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DP.Redundancy
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Relability of system
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R, =70%
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Feliability of

Device #1 subsystem

with two unmts

= 1 - Piboth units fail}

=1 - (0.30)°

= 91%
R, =70%
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The reliability of a device
can be increased by the
use of "backup” units of
the same type, in parallel.
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By using backup units of each device, the system reliability
can be dramatically increased.
In the system above,

System
Reliability

o037« -0157x |1 - 0257 x 085
- (0.91) (0.9775) (0.984375) (0.68)
- 77.0551% o
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The problem faced by the designer is to
maximize the system reliability, subject
to a limit on the total weight of the system:

Total weight must not exceed 12 kq.

devicei| 1 2 2 4
WLriil 1 2 1 3

(Edme (il oF 2Fch gdevice Ffolgls TR, feaving 5 kg sesiishis
P e B weirts f
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Data devicei| 1 2 3 4
WLLil 1 2 1 3

1 1 2 3
1 70 91 97 .3
2 85 97 .75 99 . 6625
a 75 93.75 98.4375
4 85 98.56 99,8272
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DP Model

Stage: n = device type

State: S, = number of kg. available

number of units of device n
to be included 1n system

Decision: X
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Optimal Value Function

f(S;,) = maximum reliability of the subsystem

consisting of devices n, n-1, ... 1,
if 5§, kg. of available capacity may be
allocated.

Recursive Definition

falS,) = maximum {[1_[:]”;{“] % fro1(Sm W }{n]}
*n s, for n=4,3, 2, |
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Device #1;

Wwelght = 1
5 1 5 5 Reliability = /0% |
1 0,70 [
2 Q. 0,91 [
3 Q. 0,91 Q.
4 Q. 0,91 Q.
a] Q. 0,91 Q.
f Q. 0,91 Q.
7 Q. 0,91 Q.
a Q. 0,91 Q.
a Q. 0,91 Q.
10 Q. 0,91 Q.
11 Q. 0,91 Q.
12 Q. 0,91 Q.
Elenniz Bricker, . of lowa, 1997
5 = 1 2 3 Optimal Optimal Eesulting g
___________________ otate Values Decisicons GState
1 [0 I S L0 1 0,0 1 0]
2 Q. Q. 2 0.91 2 0
3 Q. Q. Q. 3 0.9y 3 0
4 Q. Q. Q. 4 0.9y 3 1
al Q. Q. Q. B 0.9y 3 2
f Q. Q. Q. ] 0.9y 3 3
7 Q. Q. Q. 7 0.9y 3 4
d Q. Q. Q. g 0.9y 3 a]
o Q. Q. Q. 9 0.9y 3 f
10 Q. Q. Q. 10 0.9y 3 7
11 Q. Q. Q. 11 0.9y 3 2
12 Q. Q. Q. 12 0.9y 3 o
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Device #2;
weight = 2 kg.
Reliability = 80%

i
5 1 2 3
i ggg B A R T S £S5
5 | 0.83 0.68 [ 1 1M1
b 0.83 088 [T 1 0.70
7 0.83 0.95 2 0.91
8 0.83 0.95 3 0.97
o 0.83 0.95 4 0.97
10 0.83 0.95 5 0.97
11 0.83 0.95 B 0.97
12 0.83 0.95 7 0.97
L L g 0,97
a 0.97
10 0.97
11 0.97
12 0.97
Elenniz Bricker, . of lowa, 1997
oE 5 . Optimal Optimal Resulting
I A ctate Values Decisicons  State
3 QLR0F & 3 0,60 1 1
4 .77 4 0.77 1 2
a] 0. 0. a] 0.83 1 3
f 0. 0,809 [ATESELIE f 0,89 2 2
7 0. 0. 7 0,95 2 3
o 0. 0. g 0,95 2 4
o 0. 0. a 0.97 3 3
10 0. 0. 10 0.97 3 4
11 0. 0. 11 0.97 3 4]
12 0. 0. 12 0.97 3 f
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Device #3;
weight = 1 kg.
Reliability = /0%

K e e e e e e 2o
5
5 | 0. 0. S, f(S;)
f Q. i,
7 Q. i, 3 .60 E
g Q. i, 4 Q.Fy
a Q. i, ] .83
10 Q. i, f .89
11 Q. i, 7 .95
12 i i g .95
o I; I:I [ ] I;l ';."
10 I
11 I
12 I
Elenniz Bricker, . of lowa, 1997
)4
5
] 0.
f 0. ] ] ]
T 0. Optimal Optimal Resulting
a 0. otate Values Decisicons State
b 0. 4 0. 45 1 3
10 0. 5 0.58 1 4
11 0. A 0.73 2 4
12 0. 7 0.78 2 5
a .89 2 7
10 0,94 3 7
11 0,94 3 g
12 .95 3 a
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Device #4.
weight = 3 kg.
Reliability = 8%

X

=3

0 4 .45

110 5 .58

11 i 0,73

172 7 0,78
= .83
B .89
10 0.94
11 0.94
12 .95

Elenniz Bricker, . of lowa, 1997

H
S
7 0.
= 0.
g 0.
10 0.
11 0.
0.

12 Optinmal Optimal EREesulting
o Rtate Values Declsions state
7 0,39 1 4
a 0.51 1 a]
0 0. 64 1 3]
10 0.63 1 7
11 0.73 1 g
12 0.73 1 a
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The maximnum relliability 1s 78.46064%

Teight Reliability |
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Optinal Optimal Eesulting
atate Values Declisions Ltate
7 0,39 1 4
g .51 1 B
aQ .64 1 B
10 .68 1 7
11 Q.73 1 g
12 Q.78 1 3
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Optimal Optimal Eesulting
Etate Values Decislions Etate
4 .45 1 3
] .58 1 4
] 0,73 2 4
7 0,78 2 R
a .83 2 B
Q .89 2 7
10 0.94 3 7
11 0.94 3 2
12 .95 3 Q

Elenniz Bricker, . of lowa, 1997

Optimal Optimal Eesulting
htate Values Decisions atate
3 .60 1 1
4 .77 1 2
] .83 1 3
f .89 & 2
7 .95 & 3
g .95 & 4
3 Q.97 3 3
10 Q.97 3 4
11 Q.97 3 ]
12 Q.97 3 f
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atate Values Decisions atate

70 1
P11
BT
BT
BT
BT
BT
BT
BT
BT
BT
BT

Optinal Optinal Fesulting g
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Optinal Eedundancy Eeport

Welght avalilable: 12

Component # Eeliabkility MNet :
number  used each Eellability §

1 3 TOLO00F QT LI0N

2 2 a5 . 00% T .TAT

3 2 ThODOT R3.7HT

4 1 a8 . 00% a8 .00%
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What 17 onlyv 77 kg, were availabie?

Optimal Redundancy Report |

Weight available: 11

Component  # Eeliakility Net :
number  used =a.ch Eellability ¢

1 2 70.00% 91 .00%

2 2 85 .00% A7 .75%

3 2 75 .00% 93 .75%

4 1 28 .00% 28 .00%

Elenniz Bricker, . of lowa, 1997
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Weight
30 | | | | |
7 g 3 10 11 12

Weight
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