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Abstract- Discoverer 37, also known as Corona 9030, was an American optical reconnaissance satellite which was lost in a 
launch failure in 1962. It was the last KH-3 Corona''' satellite, which was based around an Agena-B rocket. The 2009 
satellite collision was the first accidental hypervelocity collision between two intact artificial satellites in low Earth orbit. It 
occurred on February 10, 2009, 16:56 UTC, when Iridium 33 and Kosmos-2251 collided  at a speed of 42,120 km/h 
(26,170 mi/h). and an altitude of 789 kilometres (490 mi) above the Taymyr Peninsula in Siberia. In this paper we have 
taken launch failure or failure due to collision. When the main unit fails due to launch failure 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, Launch Failure, Failure Due To Collision, First Come First Serve, MTSF, Availability, Busy 
Period, Benefit -Function. 
 
 
I. INTRODUCTION 
 
Spacecraft 
Iridium 33 and Kosmos-2251 
Kosmos-2251 was a 950-kilogram (2,094 lb) Strela 
military communications satellite. It was launched on 
a Kosmos-3M carrier rocket on June 16, 1993. It had 
been deactivated prior to the collision, and remained 
in orbit as space debris. Iridium 33 was a 560-
kilogram (1,235 lb) satellite and was part of the 
commercial satellite phone Iridium constellation of 
66 communications satellites. It was launched on 
September 14, 1997 atop a Proton rocket. 
 
Collision 

 
Collision diagram. 

 
The collision destroyed both Iridium 33 (owned 
by Iridium Communications Inc.) and Kosmos 2251 
(owned by the Russian Space Forces).  

Although the Iridium satellite was operational at the 
time of the collision, the Russian satellite had been 
out of service since at least 1995 and was no longer 
actively controlled. Kosmos-2251 was launched on 
June 16, 1993, and went out of service two years 
later, in 1995, according to Gen.  
 
Yakushin. Several smaller collisions had occurred 
previously, during rendezvous attempts or the 
intentional destruction of a satellite, including 
the DART satellite colliding with MUBLCOM, and 
three collisions involving the manned Mir space 
station, during docking attempts by Progress M-24, 
Progress M-34, and Soyuz TM-17, but these were all 
low-velocity collisions. In 1996, the Cerise satellite 
collided with space debris.  
 
There have been eight known high-speed collisions in 
all, most of which were only noticed long after they 
occurred.  
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Point of collision 

 
Debris fields after 20 minutes 

  
 

Debris fields after 50 minutes 
 

Fallout 
 

 
 
Flashes created by the tumbling main body of the 
Iridium 33 wreckage. 
 

 

The collision resulted in significant debris in low 
Earth orbit 
U.S. space agency NASA estimated that the satellite 
collision created approximately 1,000 pieces of 
debris larger than 10 centimeters (4 inches), in 
addition to many smaller ones. By July 2011, 
the U.S. Space Surveillance Network had cataloged 
over 2000 large debris fragments. NASA determined 
the risk to the International Space Station, which 
orbits about 430 kilometres (270 mi) below the 
collision course, to be low, as was any threat to the 
shuttle launch (STS-119) then planned for late 
February 2009. However, Chinese scientists have 
said that the debris does pose a threat to Chinese 
satellites in Sun-synchronous orbits, and the ISS did 
have to perform an avoidance maneuver due to 
collision debris in March 2011. By December 2011, 
many pieces of debris were in a steady decay towards 
Earth, and expected to burn up in the 
atmosphere within one or two years. By January 2014 
24% of the known debris had decayed. 
 
A small piece of Kosmos 2251 satellite debris safely 
passed by the International Space Station at 2:38 a.m. 
EDT, Saturday, March 24, 2012. As a precaution, the 
six crew members on board the orbiting complex 
took refuge inside the two docked Soyuz rendezvous 
spacecraft until the debris had passed. A number of 
reports of phenomena in Texas, Kentucky, and New 
Mexico were attributed to debris from the collision in 
the days immediately following the first reports of 
the incident in 2009, although NASA and the United 
States Strategic Command, which tracks satellites 
and orbital debris, did not announce any reentries of 
debris at the time and reported that these phenomena 
were unrelated to the collision. On February 13, 
2009, witnesses in Kentucky heard sonic booms.   
 
The National Weather Service issued an information 
statement alerting residents of sonic booms due to the 
falling satellite debris. The Federal Aviation 
Administration also released a notice warning pilots 
of the re-entering debris. Some reports include details 
that point to these phenomena being caused by 
a meteoroid shower. A very bright meteor over Texas 
on February 15 was mistaken for reentering debris.  
 
