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ABSTRACT

There has been a significant number of insurance claims against the Texas State Department of
Highways and Public Transportation involving mower-thrown-object accidents. This report details the
efforts made to reduce the number of mower-thrown-object accidents and discusses possible
changes in mowing standards, available mowing equipment, and possible design modifications to
mowers. Ideas and theories were tested and evaluated experimentally using a Terrain King TK 15-1V
bat-wing mower.

The experiments were conducted to determine the relative safety of several types of safety
devices. The experiments also served the purpose of determining where objects leave the mower.

From the experimental results several conclusions were made. Most of the objects exit the rear
of the mower and safety devices such as chains and cables improve the safety of the mower.

Finally recommendations were made from the experiments and from observations. The most
important of these recommendations is that a canvas guard be added to the rear of the mower and a
reduced mass cutting blade be further tested. In addition, the report discusses the background of
mower thrown object accidents, blade design, possible application of alternative materials for blades,
conclusions, and recommendations.

Key words: mower, bat-wing mower, flex-wing mower, mower accidents, mower-thrown-objects
(M.T.Q.), experimental study, safety devices.
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SUMMARY

The main contributions of this report are results showing the effect of blade type, chains, cabies,
forward and backward motion, and object type on the problem of mower-thrown-object accidents.
The results can be summarized as follows: (1) safety devices such as chains and cables significantly
improve the safety of rotary mowers, (2) most objects for the mower tested exit from the rear of the
mower, (3) a canvas guard added to the rear of the mower can reduce mower thrown object accidents,
{(4) the great majority of the mower thrown objects accidents are caused by rotary mowers, (5)

backward mower motion is more dangerous than forward mower motion and (6) shorter and possibly
lighter blades can reduce the range of mower-thrown-objects.






IMPLEMENTATION STATEMENT

The work carried out under this project provides highway maintenance and insurance personnel
with information useful for assessing the effectiveness of various safety improvements on reducing
mower thrown object accidents. Such information hopefully will lead to changes in mowing standards
and mower specifications which will lead to improvements in mower performance and highway safety.
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CHAPTER 1. INTRODUCTION

The Texas State Department of Highways and Public Transportation (SDHPT) is responsibie for
the maintenance of Texas highways and adjoining right-of-ways. Their duties include mowing the
grass on road medians and shoulders. With this maintenance there is an ever increasing problem with
tractor mower-thrown-object (M.T.0.) accidents involving the public. The potential hazard of M. T.O.
accidents has produced a significant and continuing problem for SDHPT. In an effort to curb mower-
thrown-object accident frequency and severity, and improve public relations, the SDHPT has decided
to investigate the mower-thrown-object phenomenon. Equipment and equipment modifications are
thought to be in use in other states and countries which could significantly reduce M.T.O. accidents.

A previous report (Ref1) entitled "An Experimental and Analytical Investigation of Mower Thrown
Object Phenomena“ presents experimental and analytical results showing the effect of blade design
parameters and thrown object physical variables.

This report presents a review of the literature associated with a variety of mower-thrown-object
accidents; deals with the analysis of data from 1984 highway mower-thrown-object accident reports;
presents ideas for mower design modifications; proposes an experimental set up and procedure as a
standard test for evaluating mowers; and presents the results of extensive field tests with a bat-wing
rotary mower.

BACKGROUND

The SDHPT employs various types of tractor mowers in their mowing operation. These include
flail, sickle, and rotary bat-wing type mowers. Of the three, use of the rotary bat-wing mower
constitutes the major cause of M.T.O. accidents. When the rotating blades of the mower hit debris or
rocks, the debris or rock may be shot out from under the mower and into the path of passing motorists.

In response to an inquiry sent to various states, the SDHPT has received information regarding
mower equipment, accident rates and remedial measures being implemented. In most cases the
remedial measures have not been satisfactory.

In 1984, M.T.O. accidents accounted for approximately 20 percent of the 900 claims submitted
to the SDHPT's insurance carrier. Lu, Peng and Rao (Ref 2) compiled a data base from the 111
accident claims filed in 1984. The data base comprised seven catagories: date of accident and time of
accident, region of impact, direction of travel, type of mower, cost of damage and additional notes.
According to the data base, 84.7 percent of all M.T.O. accidents reported involved tractor drawn rotary
mowers. However, 57.7 percent of the 84.7 percent M.T.O. accidents involved the rotary bat-wing
mower. Due to this high potential for serious fatal accidents the research efforts focused on
improvements to the rotary bat-wing mower (Fig 1.1). The bat-wing mower is a device comprising
three rotating bilade assembiies. Each assembily has a cutting span of sixty inches and consists of two
pivoted blades (Fig 1.2). The rotating blades may hit debris or rocks which are likely to be shot out
from under the mower and into the path of passing motorists. At present, the safety features used to
prevent mower thrown objects are stationary side skirts and double row 5/16 inch linked chains {see
Fig 1.1). Even with these protective features, M.T.O. accidents still occur. Therefore, new ideas
need to be explored in order to reduce M.T.O. accidents. The benefits of reducing M.T.O. accidents
are:

1.  The department will receive a significantly smaller number of M.T.O. accident claims and

reduce the potential for serious accidents.
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2.  There will be a general improvement in public relations.
3. There will be an improvement in the safety of highway travel.

