t i on  Of  Life Cycle Cost ing  In Dif ferent  Areas

G.G Hegde,  in his study,  concen t r a tes  on the fai lure  cost  of  

sys tems and depending  on fai lure cost  def in i t ion  he made,  he tried 

to find Life Cycle Cost  o f  a durable  goods in d i f ferent  approaches.

C. System/Equipment Modification
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He s tates  that  by using some densi ty  funct ion the fai lure  cost  of  a 

sys tem can be es t imated.  Also these c i r cumstances  change 

accord ing  to the type o f  the product .  And he expla ins  this s i tuat ion 

in four  d i f ferent  cases.  In one case,  the system has non- l inear  

fai lure  cost  s t ruc ture  and by using exponent ia l  densi ty  funct ion he 

es t imat es  the cost  of  fai lure.  Also,  in this s tudy the author  takes 

into cons ider a t i on  o f  oppor tun i t y  cost  of  not using the system. So 

in this  approach ca l cu l a t ion  o f  LCC o f  a sys tem most ly depends on 

the fa i lure  rate o f  the sys tem(Hedge ,  1994)

James V. Carnahan and Char les  Marsh use such concepts  in 

thei r  study o f  unde rground  heat  d i s t r ibut ion  systems Life Cycle 

Cost  analysis .  In this s tudy they s tated that  ini t ial  cost  and 

opera t ing  costs  could be easi ly ca lcula ted by the help o f  past  data.  

But f inding fa i lure  rates o f  the sys tems is much more complex than 

the others  are. They used a survey that  is conducted by the US 

Army Cons t ruc t i on  Engineer ing  Research  Labora tory ,  and Poisson 

d i s t r ibu t ion  in thei r  model  and use Life Cycle Cost  analysis  to 

compare  the di f fe rent  unde rground heat  d i s t r ibut ion  systems.  

(Carnahan and Marsh,  1998)

Af i f  Hasan also used this concept  in order  to opt imize 

i nsul a t ion  t h icknes s  for bui ld ings  in his study and compared the
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effect  of  d i f fe rent  th ickness  for bui ld ing in heat ing and ini t ial  cost  

aspect s  by using LCC. (Hasan,  1999)

Dan Kralsson and his co l leagues  use Life Cycle Cost  es t imates  

in the 400 kV subs ta t ion  Layouts  and they compare  the two 

di f ferent  sys tems After  f inding all the e lements  o f  the systems 

they use LCC of  d i f ferent  sys tems and then compare  the resul ts  o f  

the e f f ic iency o f  the systems.  In thei r  s tudy they emphasized that  

not only the inves tment  and opera t ion  cost  is impor tant  but also the 

maint enance  and outage  costs  for the whole  l ife o f  the system 

should be ca l cula ted  in order  to reach a re levant  resul t .  (Kralsson,  

1997)

N.M de Vasconce l l os  and M.Yoshimura  set a Life Cycle Cost  

model  for a cqui s i t i on  o f  au tomated  systems.  In that  s tudy they 

def ine  an act ive  l ife cycle  ac t iv i t i es  o f  automated systems and then 

they formula te  the Life  Cycle Cost  o f  automated systems in thei r  

study.  Thei r  cost  s t ruc ture  consis t s  o f  every minor  cost  e lements  o f  

these systems.  As a resul t ,  thei r  approach is more val id than 

t o d a y ’s cost  ca lcu l a t ion  methods  as they use the compar ison  o f  cost  

ca lcu l a t ion  o f  d i f fe rent  systems.  (Vasconce l l os  and Yosimura,  

1999)
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Chapter  III 

THE MODEL

In this study,  two di f ferent  type o f  se l f -propel led  gun Life 

Cycle Cost  will be calcula ted and after  than a compar i son  will be 

made depending  on the Life Cycle Costs.  So that  the model  should 

be same for both o f  the guns in order  to make compar ison  in the 

same base.  But  in the fi rst  sample,  SP2000,  all the research and 

development  and product ion cost  will  be ca l cu l a t ed  in the model 

but  in the second sample,  M109 A6 Paladin,  instead o f  research 

and deve lopment  and product ion  cost ,  the acquis i t ion  cost  of  the 

sample  will  be used in the model .  In this s tudy the model  mainly 

based on the Fabrycky and Blanchard  sample Life Cycle Cost  model 

in thei r  book Life Cycle Cost  and economic  analysis .  ( pp .334-349 )

The model  fol lows,

Total  sys tem Life Cycle Cost  ( C )

N
(C) -  X[Cn -h Cpi + Coi -b Copi]

i=l
(3.1)

Cr= research and development  cost

Cp= product ion  cost
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Co= cost  o f  opera t ion and maintenance

Cop= cost  o f  di sposal

a) Research and Development  Cost  ( Cr )

Cr = Crpm + Crrd + Cred + Crdt (3.2)

This cost  i tem consis t s  o f  feas ibi l i ty  studies ,  researeh and 

deve lopment  ac t iv i t ies ,  engineer i ng  design,  test  of  engineer ing  

pro totype  models  and all other  assoc ia ted doeumenta t ion ,  also 

covers  all re la ted program management  funct ions.  These kind o f  

costs  are non- recur r ing  costs  for the system.

Crpm= Program Management  Cost

This cost  or iented act ivi ty  appl icable  to conceptual  s tudies ,  

research,  eng ineer ing  design,  equipment  deve lopment  and test  and 

re la ted documenta t ion .  These costs  cover  the program manager  and 

staff ,  market ing,  cont rac t s ,  procurement ,  logis t ics  management ,  

vi s i t s  o f  rela ted fac tory and research centers  and etc

N

Crpm = ^C rpm i 
i=l

(3.3)
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Crrd= Advanced research and development  cost

The cost  o f  advanced research and development  includes  

conceptua l  s tudies  conducted to determine  and j us t i f y  a need for a 

speci f ic  r equi rement .

N
Crrd = ^Crrdi 

i=l

(3 .4)

Where Crrd^. refers to the specific activity i and N refers to the 

number of  the act ivi t ies

Cred = Engineer ing  design cost

All ini t ial  design fac i l i t i es  assoc i a t ed  with system def ini t ion 

and equipment  are ca lcula ted in this  cost  i tem. Some speci f ic  areas 

such as sys tem engineer i ng ,  design engineer ing ,  re l i abi l i ty  and 

ma in t a inab i l i t y - eng ineer i ng  etc are included in this cost.

N

Cred = ^C red i 
i=l

( 3,5 )

Where Crpm̂ . refers  to the specif ic  activity i and N  refers to the

number o f  the activities.
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Crdt  = Equipment  deve lopment  and test  cost

The cost  o f  fabr ica t ion assembly,  test  and evaluat ion of  

engineer ing  prototype  models  are included in this i tem.

N

Crdt = [Crdwi + Crdmi + ^  Crdtk
k=l

( 3.6)

Where i refers to the number of  prototypes and k refers to the test 

activities and N refers to the number of tests.

Crdw= cost  o f  pro to type  or model  p roduct ion  and assembly 

labor.

Crdm= cost  o f  mater ia l  that  is used in the pro to type

Crdt= cost  o f  test  fac i l i t ies  and suppor t  act ions in the 

pro to type

b) Product ion  cost

All costs  assoc ia ted  wi th the acquis i t ion  o f  new systems / 

equ ipment  that  is needed for the product ion  of  the system. The

Where Cred .̂ refers  to the specif ic  design activity i and N

refers  to the number o f  the activities
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acqui s i t i on  cost  o f  the sys tems / equ ipment  that  is purchased before 

is not  cons idered  as a cost  of  the new system. The cost  o f  opera t ion 

o f  the older  sys tem can take as a cost  for the new system.

