
TRACTOR OPERATOR ROLL OVER PROTECTION

INTRODUCTION

Stephanson has reported previously
(9) that the farm accident situation
in Canada is serious and demands
attention. Specifically, the farm trac
tor is involved in a large number of
accidents and fatalities and it has
been suggested that many deaths
would be prevented if tractor oper
ators were protected with an ap
proved anti-roll frame or cab.

Information from the United States,
New Zealand, Sweden, England, and
Alberta illustrates the past and pres
ent situation and also the potential
for the saving of life.

United States

The data in Table 1 show that 57
to 74 percent of the deaths due to
tractor accidents are due to crushing
of the operator in overturns. It ap
pears that about 62 percent of the
deaths are associated with upsets.

Additional information gathered in
Ohio indicates that about 40 percent
of the total number of deaths are a
result of sideways tipping and about
15 percent of the total are due to
rear tips. About 4 percent are either
due to forward tipping or are un
known.

The rate of deaths per one hun
dred thousand tractors in the United
States is about 21 each year. For the
six million estimated tractor popula
tion in the United States the number
of fatahties will be over 1200 per
year. Of these therefore an estimated
720 or more lives are lost as a result
of overturning tractor accidents.

New Zealand

Table 2 shows comparable figures
for New Zealand (2). New Zealand
records a higher fatality rate per
hundred thousand than the United
States. New Zealand stands at about
36 per hundred thousand compared
to the United States 21. Some of this
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TABLE I. FATAL TRACTOR ACCIDENTS - U.S.

Area Year Total

Fatalities

Recorded

% Assoc,

with Rollover

Information Source

Iowa 53-63 54 67 AE970-June*63

Wise. 63-65 141 58 Ext. Ser.-U. of Wise.

Kans . 1964 23 74 Vital Stat.-Health Kans.

Oftio Prior

196?
212 57 ASAE Paper 61-129

Ohio 59-64 39 63 Ohio State Univ.

N.S.C. 60-65 735*

4

58 T.D. McFarland N.S.C.

Percent Fatal Tractor Accidents

Associated with Rollover, Av. = 62% * 13 states only-

TABLE II. FATAL TRACTOR ACCIDENTS - NEW ZEALAND

Years Total

Fatalities

Recorded

Assoc, with

Rollover

Side

%

Rear

%

Front

%

Unknown

%
No. %

1949

to

1963

335 254 76 61 10 5 0

higher rate may be due to the ex
istence of more rolling country but
Mr. C. J. Crosbie (2) has shown that
over 50 percent of the fatahties in
New Zealand have occurred when
the tractor was working on flat or
nearly flat land. The data from New-
Zealand show that a higher percent
age of the fatahties are associated
with tractor roll overs. Their rate
stands at 76 percent compared to
the United States average of 62 per
cent.

Mr. Crosbie has also analyzed the
accident records to determine how
many lives could have been saved if
a safety frame or cab had been in
use at the time of the accident. In
the 144 accidents that he examined
thoroughly his conclusion was that

67 percent of the lives would have
been saved and another 24 percent
possibly would have been saved by
the use of proper frames or cabs. In
only 9 percent would the frame likely
have been ineffective.

Sweden

The information from Sweden in
Figure 1 shows that beginning in
1959, when it became compulsory for
all tractors to be equipped with an
approved safety frame or cab, that
the rate of fatalities in overturning
accidents started to decrease. In the
years 1957-58-59 about 70 percent of
the overturning accidents resulted in
fatalities. However by 1962 and 1963
the rate had dropped to 37 percent.
By the latter date it was unlikely
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that more than one third of the trac
tors were equipped with cabs. At
the present time (June 1966) Sweden
is approaching the point where half
of the tractors are equipped with
cabs or frames. It is to be expected
that fewer deaths will be recorded
each year as a higher percentage of
their tractors become equipped with
these safety frames.

England and Wales

In the years between 1958 and
1963 there were an average of 38
deaths per year due to overturned
tractors in England and Wales (4).
Of these, 32 occurred in sideways
tipping and 6 in rearward. In addi
tion they recorded a yearly average
of 11 deaths where people were rim
over and killed by tractors. They
were able to show that the accidents
were widely distributed around the
country and not confined to the very
hilly areas where it would be ex
pected that this type of accident
would occur.

Alberta

The data for Alberta, Table 3, (AR
66-5 research project now underway)
for the four years 1963-1966 show
that about 83 percent of the deaths
from tractor accidents on roads are
overturns while only 38 percent of
the deaths in the field are overturns.
The overall average for Alberta is
about 57 percent of the deaths being
caused by the tractor overturning.
This means that about 15-18 lives
each year are lost in Alberta from
overturned tractors.