OBJECTIVES

The objectives of this research were to: (1) study existing equipment, mowing practices and
accident data of the SDHPT followed by mowing practices and equipment of approximately 30 other
states from available reports, (2) perform a computer literature and patent search, and visit mower
manufacturers in Texas to review past and present developments in the reduction of M.T.O accidents,
(3) form a database which would help in identifying specific patterns in causes of accidents, (4)
recommend changes in equipment design, (5) evaluate the effectiveness of various design
improvements on a bat-wing mower by performing field tests and studies and (6) identify possible
remedial measures which would reduce the M.T.O. problem and explore the possibilities of
implementing these solutions in the State of Texas.

SCOPE AND ORGANIZATION

Chapter 1 provides an introduction to this report.

Chapter 2 presents a literature review of papers, patents and reports related to
mower-thrown-object (M.T.0O) accidents.

Chapter 3 presents and analyses data obtained from accident reports.

Chapter 4 reviews the design of mowing equipment as it affects M.T.O.'s and presents design
modification ideas for reduction of M.T.O. accidents.

Chapter 5 discusses the design of field experiments for the bat-wing rotary mower.

Chapter 6 presents the results of the field test results with the bat-wing rotary mower.

Chapter 7 presents conclusions and recommendations.



CHAPTER 2. LITERATURE REVIEW

A computer literature search was conducted, and product catalogs obtained from the SDHPT
Procurement Office and The University of Texas Library were consulted. A list of
tractor-mower-vendors were obtained so vendors could be contacted if further information was
needed. This information helped determine what new or improved equipment exists that would help
reduce M.T.O. accidents. In addition, information was gathered from other states and countries to see
what was being done elsewhere about this problem.

BACKGROUND

Vegetation is established on the roadside to protect roads from soil erosion. This vegetation
must be maintained on a regular basis. Mowing, brush control, and weed control are important
aspects in the control of roadside vegetation. Mowing standards provide for nesting wildlife and for
natural blending of the roadside with adjacent terrain (Ref 3).

The mowers used by most state highway departments are the flail type and the rotary blade type.
A few state highway departments own and operate the sicklebar type mowers. The number and type
depends on the area being mowed. Flail mowers are used for mowing shoulders, on slopes, medians
and near guardrails and other locations of high risk. The sicklebar causes no probiem at all with thrown
objects but is easily plugged by grass and is frequently under repair due to the high number of moving
parts. Hence this mower is reported as being the least desirable of all (Ref 4).

The flail type mower has been extensively used since the 1950's because of its simplicity and
freedom from blockages. The principle of operation is that the blades strike the stem of the plants at
such a high velocity that the inertial forces of the plants, as they resist rapid acceleration, provide
sufficient resistance for the blade to generate stresses high enough to cause failure, long before the
material reaches the blade velocity. The impulse transmitted during the cutting process results in a
high velocity being imparted to the free materials. This velocity is further augmented by continuing
contact with the high velocity blade and associated parts (Ref 5). The flail type is the safest mower
from a M.T.O. accident standpoint, but experience with this mower has not shown it to be effective in
cutting taller grasses. Due to a large number of moving parts, flail mowers are known to require
constant maintenance (Ret 4 and 6). Furthermore, compared with the rotary type, flail mowers have
higher acquistion and parts costs (Ref 4). The vertical flail action deflects debris downwards rather
than outwards, making the flail mower safe when compared to the rotary type (see Fig 2.1 and Ref 7).
Most tiail mowers have a full length steel roller mounted at the rear which follows the ground contour
and provides a solid barrier against mower thrown objects.

The rotary blade type is by far the most popular. However it is also characterized as having the
highest M.T.O. accident rate. In this type, the rotating bar blade cuts groups of piant stems like grass
and hay on a plane perpendicular to the fiber direction. The reasons for the popularity of the rotary
mower are that it is the only mower that comes close to good performance over a broad spectrum of
lawn conditions, has high production rates and the least maintenance and downtime costs {Ref 8).

Another development of significance is the rotary disc mower. The mower was developed in
Europe but was not introduced in the U.S. until a few years ago. The promising aspect of this mower
is the speed with which one can mow in almost any weather condition. VICON, a manufacturer of this
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Fig 2.1. Woods self-cleaning air-lift blades for flail mowing (Ref 7)



machine uses a series of 310 6 triangular discs with three knives on every disc (see Fig 2.2 and Ref 9).
The discs are arranged in contra rotating pairs with blade speeds of 3000 rpm (see Fig 2.3 and Ref9).
If the cutter bar strikes an obstacle, it swings backwards automatically. The manufacturer of the above
mower claims the mower is capable of speeds up to 8 mph. The State of Minnesota, which uses such
a mower, reports that productivity of the rotary disc mower has been observed to be higher than that
of the rotary blade and flail mowers they are using. Additionally, maintenance costs for a rotary disc
mower over a comparable sicklebar are reported to be at least 50 to 60 percent lower (Ref 3 and 10).
Minnesota and Connecticut State Highway Departments are presently replacing their existing fleet of
sicklebar mowers with the rotary disc type. Furthermore the Minnesota State Highway Department has
informed one of the authors of this report that they have been able to achieve an average of 60 to 80
road miles of single cut mowing on a normal 8 hour day inclusive of breaks. Minnesota reports that
M.T.O.'s are the worst with large diameter rotary mowers, less with flails and the least with the disc
mowers (Ref 10).

