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Abstract- USS Freedom (LCS 1) is the lead ship of the Freedom class of littoral combat ships (LCS). She is the third vessel 
of the United States Navy to be so named for the concept of freedom. She is the design competitor produced by 
the Lockheed Martin consortium, in competition with the General Dynamics- designed USS Independence. She was 
officially accepted by the Supervisor of Shipbuilding Gulf Coast on behalf of the US Navy from the Lockheed 
Martin/Marinette Marine/Gibbs and Cox team in Marinette, WI on 18 September 2008. She is designed for a variety of 
missions in shallow waters, capable against submarines, small ships, minesweeping and umanitarian relief but not designed 
to take on large Warships. The ship is a semi-planing  monohull design capable of over 40 knots (74 km/h; 46 mph). 
Commissioned in Milwaukee, Wisconsin on 8 November 2008, USS Freedom is home-ported in San Diego. In this paper we 
have taken Failure due to fire-fighting systems or communications, electrical systems and forward propulsion plagued by 
flawed designs. When the main unit fails due to Failure due to fire-fighting systems plagued by flawed designs. then cold 
standby system becomes operative. Failure due to fire-fighting systems plagued by flawed designs cannot occur 
simultaneously in both the units and after failure the unit undergoes very   costly repair facility immediately. Applying the 
regenerative point technique with renewal process theory the various reliability parameters MTSF, Availability, Busy period, 
Benefit-Function analysis have been evaluated.    
 
Keywords- Cold Standby, Failure Due To Fire-Fighting Systems or Communications, Electrical Systems and Forward 
Propulsion Plagued by Flawed Designs, First Come First Serve, MTSF, Availability, Busy Period, Benefit -Function. 
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USS Freedom (Reuters/U.S. Navy/Lockheed-Martin) 

 
The Navy is sending one if its newest combat ships 
overseas, even though the Pentagon knows the ship's 
guns don’t properly function and is unsure whether 
the ship can even survive combat. 
 
The USS Freedom, one of the newest class of Littoral 
Combat Ships, has long been unable to pass 
inspections. The ship, which was commissioned in 
2008, was designed to fight massive enemy fleets and 
is said to be one of the fastest ships in the Navy. The 

USS Freedom cost the US government $670.4 million 
– but the expensive vessel has failed many of its 
inspections. In May 2012, the Navy inspection report 
disclosed that the ship had failed 14 of 28 inspection 
tests, including an assessment of its fire-fighting 
systems, communications, electrical systems and 
forward propulsion. But even eight months later, the 
ship continues to have its problems. 
 
J. Michael Gilmore, the Defense Department’s 
director of operational test and evaluation, revealed 
his concerns in an annual study released by Congress 
on Tuesday. Gilmore believes the Littoral Combat 
Ship (LCS) is still “not expected to be survivable” in 
combat. He first expressed his concerns in 2011 when 
he predicted the ship would not survive “in a hostile 
combat environment.” 
 
Additionally, the ship’s 30mm and 57mm onboard 
guns “exhibit reliability problems” and may be 
dysfunctional while the ship is traveling at high 
speeds, making self-defense a problem, Gilmore 
reports.  
 

Regardless of the failed inspection tests and the 
director’s concerns, the Navy has sent the USS 
Freedom overseas for the next eight months. The ship 
is currently on its way to Singapore, where it will 
remain stationed as part of the Obama 
administration’s attempt to provide greater focus on 
Asia. The ship’s crew will also take the time to get to 
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know and understand how the ship works – as well as 
discover any other problems it may have. 
“We’re going to learn a lot of lessons from this 
deployment,” Vice Admiral Tom Copeman told 
Defense & Security Intelligence & Analysis. “Do we 
have the best strategies for maintaining the ship? Is 
our strategy for how we’re going to do the crew swap 
correct? Logistics, maintenance, spare parts: do we 
have that right?” 
 
But in the case that the ship were to get attacked, it 
faces a very real chance of being unable to defend 
itself. 
 