Cp = [Cpm + Cpc + Cpl ]

( 3.7 )

Cpm = System product ion  cost

This cost  covers  all r ecurr ing and nonrecur r ing  cost  that 

rela ted to the product ion and test  of  sys tems

Cpm = [ Cpn + Cpr ] ( 3.8)

Cpn ^Nonrecu r r ing  costs

Nonrecur r i ng  costs  include all f ixed nonrecur r ing  cost  

assoc ia ted  with the product ion  and test  o f  opera t ional  system.

Cpn =[ Cpnp +Cpnt  + Cpnq +Cpnm + Cpnqa ]

( 3.9 )

Cpnp =Product ion  eng ineer ing  cost

Cpnt  =Tools  and factory test  equipment  costs

Cpnq equa l i t y  assurance  cost
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Cpnm =production management cost

Cpnqa =cost  o f  qua l i f i ca t i on  tes ts

Cpr = Recurr ing cost

This i tem covers  all recur r ing  product ion  costs  that  

inc lude  fabr ica t ion,  subassembly and assembly,  mater ial  and 

i nventory  control ,  inspect ion and test ,  packing and shipping.

Cpr = [ Cprm + Cprl + Cprp + Cpri  + Cprt  ]

( 3.10 )

c p rm  =produc t i on  engineer ing  suppor t  cost  

Cprl  =Product ion  and assembly labor  cost  

Cp rp=Produc t ion  mater ia l  and i nventory  cost  

Cpri  = inspect ion  and test  cost  

Cprt  = ini t ial  t ranspor t a t ion  cost  

Cpc =Cons t ruc t ion  cost

This costs  cover  all ini t ial  acquis i t ion  costs  associated 

wi th product ion ,  test ,  opera t iona l  and maint enance  fac i l i t i es  

and ut i l i t i es .
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Cpc -  [Cpcm + Cpct  + Cpca + Cpcma 

+ [Cpcl + Cpcb + Cpcu+Cpcc] ]  ( 3 . 1 1  )

Cpcm =Product ion  fac i l i t i es  cost

Cpct  =Test  fac i l i t i es  cost

Cpca =Opera t iona l  fac i l i t ies  acquis i t ion  cost

Cpcma =Maint enance  fac i l i t i es  acquis i t ion  cost

Cpcl ^Cons t ruc t i on  labor cost

Cpcb ^Cons t ruc t i on  mater ial  cost

Cpcu =Cost  o f  ut i l i t i es

Cpcc =Capi ta l  equipment  cost

Cpl =Ini t ia l  logis t ic  suppor t  cost

All i n tegra ted  logis t ic  suppor t  planning and control  

f unc t ions  are rela ted to the deve lopment  o f  system suppor t  

requi rement s  and t rans i t ion o f  such requ i rements  from the 

suppl ier s  to the appl icable  opera t iona l  site.

Cpl = [ Cplm + Cplp + Cpls +Cpli  +Cpld + Cplt  + Cpla +Cplh ]

( 3.12 )
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Cpip =Cost  o f  p rovis ioning

Cpls ^ In i t ia l  spare/  repai r  part  mater ial  cost

Cpii  ^ In i t ia l  i nventory  management  cost

Cpld =Cost  o f  technical  data  prepara t ion

Cplt  =Cost  o f  ini t ial  t ra ining and t ra ining equipment

Cpla =Acqui s i t ion  cost  o f  opera t ional  test  and suppor t  

equipment

Cplh =Ini t ia l  t r anspor t a t i on  and handl ing

c) Opera t ions  and maint enance  cost

This cost  includes  all costs  assoc ia ted  with the opera t ion 

and main t enance  suppor t  o f  the system throughout  its life cycle.

Cplm ^Logist ic  program management cost

Co = [ Coo + Com ] ( 3.13 )

Coo =Operat i ons  cost

All cost  rela ted to the opera t ion o f  the system throughout  

its l ife cycle.  In this cost  i tem every cost  except  maintenance  

cost  can be used as opera t ional .
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Coo = [ Coop + Coof  + Cooe ]

( 3.14 )

Coop =Opera t i ng  personnel  cost

This i tem covers  the cost  of  opera t ing  personnel  that  

a l l oca ted  for the system. In this cost  i tem every payment  to the 

opera t ing  personnel  should be covered such as fr inge benef i ts ,  

sa lar ies ,  c lo thing a l l owance  etc.

Coo f  =Opera t iona l  fac i l i t ies  cost

This i tem cover  the annual  recur r ing  cost  that  is rela ted 

to the occupancy and maint enance  o f  the faci l i t ies .  The 

main t enance  cost  of  fac i l i t i es  covers  the repai r ,  paint ,  of  

opera t iona l  fac i l i t i es  throughout  the l ife cycle o f  the system.

Cooe =Suppor t  and handl ing equipment  cost

In this i tem all annual  r ecur r ing  usage  and maintenance  

cost  for these i tems that  are requi red to suppor t  system 

opera t i ons  th roughou t  the l ife cycle o f  the system.

Cooe = [Cooo +C 0 0 C + Coop]

( 3.15 )
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Cooo =Cost  o f  opera t ion

Cooc =Cost  of  equipment  cor rec t ive  maintenance

Coop =Cost  o f  equipment  preven t ive  maintenance

Com =Maint enance  cost

7 he maint enance  cost  of  the system can be divided into 

two parts;  one is the scheduled maintenance  and that  can be 

also divided into two prevent ive  and cor rec t ive  maintenance ,  

and unexpec ted  or fai lure maint enance  cost.

For scheduled maint enance  the data can be obtained 

from the related depar tment  and the cost  can be es t imated 

accord ing ly  and the model  for the scheduled maintenance  cost  

is wr i t ten below. But for unexpec ted maint enance  cost  there 

are no re levant  data.  Because  no one has such an i nformat ion 

that  how many vehic les  or system will fail  in speci f ic  t ime 

per iod,  so that  in this model  a p robabi l i s t i c  approach is used in 

order  to speci fy the number  o f  the system fai led in a period of  

t ime. And then the maint enance  cost  es t imated depend on the 

number  o f  fail that  is found by the p robabi l i s t ica l ly .

There are some d i s t r ibu t ions  that  are used to find the 

fa i lure  rate o f  a system. One o f  them and widely used is
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exponent ia l  d i s t r ibut ion.  And the other  is Weibul l  di s t r ibut ion.  

The main di f fe rence  is the t ime o f  fai lure.  Leland Blank 

descr ibes  the di f fe rence  o f  two di s t r ibut ions  in his book as:

" The exponent ia l  is commonly appl ied in rel i abi l i ty  

problems where  it is hypothes ized that  the fai lure rate X is 

constant  over  the ent i re  l ife o f  an i tem. The pdf  gives  the 

i ns t an t aneous  probabi l i ty  o f  fai lure at any given t ime t>0. 

Then the cd f  F(t)  = 1- e ’^̂  is used to compute  the 

p robabi l i ty  o f  fai lure pr ior  to t" (Blank,  1980, pp.291).

And " Weibull  d i s t r ibut ion  is of ten used for re l i abi l i ty  

analys i s  where  the t ime to fai lure is not constant . "  (Blank,  

1980, pp.296)

According  to this de f i n i t i ons  in this model  the Weibull  

d i s t r ibu t ion  will  be used for ca l cula t ing  the fai lure  rate of  the 

weapon systems.  Because  the fai lure  t ime is not known and not 

constant .  I f  the exponent ia l  d i s t r ibut ion  is used in the model 

then an arb i t rary  fa i lure  t ime should be used,  and this is not a 

des i red s i tuat ion in the model .

Weibul l  d i s t r ibu t ion  has a p robabi l i ty  densi ty  funct ion 

( pdf  ) o f ;
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f ( x,a,P ) == a  / 3*  ̂ X * e

( 3 . 1 6 )

And cumulat ive  d i s t r ibut ion  funct ion ( cdf  ) ;

F ( x , a ,P  )= 1 - e - (x /p)a

( 3.17 )

In these  formula  a  is scale parameter  and 3 is shape 

parameter .  And these parameter s  define the dis t r ibut ion.

