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Abstract- Benefits of ISS Research, Earth framing the International Space Station in May 2010 following undocking of 
Atlantis during the STS-132 mission. (NASA) Almost as soon as the International Space Station was habitable, researchers 
began using it to study the impact of microgravity and other space effects on several aspects of our daily lives. This unique 
scientific platform continues to enable researchers from all over the world to put their talents to work on innovative 
experiments that could not be done anywhere else. Although each space station partner has distinct agency goals for station 
research, each partner shares a unified goal to extend the resulting knowledge for the betterment of humanity. We may not 
know yet what will be the most important discovery gained from the space station, but we already have some amazing 
breakthroughs! In the areas of human health, telemedicine, education and observations of Earth from space, there are already 
demonstrated benefits to human life. Vaccine development research, station-generated images that assist with disaster relief 
and farming, and education programs that inspire future scientists, engineers and space explorers are just some examples of 
research benefits. The stories featured here summarize the scientific, technological and educational accomplishments of 
research on the space station that has and will continue to have an impact on life on Earth. The benefits outlined here serve 
as examples of the space station's potential as a groundbreaking scientific research facility. Through advancing the state of 
scientific knowledge of our planet, looking after our health, and providing a space platform that inspires and educates the 
science and technology leaders of tomorrow, these benefits will drive the legacy of the space station as its research 
strengthens economies and enhances the quality of life here on Earth for all people. In this paper we have taken failure due to 
damaged starboard Solar Alpha Rotary Joint or failure due to Excessive vibration during reboost. When the main unit fails 
due to failure due to damaged starboard Solar Alpha Rotary Joint then cold standby system becomes operative. Failure due 
to collision cannot occur simultaneously in both the units and after failure the unit undergoes very   costly repair facility 
immediately in case of launch failure. 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 Damaged Starboard Solar Alpha Rotary Joint or Failure Due to Excessive 
Vibration During Reboost, First Come First Serve, MTSF, Availability, Busy Period, Benefit -Function. 
 
 
I. INTRODUCTION 
 
The International Space Station is a "global 
observation and diagnosis station." It promotes 
international Earth observations aimed at 
understanding and resolving the environmental issues 
of our home planet. The space station offers a unique 
vantage for observing the Earth's ecosystems with 
hands-on and automated equipment. These options 
enable astronauts to observe and explain what they 
witness in real time. Station crews can observe and 
collect camera images of events as they unfold and 
may also provide input to ground personnel 
programming the station's automated Earth-sensing 
systems. This flexibility is an advantage over sensors 
on unmanned spacecraft, especially when unexpected 
natural events, such as volcanic eruptions and 
earthquakes, occur.  
 
A wide variety of Earth-observation payloads can be 
attached to the exposed facilities on the station's 
exterior; already, several instruments have been 
proposed by researchers from the partner countries. 
The station contributes to humanity by collecting data 

on the global climate, environmental change and 
natural hazards using its unique complement of crew-
operated and automated Earth-observation payloads.  
 
The existing international partnerships, fundamental 
to the International Space Station, facilitate data 
sharing that can benefit people around the world and 
promote international collaboration on other Earth-
observation activities. Since construction started, the 
International Space Station (ISS) programme has had 
to deal with several maintenance issues, unexpected 
problems and failures. These incidents have affected 
the assembly timeline, led to periods of reduced 
capabilities of the station and in some cases could 
have forced the crew to abandon the space station for 
safety reasons, had these problems not been resolved. 
 
2007 – Damaged starboard Solar Alpha Rotary Joint 
2009 – Excessive vibration during re boost  
2007 – Damaged starboard Solar Alpha Rotary Joint 
During STS-120, a problem was detected in the 
starboard Solar Alpha Rotary Joint (SARJ). This 
joint, together with a similar device on the port side 
of the station's truss structure, rotates the large solar 
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arrays to keep them facing the Sun. Excessive 
vibration and high-current spikes in the array drive 
motor were noted, resulting in a decision to 
substantially curtail motion of the starboard SARJ 
until the cause was understood. Inspections during 
EVAs on STS-120 and STS-123 showed extensive 
contamination from metallic shavings and debris in 
the large drive gear and confirmed damage to the 
large metallic race ring at the heart of the joint. The 
station had sufficient operating power to carry out its 
near-term programme with only modest impacts on 
operations, so to prevent further damage; the joint 
was locked in place.  
 