There are a number of variations of the three basic mower types. Examples of these are the
batwing and the boom type mowers. The batwing consists of three rotary blade mowers pulled
behind a tractor. The boom type mowers, depending on the manufacturer, have either a reel type or a
rotary type mower on the end of a long boom.

An extensive computer search for literature and patents yielded information on M.T.O.'s by
domestic garden rotary lawn mowers. Due to the similarity between the larger batwing mowers and
garden mowers, from a M.T.O. standpoint, the work done in this area by researchers and inventors in
the past is discussed in this report. Broadly speaking the effort to reduce the M.T.O. frequency and
severity involved either a modification in the blade or a provision of a suitable guard or a shield. The
authors did not find any organization or agency that maintains records or other information on highway
mowers. The various organizations that were contacted are listed in Appendix B. Significant
information and data was obtained from brochures, manufacturer's catalogs and reports from other
State Highway Departments (Ref 11 and 12).

PAPERS

The literature search yielded numerous articles and papers on domestic garden rotary power
lawn mowers. Some of the more interesting ones are described briefly herein.

Richard Thorud details a program to develop a safer lawnmower, named the Guardian, by Toro
Manufacturing Corp. (Ref 8). His effort was directed towards the rotary mower rather than the
development of a new cutting concept, primarily because of the universal appeal of the rotary
concept. The project began with a review of available data on lawnmower accidents. Three major
categories of lawnmower accidents identified in his paper are as follows :

1. Injuries involving direct contact, mainly between the operator and the lawnmower .
2. Injuries to the operator from thrown objects.
3. Injuries to bystanders from thrown objects.

Mr. Thorud then proceeds to discuss three safety measures that are often proposed by a mower
designer.



Fig 2.2. A 7-t Vicon disc mower without the protective hood over the disc assembly (Ref 9)



Fig 2.3. Vicon disc mower blade construction (Ref 9)
Triangular discs rotating at 3000 rpm, each mounted with three free swinging cutter-bars
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1. Reduction in size or the elimination of the discharge port. However, this leads to
windrowing, difficulty in collecting and disposing grass clippings and may even result
in more serious accidents by random discharge.

2. Reduction in the tip speed of the cutter blade. This idea according to the author of
the article is resisted by mower manufacturers as it results in mulched clippings
building up on the inner walls and clogging the chamber. Moreover, an engine with
increased horsepower would be needed to compensate for the torque lost by
lowering the RPM.

(RPM) x 2 x (Foot-Pounds of Tomque) (2.1)

HP =
33,000

Furthermore, a lower discharge velocity results in a less desirable dispersion of grass
clippings and an increased tendency to plug the discharge port.

3. Another safety approach often proposed is to increase the amount of coverage
around the blade. This would undoubtedly be safer, however, tests show that this
type of enclosure becomes packed with clippings when cutting wet grass and the
blade will have to be cleaned before continuing further.

Based on the preceding points, plans were formulated by Mr. Thorud to improve the design in
these areas on their new lawn mower, the Guardian. The discharge port was modified to act as a baffle
which deflects foreign objects and grass to the ground. The Guardian blade was designed to move
large volumes of air at velocities sufficient to wipe the port clean. Random discharge is controlled by
securing arc-shaped skirts to the bottom edge of the cutting chamber. The skirts also control airflow
and reduce the buildup of wet grass, improve dispersion, and minimize port plugging. Another
method used to control random discharge is to locate the edge of the Guardian cutting chamber well
below the blade tips at most points, so that a randomly expelled object generally can assume a rising
trajectory only after ricochetting off the ground, and the resulting injury will be less severe. A rear
safety shield was incorporated to act as a solid steel barrier between the rear deck and the ground.
The discharge area includes a safety interlock switch that stops the engine whenever the cover is
opened.

The Guardian was then tested using the safety dispersion test developed by Toro
Manufacturing Corp. In this test, the rotary mower is adjusted to a 1.5 in. cutting height and secured
over an endless belt covered with artificial grass. Encircling the mower is an octagonal framework
holding cardboard panels of double wall 350# cardboard. Test pieces are placed on the belt, which is
actuated to convey the pieces beneath the mower. The test pieces are sucked up, struck and thrown
by the rotary blade towards the cardboard panels. Damage to the panels is noted and used to study
the discharge characteristics of the mower. Both the Guardian prototype and the Toro Whirlwind
rotary (mower without modifications) were tested and the results indicated substantial safety
improvement in all of the three major categories of lawnmower accidents. The Guardian was
approximately equal to the Whirlwind in grasscutting abilities (Ref 8).