In this study the cost  o f  unexpec ted maint enance  will  be 

es t imated  by using Weibul l  d i s t r ibut ion.  By using Weibul l  

Di s t r i bu t i on  the fai lure  rate o f  the system was es t imated 

depending on the past  data o f  the simi lar  weapon system. In 

this s tudy 160 di f ferent  ar t i l lery weapon system were examined 

and thei r  fai lure rates were ca lcula ted  in year ly base. And 

accord ing  to this ca lcula t ions ,  the fai lure rate o f  the new 

sys tems were es t imated by using Weibul l  d i s t r ibut ion.  Due to 

these fa i lure  rates the unexpec ted  maint enance  cost  will be 

ca l cula ted  in the study.  There are some ar t ic les  in the 

l i t e ra ture  review that  used Weibul l  d i s t r ibut ion  in es t imat ing 

the fa i lure  rates.  One o f  them is the study o f  Bai,  Chun and
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Cha,  in the i r  study they use Weibul l  d i s t r ibu t ion  in order  to 

test  the t ime censored Ramp.  (Bai,  Chun and Cha,  1997)

Another  study is made by H. Shore.  In this s tudy he 

t r ied to define a speci f ic  fai lure rate funct ion and after  

cons t ruc t ing  it he checked his funct ion by using several  

d i s t r ibut ions .  One of  the d i s t r ibu t ions  is Weibul l  d i s t r ibut ion 

and af ter  this compar i son  he explain that  the best  fit funct ion 

is the Weibul l  d i s t r ibut ion  for es t imat ing the fai lure  rate o f  a 

system. (Shore ,  1997)

After  def in ing how to find the unexpec ted  maintenance  

rate,  the model  for the maint enance  cost  of  the system is shown 

below.

Ma in t enance  cost  o f  the system

(Com)=[  (Coms)+(Comu) ]+ (Comx +Comt+Comf)

( 3.18 )

Coms= cost  o f  scheduled maintenance

Comu= cost  o f  unexpec ted  maintenance

Comx= cost  o f  spare / repai r  parts
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Comt= t ranspor t a t i on  and handl ing  cost

Corns = [ (Qps ) (Mhp) (Copp)+ (Qps ) (Cmhp)+(Qps) (Cdp) (Nms) ]

( 3.19 )

Qps= quant i ty  o f  scheduled maint enance  act ions

Mhp= scheduled maint enance  labor  hours

Copp= labor  cost

Cmhp= cost  o f  mater ial  handl ing

Cdp= cost  o f  documenta t ion

Nms= number  o f  maint enance  areas

Comu= [ (Qca) (Mmhc) (Cocu)+ (Qca ) (Cmhu)+ (Qca ) (Cdu) (Nmu) ]

( 3.20 )

Qua= quant i ty  o f  unexpec ted  maint enance  act ions  

Mhmu= unexpected  maint enance  labor  hours  

Cocu= cost  o f  l abor ($ /Mhmu)

Cmhu= cost  of  mater ial  handl ing
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Cdu= cost  of  documenta t ion

Nmu= number  o f  maint enance  areas

Comx= (Cso+Csi  + Csd+Css+Csc)  ( 3.21 )

Cso= Cost  of  o rganiza t ional  spar e/ repa i r  par ts

Csi= Cost  o f  in te rmediat e  spar e/ repa i r  par t s

Csd= Cost  o f  depot  spare / repa i r  parts

Css=Cost  o f  suppl ier  spar e/ repa i r  par ts

Csc= Cost  o f  consumables

N

Cso = 2[(Cai)(Qai) + 2(Cmi)(Qmi) + 2;(Chi)(Qhi)] 
i=l

( 3.22 )

Where i refers to the maintenance sites and N refers to the 

number of  maintenance sites

Ca= average  cost  of  mater ial  purchase  order  

Qa= quant i ty  o f  purchase  order  

Cm= cost  o f  spare item

Qm= quant i ty  o f  i tems requi red or demand
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Ch= cost  of  maint a in ing  spare i tem in the i nventory

Qh= quant i ty  o f  i tems in the i nventory

Cost  of  Csi,  Csd and Css are ca lcula ted  wi th s imi lar  

approach

C o m t -  [ (Ct ) (QT)+(Cp) (Qt ) ] ( 3.23 )

Ct= cost  of  t r anspor t a t i on  

Cp= cost  o f  packing 

Qt= quant i ty  o f  one way sh ipments  

d) System phase out and disposal  cost

This ca tegory covers  the l iabi l i ty  or assets  incurred when an 

i tem is d isposed.  This ca tegory  r epresen t s  the only e lement  o f  cost  

that  may turn out  to have a negat ive  value when the rec lamat ion  

value  o f  the i tem is larger  than the disposal  cost .

Cop= (Cdi s-Crec) ( 3.24 )

Cdis= cost  o f  system disposal

Crec= r ec lamat ion  value
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Chapter IV

APPLICATION OF THE MODEL

For  f inding the Life Cycle Cost  of  the two a l terna t ives  SP2000 

and M109 Paladin,  an EXCEL*^  spread sheet  was used.

1. Modern Self- Propel led Gun ( SP 2000)

a. Data  col lec t ion

In the Research  and development ,  and product ion  phase o f  the 

ca l cul a t ion ,  the data  does not  ref lect  the or iginal  si tuat ion.  The 

data  that  was used in these ca l cula t ions  were di s tor ted  but the 

rela t ion between the i tems were remained the same as the 

or iginal .  The rest  o f  the data was the or iginal  data taken from 

the rela ted sources.  The opera t iona l  data  was taken from the 

a r t i l l e ry  bat tery  and the repai r  and spare part  cost  col lected 

from the repa i r  sites.

b. Research  and Development

In order  to calcula te  the R&D cost  o f  the system,  f i rst  o f  all 

the personnel  o f  this phase is cons t ructed.  In this project  one 

l i eu t enant  colonel  is working as a projec t  manager  in the 

headquar t er ,  and also a captain is r espons ibl e  as an execut ive
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projec t  manager  for the research and product ion  in the factory 

project  team. This team was es tabl i shed  by the factory for this 

system,  and the team has 6 engineers  and 8 labors.  In ca lcula t ion 

o f  R&D, cost  program management  part  was cons t ruc t ed  by using 

these human resources  and the cost  was es t imated by using equat ion 

3.3. Their  wages  were ca lcula ted  by using January salary and 

conver ted into US dol lar  by using January currency rates that  were 

taken from the web si te o f  the Central  Bank o f  Turkey,  

w w w . t cm b . g ov . t r . After  that ,  annual  wages were ca lcula ted  and the 

resul t  o f  this ca lcula t ion  was $1 57,114.58.  And the R&D phase 

planned to go 6 more months  unt i l  the mass p roduct ion  begins.  So 

the 6 months  wages  are also ca lcula ted  and used in the NPV 

calculat ion.

Two proto types  were produced unti l  now and it is p lanned to 

produce  two more pro to types  in the project .  And the cost  o f  

p roducing  these p ro to types  was es t imated  by using equat ion 3.6 

and the resul t  was $ 1,955,370.9 for the produced ones and the 

same amount  was expec ted  to spend for the other  two.

For this projec t  factory did not make any inves tment ,  so that 

no special  machine  or equipment  were bought  for the projec t  except  

computers  and special  sof tware.  The cost  o f  this inves tment  was
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es t imated as $ 200,000.  Also the projec t  team manager  and some of  

the engineers  paid off icial  visi ts  to the count r ies  that  some 

components  o f  the system will be impor ted from. In these t r ips,  6 

person paid 4 t r ips unt i l  now and one trip costs  approx imate ly  $ 

3500 for one person and the cost  o f  these vis i ts  was also es t imated 

as $84,000.

In every proto type  15,000 km t es t -dr iv ing  was made and 150 

ammuni t i on  were used for the test  of  weapon system. And 

cumulat ive  cost  o f  this test  was $695,655.

