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a b s t r a c t

During railroad shipment of residential refrigerators, two failures due to the repetitive ran-
dom vibrations were occurring. These included the fracturing tubes between the compres-
sor and condenser and the tearing compressor rubber mounts. Sample inspections,
accelerated life tests and corrective action plans were used to identify the key control
parameters for the connecting tubes. The failure modes and mechanisms found experimen-
tally were identical to those of the failed samples in the field. The missing controllable
parameters of the refrigerator system in the design phase included the shape of the com-
pressor rubber and the connecting tube design. To correct these problems, the compressor
rubber mounts and connecting tubes were redesigned. The refrigerators with the targeted
B1 life were expected to survive without failure during rail transport.

Published by Elsevier Ltd.

1. Introduction

Fig. 1 shows a typical side-by-side residential sized refrigerator and the mechanical compartment that is at the bottom
rear of the refrigerator. The compressor (1), rubber (2), connecting tubes (3), fan and condenser (4) are located inside the
mechanical compartment, as shown in Fig. 1b. When these refrigerators were transported to their final destinations by rail,
they were subjected to unpredictable random vibrations from the train. These vibrations were continually transmitted to the
refrigerator (or mechanical compartment) while the train was moving and were large enough to damage some refrigerators
during transport or reduce their remaining useful life before the consumers purchased them. The refrigerators needed to be
designed to survive the damage that can occur during transport.

Robust design techniques, including statistical design of experiment (SDE) and the Taguchi methods [1], have been devel-
oped to help improve the reliability of product designs. The Taguchi methods describe the robustness of a system for eval-
uation and design improvement, which is 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 de-
sign in an optimum position where random ‘‘noise’’ does not cause failure and help to determine the proper design param-
eters [6]. The basic idea of parameter design is to identify, through exploiting interactions between control factors and noise
factors, appropriate settings for the control factors that make the system’s performance robust in relation to changes in the
noise factors. Thus, the control factors are assigned to an inner array in an orthogonal array, and the noise factors are
assigned to an outer array.
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