In another paper, McConnell, W., and Knapp, L., collected injury related data on accidents
involving rotary power lawnmowers (Ref 13). The victims were interviewed for about 30 minutes by
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the investigator and the accident scene photographed. Each accident was described in narrative
form. The investigator listed at the end of the report, the role that (1) man, (2) machine and (3)
environment played in the occurrence of the accident. McConnell and Knapp suggested the
following for the reduction of rotary mower accident injuries:

1. Animproved design that would decrease the velocity of the objects expelled through the
discharge.

2. Animproved design that would intercept the flight of an object thrown from the rotating
blade of the mower.

3. Further education of the operator in safe mowing practices.

4. A safer method for the removal or attachment of mower blades.

5. Animproved blade design to stop the blade automatically anytime the operator releases
the handle or leaves the seat; for example, opening the door of a washing machine stops
the agitator. Presently most mowers take between 60-90 seconds to stop after the mower
has been turned off.

In another publication, Prof. William Chancellor presents a comprehensive study on the cutting
of biological materials and specifically on the parameters of cutting performance, cutting mechanisms,
cutting process variables and the cutting characteristics of various materials (Ref 5). This study serves
as a good reference which can be used in mower blade design to compute the cutting power
requirements.

PATENTS

The Wood U.S. patent 3,690,051 dated Sept. 12, 1972, discloses a garden lawn mower blade
construction comprising a disc having a plurality of radially disposed cutting blades pivoted thereto.
The blades are positioned for cutting by centrifugal force but are pivotally retractable should they
strike an obstruction. Novel means are provided to retain the blades in a retracted and non-cutting
position after striking an obstruction in order to reduce the likelihood of serious injury to a user and of
damage to the mower or blade (see Fig 2.4).

The Joseph Dell U.S. patent 4,369,618 dated Jan. 25, 1983, discloses a safety rotary lawnmower
disc blade that uses a vacuum to draw flexible material to the cutting edge but will not suck up rigid
materials. Both the vacuum generating element and the cutting edge are located on the same side of
the disc (see Fig 2.5). The blade has four more or less tapered slots with their trailing edges
sharpened to do the cutting. The narrow ends of the shots are raised to create a vacuum.

The Leonard Miskiewicz U.S. patent 3,570,225 dated Mar. 16, 1971, discloses a safety shield for
a power driven lawn mower and control mechanism that is operatively interconnected between the
lawnmower and the safety shield. The control mechanism is operative to lock the shield and mower in
fixed positions relative to each other when the rear end of the mower is raised a predetermined
distance above the ground, and is also operalive to terminate electrical energy supplied to the power
source driving the mower, when the mower is so raised (see Figs 2.6 and 2.7).

The Anthony Engler U.S. patent 3,577,871 dated May 11, 1971, discloses a chain curtain
welded (or joined by some other means) to the mower housing. The curtain is made up of segments
of a chain, and each segment is individually secured to the housing. A wire rope (or similar means) is
passed through one of the lowermost links of each chain segment. This wire rope adds a certain
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Blades are positioned for cutting by the centrifugal force

Blades retract on striking an object

Fig2.4. U.S. patent 3,690,051, showing radial retractable cutting blades mounted on a disc



Top view

Blade with tapered slots

Side view
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Fig25. U.S. patent 4,639,618, Safety-Vac blade
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Fig2.6. U.S. patent 3,570,225, showing a safety shield that can move up and down as the mower is
raised or lowered.



Fig2.7. U.S. patent 3,570,225, showing the safety shield in its lowermost position
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rigidity to the chain curtain and helps in stopping or restraining the M.T.O. in its flight by absorbing
energy.

The D. Ramaker and R. Keller U.S. patent 3,297,513 dated Dec. 23, 1975, discloses a safety
shield mounted between two laterally opposed support wheels of a rotary lawnmower to block any
objects which may be hurled by the blade, and to prevent access to the operator's feet. The shield
comprises a panel hung directly from the wheel axle so that vertically adjusting the housing relative to
the ground does not alter the elevation of the lower edge of the panel relative to the ground (see Fig
2.8).

REPORTS

Mr. Quinner F. Williams, the Chief Engineer of the Insurance Division of SDHPT contacted
various states for the steps that they have taken to control M. T.O. accidents. In response to their
inquiry, SDHPT has obtained (from at least thirty different states) reports on mower equipment,
accident rates and the steps they have taken to reduce the number of M.T.O. accidents (Ref 2). A
brief description of the steps taken by these states to control M.T.O. accidents is documented in this
report:

1.  Restrict the Height of Cut

The States have unanimoniously reported that an increase in the height of cut reduces the
number of M.T.O. accidents. Some states have revised their specifications to limit the height of
cut to 6 inches (Ref 14, 15, 16) while others are in the process of doing so. This has been cited
as the single most important factor responsible for M.T.O. accidents. A popular recommended
height is six inches.

2. Chain Guards

Most states are now using chain guards to reduce the number and severity of accidents and
acknowledge its effectiveness. The average thickness of the chain link is 1/4 inch and the guard
may be either a single or double row chain guard. Some states have additionally reinforced the
chain guard with rubber belting for added protection (see Fig 2.9 and Ref 2), (Ref 10, 15, 17,
18).