For a l loca t ion o f  the R&D cost  the total  cost  of  research and 

development  was divided into plan number  o f  total  product ion o f  

80. So that  in the first  year o f  R&D the cost  o f  research and 

development  for one system is $ 36,267.9  and for the second year  $

30,753.97.

c. Product ion

The product ion  cost  was es t imated  because  in the current  

projec t  the R&D phase is still  cont inuing.  So the cost  o f  product ion 

is es t imated  by using the old data o f  the s imi lar  system that  is 

modi f ied  in the same factory.  In ca l cula t ion  o f  product ion  costs,  

di rect  mater ia l ,  di rect  labor  and overheads  are taken into account  as 

a cost  factor .  The overhead costs  were calcula ted as the funct ion of
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direct  labor.  And for the s impl ic i ty  o f  the ca lcula t ion  the 

propor t ion  o f  the di rect  labor is used for overheads .  Because in 

some part  o f  the p roduct ion  it is not a good way to use direct  labor  

as a cost  driver.  So the cumulat ive  overheads  and the di rect  labor 

are used to find the propor t ion  o f  the overheads  in the old system,  

and this p ropor t ion  was used in the es t imat ion  o f  product ion 

overheads  in this system. The propor t ion  was calculated 

approximate ly  40% o f  the di rect  labor  cost  in the old system.

The total  p roduct ion  cost  of  the SP2000 was es t imated as $ 

724,211.25 by using the equat ions  3.9, 3.10,  and 3.11.

d. Opera t ion

The opera t ion  cost  was also es t imated  by using opera t ing 

personnel  costs  and opera t iona l  f ac i l i t i e s  costs.  In this calculat ion 

equat ions  3.14 and 3.15 were used.  In one ba t tery  the related 

personnel  for one system were l is ted and then the cost  of  these 

personnel  were ca lcula ted in annual  base.  The calculat ion is shown 

in Appendix  3. In this ca lcula t ion  the total  cost  of  bat tery 

commande r  was divided into 6. Because in one bat tery there are 6- 

weapon sys tems so the cost  o f  bat tery commande r  should be divided
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into the number  o f  the weapon systems.  Also the cost  o f  platoon 

commander  was divided into three for the same reason.

4 personnel s  are needed to opera te  the system. These are squad 

or gun commander ,  dr iver ,  opera tor ,  gunner  and one crew for the 

rest  of  the opera t ion In the ca lculat ion o f  the cost  of  crew feeding 

cost ,  c lo thing costs ,  and payments  were taken into account ,  and 

ca l cula ted  annual ly .  For opera t ing the system fire control  personnel  

should also be cons idered as a cost  factor .  This crew consis t s  o f  

f ive personnel :  fire control  of f icer ,  opera tor ,  calculator ,  major

ca l cul a tor ,  signal  operator .  And these crew cost  was ca lcula ted  as it 

was in the gun crew.

Train ing  cost  for the opera tor  was ca lcula ted in this way. 

Every personnel  except  the off icer  and NCO train in the t raining 

t roops  for a per iod o f  three months.  So the t ra iner  was the cost  

fac tor  for the system. In every t ra in ing  center  there  are several  

companies  that  the crew as being t rained.  And in this calculat ion 

one o f  the company personnel  and fac i l i t i es  cost  is used for the 

system t ra in ing  cost.

In opera t iona l  fac i l i t i es  cost  sect ion usual  prac t ice  and fire 

p rac t ice  cost  were es t imated.  While  the crew cost  was ca lculated,  in 

this sect ion only the fuel and ammuni t i on  cost  was est imated.  For
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f inding the fuel cost  of  the system the amount  of  fuel consumpt ion  

in one k i lome te r  was mul t ip l i ed  by the cons tant  amount  o f  prac t ice  

k i lomete r  and the days o f  pract ice.  After  then the resul t  was 

mul t ip l i ed  by the fuel price.  In fire prac t ice ,  cost  the ammuni t i on  

cost  was mul t ip l i ed  with the cost  o f  one shell .

In prevent ive  maint enance  cost  es t imat ion,  the aging fac tor  

was also cons idered  and the es t imat ion  depends  on this factor .  In 

p r event ive  main t enance  the mater ia l  or preven t ive  oil cost  is 

es t imated.  The rest  of  the maint enance  cost  was calculated 

separately.

So, after  all this ca lcu l a t ion  in the fi rst  year  the opera t ing  cost  

o f  the system was ca lcula ted  as $87,350,98.

e. Maintenance

In the main t enance  part  of  the system the cost  of  maintenance  

divided into two parts.  One is Scheduled Maintenance ,  the second 

is unexpec ted  maint enance  or fa i lure  cost .  In es t imat ing  o f  

maint enance  cost  o f  the system the equat ion 3.18,  3.19 and 3.20 

were used.

In scheduled maint enance  part  sys tem's  maintenance  

expendi tu r e  is known.  Some o f  the par t s  are changed annual ly  and
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some o f  them are changed semi annual ly.  So that  the cost  o f  known 

part  was ca lcula ted  by using January 2000 pr ices  and then these 

pr ices  were  conver ted into US dollar .  This cost  was same for all the 

year  for the system.

But in unexpec ted  maintenance  part  the Weibul l  d i s t r ibut ion 

was used for f inding the fai lure  rate.  In this d i s t r ibu t ion  a  is the 

shape parameter  and P is the scale parameter .  For f inding the 

probabi l i ty  o f  fai lure  160 di f ferent  a r t i l l e ry weapon systems were 

examined.  Thei r  fai lure rates were ca lculated for every year  o f  

service  and by using a special  sof tware  BestFi t  4.0 the a  and P of  

Weibul l  d i s t r ibut ion  was found depending on these past  data.  But 

this i nformat ion  was also c lass i f i ed  as secret .  So the a  and P were 

d i s t or ted  in this study.  But the shape o f  the d i s t r ibu t ion  was t r ied 

to remain same as the past  data.  Also the assumpt ion  was the 

fa i lure  rate o f  the new system have the simi lar  pa t t ern  with the old 

ones.  Depending on this c i r cumstances  the a  was taken 2.5 and P 

was taken 30 for SP2000.  In the fi rst  three years  the fai lure rate o f  

the new sys tems have di f ferent  pat tern.  Depending  on the past  

exper ience  the probabi l i ty  o f  fai lure  o f  these three years had a 

g rea t er  values  than expec ted so in this  s tudy this s i tuat ion was 

taken into account  and the fai lure  rate o f  these there years 

ca lcul a t ed  gr ea t er  then the Weibul l  di s t r ibut ion.  For  30 years the

48



fa i lure  rate was ca lcul a t ed  and shown in Appendix A. The graph of  

this fai lure  rate is shown in Figure 2.

Figure 2: Graph of failure rales for the SP20()() 

weibull

And this f igure shows that  it is an acceptable  s i tuat ion that  the 

rates are increas ing  in the fol lowing years.

By using these  rates the t ime that  is needed for the repai r  was 

ca lcul a t ed  and depending o f  this repai r  t ime the labor  cost  and the 

mater ia l  cost  was es t imated.  For the labor  part  of  this calculat ion.
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labor  hour cost  was found f i rs t ly,  and then by mul t ip lying the 

number  o f  maint enance  hour and the hourly labor cost  and number  

of  labor  that  is worked for repai r  the total  labor  cost  was est imated.  

In the mater ial  cost  part  of  the es t imat ion the cost  o f  main working 

part  of  the system was considered.  The engine,  t ransmi ss ion  and 

torque  conver te r  were the main par t s  that  create  the mal funct ion of  

the system,  so the fai lure rate o f  that  year  was used to find the 

mater ia l  cost  also. By using the rate o f  fai lure  and the cost  o f  these 

three components  the mater ial  cost  was est imated.  Such as at the 

year  5, the fa i lure  rate is 0,01 1276 and the total  cost  of  these three 

part  is $214,000 so the mater ial  cost  of  that  year  is 

0,01 1276*214.000= $2,413.06.  At the resul t  o f  this ca lcula t ion  in 

the fi rst  year  the total  maint enance  cost  of  the system was 

es t imated  as $16,700.58

f. System Disposal  Cost

System disposal  cost  assumed zero in both o f  the systems.  The 

reason is that  both sys tems have the same amount  of  disposal  cost.  