Even though the LCS ship has been proven a flawed 
design, the US still plans to purchase more of them. 
The Navy wants to buy 55 of the new combat ships, 
including an alternate design of the USS 
Independence, which costs about $808.8 million per 
piece. 
 
A Navy spokesperson told Wired that the Pentagon is 
aware of the ship’s problems and is in the process of 
addressing them. Even so, sending the USS Freedom 
to foreign waters for learning purposes is a risky 
choice on part of the Navy.   
 
II. OPERATIONS 
 
In her limited time at sea, Freedom has been "plagued 
by flawed designs and failed equipment since being 
commissioned, has at least 17 known cracks, and has 
repeatedly been beset by engine-related failures."  
 
On 15 February 2010, Freedom set sail from Naval 
Station Mayport on its first deployment to 
support SOUTHCOMoperations. On 22 February, off 
the coast of Colombia, the ship pursued a possible 
drug-running boat. The boat fled back into 
Colombian coastal waters and Freedom's crew 
recovered 1/4 ton of cocaine that had been dumped 
overboard by the boat's crew.  
 
On 4 April 2010 Freedom entered the 3rd Fleet area 
of responsibility; carrying Helicopter Sea Combat 
Squadron 22, Det. 2, a LCS Surface Warfare Mission 
Package, and a U.S. Coast Guard Law Enforcement 
Detachment. She was expected to be dry docked in 
San Diego’s Nassco shipyard so that her outer 
starboard waterjet can be replaced. On 12 September 
2010, the starboard Rolls-Royce MT30 gas turbine 
broke down and the ship had to rely on her diesel 
engines to return to port. Chief of Naval 
Operations Admiral Gary Roughead said that the 
media had overhyped the issue and that such 
breakdowns were not uncommon.  
 
During a heavy-weather ocean trial in February 2011, 
the ship sprung a six-inch crack in its hull that leaked 
5 gallons of water an hour. The Navy is 

investigating. The problem appears to be due to faulty 
welds rather than a design error. The repairs were 
scheduled to begin on 27 June 2011, and last until 19 
September. On February 2012, Freedom suffered 
minor flooding while underway off Southern 
California. An inflatable boot seal was deployed in a 
successful effort to contain the flooding, and the ship 
returned to San Diego on its own power. This marks a 
return to the dry dock before the ship even completed 
its last post-repair shakedown. A "special trial" 
conducted in May 2012 found the ship fit for the 
deployment. In July 2012, Freedom was dry docked 
in order to expand berthing by 20 and for firefighting 
and boat handling improvements. After another 
docking to apply a new paint scheme and apply yet 
another fix for the aft ramp, she will depart for 
Singapore with a core crew of 50 plus 3 trainees, plus 
a mission crew with berthing for 98. Additional crew 
above that level will again be bedded in the cargo 
spaces. On 15 January 2013, the Defense 
Department’s director of operational test and 
evaluation released a judgement of the LCS in an 
annual study. The report said that the USS Freedom 
was "not expected to be survivable" in combat. 
Helicopters on board the ship cannot tow its mine-
hunting sensors, so it must rely on unmanned systems 
for mine countermeasures, although those systems are 
not in service, and will not be for several years. Its 
30 mm Mk44 Bushmaster IIs "exhibit reliability 
problems." TheMk 110 57 mm gun is differently 
designed on the Freedom Class, which cause 
vibrations at high speeds that make accurate firing 
difficult. The integrated weapons systems and 
air/surface search radar have “performance 
deficiencies” that affect the ship’s “tracking and 
engagement of contacts.”  
 

 
Freedom in February 2013 showing her large helideck 

and RAM launcher on the hangar. 
 