3. Equipment Choice

Nearly all states have reported that flail mowers, though not as productive as the rotary mowers,
have proved to be the safest, and recommend the use of flail mowers in areas of high potential
for M.T.O. accidents; e.g., shoulders, medians and other areas. The State of New Jersey is
replacing its entire fleet of rotary mowers with flail mowers (Ref 19). The State of Oregon
reported that the maintenance operation cost of an 8 foot flail mower was less than that of an 8
foot rotary mower (Ref 20).

The State of Minnesota reported that the use of rotary disc mowers resulted in a twofold
increase in production over the sickle type with the M.T.O. problem still persisting (Ref 10). No
state has reported if they are using the pivoted type blade which folds back on hitting an object
or if they are using the dishpan type blade to tackle the problem (see Fig 2.10 and Ref 2). The
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Fig2.8. U. S. patent 3,297,513, shows a safety shield mounted between two laterally opposed
wheels of a rotary mower
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Fig 2.9. Mower with a chain guard (Ref 2)



Dishpan blade

Pivoted blade

Fig 2.10. Dishpan and pivoted type blades (Ref 2)
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manufacturers of the dishpan and pivoted blades claim that these blades help in reducing
M.T.O. accidents. Another development that should help in reducing M.T.O. accidents is the
automatic self-leveling adjustment on Rhino mowers which helps insure complete control over
the cutter at all times. A parallel linkage connects the rear axle and the cutter tongue to raise
and lower the cutter evenly. The cutter conveniently remains level no matter what cutting height
is selected (see Fig 2.11 and Ref 2).

Chemical Control

Some states reported the use of herbicides and retarders as having produced fair results and
are optimistic about this grass and weed control measure (Ref 4 and 10). The Oklahoma DOT in
1985 reported a cost of $ 8 to $ 9 per acre per treatment for chemical control and expects this
cost to fall by more than 50 percent with time (Ref 21).

Operator Training

Some states mention enhanced operator training by their supervisors or foremen to create an
awareness among the operators (Ref 5 and 22). in particular, the operators are instructed not to
leave the shop without the chains or guards on the machine and to make sure that the height of
cut is not reduced in the field. Operators are reminded that they must raise their mowers when
passing over side roads, intersections, and driveways to reduce the danger of M.T.O. accidents
(Ref 14). Mr. John Fisher, the chief engineer at Terrain King, informed the authors that in his
opinion a high number of M.T.O. accidents occur when operators pass over side roads,
intersections, and driveways without raising the mower. Some states report that operators were
found to reduce the height of cut from that recommended.

Cleanup

Cleanup prior to commencement of mowing operations especially around high hazard areas like
medians and shoulders is reported to be one of the measures undertaken to reduce M.T.O.
accidents (Ref 14, 17, 23). Experienced operators familiar with the terrain were used whenever
possible.
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CHAPTER 3. DATA ANALYSIS

Almost 150 accident reports for 1984 (April-December) were obtained, entered into a data base
and analyzed. The purpose of the data base analysis was to develop correlations between accidents
and variables (such as time of day and mower-motorist orientation) and hopefully to provide insight
into how and why M.T.O. accidents occur. Seven fields were set up: date and time of accident,
region of impact, type of mower, cost of damage, direction of travel and additional notes. Many reports
were incomplete and were left out. A total of 111 records were used to perform the final analyses.

ACCIDENT CLAIMS COSTS

A total of $20,488.57 was spent in payment of accident claims. The average cost per claim was
$184.58. The largest amount paid was $2,335.14 for damages to a new recreational vehicle. A large
number of claims were not followed up and no money was paid.

WEATHER CONDITIONS

The weather conditions did not appear to have any effect on the number of accidents. Since,
the grass is not being mowed during inclement weather, almost all of the accidents occurred during
dry, sunny, and clear days.

TIME OF DAY

The time of day does seem to have some correlation to the number of accidents, but its
significance is questionable. A table of the number ot accidents during each hour in the day is shown
in Fig 3.1. The question is if any reduction in the number of accidents is due to fewer motorists or
fewer mowers being operated. There were very few accidents occurring before 9 am. It is possible
that there were fewer motorists in the morning. The number of accidents also fell during the noon
hour and after 4 pm. This lull was probably due to a decrease in the number of mowers. The largest
number of accidents occurred in the early afternoon. This was most likely to be due to a large number
of both motorists and mowers.

TIME OF MONTH

There were not any accident reports for the months of January through March. The summer and
fall months experienced the largest number of accidents, as shown in Fig 3.2. This is believed to be
jointly due to the increased growth of grass and the increased number of motorists. Fewer accidents
were reported in the winter and spring months, presumably due to a decrease in mowing activity.
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TYPE OF MOWER

The most widely involved brand of mower was the Terrain King. Sixty-four Terrain King mowers
were involved in accidents, as shown in Fig 3.3. There were 6 other miscellaneous mower accidents
consisting of slope mowers, flait mowers, and edgers. Small riding or push mowers were also
responsible for 15 accidents, mostly involving parked cars. The second largest group consisted of 30
other flex-wing mowers of various brands. These results should not imply that the Terrain King is the
most dangerous. Tables 3.1 and 3.2 show that about 25 percent of the mowers used by the SDHPT
are Terrain King, but only 14 percent of them were involved in accidents. Due to the large number of
Terrain Kings, any modifications should be designed for this model.

