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Abstract : During the design phase of a product, reliability and design engineers are called upon to evaluate the
reliability of the system. The question of how to meet target reliability for the system arises when estimated reliability
or cost is inadequate. This then becomes a problem of reliability allocation and system structure design. This study
proposes the optimization methodology to achieve target reliability with minimum cost through construction of the cost
function of system. In cost function, total cost means the sum of initial cost, repair cost and maintenance cost. This
study constructs optimization problem about system structure design and reliability allocation using cost function. This
problem constructed is solved by Multi-island Genetic Algorithm(MIGA), and applies to urban transit brake system.
Current brake system of the urban transit is series system. Series system is the simplest and perhaps one of the most
common system, but it demands high reliability and maintenance cost because all components must be operating to
ensure system operation. Thus this study makes a comparative study by applying k-out-of-n system to brake system.
This methodology presented can be a great tool for aiding reliability and design engineers in their decision-makings.

Key words : Reliability allocation(A1 4] &13), System structure design(A] 28 -2 4 A)), Initial cost(Z 7] 1] &),
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where C : Total cost of system maintenance,
: Cost of component 4,
n; : The number of component ¢,
: Reliability of component ¢,
r, : Target reliability of system,
r, : System reliability,
T; max - Maximum reliability of component ¢,
T - Minimum reliability of component 7,
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Fig. 1 Effect of reliability on maintenance cost function
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Table 2 Optimization result of Redundant system for the 4
cases

component 1 [component 2 | component 3 } component 4

"L (™| Ty [T T3 |M3| Ty |y
casel | 09344 | 2 ]0.9352| 2 09410 2 09619 1
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Table 3 Bill of material of brake system

System - Units & Parts

o Brake control
O Valves
O Brake
- Brake disc
- Brake pad
o Compressed air supply
o Reservoir
© Pneumatic horn

Friction brake

&

Pneumatic control

Parking brake order

Whee! & Axle

Drivefs —

Assembly
(wheel, axie, disc|

B O e
3 Brake order
Operating "—')g ) Antiskid
o Air pressure , Junction bx
r i Secondary
[+] -
Suspension

ATO/ATC [ |
i

i {air springlevelling
L& difterantial yalud)

j Air pressure
ATC — Fixed heig tcontrdl
f air pres {1 Compressor
N Ly, ) ° motor
wiring : VVVF inverter ____{I §§ g Alr pressure
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Pantograph Motor 2 Air pressure
Wheel & Axle (___/\—-J g3
{ $ i g0 Wheel & Axle
: 4 Regenerative brake

{whael, axle, disc
: 3

Rail Rait
Fig. 4 Functional block diagram of brake system
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Table 4 Determining the constant value for application to

brake system
Brake Friction Air . _|(Pneumatic)
Control valve brake |Compressor Reservolrs hone
C;| 6.07 1291 3.73 4.66 0.89 0.63
Coi| 275 |495| 7.08 8.39 0.29 0.95
cy;| 043 (2411 1.14 10 5.94 4.04
a;i 031 | 041 0.62 0.87 0.77 0.64

Table 5 Optimization result of present brake system (r,=0.9)

Brake Friction| Air . _|(Pneumatic)
valve [Reservoirs
Control brake |Compressor hone

7;10.973110.9921|0.9818 | 0.9987 0.9822 0.9679
r,=0.900, C'(Total cost) =2196.69
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Table 6 Optimization result of redundant system (r,=0.9)

» k, =n, (Parallel system)

Brake valve Friction Air Reservoirs (Pneumatic)

Control brake |Compressor hone
7;10.921410.8782[ 0.8679 | 0.9770 0.8496 0.8541
n;| 2 2 2 1 2 3

r,=0.9158, C'(Total cost) =89.58

wk =1

Brake Friction Air . [(Pneumatic)

Control valve brake CompressorReservmrS hone
7;10.956310.8602] 0.8839 | 0.9989 0.8513 0.8520
n| 1 2 2 1 2 3

7,=0.900, C'(Total cost) =58.26

Table 8 Optimization result of brake system at 7,=0.95

[T Series system

Brake Friction Air ._|(Pneumatic)
valve Reservoirs
Contro} brake |Compressor hone

7, (0.993210.99350.9847| 0.9977 0.9901 0.9898
7,=0.900, C (Total cost) =840993.94

[0 Redundant system

m k, =n, (Parallel System)

Brake Friction Air . _|(Pneumatic)
valve Reservoirs
Control brake |Compressor hone

7, 10.9127]0.923410.9026| 0.9988 0.8712 0.8648
n;| 2 2 2 1 2 3
7,=0.957, C'(Total cost) =97.76

n k=1

Brake Friction Air ._|(Pneumatic)
valve Reservoirs
Control brake {Compressor hone

7;10.9351)0.859110.8789 | 0.9953 0.8513 0.8502
n| 2 | 2 | 2 I 3 2
7,=0.952, C'(Total cost) =64.75
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