For the fatal road accidents 80
percent of these are single vehicle
accidents. That is, the tractor is not
involved with another vehicle and
usually has no load behind. The trac
tor usually rolls over in the road
ditch. Table 4 shows the degree of
roll. It should be noted from this
data that all 11 rear tipping acci
dents are 180° rolls or in other words
the tractor turned over on its back.
It should also be noted that 30 side
ways tips were 180° rolls. In other
words 41 out of 51 (57 total — 6 un
known) fatal accidents were tractors
rolling upside down. In only 6 acci
dents did the tractor roll over at
least once. In other words most tips
can be considered to be low energy
rolls (up to 180°) and a very few
might be termed high energy rolls
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Figure 1. Percent Fatalities from Overturning Accidents - Sweden 1956 - 63.

TABLE III. FATAL TRACTOR ACCIDENTS - ALBERTA.

Road

Year Total

No.

Assoc, with

Rollover

Side

%

Rear

%

Front

%

Unknown

%

No. %

1963 12 10 83 67 16 - -

1964 12 11 92 92 - - -

1965 9 6 67 45 22
- -

1966 9 8 89 89
- - -

Average 10 35 83 71 12
-

Farm

1963 13 4 31 8 23
- -

1964 17 6 35 23 6
-

6

1965 8 4 50 37 13 - -

1966 20 8 40 35 5
- -

Average 14 22 38 26 10 2

where the tractor rolls over three- a safety frame or cab that many lives
quarters of the way or more. could be saved.

It is evident that about 2 out of
every 3 deaths from tractor accidents
are due to upsets. It would therefore
follow that if protection was pro
vided for the operator in the form of

Figures 2 and 3 illustrate two over
turned tractors involved in fatal acci
dents in Alberta in 1965. In these
accidents, one a side tip and one a
rear tip, a safety frame would have
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saved one life and probably both.

Figure 4 shows a frame that saved
the life of an operator in a rollover
accident in Sweden. Figure 5 shows
a frame after a severe test roll.
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Figure 2. Tractor after 360° side roll.
Operator lost control while travelling down
a steep road. Fatal to 48 year old Alberta
woman.

Figure 3. Tractor after 180° backward
tip. Operator attempted to drive tractor out
of road ditch over 1 8 inch bank. Fatal to 1 7
year old Alberta boy.

Figure 4. Tractor after rolling down 100
ft. steep grade. Sweden. Operator suffered
no injury, (from reference 5).

Figure 5. Tractor after test roll
(from reference 5).

Sweden.

TABLE IV. NUMBER OF FATAL TRACTOR ACCIDENTS ASSOCIATED
WITH ROLL OVER - ALBERTA 1963-4-5

Degree
of

Roll

Road Farm

Total (35) Total (22)
Side

Roll

Back

Roll

Side

Roll

Back

Roll

90 1 - 1 -

180 22 4 8 7

270 1 - 1 -

360 3 - 1 -

360+ - - 2 -

Unknown 4 - 2 -

LIFE SAVING POTENTIAL

The potential for saving life each
year by the universal use of safety
frames or cabs is estimated to be —

Alberta 15 to 18

Canada 72

United States 720

It may be argued that many of these
lives are lost because the operator is
careless or ignorant of the dangers.
Some improvement might be achiev
ed by increased education for tractor
operators and by more intensive
safety programs but no radical
change will be realized from this
approach. The same argument can
also be applied to automobile acci
dents. More responsible drivers could
reduce traffic deaths. There is no
question about this being true. There
is a great public concern about the
lack of safety features in automobiles.
There is considerable pressure to
have safety features incorporated
into automobiles that will not only
reduce the number of traffic acci
dents but more particularly reduce
injury to the occupants in case of
accident. While many think it is tak
ing a defeatist approach to use a
safety frame on tractors it is probably
the most positive method that can be
used for reducing fatalities.

When considering the use of safety
frames or cabs the question of cost
must be considered. Should a high
degree of success be sought or should
something lower than 100 percent

survival be satisfactory? If a figure
of 80-90 percent survival was con
sidered sufficiently high the cost of
frames or equipment could be sig
nificantly lower. This is perhaps a
political question that would need to
be decided when and if frames were
to be made compulsory by legisla
tion.

ECONOMIC CONSIDERATIONS

What cost might be considered in
providing these safety frames?

Example
Estimated number of lives

per year that might be
saved per year in Alberta
by use of safety frame = 18

Estimated economic loss to

society from one death. Na
tional Safety Council uses a
figure of $175,000 for each
traffic death. Assume one

farm fatality

economic loss

Number of tractors in

Alberta

Cost per year per fatality

per tractor
$125,000

100,000

Cost per year per tractor
for 18 fatalities = 18x1.25

Assume a safety frame
amortized over 10 yr. life

Cost of frame would be
10x$22.50 = $225

This would be a break-even point

$125,000

100,000

= $1.25

= $22.50
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for using safety frames on all tractors
in Alberta. The question then might
be, should the cost be paid for en
tirely by the farmer or by a wider
section of the community? This is
an ethical and economic question
which must be left for others to de
cide.

