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a b s t r a c t

When newly designed refrigerator parts failed due to repetitive loads under consumer
usage conditions in the field, a general method for reliability design was proposed. A newly
designed refrigerator compressor system that brings greater energy efficiency to side-by-
side (SBS) refrigerators was studied. The laboratory failure mode and mechanism of the
compressor was a stopping nose due to design flaws. The data on the failed products in
the field, accelerated life tests (ALT) and corrective action plans were used to identify
the key control parameters for the mechanical compressor system. The missing controlla-
ble design parameters of the compressor system in the design phase were the gap between
the frame and the upper due to the stator frame shape. After a tailored series of accelerated
life tests with corrective action plans, the B1 life of the new compressor system is now
guaranteed to be over 10 years with a yearly failure rate of 0.1%.

Published by Elsevier Ltd.

1. Introduction

Reliability is defined as the ability of an item to perform a required function under stated environmental and operational
conditions for a specified period of time. Traditionally, the reliability over the product life can be illustrated by a bathtub
curve that has three regions: A decreasing rate of failure, a constant rate of failure, and an increasing rate of failure, as shown
in Fig. 1. As the reliability of a product (or part) improves, failure of the part becomes less frequent in the field. A company
targets new product to (1) minimize initial failure, (2) reduce random failures during the expected product working period,
and (3) lengthen the product life. The bathtub curve may change into a straight line with the slope angle b (Fig. 1). In a
straight line there are two variables to be measured. That is, product life LB (or mean time between failures) and failure rate
k, as shown in the following equation:

RðLBÞ ¼ e�kLB ffi 1� kLB ð1Þ

We can thus establish the reliability growth plan of parts with a constant failure rate.
Robust design techniques, including statistical design of experiment (SDE) and the Taguchi methods [1], have been devel-

oped by statisticians many years ago. The Taguchi methods describe the robustness of a system for evaluation and design
improvement also known as quality engineering [2,3] or robust engineering [4]. Robust design processes include concept
design, parameter design, and tolerance design [5]. Taguchi’s robust design methods place the design in an optimum position
where random ‘‘noise’’ does not cause failure and helps to determine the proper design parameters [6].
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