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04.4 RAM

A design function to model and predict reliability, availability, 
maintainability, operational costs, etc. of complex systems
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RAM analysis can predict performance of alternative system designs in 
terms of:

1.Mean Time Between Failure (MTBF);
2.Expected down time  (Availability);
3.Expected repair and maintenance costs;
4.Expected spares usage;
5....
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RAM analysis uses Monte Carlo Simulation (MCS)

MCS is “working backwards” Start with F(t) and find t.
–Assume a component’s failure and repair distributions respectively are:
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� � =Lognormal � = �� 6.2 , � = �� 1.6

For both distributions:
1.Let F(t) be a random number (from 0 to 1)
2.Solve for t.

Failure age 
distribution

Repair time 
distribution
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Simulation of a single mission of 10000 hours
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Multiples Simulation (e.g. 1000) results are averaged.

Time in Hours

Down

Up

Time in Hours

Down

Up

Time in Hours

Down

Up

Run 1

Run 3

Run 2

A=0.9404

A=0.8932

A=0.9498

Trial 1
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Complex example 3 – a complex system

1. Five cooling water pumps. 
2. Required: four pumps to be running. 
3. Net revenue from product sales: $250,000/day 
4. Repair times for all pumps: lognormal{μ=600, σ=25} 
5. Average hourly repair cost for all pumps: $150/hr 
6. Failure times for four pumps: Weibull{β=0.8, η=24350hours} 
7. Failure time for fifth (older) pump: Unknown, but failures occurred on 11/13/91, 

4/2/94, 8/19/95, 10/20/97, and 1/3/99 
8. Cost of a sixth pump: $500,000 less 20% since existing auxiliaries can be used. 
9. Projected usage: 20 years (20x365x24=175200 hours) 

Is an upgrade justified? Compare the options: Status quo, replace 
older pump, add a sixth pump. 

Problem statement
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Failure times of the fifth pump 

Days Hours

13-Nov-91

2-Apr-94 871 20904

19-Aug-95 504 12096

20-Oct-97 793 19032

3-Jan-99 440 10560

Fit failure times to a Weibull model 
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Set up the blocks and nodes for the status quo
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Set up the blocks for the 5 pumps

Repeat these steps to 
create all 5 pumps

1 2 3

4

Right click 
to remove 
this block

Right click

5

Right click

Change 
Pump1 to 

Pump2

6

7

8

Right click
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Change the properties of Pump5
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Create a Start Node

1
2
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Create an End Node
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Create first Connect Node n1
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Create second Connect Node n2
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Add links from n1 to all 5 pumps

Right click 
to stop 
adding links

1

2
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Add links to n2 and set Number of paths required to 4
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Add Start and End links
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Simulate the status quo scenario

Set up stop time and number 
mission time and number of runs
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View results

����� �������� ���� = 1 0.994541
$250,000

���

365 ����

����
20 ����� = $10,019,250

Results
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Simulate second 
scenario 
“replacing Pump 5” 

Change Pump5 
block properties 

Simulate

����� �������� ���� = 1 0.99541
$250,000

���

365 ����

����
20 ����� = $8,395,000
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Simulate simulate 3rd scenario “adding a sixth pump”
RBD 

Results

����� �������� ���� = 1 0.999745
$250,000

���

365 ����

����
20 ����� = $447,125

Conclusions 
1. Best alternative: Add sixth pump.

2. This example shows how much impact even small 
improvements in system reliability can have.

3. Although the original availability, 0.99451 appears excellent, 
the example proves that it must be compared within an 
economic context to other alternatives. 
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Complex example 2 

Problem statement:
A centrifugal condensate pump has components with the following Weibull failure distributions: 

1. Mechanical seal (β = 0.75, η = 967 days) 

2. Two bearings (β = 0.52, η = 2701 days) 

3. Casing (β = 0.6, η = 6095 days) 

4. Shaft (β; = 0.43, η = 7280 days) 
All repairs are lognormal (μ = .5 days, σ = 0.2 days). What is the expected availability of the pump over a 
10 year period? 

Simulation Results
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4.4.1 Quiz 1 RAM Analysis

https://forms.gle/WsTCBdyhroEbVQEm8
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