BENEFITS RECORDED
FROM USING SAFETY FRAMES

Sweden is well known for its safety
consciousness. Sweden passed a law
in 1959 making approved tractor
frames or cabs compulsory on all
new tractors sold in that country. As
of June 1966 there are probably
80,000 tractors out of a total of
200,000 equipped with safety cabs.

To June 1964 there were recorded
over 50 overturning accidents with
safety cab equipped tractors. Only
one fatality was recorded and this
was because the driver jumped out
of the cab during the accident. The
other fifty lives were saved because
safety cabs were used.

In North Dakota the State High
way Department was plagued with
numerous tractor upsets and rollovers
prior to 1959 which had resulted in
permanent disabilities or fatalities.
These accidents involved highway
maintenance mowers. It was decided
to equip these tractor mowers with
a simple safety frame and 190 trac
tors were fitted. This number has
since increased to 206. The cost was
estimated at about $35.00 per frame
installed in the highway department
maintenance shops.

Since installation of these frames
there have been no permanent dis
abilities or fatahties. The tractors
still tip but injuries are now mini
mized. Reports indicate that county
highway departments are installing
these frames. Twenty nine out of the
total 53 counties have installed an
additional 74 frames.

There is some suggestion in that
state that there should be legislation
enacted to make frames compulsory
on all farm tractors.

The Illinois highway department
became interested in safety frames
and installed one on a tractor in
1961. This was followed up with a
further ten in 1962 and by 1965,
630 of the 940 highway maintenance
tractors were equipped with frames
complete with seat belts. The experi
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ence in 1965 shows the benefits of
using these frames. The record shows
21 rollover type accidents. Sixteen of
these accidents were with tractors
that had anti roll bars. There were

only two injuries and six days lost
time and the medical and compensa
tion cost was $146.00. The other five
accidents were on tractors without
anti roll bars and they resulted in
four injuries and 201 days lost time
and $7,200.00 medical and compensa
tion expenses. There has been one
complaint from the operators of trac
tors equipped with these fiames and
this is that the frame tends to catch
on low hanging tree branches.

The use of these safety frames by
other highway departments is spread
ing and the State of Tennessee is
reported to have about 1500 tractors
equipped with these frames. The
Saskatchewan Department of High
ways also has safety frames on their
highway maintenance tractors.

REQUIREMENTS FOR
ANTI-ROLL FRAMES

There is considerable technical in
formation on strength requirements
and testing procedures available from
the following sources: (1), (5), (8),
(10).

It is suggested that the following
general requirements will be the most
important in reducing serious injury
and death due to tractor roll over.

1. Limiting tractor overturn to 90°.
Most deaths result from 180° over
turn. Rather simple anti-roll de
vices can be used which would
reduce the death toll considerably.

2. Use seat belts with roll guards
but do not use seat belts when
the roll guard is not installed.

SAFETY FRAME OR CAB?

In 1953 in Sweden a firm devel
oped a weather cab for tractors. Dr.
S. Bjerninger of the Institute of Agri
cultural Engineering at Uppsala said
that this cab should be a safety cab.
Following this statement, a safety
frame with panels of rubberized cov
ering was developed which protected
the operator from injury in the event
of an accident and also from the
weather.

The Swedish Farm Workers Or
ganization recognized the value of
the frame and asked for compulsory

Figure 6. Typical weather protection cab.
Canada and United States.

Figure 7. Light cab completely crushed
during roll. Norway (from reference 6).

Figure 8. Tested and approved open safety
frame. Sweden (from reference 5). Covered
frame shown in Figure 17.

Figure 9. Tested and approved open safety
frame. Norway (from Test No. 187 - see
Appendix I).

legislation. The Labour Government
of the day passed a simple bill which
came into effect in July 1959. All
frames or cabs must be tested by the
National Testing Institute for Agri
cultural Machinery. To date several
hundred different tests have been
made. Detailed information is avail-
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able in reference (5) and Appendix
1.

In Western Canada farmers have
been buying comfort or weather cabs
in increasing numbers. Figure 6
shows a typical model. Safety, how
ever, has not been a prime objective
and some cabs will not withstand a
roll over. Figure 7 illustrates what
happens when the frame is not suf-

ing in a minimum level of protection
being provided.