VEHICLE REGION STRUCK

Figure 3.4 shows that windshields were hit over 39 percent of the time. The second most
vulnerable place was the right side of the vehicle with 33 hits. The left side was also hit 19 times.
Even the roof and underside were not immune to damage with 10 hits. Five rear windows were also
struck while parked in parking lots. Most people only received a shower of glass when their windows
shattered, but there were a few incidents of personal injury. Most of the damage was caused by rocks,
but other debris, such as concrete, metal, wood, and an armadillo, was also thrown.

DIRECTIONS OF TRAVEL

Five directions were used to classify the positional relationships between the mowers and the
cars (see Fig 3.5). The largest number of accidents (39) occurred with both vehicles traveling in the
same direction and with the car to the left of the mower. The second largest group also consisted of
vehicles traveling in the same direction, but to the right of the mower. Twelve vehicles were struck
while traveling in the opposite direction, and to the left of the mower. Almost the same number were
hit while traveling in the opposite direction and to the right of the mower. Six accidents occurred while
the mower and car were perpendicular to each other. The remaining records did not list vehicle
position.



1.8% OTHERS

13.5% SMALL
MOMERS

27% OTHER BAT-
WINGMOWERS

57.7% TERRAINKING
BAT-WING MOWERS

Fig 3.3. Mowers involved in M.T.O. accidents
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CLASS CODE

130010
130010
130010
130010
130010
130010
130010
130010
130010

130020
130020
130020
130020
130020
130020

130030

132010
132010
132010
132010
132010
132010
132010
132010
132010
132010
132010
132010
132010

132020
132020
132020
132020
132020
132020

132030
132030
132030
132030

TABLE 3.1. LIST OF MOWERS USED BY SDHPT

95
202
310
609
611
612
662
758
769

127
172
310
570
612
662

201

118
127
265
299
310
429
609
611
769
790
843
855
966

310
609
611
769
843
966

368
429
611
987

MAKE CODE

(Brillion)
{Danco)

(Ford)
{(Mohawk)
{(Modern, Inc.)
(Mott)
(Perfect)
(Safety Shear)
(Servis)

(Caldwell)

(CMC)

(Ford)

(Mathews, Corp.)
(Mott)

(Perfect)

(Dandl)

(Bush-Whacker)
(Caldwell)
(Engler)
(F&F)

(Ford)

(IHC)
(Mohawk)
(Modern, In¢.)
(Servis)
(SMC-Mowal)
(Terrain-King)
(Toro)
(Woods)

(Ford)
(Mohawk)
(Modern, Inc.)
(Servis)
(Terrain-King)
(Woods)

(Gravely)
(IHC)
(Modern, Inc.)
(Yazoo)

NUMBER OF UNITS

0 ~ -



132040
132040
132040
132040
132040
132040
132040
132040
132040

134020

TABLE 3.1 - - continued

36
127
265
610
719
769
834
843
966

611

(Astron Corp.)
(Caldwell)
(Engler)
(Mowall)
(Rhino)
(Servis)
(TCM)
(Temrain-King)
(Woods)

(Modern, Inc.)
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TABLE 3.2. CLASSIFICATION OF MOWERS

(FROM TACS SYSTEM - TABLE TEOS001 PAGE 9 9/30/85)

ARGUMENT VALUES

(130010)
(130020)
(130030)
(132010)
(132020)
(132030)
(132040)
(134010)
(134020)
(135010)

(135020)

RESULTS VALUES

(MOWER, LIFT OR TRAIL TYPE,
(FLAIL,5TO 7 FT.

(MOWER, LIFT OR TRAIL TYPE,
(FLAIL, 7 TOQ FT.

(MOWER, LIFT OR TRAIL TYPE, COMB
(FLAIL, 14 FT. (FOR TRACTOR MTG.)

(MOWER, LIFT OR TRAIL TYPE,
(ROTARY,5TO 7 FT.

(MOWER, LIFT OR TRAIL TYPE,
(ROTARY,7TO9 FT.

(MOWER, LIFT OR TRAIL TYPE,
(ROTARY SWING ARM

(MOWER, TRAIL TYPE, ROTARY, 9
(FT. AND GREATER

(MOWER, LIFT OR TRAIL TYPE,
(REEL,5 TO 7 FT.

(MOWER, LIFT OR TRAIL TYPE,
(REEL, 7 TOOS FT.

(MOWER, SELF PROP., RIDING,
(FORWARD MOUNT, ROTARY, UP T0 60"

(MOWER, SELF PROP., RIDING,
(FORWARD MOUNT, ROTARY, 60" CUT



Fig 3.4. Regions of impact
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CHAPTER 4. IDEAS FOR DESIGN MODIFICATION

This chapter explores possible alternative designs to solve the problem of mower-thrown-object
accidents. The initial ideas generated for design modifications can be found in Ref 24. The
alternative designs are divided into three parts. Part | contains proposed additions to the current
mowing standards (see Appendix C). Part Il describes equipment and modifications to equipment that
are currently available. Finally, Part Il considers original ideas as well as original modifications to
existing equipment. The goal of all alternate designs is to reduce M.T.O. accidents at a reasonabie
cost.

