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Summary

A Study on the Tractor Safety Frame

Fumitake ISHIKAWA

In recent 20 years, the rapid developmet of sophisticated mechanization of Japanese agriculture
has contributed a great deal to the improvement of productivity and decrease of work load. However,
the dramatic wide spread of farm machinery in agriculture during that period has caused a number
of new problems, such as increasing farm accidents and occupational diseases due to vibration,
noise, agricultural dusts, etc.. ‘

Overturning or falling of tractors turns out in most cases fatal accidents. It is well known

‘that safety frames/cabs are effective to protect tractor operators from fatal or serios injury acci-

dents caused by overturning of tractors. In most of the European countries, firstly in 1959 in
Sweden, it was made obligatory to equip tractors with officially ® positive approved ” safety
frames/cabs, not only for new tractors, but also even for used tractors, and consequently, fatal
accidents are decreasing year by year.

In Japan, the need of developing safety frames has come to be desired since 1970s. With such
a background the author initiated the study to develop safety frames applicable to domestic tractors
in 1970. Although there are many reports relating to strength test methods and evaluation methods
such as * OECD Standard Code for the Official Teéting of Safety Cabs and Frames Mounted on.
Tractors®, there is no report about structural design criteria. It is clear that developments of
structural design criteria is essential for the promotion of the equipment of safety frames.

In this report, the main theme is structural analysis, and some critical discussions are addi-
tionally included. The contents of the paper are as follows: chapter 1: background and origin
of safety frames, statistics and consideration of tractor accidents, review and analysis of existing
reports dealing with overturning, chapter 2 :development of a new type of strength testing method,
chapter 3:elasto-plastic structural analysis under impact load, chapter 4 :guidelines of safety
frame design, chapter 5: strength durability of safety frames, chapter 6 :analysis of tractor
accidents from the view point of human error and an example of a fail safe system, developed by
application of the safety frame to other agricultural machines, and chapter 7: problems left for
the further studies on safety frames,

Given below is a summary of the achievments and discussions in each chapter,

Ch. 1. Introduction

(1) Background and origin of safety frames. Two different opinions regarding how to prevent
tractor overturning accidents were introduced. One is development of antioverturn systems, and
the other is development of a structure to protect operators in case of overturning, Many ideas
or patents for anti-overturn apparatus have been already reported. However none of them served
for practical use because of lack of reliability on sensing, warning, and control of safety devices.
These devices are only effective against overturn accidents, but not to falling accidents, Although
the conception of protective structures ( safety frames )was not takenup as a positive policy, it has
some merits such as effectiveness against accidents. On the other hand; equipment of safety cabs
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ameliorates the working environment. The usefullness of safety frames or safety cabs in pre-
venting fatal accidents caused by the overturning of agricultural tractors was recognized from the
experiences in Sweden since 1950s, and European countries made it an obligation to equip the ap-
proved safety frames to new tractors already in the early half of 1970s, after strength test and
evaluation method had been established.

After looking into thoroughly the problem of which direction should be selected : development
of anti—overturn apparatus or development of safety frames applicable to Japanese agricultural
management situation, the author decided to proceed in the direction of developing safety frames.

(2) Farm accidents and effect of safety frames : Statistical survey of farm accidents in Japan
was carried out. About 390 farmers died annually during farm works, and about a quarter of them
was related to tractor operation. Seventy to eighty farmers died annually by overturning rear-
wards ‘or sideways. To the contrary, in European countries, the number of deaths by tractor
accidernts has decreased year by year after the obligation of equipping safety frames, and in recent
years only 2-8 farmers died annualy by tractor accidents.

(3) Review of existing reports: By scrutinizing 25 reports related to tractor overturn analysis
in order to know important points for safety frame designing, it was found out that the stability
and the property which inhibits continuous—rolling occurring after overturn should be taken into
consideration in addition to strength.

Ch. 2. Development of a new type of strength testing method

Some important items in making structural design of safety frames were examined. After
studying strength tests and evaluation methods which came into use in European countries, and after
conducting experimental tests on sideways or rearwards overturning and the impact tests using
simple type test frames, it was made clear that the existing test—method is applicable, although
some change is necessary, to domestic 15-22kW class tractors which have some technically diffi-
cult problems to equip safety frames.

