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AVAILABILITY STUDY FOR SSC CRYOGENIC SYSTEM--MODEL III

MODEL--IIT  12-Unit Repairable System with Three Repair Crews
and 3-Unis Kill

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 taken over by the execess operating capacity of the two units adjacent to the
down unit. We assume that each unit has operating capacity at least 50 percent in excess of its
load in its normal, unstressed state, and that when a single adjacent unit goes down this excess
capacity can be switched immediately to take over one half the load of an adjacent down unit.
We assume that only a single adjacent 1/2 unit load can be handled by this excess capacity. We
assume a probability-of-failure rate for a unit operating in the stressed mode where it is picking
up the adjacent 1/2 load of a down unit to be A’. We presume A = Aor 21. We assume there
are three repair crews that begin repair on any down unit immediately when it fails and works
with repair rate i until that unit is again up.

If any three units are down we stipulate that the whole system be turned off in spite of the
existence of an appreciable fraction of states with three units down in which the whole system
could operate under our other assumptions. This describes what we mean by "three- unit kill”.

Up/Down Configuration States

States of the 12-unit ring include the classes:

class 0 = a single state with all 12 units up,

class 1 == 12 states with one unit down and 11 units up,

class 2 == 42 states with 2 units down and 10 units up, and the whole
system up,

clasg 2’= 24 states with 2 units down and 10 units up, but the whole
system necessarily down,

class 3 == 40 states 3 units down and whole system down by stipulation,
although it could otherwise be up, and

class 3’== 168 states with 3 units down in which the whole system is
necessarily down.

We also distiquish the subclasses:
subclass 3’ = 36 states of 3’ which can repair back into the non-
operational class 2°, and
subclass 2 = the fraction 2/7 of class 2 which decays into class 3.

Transition Probability Rate Equations

Pi. == the time rate of change of the probability that the whole system is in class i at time ¢.
The rate equations are:

B =-122B +uP

P =-(2X+9A)B + (P, + Py) -y +12AF, ,



b = u(Py+ Py ) + (220+22)R - 24P

P, =-(4X+6A)B, +7AP +u(2Py Py) +3uPy -2uE, |
By =-3uby +4Py

Py = -3uP +(4A%6A)F, -ARy
These rate equations plus the assumption that we can replace
AP- = (2/7)AF, , and
MPgp = (3/14)}1133/ ,
completely specify MODEL IIL
Solution of these equations for the initial condition P (t==0) =1 give the
Availibility = probability system is up at time ¢
—A ()= Ay + ;Zj,f AT,

in terms of the eigenvalues XZ andcoeflicients A; . The Stationary Availability is the long-time
limit
Any = limit Aft
0 = limit (t)
Maintenance Function M(t)
The maintenance function M(t} is the probability that the system is up at time t starting from

the initial condition that it was down at t == 0, and evolves by the above rate equations with
A =2X"=A= 0. Solution of this set of equations is

Bz = Bs(0) 4,
P,y = RB3(0)¢ >,
Py = (17/14)By (0)[*"- ¢,
P,, = [3B,5(0) + (25/14)B(0))[e%* - & 1]
Py, = 3[B4(0) + Bg(O)][™F- 265 MY
Poo = 3[B5(0) + By (O1f - & + HF L)
The Maintenance Function is

M(t) =E, + B, + Pp2

= 1- [3(1- B3(0)) -£B(0)]

-3t
+[2-3Pb3(0)-%1%3/(0)}e HE



Mean Repair Time is
@
MRT = [{1-M(t)] dt
A «
= [~ 4R5(0) - 22 Ry0)

Since B3(0) + By(0) = 1 does not specify B3(0) and Ba(0) , we choose an initial distribution
weight equally among states of each class, i.e. %3 (0)/R5(0) = 40/168 ; and then

MRT =.4908/pL

7

This compares with MRT == .5533/u for MODEL II, which differs from the present model only
by having n == § . '

Using the above value of MRT in the relation for the stationary availability, (which is sup-
posed to be general), gives the
Mean Time Between Failures

MTBF = MRT = 4068 Ao
T 1/An Al Ag)

Results

Results are summarized in Table I for = 2.4 and various values of MIA . We saw in model
Ithat A/A= 1 and 2 are similar for
MIA > 20 . For large /1//'{ > 50 there is oscillatory time depend< ence, as indicated by the com-
plex eigenvalues A;= AJ¥ . However, the oscillatory behavior damps at twice the rate of the
slowest secular decay eigenmode, i.e. Red,; /A, == 2 ; so it is negligible for most t. The table shows
that u/A for the individual units determines the availability for the whole system, and secular
relaxation goes roughly as we found in models [ and II, viz:

2 M t

¥

’\(L) = | - 2({1)\/}1)2‘ -+ ,3(;3}\_//}}()

for /A > 20.
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