So the effect  o f  this i tem on the total  cost  is zero.

g. Net Present  Value

After  f inding all the components  o f  the Life Cycle Cost  for all 

the years ,  the values were conver ted into present  cost  by using net
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present  value formula.  This gives  the oppor tuni ty  for making 

reasonable  analysis .  Because  a raw value in the end o f  l ife o f  

system is not so meaningful  for the analyst .  So that  all the values 

that  is found in the ear ly step o f  the calculat ion were conver ted 

into present  value.  In present  value ca lculat ion the cri t ical  point  is 

def ining o f  interest  rate.  In this calculat ion the interes t  rate 

es t imated 3% depending on the Central  Bank o f  Turkey and 

Depar tment  o f  Treasury  es t imate  for the next  5 year.  Also the 

effect  of  in teres t  rate on the calcula t ions  was examined in the 

analysis  sect ion in detai l .  The resul t  of  NPV for the modern sel f  - 

propel led  gun at 3% is $3,555,306.25

NPV calcu l a t ions  are shown on Appendix B, and the data that  

was used in the cal cu l a t ions  are shown on Appendix C,and D

2. M109 Paladin

a. P r e - acqu i s i t i on  cost

In this i tem all the costs  were  cons idered before  the 

acqui s i t i on  occurred.  Such as dec l ara t i on  o f  acquis i t ion,  t r ips for 

learn ing  the system condi t ion,  documenta t ion ,  but these costs were 

an es t imat ion  that  does not have enough conf idence .  Because there
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is no re levant  data for this i tem. The es t imat ion s imply depends on 

the exper ience  o f  the of f icers  that  worked for acquis i t ions .  And for 

this system the es t imat ion  is $50,000

b. Acquis i t ion

The acquis i t ion cost  o f  M109 Paladin se l f -propel led  gun 

system is taken from the ar t i c les  in the magazines  Jane ' s  Defense  

Weekly,  and Interna t ional  Defense  Review.  These art ic les  were 

about  to acquis i t ion o f  Paladin ar t i l lery system for the Kuwait  

Armed Forces.  In these ar t icle  the total  budget  o f  the acquis i t ion 

was given and also the number  o f  the system was given,  from that  

knowledge  the acqui s i t i on  cost  o f  one system was found and this 

cost  was $645,000

c. Opera t ion

The opera t ion  cost  was es t imated as same as the modern se l f  - 

p ropel led  gun. And the total  opera t ion cost  in the fi rst  year  for the 

M109 Paladin  is $90,163.28

d. Ma in tenance

Also this ca lcu l a t ion  is the same as SP2000 except  the fai lure  rate.
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While this system is not new, that  was produced five years  before 

the fai lure  rates should be equal  to the f i f th year  fai lure  rate o f  the 

SP2000.  In this ca l cula t ion  the a  and p taken same as SP200 and 

a =  2 and P̂ = 28 for 30 years ,  but x was began with 5 due to the age 

of  the system.  The fai lure rate ca lcula t ion is shown in Appendix E. 

The fai lure  rates  graph is shown in the Figure 3.

weibull

Figure 3: Graph of failure rates for M109
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Due to this fai lure  rate and calcula t ions  the total  

maint enance  cost  of  M109 paladin for the fi rst  year  o f  opera t ion is

$ 4,365.19

e. Net Present  Value

The net present  value o f  M109 Paladin  after  all the 

c al cu l a t ions  at the rate o f  3% is $ 3 ,943,997.8

The summary o f  cost  a l loca t ion  of  both sys tems is shown on 

Figure 4.

A c t i v i t y /
Y e a r

R & D P r o d  a c t i o n P r e -
A c q u i s i t i o n

A c q u i s i t i o n O p e r a t i o n M a i n t e n a n c e T o t a l C u m u l a t i v e
T o t a l

0 S P 2 0 0 0 3 6 . 2 6 8 0 0 0 0 0 3 6 . 2 6 8 3 6 . 2 6 8

0 d 5“d7do'd‘ 0 d 0 5 0 . 0 0 0 5 0. o d d

1 - 5 S P 2 0 0 0 3 0 . 7 6 4 7 2 4 . 2 1 1
-

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

M 1 0 9 d 0 6 4 5 . 0 0 0 4 5 1 . 6 3 3 3 3 . 5 8 3 1 . 1 3 0 . 2 1 6 1 . 1 8  0 . 2 1 6

6 - 1 0 S P 2 0 0 0 0 0 0 0 4 3 9 . 3 0 1 6 9 . 2 2 6 4 9 8 . 6 2 6 1 . 7 6 3 . 4 7 6

M l  0 9 0 0 0 0 4 5 4 . 1  80 1 4 2 . 7 4 5 5 9 6 . 9 2 5 1 . 7 7 7 . 1  41

1 1 - 1 5 S P 2 0 0 0 0 0 0 0 4 4 2 . 6 7 3 1 7 2 . 3 7 4 6 1 4 . 9 4 7 2 . 3 7 8 . 4 2 2

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

1 6 - 2 0 S P 2 0 0 0 0 0 0 0 4 4 7 . 2 1  7 3 6 0 . 7 9 1 7 9 8 . 0 0 8 3 . 1 7 6 . 4 3 0

M 1 0 9 0 0 0 0 4 6 3 . 0 7 1 5 2 0 . 1  64 9 8 3 . 2 3 5 3 . 5 2 5 . 2 2 3

2 1 - 2 5 S P 2 0 0 0 0 0 0 0 4 6 6 . 2 7 6 6 7 3 . 6 3 8 1 . 0 2 9 . 9 1 4 4 . 2 0 6 . 3 4 4

M 1 0 9 0 0 0 0 4 6 9 . 0 8 1 7 5 1 . 2 9 7 1 . 2 2 0 . 3 7 8 ■“ '4 .7  4 5 . 6 0 1

2 6 - 3 0 S P 2 0 0 0 0 0 0 0 4 6 9 . 8 6 0 8 0 7 . 3 7 6 1 . 2 6 7 . 2 3 6 6 . 4 7 3 . 6 8 0

M 1 0 9 0 0 0 0 4 7 5 . 7 2 2 9 6 5 . 7 5 7 1 . 4 4 1 . 4 7 9 6.1 8 7 . 0 8 0

Figure 4: Summary of cost al location of  both systems($)
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NPV calcu l a t ions  are shown on Appendix F, and the data is 

shown on Appendix  G. And cost  a l locat ion table through the project  

l ife is shown in Appendix H.
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Chapter V

SENSITIVITY ANALYSIS

In this chapter  the effect  o f  var ia t ions  in the model  was 

examined.  It was obvious  that  in the model  some var iables  used 

depending on the assumpt ions  or expectat ions .  And they can be 

change in the future so the resul ts  o f  the study could be di f ferent  

due to these changes.  Therefore  the resul t  should be susta ined by 

some other  tools.  Also the decis ion o f  se lect ing a system,  should 

not depend on one cr i ter ion,  the d i f ferences  between the net present  

value o f  Life Cycle Costs.  The di f fe rence  o f  NPV is not the only 

cr i t er ion for giving a good decis ion in such a big project .  So some 

other  analys i s  should be made,  because  there can be some 

var i a t i ons  in the data  that  is used in the study.  Such as interes t  

rates,  i f  the interes t  rate changes,  NPV would change and then the 

decis ion may be di f ferent .  Therefore  before  taking the final 

deci s ion the resul ts  should be checked by making sensi t ivi ty  

analysis .

