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AVAILABILITY STUDY FOR S5C CRYOGENIC SYSTEM---MODEL IV

MODEL IV 12-Unit Repairable System With &Repair Crews and 3-Unit
Kill and Open Feedthrough of Excess Capacity

Assumptions

We assume 12 identical refrigerator units around a closed ring. Fach unit operates with an
independent probability-of-failure rate A (all same) in its normal unstressed operating mode.
When any individual unit is down its function load may be immediately taken over by the excess
operating capacity of other units. Repair at rate ;2 is assumed to begin immediately on any unit
when it goes down. We assume the whole system is shut down when any 3 units are down. This
much is the same as in model IIl. The distinction from model III is that whereas it was restricted
to distributing excess refrigerating capacity only to the adjacent half unit load, in the present
model IV we assume that the excess capacity can be distributed freely around the ring. This
treats the whole cryosystem analogously to a toroidal pipe with all sections open to each refrigera-
tor. This removes the restriction that the system must be down when any pair of down units are
not separated by more than two up units; without changing the other assumption that not more
than 50 percent excess capacity will be demanded of any uinit. In order to maintain comparabil-
ity with previous models, we assume that, although the excess load can be shared among all the
up units in this model, we assign them collectively the same failure rate for operation in the
stressed modes as would apply collectively in previous models. That is: The two units adjacent to
a down unit were assumed to operate in the stressed mode with failure rate X in previous models.
In the present model we assume the failure rate for operation of the n-unit system with j units
down to be 2jX +(n-3j)A ; as it would also be in the previous models. We still presume &’ =\ or
2A. : :

Up/Down Configuration States
States of thel2-unit ring are included in the classes:
class 0 = a single state with all units up,
class 1 == 12 states with one unit down and 11 units up,
class 2 == 66 states with two units down and 10 units up,
class 3 == 220 states with three units down and the system shut down
until at least one unit is restored to operation.

Probability Transition Rate Equations

P? == the time rate of change of probability that the system be in class i at time t. The rate
equations that characterize this model are:
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With the initial condition F,(t==0) == 1 the solution gives the

Availability == probability system is up at time t
— A®t) = Ago + ;;Az ot
in terms of eigenvalue rates }ké and coeflicients A ;
The Stationary Availability is the long-time limit
Ay = léﬂiﬁ) Aft)

Maintenance Function and Mean Repair Time

The maintenance function M(t) is the probability that the system is up at time t after being
down and beginning repair at t==0 . M(t) is obtained from the charactaristic rate equations with
A=A'= 0 and the initial condition Py (t=0) = 1. The solution is

M(t) = 1-Py(t) = 1 -6 HE,

The Mean Repair Time is
@
MRT =j [1-M(t)] dt =1/3.4 .
o
This compares with MRT == 1/2/0 for model III, which does not have the feedthrough distribu-

tion of excess capacity, but does have the same 3-unit kill.

Using the above MRT in a general relation for it, the stationary availability A,, , and the
Mean Time Between Failures, MTBF we obtain

MTBF = MRT/(1/A 0 - 1) = Ago/[3l4(1 -Ac)]
Results

Results are summarized in Table I for A/ = 1 and 2 and various values of tt/A . Again we
can summarize by observing; (1) it is unimportant whether A/ is 1 or 2 as long as (/A > > X/A

, and (2) /'{F’V/LE s Ap~2A, , for JJJA > 10, and (3) the secular availability is given roughly by

Al =11 “m‘//‘iﬁ + 2(}%&)2 ewMt.
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MODEL IV 12-Unit Repairable System \‘Vith% Repair Crewsg and 2-Unit
Kill and Open Feedthrough of Excess Capacity

Assumptions

‘We assume 12 identical refrigerator units around a closed ring. Each unit operates with an
independent probability-of-failure rate A (all same) in its normal unstressed operating mode.
When any individual unit is down its function load may be immediately taken over by the excess
operating capacity of other units. Repair at rate it is assumed to begin immediately on any unit
when it goes down. We assume the whole system is shut down when any 2 units are down. This
much is the same as in model I. The distinction from model I is that whereas it was restricted to
distributing excess refrigerating capacity only to the adjacent half unit load, in the present model
IV,2 we assume that the excess capacity can be distributed freely around the ring. This treats the
whole cryosystem analogously to a toroidal pipe with all sections open to each refrigerator. This
removes the restriction that the system must be down when any pair of down units are not
separated by more than two up units; without changing the other assumption that not more than
50 percent excess capacity will be demanded of any unit. In order to maintain comparability with
previous models, we assume that, although the excess load can be shared among all the up units
in this model, we assign them collectively the same failure rate for operation in the stressed modes
as would apply collectively in previous models. That is: The two units adjacent to a down unit
were assumed to operate in the stressed mode with failure rate X' in previous models. In the
present model we assume the failure rate for operation of the n-unit system with j units down to
be 2jX +(n-3j)}2 ; as it would also be in the previous models. We still presume A= 2 or 2.

Up/Down Configuration States
States of thel2-unit ring are included in the classes:
class O = a single state with all units up,
class 1 == 12 states with one unit down and 11 units up,
class 2 == 66 states with two units down and and the system shut down
until at least one unit is restored to operation,
Probability Transition Rate Equations

&

P, == the time rate of change of probability that the system be in class i at time t. The rate
equations that characterize this model are:

I{)G = ”12}‘”'3} +/U‘P£ s
}3} = "(2};"%9;\)}3 -uB 4+ 2uF, + 122F,

P, =-2uB, + (2X/+94)P,

With the initial condition E,(t==0) == 1 the solution gives the



Availability == probability system is up at time
== Alt) = Ay + gﬁé Ay SNt 1
in terms of eigenvalue rates A;and coeflicients A,
The Stationary Availability is the long-time limit

Agpn == limit A1)

i

Maintenance Function and Mean Repair Time

The maintenance function M(t) is the probability that the system is up at time t after being
down and beginning repair at t==0 . M(t) is obtained from the charactaristic rate equations with
Al==2==0 and the initial condition P, (t==0) == 1. The solution is

M{t) = 1-P, (t) =1- e”‘g'f"z‘?

The Mean Repair Time is
MRT == | [1-M(t)] dt == 1/2¢,
o

This compares with MRT == 1/1¢ for model I, which does not have the feedthrough distribution
of excess capaeity, but does have the same Z-unit kill.

L

Using the above MRT in a general relation for it, the stationary availability A, , and the
Mean Time Between Failures, MTBE we obtain

MTBE = MRT/(1/A 4 ~ 1) = Ay, /[2u(1 -Ay)]
Results
Results are summarized in Table I for 2JA = 1 and 2 and various values of AJAL Again we

can summarize by observing; (1} it is unimportant whether A/A is 1 or 2 as long as _u/x > > 3/
cand (2) A= i A2 A, for /A 10,
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