On 25 September 2008, NASA announced significant 
progress in diagnosing the source of the starboard 
SARJ problem and a programme to repair it on orbit. 
The repair programme began with the flight of the 
Space Shuttle Endeavour on STS-126. The crew 
carried out servicing of both the starboard and port 
SARJs, lubricating both joints and replacing 11 of 12 
trundle bearings on the starboard SARJ. It was hoped 
that this servicing would provide a temporary 
solution to the problem. A long-term solution is a 10-
EVA plan called 'SARJ-XL', which calls for the 
installation of structural supports between the two 
segments of the SARJ and a new race ring to be 
inserted between them to completely replace the 
failed joint. However, following the cleaning and 
lubrication of the joint, the results that have been 
noted so far have been extremely encouraging, to the 
point that it is now believed that the joint could be 
maintained by occasional servicing EVAs by resident 
station crews. Nevertheless, the data from the SARJ 
will require some time to fully analyze before a 
decision as to the future of the joint is made.  
 
2009 – Excessive vibration during reboost 
On 14 January 2009, an incorrect command sequence 
caused the Zvezda service module orbital altitude 
maintenance rocket propulsion control system to 
misfire during an altitude re-boost manoeuvre. This 
resulted in resonant vibrations into the station 
structure which persisted for over two minutes. While 
no damage to the station was immediately reported, 
some components may have been stressed beyond 
their design limits. Further analysis confirmed that 
the station was unlikely to have suffered any 
structural damage, and it appears that "structures will 
still meet their normal lifetime capability". Further 
evaluations are under way.  
 
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 
damaged starboard Solar Alpha Rotary Joint or 
failure due to Excessive vibration during reboost. 
When the main operative unit fails then cold standby 
system becomes operative. Failure due to Excessive 
vibration during reboost 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 damaged starboard Solar Alpha Rotary Joint 
immediately. The repair is done on the basis of first 
fail first repaired.  
 
II. ASSUMPTIONS 
 

1. 1, 2 are constant failure rates for failure due 
to damaged starboard Solar Alpha Rotary 
Joint, failure due to Excessive vibration 
during reboost respectively. The CDF of 
repair time distribution of Type I and Type 
II are G1(t) and G2(t). 

2. The failure due to Excessive vibration 
during reboost is non-instantaneous and it 
cannot come simultaneously in both the 
units. 

3. The repair starts immediately after failure 
due to damaged starboard Solar Alpha 
Rotary Joint, failure due to Excessive 
vibration during reboost and 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. 
 
III. NOTATIONS 
 
1 , 2 - failure rates of failure due to damaged 
starboard Solar Alpha Rotary Joint, failure due to 
Excessive vibration during reboost respectively.  
G1(t), G2(t) – repair time distribution  Type –I ,  
Type-II due to  damaged starboard Solar Alpha 
Rotary Joint,  due to Excessive vibration during 
reboost  respectively. 
 
p, q - probability of failure due to damaged starboard 
Solar Alpha Rotary Joint, failure due to Excessive 
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vibration during reboost 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 at instant t 
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, SSRJF, EVRF,  
Operative, Cold Standby, failure due to damaged 
starboard Solar Alpha Rotary Joint, failure due to 
Excessive vibration during reboost respectively 
 

Subscripts   nssrjf, ssrjf,  evrf, ur, wr, uR 
 
No failure due to damaged starboard Solar Alpha 
Rotary Joint, failure due to damaged starboard Solar 
Alpha Rotary Joint, failure due to Excessive vibration 
during reboost, under repair, waiting for repair, under 
repair continued from previous state respectively 
 
Up states – 0, 1, 2, 7, 8;   
Down states – 3, 4, 5, 6 
regeneration point – 0,1,2, 7, 8 
States of the System 
0(Onssrjf, CSnssrjf) 
 
One unit is operative and the other unit is cold 
standby and there is no failure due to damage 
starboard Solar Alpha Rotary Joint in both the units. 
 

