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Abstract: This paper proposes a derating design method for improving system reliability by using a probabilistic
approach. In the proposed design, the focus is upon system levels in determining derated levels of stresses such as
temperature and current, unlike recent design approaches that focus on component levels. System reliability is evaluated
using component reliability metrics that are given as functions of time and unknown stresses; this evaluation is based on
a series system-reliability model. The variation in stress, which was not considered in previous derating designs, is
introduced in the present design to account for the uncertainty in both environmental and operating conditions at the
customer' hands. Optimization problems for system reliability improvement are formulated and solved using FORM to
determine the best derating design. An example of a derating design for an electrical system shows the details of the
proposed method and its applicability to systems design for reliability improvement.
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Table 1 Stress distributions and the parameters

Control
) distribution Parameters
variables
Si (D) normal 1y [mA], COVi= 10%

S: (T) normal
S; (V) normal
Noise

11, [°C], COV,= 10%
115 [V], COVi= 10%

variable
S4 (%RH) | uniform |u,=60 [%RH], COV4= 50%

Table 2 Derating design results

Temperature . .
Design, pi = [j, /15, /23] | Probability

range, ['C]
30 < 1, < 90 |p= [228.87, 30.0, 25.43] | 0.9999

40 < py < 90 |p= [229.23, 40.0, 25.16] | 0.9656

45 < py < 90 |ps= [227.95, 45.0, 22.29] | 0.8766

48 < py < 90 |py= [44.35, 48.0, 10.01] 0.8312

50 < iy < 90|ps= [28.45, 50.0, 19.17] | 0.7959

55 < uy < 90|pe= [10.00, 55.0, 10.00] | 0.7140

4

o

9

T
<

Contours of probability density function

Fig. 3 Limit-state functions for the audio system
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