In NPV calcu l a t ions  the fi rst  a l t ernat ive  SP2000 has

$3 ,555,306.25  and the second a l t erna t ive  M109 Paladin has 

$3,943,997.8 and the di f ference  between these NPV values is 

$388,689.55 According  to this ca l cula t ions  SP2000 has a cost
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advant age  o f  $388,689.55 only 10.9% o f  its NPV so there is no big 

di f fe rence  between the costs  o f  two a l ternat ives .  Also depending on 

the NPV formula  the interes t  rate di rect ly effects  the resul ts .  And 

the t ime period is 30 years.  And this means that  there can be 

var ia t ions  in the in teres t  rate.  Figure 5 shows the resul ts  o f  

var ia t ions  in the interes t  rates.  In this analysi s  at the interes t  rate 

of  16.3% or g rea ter  the NPV o f  M109 Paladin is smal ler  than the 

fi rst  a l ternat ive .  But until  this rate SP2000 has a cost  advantage  

among the Paladin.  However  there  is a great  d i f ference  between the 

reversal  rate and the rate that  is used in the calculat ion.  And due to 

the economic  condi t ions  and pro j ec t i ons  reversa l  rate  is not an 

acceptable  rate for the calculat ions .  So that  SP2000 has cost  

advantage  more or less than the M109 i f  the economic  condi t ions  

cont inue  through the end o f  the l ife cycle o f  the project .  The 

changes  on NPV depending on the interes t  rates are shown on 

Appendix I.
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Figure 5; Effect of  interest rate change on the LCC calculation

Effect of Interest Rate

■M109 ■SP2000

The other  analys i s  is cal led "break-even analysis" .  In this 

analys i s  the aim is to de termine  a point  in t ime that  selected 

a l t erna t ive  becomes  more economical  than the others.  I f  this point  

is ear ly enough in the l ife cycle o f  the projec t  then the selected 

a l t erna t ive  or the decis ion is accepted o therwise  the decis ion 

should be rechecked under  the given informat ion.
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In this study the resul t  o f  break-even  analysis  is 8 years 4 

months.  This is approximate ly  one third o f  the project  life and it is 

early enough to suppor t  the select ion.  This means that  af ter  8 years 

4 months  the f i rst  a l t ernat ive  SP2000 is more economical  than the 

M109.  At the ear ly year  o f  the projec t ,  M109 seems to be the less 

cost ly depending on the cumulat ive  present  value o f  two systems,  

but after  8 years  4 months,  the cost  of  M109 is increas ing more 

rapidly according to increas ing maint enance  cost  o f  the system. The 

graph o f  break-even analysis  is shown in Figure 6.

According to this analysi s ,  SP2000 is the favorable  system 

for the select ion i f  the interes t  rate smal ler  than 16.3% and the 

project  l ife b igger  than 8 years 4 months otherwi se  M109 should be 

chosen.  The resul ts  o f  the analysi s  are shown in the Figure  7.
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Break Even Analysis at 3%

Figure 6: Break-even analysis  of  SP2000 and M109 at 3% interest rate

ITEMS SP2000 Ml 09

Ini t ial  cost $894,682,57 $645,000

NPV $3,555,306.25 $3,943,997.8

Interes t  Rate < 16.3% 16.3% <

Break - Even Point Syears 4 months< <8 years  4 months

Figure 7: Results of  sensit ivity analysis
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Chapter VI 

CONCLUSION

The aim o f  this s tudy is to compare  the cost  of  two or more 

a r t i l l e ry  weapon sys tems in corpar at ing  the Life Cycle Costs .  In 

order  to achieve this purpose ,  we fi rst  def ined the Life Cycle Cost  

o f  weapon system.  Then,  a model  for the a r t i l l e ry  weapon systems 

which covers  all the costs ,  i .e. ,  f rom research  and development  to 

disposal  phase o f  the system,  was developed.

The ar t i l l e ry  sys tems that  were compared  in this study are 

SP2000,  Modern Se l f  - Propel led  Gun o f  Turkish  Army,  and M109 

Paladin ,  U S Army main a r t i l l e ry  weapon system.  SP2000 is 

or i gina l l y  des igned in Turkey and design and R&D phase is still  

cont inuing .  M109 Paladin  is produced in the 1990 to 1997 for the 

U.S Army,  and af ter  using in several  combat  s i tua t ions  it proved its 

e f f ec t i veness  in the U.S Army.

To make compar ison  between these  two systems in the cost  

base,  the assumpt ion  is thei r  e f f ec t iveness  and other  fea tures  are 

the same.  So there is no super ior i ty  be tween them except  the cost.

The model  is s imply designed for cover ing  all the re la ted costs  

for the system.  Every d i f ferent ia l  cost  i tem is taken into
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cons ider a t ion  in computat ions .  For  example  the cost  of  crew,  

maint enance ,  cost  of  p rac t ice  is cons idered  as di ffer ,  but  bui ld ings ,  

occupancy o f  exerc i se  areas ,  overheads  such as cost  of  e lec t r i c i ty ,  

water ,  or the cost  that  does not depend on the system or changeable  

are not  cons idered  as cost  for the systems.  The l ife o f  the systems 

is assumed as 30 years,  and all the c al cu l a t ions  are done for thi r ty 

years.

For SP2000,  the total  R&D cost  was es t imated as

$5 ,361 ,748.99  and this cost  is d ivided into planning product ion  

number ,  that  is 80 for f inding one system R&D cost .  The resul t  is 

for the f i rst  year  $36,267.9  and second year  $30,753.97.  One 

weapon system product ion  cost  was es t imated  as $724,21 1.25. The 

cumula t ive  opera t iona l  cost  and main t enance  cost  o f  the system is 

r espec t ive ly  $2 ,659,332.71 and $1 ,999,693.12 .  In the maintenance  

cost  part  for es t imat ing  the fai lure  cost  o f  the system,  a fai lure  rate 

is used and this rate is a p robabi l i s t i c  value that  is found by using 

Weibul l  Dis t r ibut ion .  And after  all the c al cu l a t ions  the values 

shi f t ed  to the base year  by using Net  Present  Value formula.  And 

the final  resul t  for SP2000 is $3,555,306.25

For M109 Paladin p re - acqui s i t i on  and acqui s i t i on  cost  was 

used ins tead o f  R&D and Produc t i on  cost .  The costs  are
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r espec t ive ly  $50,000 and $645,000.  The opera t ion  cost  o f  M109 is 

$2 ,771 ,697.09  and the main t enance  cost  is $2,73 1,641.1 1 The NPV 

resul t  for the M109 Paladin  is $3,943,997.8

Depending on the model  resul ts  and the given data SP2000 has 

a $388,689.55  cost  advantage .  And after  making sens i t iv i ty  analysis  

at the beg inn ing  SP2000 has more expendi tu r e  than the M109.  First  

o f  all ,  its R&D and product ion  cost  is more than the compet i tor .  

But  af ter  8 years  and 4 months  o f  service  the cumulat ive  cost  of  

M109 exceed the cumulat ive  cost  of  SP2000,  so that  as a resul t  o f  

these ca l cu l a t ions  Life Cycle Cost  o f  SP2000 is $3 ,555,306.25  and 

M109 is $3 ,943,997.8 According  to these numbers  the SP2000 is the 

one that  should be prefer red  for the new ar t i l l e ry  weapon system in 

Turkish  Armed Forces.

