LAFE=E> Journal of the Korean Magnetics Society 26(3), 81-85 (2016)

ISSN (Print) 1598-5385
ISSN (Online) 2233-6648
http://dx.doi.org/10.4283/JKMS.2016.26.3.081

Prediction of Probabilistic Distribution of a Loudspeaker’s Performance Due
to Manufacturing Tolerances by Performance Moment Integration Method
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This paper introduces a performance integration method to predict variation characteristic of a performance function of
electromagnetic machines or devices due to manufacturing tolerances. A normalized performance function space and a hybrid mean
value technique are adapted to effectively predict mean and variance, which can identify probabilistic distribution of the performance
function. To verify the effectiveness and accuracy of the proposed method, a mathematical problem and a loudspeaker model are
tested, and numerical results are compared with those of existing methods such as Monte Carlo simulation and univariate dimension

reduction method.
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Fig. 1. (Color online) System performance due to uncertainty in real
engineering problems.
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Table 1. Weights and quadrature points for a standard normal
probability density function.
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Fig. 2. Three-level numerical integration on the output domain.
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Table II. Mean and variance of the mathematical problem obtained
from two different numerical methods.

Wi o7 Function calls
Exact solution -5.500 8.318 -
uDRM -5.500 7.936 5
Error (%) 0 4.59
PMI -5.650 8.626 5(6%)
Error (%) 2.72 3.71

*The number in parenthesis means additional function calls for PMI,
which requires reliability analysis.
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Fig. 3. (Color online) Two-dimensional axisymmetric configuration
of a loudspeaker.
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Table II1. Properties of random design variables.

RS o] &7 A Al oJal] B s 297 Yedro] SgEE

Variables ?:frir)l 3;1, Variables ](\r/frir)l 3::\1,
X 18.95 0.4 X10 1.52 0.05
X 19.43 04 X1 1.40 0.05
X3 18.21 0.4 X12 17.91 0.4
X4 14.61 0.4 X3 0.81 0.05
X5 5.54 0.25 X14 16.26 0.4
X6 1.02 0.05 Xis 6.86 0.25
X7 1.73 0.05 X16 7.37 0.25
X3 0.58 0.05 X17 3.18 0.25
Xo 2.34 0.25
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Table IV. Mean and variance of the loudspeaker model obtained
from three different numerical methods.

L, Gy Function calls
MCS 1.806 0.145 1,700,000
uDRM 1.813 0.133 86
Error (%) 0.39 8.22
PMI 1.810 0.134 8(8%
Error (%) 0.22 741
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