In early 2013 the vessel took part in the National 
Geographic TV show "21st Century Warship" along 
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with USS Independence. The show premiered in the 
UK on the 10th of February 2013. 
Freedom left for a 10 month deployment to Singapore 
in March 2013. On 11 March 2013, Freedom became 
the first LCS to reach Hawaii. On March 16 the ship's 
diesel engines, which have had years of problems, 
shut down in mid-ocean, leaving the ship adrift. On 
April 18, the Freedom arrived at the Changi Naval 
Base in Singapore, set to participate in joint military 
exercises. On May 18–19, Freedom participated in 
the Republic of Singapore Navy Open House 2013 
at Changi Naval Base. Visitors to the Open House 
were allowed to board and visit Freedom. On May 
21, Freedom's first venture from Singapore harbor 
was cut short by yet another equipment breakdown, 
followed on 20 July 2013 by yet another breakdown 
requiring a return to port. The frequent breakdowns 
found the crew short of the Navy's sleep requirement, 
even with the maximum possible core crew and help 
from contractors and the mission module 
crew. Although billed as a trip for training and 
international cooperation exercises, 
the Freedom conducted standard patrols while in the 
South China Sea. Despite suffering several 
breakdowns, the deployment was deemed a success 
from a research and development platform 
standpoint; while deployed for 10 months, the ship 
had 70 percent availability, on par with most other 
forward deployed ships in the fleet. In November 
2013, Freedom delivered relief supplies to 
the Philippines in the wake of Typhoon Haiyan from 
16 nautical miles (30 km) off shore, using her own 
and another ship's helicopters. 
 
 From 25 April-16 May 2014, the Freedom conducted 
the future concept of operations (CONOPS) for 
manned and unmanned helicopters aboard littoral 
combat ships. Operations had the manned MH-60R 
working together with the unmanned MQ-8B Fire 
Scout. The demonstration included one MH-60R and 
one MQ-8B flying with the surface warfare (SUW) 
mission package installed, intended to provide fleet 
protection against small boats and asymmetric 
threats.  
 
Stochastic behavior of systems operating under 
changing environments has widely been studied.  . 
Dhillon , B.S. and Natesan, J. (1983) studied an 
outdoor power systems in fluctuating environment . 
Kan Cheng (1985) has studied reliability analysis of a 
system in a randomly changing environment. Jinhua 
Cao (1989) has studied a man machine system 
operating under changing environment subject to a 
Markov process with two states. The change in 
operating conditions viz.  fluctuations of voltage, 
corrosive atmosphere, very   low gravity etc.  may 
make a system completely inoperative. Severe 
environmental conditions can make the actual 
mission duration longer than the ideal mission 
duration. In this paper we have taken Failure due to 

fire-fighting systems or communications, electrical 
systems and forward propulsion plagued by flawed 
designs. When the main operative unit fails then cold 
standby system becomes operative. Failure due to 
fire-fighting systems plagued by flawed designs 
cannot occur simultaneously in both the units and 
after failure the unit undergoes repair facility of very   
high cost in case of Failure due to fire-fighting 
systems plagued by flawed designs immediately. The 
repair is done on the basis of first fail first repaired.  
 
III. ASSUMPTIONS 
 
1.  1 , 2,  are constant failure rates for Failure due 

to fire-fighting systems, communications, 
electrical systems and forward propulsion 
plagued by flawed designs respectively. The 
CDF of repair time distribution of Type I and 
Type II are  G1(t) and G2(t). 

2. The failure due to Failure due to fire-fighting 
systems plagued by flawed designs is non-
instantaneous and it cannot come simultaneously 
in both the units. 

3. The repair starts immediately after the failure due 
to Failure due to fire-fighting systems or 
communications, electrical systems and forward 
propulsion plagued by flawed designs works on 
the principle of first fail first repaired basis. 

4. The repair facility does no damage to the units 
and after repair units are as good as new. 

5. The switches are perfect and instantaneous. 
6. All random variables are mutually independent. 
7. When both the units fail, we give priority to 

operative unit for repair. 
8. Repairs are perfect and failure of a unit is 

detected immediately and perfectly. 
9. The system is down when both the units are non-

operative. 
 
IV. NOTATIONS 
 
1, 2 are the Failure due to fire-fighting systems, 
communications, electrical systems and forward 
propulsion plagued by flawed designs respectively.  
 