Also this study shows that  the ini t ial  cost  of  a system is not  an 

accura t e  va lue  for the se lec t ion o f  a system.  The total  Life Cycle 

Cost  o f  the system can give di f ferent  resul ts ,  as in this study.  So in 

a cqui s i t i on  or p roduct ion  deci s ion the Life Cycle Cost  concept  

should be cons ider ed  and the deci s ion should be made depending on 

this concept .
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FAILURE RATE CALCULATIO NS o f SP2000 BY USING W EIBULL D ISTRIBUTIO N

Appendix A

alpha 2,5

beta 30

in Project Y ear in Service Failure Rate

1 1 0.055203

2 2 0,025147

3 3 0,010600

4 4 0,006471

5 5 0,011276

6 6 0,017729

7 7 0,025956

8 8 0,036056

9 9 0,048100

10 10 0,062136

11 11 0,078184

12 12 0,096241

13 13 0,116276

14 14 0,138233

15 15 0,162033

16 16 0,187573

17 17 0,214727

18 18 0,243350

19 19 0,273279

20 20 0,304335

21 21 0,336325

22 22 0,369048

23 23 0,402293

24 24 0,435849

25 25 0,469501

26 26 0,503040

27 27 0,536261

28 28 0,568968

29 29 0,600978

30 30 0,632121
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Appendix B
Net Present Value Calculations of SP2000

Intrest
Rate

YEAR/
ITEM

0

1

2

3

4

5

6

7

8

9

10 

11 

12
13

14

15

16

17

18

19

20 
21 

22
23

24

25

26

27

28

29

30

%3,00

R&D Production

36.267,90

30.753,97 724.211,25

Operation Maintenance TOTAL NPV

36.267,90 $3,555,306,25

87.350,98 16.700,58 859.017,79 833.997,85

87.492,58 8.219,59 95.714,18 90.219,79

87.482,44 4.114,83 91.600,27 83.827,22

87.515,01 2.949,60 90.468,61 80.380,19

87.584,67 4.305,62 91.895,29 79.269,69

87.663,27 6.126,58 93.795,84 78.552,54

87.751,42 8.447,97 96.206,39 78.224,60

87.849,65 11.297,69 99.155,34 78.274,14

87.958,37 14.696,24 102.663,61 78.683,11

88.077,92 18.656,81 106.744,72 79.428,10

88.208,53 23.185,33 111.404,86 80.481,24

88.350,35 28.280,47 116.642,82 81.810,93

88.503,42 33.933,72 122.450,14 83.382,59

88.667,72 40.129,44 128.811,16 85.159,35

88.843,13 46.845,13 135.703,26 87.102,76

89.029,44 54.051,71 143.097,15 89.173,41

89.226,37 61.713,87 150.957,24 91.331,61

89.433,58 69.790,61 159.242,20 93.538,01

89.650,67 78.235,81 167.905,48 95.754,15

89.877,17 86.998,92 176.896,09 97.943,08

90.112,61 96.025,70 186.159,30 100.069,80

90.356,45 105.259,08 195.637,53 102.101,76

90.608,16 114.640,06 205.271,22 104.009,23

90.867,22 124.108,54 214.999,76 105.765,64

91.133,10 133.604,35 224.762,45 107.347,80

91.405,31 143.068,09 234.499,40 108.736,14

91.683,39 152.442,08 244.152,46 109.914,77

91.966,94 161.671,13 253.666,07 110.871,54

92.255,62 170.703,40 262.988,02 111.598,01

92.549.16 179.491,03 272.070,19 112.089,32
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Appendix C

MATERIALS

P O W E R  PACKAGE

PRODUCTION COST OF SP2000

Labor Hour $
Overheads  

($) (4 0 %  of 
DL)

Engine 85 .000 ,00 96 504 ,98 201 ,99

Transmission 75 .000 ,00 144 757 ,48 302 ,99

Transmission shaft 15.000,00 16 84,16 33,67

Torque converter 54 .000 ,00 96 504 ,98 201 ,99

Exhaust system 7.500 ,00 32 168,33 67,33

Driving System 28.500 ,00 72 378 ,74 151,50

Torque assem bler 35 .000 ,00 96 504 ,98 201 ,99

Cooling System 17.550,00 64 336 ,66 134,66

Auxiliary engine 26 .500 ,00 64 336 ,66 134,66

Hydrolic system 22 .600 ,00 192 1.009,97 403 ,99

Steering System 12.500,00 144 757 ,48 302 ,99

W E A P O N

Barrel 43 .000 ,00 64 336 ,66 134,66

Suspension 25 .000 ,00 144 757 ,48 302 ,99

Secondary W eapon 22 .000 ,00 32 168,33 67,33

Automated loading System 15.000 ,00 96 504 ,98 201 ,99

Firing System 15.000,00 96 504 ,98 201 ,99

Fire control system 16.400,00 144 757 ,48 302 ,99

Positioning System 25 .000 ,00 144 757 ,48 302 ,99

Turret System 15.600,00 144 757 ,48 302 ,99

FRAM E

Armor 48 .000 ,00 320 1.683,28 673,31

Fire extinguisher system 12.500 ,00 64 336 ,66 134,66

Vehicle electrical system 18.000,00 160 841 ,64 336 ,66

NBC system 22 .000 ,00 144 757 ,48 302 ,99

Night Vision system 22 .000 ,00 64 336 ,66 134,66

Communication system 25.000 ,00 160 841 ,64 336 ,66

Total

Grand Total

703 .650 ,00

724 .211 ,25

2792 14.686,61 5 .874,64
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Appendix D
DATA USED fN CALCULATIONS

R&D

Project Manager 

Executive Project Officer 

Engineer ( engine design) 

Engineer ( engine design) 

Engineer (frame design) 

Engineer (frame design) 

Engineer (Electronics) 

Engineer (Electronics) 

Engineer (System)

Labor

TL $

450.000.000,00 826,34

360.000.000,00 661,07

320.000.000,00 587,62

320.000.000,00 587,62

320.000.000,00 587,62

320.000.000,00 587,62

320.000.000,00 587,62

320.000.000,00 587,62

320.000.000,00 587,62

550.000.000,00 1.009,97

OPERATION

Battery Commander Salary 

Platoon Commander( 1st Liet.)Salary 

Squad Commander (Nco) Salary

TL

350.000. 000.00 Feeding Cost(daily)

340.000. 000.00 Dressing Cost

320.000. 000.00 Shoes Cost

Sergant Salary 18.000.000,00 Fuel (TL/lt)

Private Salary 12.000.000,00 Currency($)