The frame may be a very simple
device such as those used in highway
department maintenance tractors in
Saskatchewan or North Dakota or
those illustrated in figures 8, 9, 10,
11. The basic purpose is to limit the
tractor roll to 90°. Figure 12 shows
a frame not designed to prevent roll.
Figure 13 illustrates "horns" used to
prevent roll. The tracor cab on the
other hand is considerably more com
plicated. Figures 14, 15, 16, 17 illus
trate typical cabs. The matter of
environment control is important.

Figure 10. Tested and approved open safety
frame - Norway (from Test No. 187 - see
Appendix I).

Figure 11. Tractor safety frame - Austria
(from Report 006/64 see Appendix I).

Figure 12. "Kayef" safety frame New
Zealand. Not designed for "anti-roll." (from
reference 3).

ficiently strong. Recently manufactu
rers were asked about the possibility
of strengthening their cabs and all
have expressed a favorable reaction.
It is quite likely that most or all of
these manufacturers will have in
creased strength in the frame result

Figure 13. "Anti-roll" "horns" designed
to limit roll to 90° England, (from Test No.
381 -see Appendix I).

Figure 14. Tested and approved safety
frame - Figure 13 less "horns" - covering
added, (from Test No. 381-see Appendix I).

Figure 15. Tractor safety cab Austria
(from Report 684 - see Appendix I).
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Fgiure 16. Tested and approved safety
cab - Germany (from Test No. 1111 - see
Appendix I).

Figure 17. Tested and approved safety
cab. Sweden (from reference 5) open frame
shown in figure 8.

One important consideration is the
noise loudness level inside the cab.
Cabs are likely to increase the loud
ness to that encountered without a
cab. Metal cabs are apparently the
worst offenders. As a result the farm
ers in Sweden are showing a marked
preference for canvas covered safety
frames instead of metal cabs. Cabs
must also be properly designed for
unobstructed vision, good access,
roominess, and environment control.

CONCLUSIONS

In Alberta about 59 percent of the
deaths from tractor accidents could
be prevented if safety frames or cabs
were used on all tractois. Simple
frames keeping a tractor roll to 90°
or quarter roll would result in a
saving of a majority of lives lost in
the tractor accidents in this province.

Tractor comfort cabs can and
should be brought up to a minimum
standard for operator protection and
preferably up to an international
standard code.

There is doubt that tractor safety
frames will be used in any great
numbers if their use is not com
pulsory. The farmer is no more likely
to voluntarily spend two hundred
dollars or more for a tractor safety
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frame than he is to buy seat belts
for W £ar. It therefore may become
necessary to legislate for compulsory
use of tractor cabs. The experience
in Sweden indicates the benefit of
such legislation.

It should also be stated that "as
soon as any industry refuses to sell
machines without guards, purchasers
will buy machines with guards". The
guard should be as much an integral
part of the machine as any other
component.

An encouraging note is that one
majog implement manufacturer, John
Deere, has announced a tractor safety
roll guard. This is a simple roll guard
for agricultural tractors and will be
available at a very low cost. Incorpo
rated with this frame will be a sun
shade which will be an added op
tion. A seat belt will also be supplied
with this frame. It is to be hoped that
all other tractor manufacturers will
follow this example.
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APPENDIX I

Test Reports —Safety frames and tractor cabs.
Austria: Bundesversuchs und Prufungsanstalt fur landwirtschaftliche

Maschinen U. Gerate Wieselburg. Austria.

Traktorenverdech M201 1963
Mauser-Schutzverdech 1964
Traktorenverdech M200/210 1964

Finland: Valtion Maatalouskoneiden Tutkimuslaitos. Helsinki. Finland

Test No. 512 Ilves-Turvakatos Valmet 361 D 1964

Germany: Deutsche Landwistschafts - Gesellschaft Frankfurt/M. Germanv
Test No. 1111 Sicherleits-Fahrehaus Peko 230 Coupe 1964
Test No. 1113 Sicheshestsvendecke mit Schutzbugel

M210 und M211 1964

Netherlands: Instituut Voor Landcouwtechniek Wageningen

Bulletin No. 198 Beproeving Life saves
Steigerbergengen 1962

Norway: Landbruksteknish Institutt. Vollebekk, Norway

No. 176 Proving og Vurdering an Forevern 1964
No. 187 Proving og Vurdering av Forevern med

Godtakingsnr 1964
(about 23 tests on cabs)

Sweden: National Testing Institute for Agricultural Machinery
Uppsals 7, Sweden.

Several hundred tests beginning in 1955

United Kingdom: National Institute of Agricultural Engineering
Silsoe, Bedfordshire, England.

Test No. 684
Test No. 006/64
Test No. 034/64

Report No. 359
Report No. 366
Report No. 381
Report No. 401

Bonser Safety Weather Cab 1963
Bonser Safety Weather Cab 1963
Bonser Safety Weather Cab 1964
Duncan Safety Frame and Cab 1964
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