G1(t), G2(t) – repair time distribution  Type -I, Type-
II Failure due to fire-fighting systems, 
communications, Failure due to  electrical systems 
and forward propulsion plagued by flawed designs 
respectively. 
 
p, q - probability of Failure due to fire-fighting 
systems, communications, electrical systems and 
forward propulsion plagued by flawed designs 
respectively such that p+ q=1 
 
Mi(t) System having started from state i is up at time t 
without visiting any other regenerative state 
Ai (t) state is up state as instant t 
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Ri  (t) System having started from state i is busy for 
repair at time t without visiting any other regenerative 
state. 
Bi (t) the server is busy for repair at time t. 
Hi(t) Expected number of visits by the server for 
repairing given that the system initially starts from 
regenerative state i 
Symbols for states of the System  
Superscripts    O, CS, FFF, CEFPF  
Operative, Cold Standby, Failure due to fire-fighting 
systems or communications, electrical systems and 
forward propulsion plagued by flawed designs 
respectively 
 
Subscripts   nfff, fff,  cefpf, ur, wr, uR            
No Failure due to fire-fighting systems plagued by 
flawed designs, Failure due to fire-fighting systems 
plagued by flawed designs, Failure due to 
communications, electrical systems and forward 
propulsion plagued by flawed designs, under repair, 
waiting for repair, under repair continued from 
previous state respectively 
Up states – 0, 1, 2, 7, and 8;   
Down states – 3, 4, 5, 6 
regeneration point – 0,1,2, 7, 8 
States of the System 
0(Onfff, CSnfff) 
 
One unit is operative and the other unit is cold 
standby and there is no Failure due to fire-fighting 
systems plagued by flawed designs in both the units. 
1(FFFfff, ur , Onfff) 
 
The operating unit fails due to Failure due to fire-
fighting systems plagued by flawed designs and is 
under repair immediately of very costly Type- I and 
standby unit starts operating with no Failure due to 
fire-fighting systems plagued by flawed designs 
2(CEFPF cefpf, ur , Onfff) 
 
The operative unit fails due to CEFPF resulting from 
failure due to communications, electrical systems and 
forward propulsion plagued by flawed designs and 
undergoes repair of Type II and the standby unit 
becomes operative with no Failure due to fire-
fighting systems plagued by flawed designs. 
3(FFFfff,uR , CEFPF cefpf,wr) 
 
The first unit failure due to fire-fighting systems 
plagued by flawed designs and under very costly 
Type-I repair is continued from state 1 and the other 
unit fails due to CEFPF resulting from failure due to 
communications, electrical systems and forward 
propulsion plagued by flawed designs and is waiting 
for repair of Type -II. 
4(FFF fff,uR , FFF fff,wr) 
The repair of the unit is failed due to FFF resulting 
from failure due to fire-fighting systems plagued by 
flawed designs   is continued from state 1and the 
other unit failed due to FFF resulting from failure due 

to fire-fighting systems plagued by flawed designs is 
waiting for repair of very costly Type-I. 
5(CEFPFcefpf, uR , CEFPFcefpf, wr)  
The operating unit fails due to failure due to 
communications, electrical systems and forward 
propulsion plagued by flawed designs (CEFPF mode) 
and under repair of Type - II continue from the state 2 
and the other unit fails also due to failure due to 
communications, electrical systems and forward 
propulsion plagued by flawed designs is waiting for 
repair of Type- II. 
6(CEFPF cefpf,uR , FFF fff,wr) 
 
The operative unit fails due to CEFPF resulting from 
failure due to communications, electrical systems and 
forward propulsion plagued by flawed designs and 
under repair continues from state 2 of Type –II and 
the other unit is failed due to FFF resulting from 
failure due to fire-fighting systems plagued by flawed 
designs and under very costly Type-I 
7(O nfff , FFF fff,ur) 
 
