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Summary

The number of occupational accidents in the manufacturing industry has been shown to have bottomed out
in recent years. In particular, the number of "drawn into a machine" injury accidents and fatal accidents is
still high and has stopped declining. Along with these, many industries in Japan are facing problems related
to aging machinery and infrastructure. In the manufacturing industry, many production facilities were
introduced as a result of capital investment for production expansion during the period of high economic
growth. In the subsequent period of flat growth, it is presumed that the aging machines remained in position
due to low additional investment. According to the report entitled Investigation and Analysis Project for
Safety Measures in Aging Production Equipment conducted by the Ministry of Health, Labour and Welfare
(hereinafter referred to as the "report"), many aging machines are still used. It also shows two occupational
accident risks: aging machines and insufficient protective measures are present.

If it is assumed that the remaining aged machines with "insufficient protective measures" are one of the
causes of "drawn into a machine" occupational accidents that have stopped declining, it is thought that there
is some relationship between the two.

In this study, machines that have been manufactured in the past and have safety defects in view of the
current technical level, but have been used for a long time were defined as "existing non-conforming
machines".

A method for estimating the number of remaining units was examined and it was found the relationship
between the estimated remaining number of machines and the number of occupational accidents that has
stopped declining. To estimate the remaining number of "existing non-conforming machines", a method
applying the Weibull reliability function to the selected representative general power machines and power
carriers that were the main cause of “drawn into a machine” occupational accidents was examined. In
addition, assuming the existence of a changing point from "existing non-conforming machines" to
"conforming machines" based on the estimated remaining number of machines, it was quantitatively
confirmed that there was a correlation with the current situation where the number of occupational accidents
caused by such machines has stopped declining. As a result, the changing point was estimated around 1994.
According to the estimation results, in the case of conveyors which are typical power carriers, the remaining
ratio of existing nonconforming machines to the total number of existing machines was expected to be 36%
in 2020, c.a.30% in 2025, and c.a.25% in 2030. If the remaining ratio and the number of accidents continue
to correlate, it is presumed that at this poor rate of reduction, a significant reduction in serious "drawn into a
machine" fatal accidents cannot be expected.

In addition, regarding occupational accidents caused by machines, there are many examples of research
that analyze individual machines and individual occupational accidents. Safety measures are also studied for
individual cases. When considering safety measures for aging machines, it is important to understand the
characteristics of aging machines and the characteristics of the occupational accidents caused by them.
However, there are no examples of analysis of these characteristics.

Another purpose of this study is to examine the validity of the characteristics of aging machines and the
characteristics of occupational accidents caused by them, as described in the "Report". A multivariate
analysis was applied to consider the validity of these characteristics based on the cross-tabulation data

described in the "Report". In addition, as a characteristic of the management of aging machines and
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occupational accidents caused by aging machines, there is a possibility that management methods such as
risk assessment are not sufficiently implemented. The multivariate analysis was conducted to verify this
possibility. As a problem from a worker's perspective, many occupational accidents caused by aging
machines occur among middle-aged and elderly workers with short years of experience. It was considered
the validity of the possibility that there was a difference between the education and training provided to
young workers with short years of experience and those required of middle-aged and elderly workers with
short years of experience.

As a result of multivariate analysis, it was shown that it was possible to grasp the characteristics of aging
machines and the characteristics of occupational accidents caused by aging machines.

In terms of mechanical equipment, it was found that not only the number of inspections and repairs of
aging machines increased, but also that countermeasures for aging machines were implemented, and that
machines were operated with insufficient safety measures. Valid analysis results were obtained for the two
problems of “aging machines” and "insufficient protective measures". From a management perspective,
valid analysis results were obtained such as the fact that the experience of a serious occupational accident
appeared to be the trigger for conducting a substantial risk assessment and implementing thorough safety
measures. There are many workplaces where safety measures such as risk assessment are insufficient, but
fortunately, they have not experienced any occupational accidents. In addition, from the perspective of
workers who operate aging machines, valid analytical results were obtained that there was a difference
between the education and training provided to young workers with short years of experience and those

required for middle-aged or elderly workers with short years of experience.

The results of this paper are described below for each chapter.

Chapter 1 describes the background of this study to clarify the purpose of this study. In the manufacturing
industry, the number of occupational accidents involving “drawn into a machine” has stopped declining. One
of the reasons that the number of occupational accidents caused by machines has stopped declining is that
aging machines are still in use. It was presumed that the reason for the existence of aging machines was due
to the active capital investment during the period of high economic growth in Japan and the slowdown in
capital investment during the subsequent period when the growth leveled off. This chapter describes the
background of the considerable number of aging machines remaining and the occurrence of occupational
accidents, which was indicated in the Ministry of Health, Labour and Welfare "Report" that was the basis of
this study. In addition, it discussed not only the current situation of aging machines from the perspective of

equipment but also the current situation from the perspective of management and workers.

Chapter 2, it was examined the method for estimating the remaining number of typical aging machines, by
focusing on the occupational accident risks of aging machines indicated in the “Report”, namely, "aging
equipment" and "insufficient protective measures". Defining aging machines as "existing non-conforming
machines", it was shown that the number of remaining "existing non-conforming machines" was
quantitatively correlated with the current situation where the number of "drawn into a machine" occupational

accidents had stopped declining. In this analysis, it was assumed that there was a changing point where the
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"existing nonconforming machines" were gradually replaced by the "conforming machines". The analysis

method and analysis results are described.

In Chapter 3, methods for analyzing the characteristics of aging machines and the characteristics of
occupational accidents caused by them were examined. Many of the existing research examples are related
to individual machines and individual occupational accidents. The "Report" shows the problems of
equipment, management, and workers based on the data from questionnaires. In this study, a multivariate
analysis was conducted based on the cross-tabulation data shown in the "report" and the validity of the
characteristics and problems described in the "report" was examined from the equipment, management, and

operator aspects of aging machines. This chapter describes the analysis results.

Chapter 4 provides a summary based on the study results from Chapters 1 to 3.
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