Two great problems which came out in the course of the study were (1) the load by the pendulum
was impulsive, and (2) a large deflection of the safety frame was allowable so far as the safety of
the tractor operator can be assured.

Ch. 3. Elasto—plastic structural analysis under impact load

The main objective of this study was to establish a method by which deflection of frames or
behaviour of the deflection caused by the impact test can be calculated in advance, with an aim of
saving labor and cost at the designing stage, because the method of Test Code was essentially de-
structive and pendulum (weight of 2000kg) test was very dangerous.

- To bring materials of the safety frame beyond the elastic limit , it was considered that the pri-

nciple of ©plastic design”, which was used practically in the field of constructin could be intro-
duced with success. The author improved the elastic finite element method analysis incorpolated
with the concept of plastic hinge, and computer programms of elasto-plastic analysis were developed.
In parallel, static loading tests with mini model frames were carried out. Sequential occurence
of plastic hinges was observed, and load-deflection curves were obtained. These curves calculated
by the computer were compared with the results of static loading tests. A fairly good coincidence
was confirmed. Although the basic property of mild steel under dynamic loading is already known,
the impact tests of mini model frames and scale model frames were carried out at the stage of
designing, and as result it was made clear that it would be appropriate to adopt the ratio of dynamic
yield stress to static yield stress as 1.3.  Absorption of impact energy by tractor tyres was
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examined. It was shown that the majory of the impact energy was absorbed by the deflection of
safety frames. For designig, the absorption of impact energy by safety frames should be regarded
as 90%. Computer programme was arranged by combining dynamic behaviour and energy absorp-
tion, and calculated results coincided with the result of impact tests.

Ch. 4. Design criteria for safety frames

Based on the above results, the author formulated the design criteria for safety frames. The
design criteria included some other items which should be taken into consideation to reinforce the
safety of tracor operators in addition to structural strength. The newly formulated criteria will.
certainly save more cost and labor for the improvement of safety frames as compared with the
former trial-and-error method, and will contribute to the decrease of fatal accidents.

Ch. 5. Strength deterioration of safety frames

Strength deterioration caused by vibration stress, limited durability of welded parts, and
corrosion of material was examined by experimental studies. The author concluded that safety
frames have enough life as long as tractor’s life under certain conditions such as manufactured by
normal quality control, periodical maintenance, no modification and under Japanese circumstances.

Ch. 6. A countermeasure of human error and application of safety frames

Tractor accidents were analyzed from the view point of human error. The author emphasized
that accidents should be analyzed from the stand point of preventing recurrence of simillar acci-
dents, and that the mechanical technology, namely the fail safe system, should be needed to decrease
human error in addition to education. As an example of the fail safe system, a device for warning
and automatic engagement of disengaged foot breakpedals at higher running speed was developed.

In the chemif:al application work by the use of air blast sprayers in orchards, locatd mainly
on slopes, overturning accidents are liable to occur. In such a case, the operators are apt to be
exposed to the chemicals in mid summer. To avoid such a risk, two types of safety cabs were
developed based on the experience of safety frame design.  Although the main purpose of these cabs
is to protect operators against overturn and against the exposure to chemicals, the following im-
provements of working environmnt for operators were attempted: amelioration of thermal condition,
noise reduction, comfortable seat and space enabling good driving posture etc..  The newly deve-
loped cabs were practically used in orchards for the chemical spray during one season, and they
received highly positive evaluation.

Ch. 7. Problems left for further studies on safety frame

A few assumptions used in structural analysis should be revised in order to get more accurate
structural design. Such problems left for further studies are listed in this chapter. Especially
they include prodlems related to the amelioration of working environment in the near future : such
as environmental control in cabs, assuring a wide range of vision, easy mounting and control meth-
ods of implements, vibration, noise, and so forth.

Tech. Rep. Inst. of Agric. Mach, 21:1- 65 (1987)
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