PART I. STANDARDS
rict Minim igh r nch

Present mowing standards suggest grass cutting heights between 3 and 7 inches, depending
on the grass. When the cutting height is low (3 or 4 inches), the probability of producing M.T.O.'s
increases greatly since the mower blade is closer to the ground and closer to rocks on the ground. If
the mowing height is made standard at 6 inches, it would be beneficial in several ways. First, it would
save time since the mower cutting height would never have to be adjusted. A 6 inch cutting height
would also raise the mower high enough to miss most rocks and debris that litter the ground. In
addition, cutting grass too low in hot climates like Texas is bad for the condition of the grass and
requires more watering. However, setting the cutting height at 6 inches may require the grass to be
cut more often. A six inch cutting height is currently standard in many states.

r nly i d i

Statistically, most M.T.O. accidents occur in the mid-afternoon when traffic is heaviest (see
Chapter 3). Thus, if mowing is restricted to the early morning there should be fewer accidents
because there would be fewer motorists on the road to hit. The obvious disadvantage to this
suggestion is the time constraint it imposes on the mowers. Mowers would have less hours per day to
mow, thus it would take more days to finish a job.

rate Mowers i irecti i t Traffi

Statistically, most accidents occur when the mower is traveling with the flow of traffic (see
Chapter 3). This is because objects thrown from the mower travel in a path toward oncoming traffic.
Thus, if mowers were required to cut in a direction opposite to that of traffic flow, many accidents could
be avoided. When objects are thrown out in this direction, they will be traveling with the flow of traffic,
thereby decreasing their impact velocity.

Use Herbicides to Control Grass in Rocky Areas

Rocky areas are defined as areas around guard rails and sign posts in addition to terrain that is
rocky. Inthese areas it is better to control the grass with a herbicide than to cut it since there is a high
possibility of rocks being thrown if mowers are used. However, herbicides are more time consuming
to apply and do not always kill the desired vegetation. Herbicides will also harm the environment if not
used properly (i.e., run-off).
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PART Il. AVAILABLE EQUIPMENT AND MODIFICATIONS

Mower manufacturers have equipment and modifications to equipment available that could help

reduce M.T.O. accidents. This equipment may come as a standard feature on their mowers, or they
can be retrofitted onto existing mowers. Some of these features are already present in the SDHPT
mower purchase specifications (see Appendix D). The equipment effecting M.T.O. is classified under
blade designs and guarding equipment.

(A)

(B)

(C)

(D)

(E)

lade Design

Straight Blade
Currently the majority of bat-wing mowers are equipped with straight blades. The blade is made
of 5160 heat treated steel (see Fig 4.1). The advantages of the straight blade are:

1. The blades are reversible for added service life.

2. The blades are inexpensive to replace.
Unfortunately, due to the heavy weight of the blade, larger objects are more likely to be thrown
from under the mower. These thrown objects could cause serious damage.

Lift Blade

This blade design is an alternative to the straight blade used on the bat-wing mower. Since the
cutting edge of the blade is pitched (see Fig 4.1), it will create lift and produce a greater cutting
efticiency. However, this blade will provide a greater surface area for contact with large objects
thus creating potential for mower thrown objects.

Double Pivoted Flat Blade

This blade has two pivoted points: one at the drive shaft hub and the other at the cutting edge
(see Fig. 4.1). When the blade rotates, centrifugal force will hold the blades in position. The
advantages of the double pivoted blades are:

1. The addition of the pivoted cutting edge permits the blade to retract back upon striking an
object which it cannot cut.

The blade is available either as a pitched blade or straight blade.

The impact and cutting force of the blades are increased.

The horsepower requirements are reduced.

The cutting blade is inexpensive to replace.

e

This type of blade was introduced by Terrain King in the 1950's but due to complaints of
increased maintenance over the conventional blade, the blade was withdrawn from production
and became an optional item. In addition, the double pivoted blade assembly is more expensive
than conventional blades.

Dishpan Blade

This blade is expected to be safer to operate with respect to M.T.O.'s since the center section is
a disk which does not have any effective rock hitting surface (see Fig 4.2). The dish blade aiso
possesses a greater rotational energy, due to its greater mass, than the bar blade, which
increases its cutting efficiency over the bar blade. However, dishpan blades do cost more than
bar blades.

Trailing Edge Blades



LIFT BLADE

DOUBLE PIVOTED
" BLADE ASSEMBLY

Fig 4.1. Blades currently available for bat-wing mower
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DISHPAN BLADE

BAR BLADE

Fig 4.2. Dishpan and bar blade carriers (from Rhino cat. #: L-FWC-0884-5W-SWCQG)
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The trailing edge blade is a blade that has a slanted cutting edge. The blade is designed so that
objects hitting the blade would be more likely to glance off the blade instead of being shot
straight ahead after impact. The blade also incorporates a change in its center of gravity so that
the reaction force the blade would have to overcome upon impact would be less. This would
cause the blade to retract sooner than a conventional double pivoted blade. The blade is made
of 5160 heat treated steel (see Fig 4.3).