Cause 
Events where two satellites approach within several 
kilometers of each other occur numerous times each 
day. Sorting through the large number of potential 
collisions to identify those that are high risk presents 
a challenge. Precise, up-to-date information regarding 
current satellite positions is difficult to obtain. 
Calculations made by Celes Trak had expected these 
two satellites to miss by 584 meters. Planning an 
avoidance maneuver with due consideration of the 
risk, the fuel consumption required for the maneuver, 
and its effects on the satellite's normal functioning 
can also be challenging. John Campbell of Iridium 
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spoke at a June 2007 forum discussing these 
tradeoffs and the difficulty of handling all the 
notifications they were getting regarding close 
approaches, which numbered 400 per week (for 
approaches within 5 km) for the entire Iridium 
constellation. He estimated the risk of collision per 
conjunction as one in 50 million. This collision and 
numerous near-misses have renewed calls for 
mandatory disposal of defunct satellites (typically by 
de orbiting them or at minimum sending them 
in graveyard orbit), but no such international law 
exists yet. Nevertheless, some countries have adopted 
such a law, such as France in December 2010. The 
United States Federal Communications 
Commission (FCC) requires all geostationary 
satellites launched after March 18, 2002, to commit 
to moving to a graveyard orbit at the end of their 
operational life.  
 
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.  
 
Discoverer 37, also known as Corona 9030, was an 
American optical reconnaissance satellite which was 
lost in a launch failure in 1962. It was the last KH-3 
Corona''' satellite, which was based around an Agena-
B rocket. 
 
The launch of Discoverer 37 occurred at 21:41 UTC 
on 13 January 1962. A Thor DM-21 Agena-B rocket 
was used, flying from Launch Complex 75-3-4 at the 
Vandenberg Air Force Base, however it failed to 
achieve orbit.  
 
Discoverer 37 was intended to be operated in a low 
Earth orbit. It had a mass of 1,150 kilograms 
(2,540 lb), and was equipped with a panoramic 
camera with a focal length of 61 centimetres (24 in), 
which had a maximum resolution of 7.6 metres 
(25 ft). Images were to have been recorded onto 70-
millimeter (2.8 in) film, and returned in a Satellite 
Recovery Vehicle at the end of the mission. The 
Satellite Recovery Vehicle which was to have been 
used by Discoverer 37 was SRV-571. In this paper 
we have taken launch failure or failure due to 
collision.  

When the main operative unit fails then cold standby 
system becomes operative. Failure due to collision 
cannot occur simultaneously in both the units and 
after failure the unit undergoes repair facility of very   
high cost in case of launch failure immediately. The 
repair is done on the basis of first fail first repaired.  
 
Assumptions 
1.  1, 2 are constant failure rates for launch failure, 

failure due to collision respectively. The CDF of 
repair time distribution of Type I and Type II are  
G1(t) and G2(t). 

2. The failure due to collision is non-instantaneous 
and it cannot come simultaneously in both the 
units. 

3. The repair starts immediately after launch failure 
or the failure due to collision 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. 
 
Notations 
1 , 2 - failure rates of launch failure, failure due to 
Collision,  respectively. G1(t), G2(t) – repair time 
distribution  Type –I or  Type-II due to Collision 
failure, launch failure  respectively. 
 
p, q - probability of Collision, launch failure 
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, LF, CF,  
 
Operative, Cold Standby, launch failure or failure due 
to collision respectively 
Subscripts   nlf, lf,  cf, ur, wr, uR            
No launch failure, launch failure, failure due to 
collision, 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 
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States of the System 
0(Onlf, CSnlf) 
One unit is operative and the other unit is cold 
standby and there is no launch failure in both the 
units. 
1(LF lf, ur , Onlf) 
The operating unit fails due to launch failure and is 
under repair immediately of very   costly Type- II 
and standby unit starts operating with no launch 
failure 
2(CFlf, ur , Onlf) 
The operative unit fails due to Collision and 
undergoes repair of type I and the standby unit 
becomes operative with no launch failure  
3(CFlf, uR , LFlf, wr) 
The first unit fails due to collision and under very   
costly Type-I repair is continued from state 1 and the 

other unit fails due to LF resulting from Launch 
failure and is waiting for repair of Type -II. 
4(LF lf,uR , LF lf,wr) 
The repair of the unit is failed due to LF resulting 
from Launch failure is continued from state 1and the 
other unit failed due to LF resulting from Launch 
failure is waiting for repair of Type-II. 
5(CFlf, uR , CFlf, wr)  
The operating unit fails due to Collision and under 
repair of Type – I continue from the state 2 and the 
other unit fails also due to Collision is waiting for 
repair of Type- I. 
6(CFlf, uR , LF lf ,wr) 
The operative unit fails due to Collision and under 
repair continues from state 2 of Type –I and the other 
unit is failed due to LF resulting from Launch failure 
and under very   costly Type-II 

 

 

 
 
 

7(O nlf , LF lf,ur) 
The one unit is operative with no Launch failure and 
the other unit failed due to LF resulting from Launch 
failure is under repair of Type-II 
8(O nlf , CFlf, ur) 
The one unit is operative with no Launch failure 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 ,  
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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) +   
            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  
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        (t) = t-  (t)       So that  

           (15) 
 
The expected busy period of the server when there is 
Collision failure or launch failure 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 Collision 
failure or launch failure 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 Collision failure or launch failure, 
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 Collision or launch failure 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. 
 
CONCLUSION 
 
After studying the system, we have analyzed 
graphically that when the failure rate due to Collision 
or launch failure increases, the MTSF and steady 
state availability decreases and the Benefit-function 
decreased as the failure increases. 
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