Why use a Spares Calculator?

® To calculate number of spares required for a single unit
to operate successfully for a given time interval, and for
a given % confidence.

® Mathematics involved is non-trivial.

® Spares calculations without a computer program are
prone to error due to multiple steps involved.

® Time required for calculations greatly reduced.



Summary of Techniques Used in Spares Calculation

Poisson Cumulative Probability Distribution

Stated mathematically:
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Where C = confidence level
k = recommended spares quantity
n = number of items deployed
A = predicted failure rate of item
t = operating time of period of interest
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Binomial Probability Distribution

In order to understand the Poisson Distribution more clearly, we will
discuss the Binomial Distribution which is more widely known, and
somewhat easier to understand, and then compare the two.

Letp +g=1then
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Example: Letp=0.9,n=3

(9+.1)% =(.9)%+3(.9)2(.1) +3(.9)(1) 2 + (1)
— 0.729 + 0.243 + 0.027 + 0.001 = 1

Simply algebraic multiplication will prove the above.



Binomial Distribution (Pascal’s Triangle)

I
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where cmb(n, k) = number of ways k items can be selected from n items.

Simple way to calculate

= cmb(n, k)

n n!/ (n-k)!k! With respect to the triangle, n = row number and
1 11 k = position number starting with k = 0.
=71/51.21 =21,
2 1921 Example cmb(7,2) =71/5
3 1331
4 14641
5 15101051 Nofs' o
1. known as combinatorial logic
0 1615201561 2.cmb(n, 0) =1 and cmb(n, n) =1
/172135352171 3. cmb short for combinations



Binomial Probability Distribution cont.

Example:

Three black boxes are operating “Active Redundant”. What is the
probability that exactly one black box will fail if the reliability
(probability of success) of each box is 0.9?

1=(p+0q)’
1=p°+3p°g+3pq°+q°
1=(.9)° +3(.9)2(.1) +3(.9)(.1) > + (.1)
T A A
P(exactly 0 failures)4|
P(exactly 1 failure)
P(exactly 2 failures)
P(exactly 3 failures)

Answer :3(.9) “(.1) = 0.243



Binomial Cumulative Probability Distribution

Stated mathematically:
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Where n = number of items (sample size)
p = probability of success of each item
P(n, k) = probability of at least n-k successes

Example:
Five black boxes are operating “Active Redundant”. What is the probability that at
least three black boxes will operate if the reliability (probability of success) of each

box is 0.9?
Answer : P(5, 2) = (.9)° +5(.9) *(.1) +10(.9) *(.1)2

exactly 5 successes | I
exactly 4 successes
exactly 3 successes




Poisson Probability Distribution

Stated mathematically:

p(k,ng) = & 'k(!”O')

Where n = number of items (sample size)
g = probability of failure of one item
k = exact number of failed items
P(k, ng) = probability of exactly k failures




Probability of exactly k Failures (Poisson vs. Binomial)
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Poisson Binomial
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Poisson vs. Binomial Cumulative Distribution

Poisson Binomial Interpretation
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Sample Spares Problem

Four black boxes are operating “Active Redundant”. What are the
probabilities that all four black boxes will operate with 0, 1, 2 ,3, and 4
spares if the reliability of each box is 0.9 for a given period of time?
1=(p+q)°

1=p*+4p°q+6p°q° +4pq° +q"

1=(.9)* + 4(.9)°(.1) +6(.9)*(1)" +4(.9)(.1) * + (1)

P(0 spares) = First term = (.9)*

P(1spare) =Sum of first 2terms =(.9)* + 4(.9)°(.1)

P(2 spares) =Sum of first 3terms = (.9)* + 4(.9)°(.1) + 6(.9) *(.1)?
P(3 spares) =Sum of first 4 terms

P(4 spares) =Sum of all terms =1
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Poisson vs. Binomial Probability Distribution
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30.65613 0.2916 0.0486 0.0036 0.0001
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