1(SSRJFssrjf, ur , Onssrjf) 
 
The operating unit fails due to damaged starboard 
Solar Alpha Rotary Joint and is under repair 
immediately of very   costly Type- II and standby unit 
starts operating with no failure due to damaged 
starboard Solar Alpha Rotary Joint. 

 
2(EVRFevrf, ur , Onssrjf) 

 
The operative unit failure due to Excessive vibration 
during reboost and undergoes repair of type I and the 
standby unit becomes operative with no failure due to 
damaged starboard Solar Alpha Rotary Joint 
 

3(EVRF evrf, uR , SSRJFssrjf, wr) 
 
The first unit failure due to Excessive vibration 
during reboost and under very   costly Type-I repair is 
continued from state 1 and the other unit fails due to 
SSRJF resulting from Failure due to damaged 

starboard Solar Alpha Rotary Joint and is waiting for 
repair of Type -II. 

4(SSRJFssrjf,uR , SSRJFssrjf,wr) 
 

The repair of the unit is failed due to SSRJF resulting 
from Failure due to damaged starboard Solar Alpha 
Rotary Joint is continued from state 1and the other 
unit failed due to SSRJF resulting from Failure due to 
damaged starboard Solar Alpha Rotary Joint is 
waiting for repair of Type-II. 
 

5(EVRFevrf, uR , EVRFevrf , wr) 
 
The operating unit failure due to Excessive vibration 
during reboost and under repair of Type – I continue 
from the state 2 and the other unit fails due to 
Excessive vibration during reboost is waiting for 
repair of Type- I. 
 

6(EVRFevrf, uR , SSRJFssrjf ,wr) 
 
The operative unit failure due to Excessive vibration 
during reboost and under repair continues from state 
2 of Type –I and the other unit is failed due to SSRJF 
resulting from Failure due to damaged starboard 
Solar Alpha Rotary Joint and under very   costly 
Type-II 
 

7(O nssrjf , SSRJFssrjf,ur) 
 

The one unit is operative with no Failure due to 
damaged starboard Solar Alpha Rotary Joint and the 
other unit failed due to SSRJF resulting from Failure 
due to damaged starboard Solar Alpha Rotary Joint is 
under repair of Type-II 
 

8(O nssrjf , EVRFevrf, ur) 
 

The one unit is operative with no Failure due to 
damaged starboard Solar Alpha Rotary Joint and the 
other unit is failed due to collision is under very 
costly repair of Type-I. 
 
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  
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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) +   
            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) )+ 
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  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 
failure due to Excessive vibration during reboost or 
failure due to damaged starboard Solar Alpha Rotary 
Joint 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)  
 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 failure due 
to Excessive vibration during reboost or failure due to 
damaged starboard Solar Alpha Rotary Joint 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) 

 
IV. BENEFIT- FUNCTION ANALYSIS 
 
The Benefit-Function analysis of the system 
considering mean up-time, expected busy period of 
the system under failure due to Excessive vibration 
during reboost or failure due to damaged starboard 
Solar Alpha Rotary Joint, 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 Excessive vibration during reboost or  
failure due to damaged starboard Solar Alpha Rotary 
Joint for 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. 
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CONCLUSION 
 
After studying the system, we have analyzed 
graphically that when the failure due to Excessive 
vibration during reboost or failure due to damaged 
starboard Solar Alpha Rotary Joint increases, the 
MTSF, steady state availability decreases and the 
Benefit-function decreased as the failure increases. 
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