The repair of the unit failed due to FFF resulting from 
failure due to fire-fighting systems plagued by flawed 
designs is completed and there is no failure due to 
fire-fighting systems plagued by flawed designs and 
the other unit is failed due to FFF resulting from 
failure due to fire-fighting systems plagued by flawed 
designs is under repair of very costly Type-I 
8(O nfff , CEFPFcefpf,ur) 
 
The repair of the unit failed due to FFF resulting from 
failure due to fire-fighting systems plagued by flawed 
designs is completed and there is no failure due to 
fire-fighting systems plagued by flawed designs and 
the other unit is failed due to CEFPF resulting from 
failure due to communications, electrical systems and 
forward propulsion plagued by flawed designs under 
repair of Type-II 
 
Transition Probabilities 
Simple probabilistic considerations yield the 
following expressions: 
p01 = p,     p02  =  q, 
p10 =   pG1

*(   1)+q G1
*( 2)=  p70 ,  

p20 =   pG2
*(   1)+q G2

*( 2)=  p80 ,  
p11

(3)= p(1- G1
*(   1))= p14 = p71

(4)
 p28

(5)= q(1- G2
*(   

2))= p25 = p82
(5)

  
                                               (1) 
We can easily verify that  
p01 +   p02  = 1,  p10  +   p17

(4) (= p14) + p18
(3)  (=p13 )  = 1,    

p80  +   p82
(5) + p87

(6)  = 1                  
             (2)   
          
 And mean sojourn time is  
µ0  = E(T) =                                                                      
 Mean Time To System Failure  
Ø0(t) = Q01(t)[s] Ø1(t) + Q02(t)[s] Ø2(t) 
Ø1(t) = Q10 (t)[s] Ø0(t) + Q13(t) +   
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            Q14(t) 
Ø2(t) = Q20 (t)[s] Ø0(t) + Q25(t) +   
            Q26(t)                                (3-5) 
We can regard the failed state as absorbing                                                    
Taking Laplace-Stiljes transform of eq. (3-5) and 
solving for  

ø0
*(s)     =   N1(s)  /  D1(s)              (6) 

  where                                                                   
  N1(s) = Q01

*[ Q13 
* (s) + Q14 

* (s) ] + Q02
*[ Q25 

* (s) + 
Q26 

* (s) ] 
  D1(s) = 1  - Q01

*   Q10
* - Q02

*   Q20
* 

Making use of relations (1) & (2) it can be shown that 
ø0

*(0)  =1 , which implies that ø0 (t)  is a proper 
distribution. 
 

MTSF = E[T] =       (s)       
                                            s=0       
  =      (D1

’(0) - N1
’(0))  /  D1 (0)  

 =     ( +p01    + p02  ) / (1  -  p01 p10   - p02 
p20 )                    
where                                   
µ0 =  µ01+ µ02  ,  
µ1 = µ01  + µ17

(4)
 + µ18

(3),                          
µ2 = µ02+µ27

(6)+ µ28
(5) 

Availability analysis 
Let Mi(t) be the probability of the system having 
started from state i is up at time t without making any 
other regenerative state. By probabilistic arguments, 
we have  
M0(t) = eି1  

teି2  
t  ,  

M1(t)  =p G1(t)   e -  (  1+ 2 
) = M7(t)   

 M2(t)  =q G2(t)   e -  (  1+ 2 
) = M8(t)   

The point wise availability Ai(t) have the following 
recursive relations  
A0(t) = M0(t) + q01(t)[c]A1(t) +   
            q02(t)[c]A2(t)  
A1(t) = M1(t) + q10(t)[c]A0(t) +   
         q18

(3)(t)[c]A8(t)+  q17
(4)(t)[c]A7(t)  

A2(t) = M2(t) + q20(t)[c]A0(t) +   
     [q28

(5)(t)[c] A8(t) + q27
(6)(t)] [c]A7(t)   

 A7(t) = M7(t) + q70(t)[c]A0(t) +  
     [q71

(4)(t)[c] A1(t) + q78
(3)(t)] [c]A8(t)    A8(t) = M8(t) 