Ammunution cost 543.400.000,00 #  of fire in practice

# of km in practice 10,00 #days in practice

amount of fuel per km 2,00

MAINTENANCE

Lucricant ( grease It) 1.900.000,00 3,49

Lubricant 20W50 (It) 1.500.000,00 2,75

Lubricant 10W50 (It) 3.500.000,00 6,43

Lubricant OE50 (It) 1.000.000,00 1,84

Engine Oil Filter 15.000.000,00 27,54

Fuel Filter 17.000.000,00 31,22

Air Filter 18.000.000,00 33,05

Labor Salary

NCO 340.000.000,00 624,34

Sergant 18.000.000,00 33,05

Private 12.000.000,00 22,04

Labor 550.000.000,00 1.009,97

fuel 440.000,00 0,81

Currency ($) 544.572,00

#  of labor 6

TL

3.500.000,00

20.000.000,00
35.000.000,00

360.000,00

544.572,00

16

240
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FAILURE RATE CALCULATIONS OF M109 BY USING WEIBULL
DISTRIBUTION

Appendix E

alpha 2,5

beta 30

Year in Project Year in Service Failure Rate

1 5 0,011276

2 6 0,017729

3 7 0,025956

4 8 0,036056

5 9 0,048100

6 10 0,062136

7 11 0,078184

8 12 0,096241

9 13 0,116276

10 14 0,138233

11 15 0,162033

12 16 0,187573

13 17 0,214727

14 18 0,243350

15 19 0,273279

16 20 0,304335

17 21 0,336325

18 22 0,369048

19 23 0,402293

20 24 0,435849

21 25 0,469501

22 26 0,503040

23 27 0,536261

24 28 0,568968

25 29 0,600978

26 30 0,632121

27 31 0,662243

28 32 0,691209

29 33 0,718904

30 34 0,745230



Appendix F
Net Present Value Calculations for M109 Paladin

Intrest
Rate %3,00

YEAR/
ITEM

0

1

2

3

4

5

6

7

8

9

10 

11 

12

13

14

15

16

17

18

19

20 

21 

22
23

24

25

26

27

28

29

30

Contract & 
Acquisition 

Cost

50.000,00

645.000,00

Operation Maintenance TOTAL

90.163,28

90.251,09

90.322,39

90.402,88

90.493,07

90.593,35

90.704,03

90.825.33

90.957.38

91.100.19 

91.253,71

91.417.80 

91.592,23 

91.776,69

91.970.80 

92.174,13

92.386.20 

92.606,47

92.834.38

93.069.38 

93.310,89

93.558.33 

93.811,19 

94.068,95 

94.331,16 

94.597,44 

94.867,46 

95.140,98 

95.417,86 

95.698,03

4.365,19

6.160,33

8.448,82

11.258,14

14.608,51

18.512,93

22.977,26

28.000,18

33.573,28

39.681,17

46.301,67

53.406,09

60.959,64

68.921,88

77.247,37

85.886,25

94.785,06

103.887,56

113.135,55

122.469,81

131.831,01

141.160,60

150.401,70

159.499,93

168.404,16

177.067,21

185.446,42

193.504,12

201.207,98

208.531,28

50.000,00

739.529,47

96.413,42

98.774,21

101.665.03 

105.106,58

109.112.28

113.688.29 

118.833,51 

124.539,66 

130.791,36 

137.566,39

144.835.89

152.564.87 

160.712,57 

169.233,17 

178.076,38 

187.188,26

196.512.03

205.988.94 

215.559,20

225.162.90

234.740.94 

244.235,89

253.592.88

262.760.32 

271.690,65

280.340.88 

288.673,10 

296.654,84

304.259.32

NPV

$3.943.997,80

717.989,78

90.878,89

90.392,39

90.328.06 

90.665,86 

91.379,82 

92.438,98

93.808.27

95.449.28

97.321.06 

99.380,88

101.584.98 

103.889,25 

106.249,94 

108.624,33

110.971.31

113.251.98 

115.430,11 

117.472,61 

119.349,90 

121.036,15 

122.509,53

123.752.31 

124.750,89 

125.495,79 

125.981,52

126.206.40 

126.172,30

125.884.40 

125.350,81
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Appendix G
Data Used in Calculations of M 109 Paladin

Pre - Acquisition cost 50.000,00

Acquisition Cost 645.000,00

OPERATION $ $

Battery Commander Salary 642,71 Feeding Cost(daily) 6,43

Platoon Commander( 1st Liet.)Salary 624,34 Dressing Cost 36,73

Squad Commander (Nco) Salary 587,62 Shoes Cost 64,27

Sergant Salary 33,05 Currency($) 544.572,00

Private Salary 22,04 #  of fire in practice 16

Ammunution cost 997,85 # days in practice 240

#  of km in practice 10,00 amount of fuel per k 2,00

MAINTENANCE $

Lucricant ( grease It) 3,49

Lubricant 20W50 (It) 2,75

Lubricant 10W50 (It) 6,43

Lubricant OE50 (It) 1,84

Engine Oil Filter 27,54

Gasoline Filter 31,22

Air Filter 33,05

NCO 624,34

Sergant 33,05

Private 22,04

Labor 1.009,97

fuel 0,81

#  of labor 6

Engine 85.000,00

Torque Converter 57.000,00

Transmission 68.000,00
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Appendix H

Activity/ Year
SP2000
R&D
Manufacturing
Operation
Maintenance
Totai

M109
Pre-Acquisition
Acquisition
Operation
Maintenance
Totai

Activity/ Year
SP2000
R&D
Manufacturing
Operation
Maintenance
Totai

M109
Pre-Acquisition
Acquisition
Operation
Maintenance
Totai

Activity/ Year
SP2000
R&D
Manufacturing
Operation
Maintenance
Totai

M109
Pre-Acquisition
Acquisition
Operation
Maintenance
Total

Cost Allocation By Project Year ($)

36.267,90

3 6 . 2 6 7 , 9 0

50,000,00

30.753.97 
724.211,25

87.350.98 
16.700,58

8 5 9 .0 1 6 ,7 9

5 0 . 0 0 0 , 0 0

11

645.000,00
90.163,28

4.365,19
7 3 9 .5 2 8 ,4 7

12

88.208,53
23.185,33

1 1 1 .3 9 3 ,8 6  1 1 6 .6 3 0 ,8 2

91.253,71
46.301,67

1 3 7 .5 5 5 ,3 9

22

87.492,58
8.219,59

9 5 . 7 1 2 , 1 8

90.251,09
6.160,33

87.482,44
4.114,83

9 1 . 5 9 7 , 2 7

90.322,39
8.448,82

9 6 . 4 1 1 , 4 2  9 8 . 7 7 1 ,2 1

88.350,35
28.280,47

91.417,80
53.406,09

1 4 4 .8 2 3 ,8 9

23

13

88.503,42
33.933,72

1 2 2 .4 3 7 ,1 4

91.592,23 
60.959,64 

1 5 2 .5 5 1 ,8 7

24

87.515,01
2.949,60

9 0 .4 6 4 ,6 1

90.402,88
11.258,14

1 0 1 .6 6 1 ,0 3

14

88.667,72
40.129,44

1 2 8 .7 9 7 ,1 6

91.776,69 
68.921,88 

1 6 0 .6 9 8 ,5 7

25

87.584,67
4.305,62

9 1 .8 9 0 ,2 9

90.493,07
14.608,51

1 0 5 .1 0 1 ,5 8

15

88.843.13
46.845.13 

1 3 5 .6 8 8 ,2 6

91.970,80
77.247,37

1 6 9 .2 1 8 ,1 7

26

16

89.029,44
54.051,71

1 4 3 .0 8 1 ,1 5

92.174,13
85.886,25

1 7 8 .0 6 0 ,3 8

27

87.663,27
6.126,58

93.789,84

90.593,35
18.512,93

1 0 9 .1 0 6 ,2 8

17

89.226,37
61.713,87

1 5 0 .9 4 0 ,2 4

92.386,20
94.785,06

1 8 7 .1 7 1 .2 6

28

87.751 42 
8.447,97 

96.199.39

87.849,65
11.297,69

9 9 .1 4 7 ,3 4

90.704,03
22.977,26

1 1 3 .6 8 1 ,2 9

18

89.433,58
69.790,61

1 5 9 .2 2 4 ,2 0

92.606,47
103.887,56
1 9 6 .4 9 4 ,0 3

29

90.825,33
28.000,18

1 1 8 .8 2 5 ,5 1

19

89.650,67
78.235,81

1 6 7 .8 8 6 ,4 8

92.834,38
113.135,55

2 0 5 .9 6 9 ,9 4

30

106.259,08 114,64o!06 i S S S  i S 'e M K  1 4 3 ^  09 152 M 2 m  ® 255.62 92.549,16

......  S S1 9 5 .6 1 5 ,5 3  2 0 5 .2 4 8 ,2 2

i“ : S g  95.e98.03
204.7,6.94 244.2,2,89 253 6e8,-88 2 8 2 , , t i  i T S ' S  ^ 6 8 8

10

87.958,37 88.077,92
14.696,24 18.656,81

1 0 2 .6 5 4 ,6 1  1 0 6 .7 3 4 ,7 2

90.957,38
33.573,28

91.100,19
39.681,17

1 2 4 .5 3 0 ,6 6  1 3 0 .7 8 1 ,3 6

20

89.877,17
86.998,92

21

90.112,61
96.025,70

1 7 6 .8 7 6 ,0 9  1 8 6 .1 3 8 ,3 0

93.069,38
122.469,81

93.310,89
131.831,01

2 1 5 .5 3 9 ,2 0  2 2 5 .1 4 1 ,9 0

2 9 6 .6 2 5 ,8 4  3 0 4 .2 2 9 .3 2
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Appendix I

Effect of Interest Rates on NPVs

77