+ q80(t)[c]A0(t)     
   +[q82

(5)(t)[c] A2(t) + q87
(6)(t)] [c]A7(t)                                                                                                                                                                                                                                                       

     (7-11)                                                                                 
Taking Laplace Transform of eq. (7-11) and solving 
for                                      
      =      N2(s) / D2(s)                (12)                                                                                                                        
 
where                       
N2(s) =  0 (1 -  78

(3) -  87
(6))-  82 

(5) 

(  27
(6)  78

(3) +  28
(5) -  71

(4) 

(  17
(4)+  87

(6)   18
(3))+  71

(4)  82 
(5)  

(  17
(4)-  27

(6)  18
(3))]+  01[  1(1 – 

  78
(3)   87

(6)) +  71
(4)(  7 +  78

(3)  

 8)+  18
(3)(  7  87

(6)-  8)- 
 82 

(5)(  1(  27
(6)  78

(3) +  28
(5))+  

 17
(4) (-  2(  78

(3)+  7  28
(5) )- 

  18
(3)(  2+  7  27

(6))}]  02[  2(1 –  78
(3)   

87
(6)) +  27

(6)( 
  7 +  78

(3)  8)+  28
(5)(  7  87

(6)+  8) -  71 
(4)(  1(-  27

(6)-  28
(5) + 

 87
(6))+  17

(4) (  2+  28
(5)  8)-  18

(3) (-  2  
87

(6)+  8  27
(6))}] 

  18
(3)(  2+  7  27

(6))}]  
D2(s) = (1 -  78

(3) -  87
(6)) -  82 

(5)( 
  27

(6)  78
(3) +  28

(5) )-  71
(4) 

(  17
(4)+  87

(6)   18
(3))+  71

(4)  82 
(5) (  17

(4)  28
(5)- 

 18
(3))]+  01[-  10 (1 – 

  78
(3)   87

(6)) -  71
(4)(   70+  78

(3) 

 80)-  18
(3)(  70  87

(6)-  80 )- 
 82 

(5)( -  10(  27
(6)  78

(3) +  28
(5))+  

 17
(4) (  20 (  78

(3)-  70  28
(5) )+ 

  18
(3)(  20+  70  27

(6))}]  02[-  20(1 –  78
(3)   

87
(6)) -  27

(6)(  70 +  78
(3)  80 ) -  28

(5)(   70  87
(6)+ 

 80 ) -  71 
(4)(  

 10 (  27
(6)+  28

(5)  87
(6))-  17

(4) (  20- 
  28

(5)  80 )-  18
(3) (  20  87

(6)+  80  
 27

(6))}] 
 (Omitting the arguments  s for brevity) 
The steady state availability 
A0 =     

=   =  

  Using L’ Hospitals rule, we get 

A0 =    =                                               

(13) 
The expected up time of the system in (0,t] is  

(t) =        So that  

                   (14)                                              

The expected down time of the system in (0,t] is  
        (t) = t-  (t)       So that  

           (15) 
 
The expected busy period of the server when there is 
FFF - Failure due to fire-fighting systems plagued by 
flawed designs or CEFPF- Failure due to 
communications, electrical systems and forward 
propulsion plagued by flawed designs in (0,t] 
 
R0(t) =  q01(t)[c]R1(t) + q02(t)[c]R 2(t)  
R1(t) = S1(t) + q10(t)[c]R0 (t) +   
        q18

(3)(t)[c] R8 (t) + q17
(4)(t)[c]R7(t)  
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 R2(t) =  S2(t) + q20(t)[c]R0(t) + q28
(5)(t)  

               R8(t) +q27
(6)(t)][c]R7(t) 

R7(t) =  S7(t) + q70(t)[c]R0(t) + Q71
(4)(t)  

              R1(t) +q78
(3)(t)][c]R8(t) 

R8(t) =  S8(t) + q80(t)[c]R0(t) + Q82
(5)(t)  

             R2(t) +q87
(6)(t)][c]R7(t)  (16-20)                                                                                                                                   

 
Taking Laplace Transform of eq. (16-20) and solving 
for                                      
      =  N3(s)  / D2(s)       (21)                                           
 
where 
N 3(s) =   01[ S1(1 –  78

(3)   87
(6)) + 

 71
(4)( S7 +  78

(3) S8)+  18
(3)( S7  

 87
(6)- S8)]-  01  82 

(5)( S1  27
(6)  78

(3) +  28
(5))+  

17
(4) (S2  78

(3)+ S7  28
(5) )- 

  18
(3)( S2+ S7  27

(6))]+  02[S2(1 –  
 78

(3)   87
(6)) +  27

(6)( S7 +  78
(3) S8)+  28

(5)( S7  
87

(6)+ S8) -  02  71 
(4)( S1(-  

 27
(6)-  28

(5)  87
(6)  17

(4) (S2+  28
(5) S8)-  18

(3) (-S2 
 87

(6)+  S8  27
(6))] 

and   
D 2(s) is already defined. 
(Omitting the arguments  s for brevity) 
 

In the long run,  R0   =                    (22) 

 
The expected period of the system under FFF - 
Failure due to fire-fighting systems plagued by 
flawed designs or CEFPF- Failure due to 
communications, electrical systems and forward 
propulsion plagued by flawed designs  in (0,t] is  
 

(t) =      
 

So that   
 
The expected number of visits by the repairman for 
repairing the identical units in (0,t] 
 
H0(t) = Q01(t)[s][1+ H1(t)]  +  
             Q02(t)[s][1+ H2(t)]  
H1(t) = Q10(t)[s]H0(t)] + Q18

(3)(t)[s]  
            H8(t) +  Q17

(4)(t)] [s]H7(t) ,  
H2(t) = Q20(t)[s]H0(t) + Q28

(5)(t) [s]  
             H8(t) +Q27

(6)(t)] [c]H7(t)   
H7(t) = Q70(t)[s]H0(t) + Q71

(4)(t) [s]  
             H1(t) +Q78

(3)(t)] [c]H8(t)  
H8(t) = Q80(t)[s]H0(t) + Q82

(5)(t) [s]  
             H2(t) +Q87

(6)(t)] [c]H7(t)                     (23-27) 
 
Taking Laplace Transform of eq. (23-27) and solving 
for      

        =    N4(s) /  D3(s)                (28)                       
 
In the long run , H0 =   N4(0) /  D3

’(0)             (29)              
Benefit- Function Analysis 
The Benefit-Function analysis of the system 
considering mean up-time, expected busy period of 
the system under FFF - Failure due to fire-fighting 
systems plagued by flawed designs or CEFPF- 
Failure due to communications, electrical systems 
and forward propulsion plagued by flawed designs, 
expected number of visits by the repairman for unit 
failure. 
 
The expected total Benefit-Function incurred in (0,t] 
is C(t) = Expected total revenue in (0,t] 
      

- expected busy period of the system under 
failure due to fire-fighting systems plagued 
by flawed designs or failure due to 
communications, electrical systems and 
forward propulsion plagued by flawed 
designs repairing the units in (0,t ]   

 
- expected number of visits by the repairman 

for   repairing of identical the units in (0,t]  
 
The expected total cost per unit time in steady state is  
C =   =  
    = K1A0  -  K 2R0   -   K 3H0    
 
where  
K1 - revenue per unit up-time,  
 
K2  - cost per unit time for which the system is under 
repair of type- I or type- II 
 
K3 -    cost per visit by the repairman for units repair. 
 
CONCLUSION 
 
After studying the system, we have analyzed 
graphically that when the failure due to fire-fighting 
systems plagued by flawed designs or failure due to 
communications, electrical systems and forward 
propulsion plagued by flawed designs increases, the 
MTSF and steady state availability decreases and the 
Benefit-function decreased as the failure increases. 
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