Using the blade with a dishpan would optimize the effectiveness of the blade to reduce mower

thrown objects (see Fig 4.4). If the blade strikes an object, the blade would retract and create a

flush surface with the dishpan. This would prevent objects from being thrown by a bat-wing

mower. However, the disadvantages would be:

1. Higher cutting speeds may be required to maintain cutting efficiency.

2. The cost of manufacturing this blade assembly could also be high if none were already
available.

Note that the trailing edge blade can also be used on a double pivoted blade assembly.

rdin i

Side Skirt

Side skirts are metal panels which attach to the sides of mowers to prevent material from flying
out (see Fig 4.5). Skirts are only used on the sides because an opening is needed in the front
and the rear of the mower for grass to enter and exit. Side skirts are designed to drag along the
ground as the mower is being puiled. This creates a seal between the skirt and the ground that
prevents M.T.O.'s from exiting. However, dragging the skirt increases the power requirements
needed to pull the mower since extra drag is introduced. Maneuverability of the mower may also
be hampered. Most mowers are equipped with replaceable side skirts as standard equipment.

Automatic Self-Leveling Mower

This device helps the mower conform to the contour of the ground, thus reducing gaps and
openings from which M.T.O.’s can fly out (see Fig 4.5). This feature is appearing on many of the
newer mowers being produced. The increase in costs for the addition of this feature can be
high.

Existing Mower Chains

Safety chains help prevent rocks from flying out (see Fig. 4.6). They are hung along the sides of
mowers and in places where skirts can not be used. Chains are the most common solution to
M.T.O. accidents. Safety chains usually provide adequate protection from M.T.Q.'s, especially
when hung in double rows. However, M.T.O.'s sometimes have enough velocity and
momentum to actually kick up the chain and exit the mower. Chains also barely touch the
ground, so going over bumps or uneven terrain would create holes in the wall of chains for
M.T.O.'s to exit.

PART lll. ORIGINAL IDEAS AND ORIGINAL MODIFICATIONS TO EXISTING IDEAS

The following are original ideas generated by the design teams to meet our design requirements

for reducing M.T.O. accidents. The ideas are classified under blade modifications and alternative
guarding equipment.
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CHAINS

Fig 4.6. Existing mower chains
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(A)

(B)

(C)

(D)

rnati | i

Reduced Mass Blade

A major problem with the blades previously discussed is their mass. A reduction of the mass of
the blades would decrease the amount of energy transferred to objects thrown by the mower.
Reduction of blade mass could be accomplished by:

1.  Drilling holes to remove mass from the arm of the blade (see Fig 4.7).
2. Replacing the arm of the blade with different materials such as aluminum alloys and
fibre-reinforced epoxy materials (see Fig 4.7).

However, the structural integrity of the blade may be destroyed if holes are drilled. Using
different types of materials for the arm of the blade, may make the biade weak or not durable
enough to withstand the impact caused by a blade striking an object.

Blade Assembly with Three Blades
This blade configuration uses three smaller blade assemblies (see Fig 4.8). This blade
configuration replaces the typical blade assembly used on the bat-wing mower.

By using more blades to mow, the mass of each blade can be reduced. This would then cause
less energy to be imparted to an object when struck by the rotating blades thus preventing
objects form being shot out from under the mower. Unfortunately, by using more blade
assemblies, the assembly would require more mechanical linkages. This results in a greater cost
to manufacture and maintain once in operation.

Increased Lift Blade

Rocks hitting a lift blade would be deflected upward. The rocks would hit the mower casing
instead of being shot out in a horizontal path. Increasing the blade pitch would also increase the
lift created by the blade thereby standing the grass up to be cut. The increased lift would also
blow the cut grass upward, so as to not clog the mower blades. However, increasing the pitch
increases the rotating profile of the blade from a line to a rectangle. The new blade would have a
greater surface area in which to hit objects which is undesireable. The cost of manufacturing
these blades could also be high if none were already available.

Wire Blade

A nylon wire blade would transmit much less energy when it hits a rock than a rigid steel blade
(see Fig 4.9). Thus, a rock hit with a nylon blade will not have much energy to travel far or to
cause M.T.O. accidents. However, this blade does not produce a lift. A regular mower blade has
a slight pitch that creates a lifting force that stands the grass up, making mowing easier and more
efficient. The nylon blade also does not have enough energy and inertia to cut very large plants.
This could be remedied by using a more massive wire, for instance, one made of steel. However,
broken pieces of the steel wire would be as dangerous as any M.T.O.

rdin i

This area explores the adaptation of floating skirts and deflectors. These devices could be

designed and retrofitted to the existing bat-wing mower. Some of the following ideas were tested on
a scale model; details can be found in Lu, Peng and Rao (Ref 2).



HOLES TO REDUCE
MASS OF BLADE

ALUMINUM,
FIBER REINFORCED MATERIAL

STEEL CUTTING EDGE

DOUBLE PIVOTED

BLADE ASSEMBLY

ARM COMSTRUCTED OF
ALUMINUM ALLOY, OR
FIBER REINFORCED MATERIAL

Fig4.7. Altemate holes drilled and different materials used
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Floating Side Skirts

The floating side skirts would be made of metal or rigid synthetic material which would be
attached to the side of a mower. The skirt could only be used on the sides because an opening
is needed in the front and rear of the mower for grass to enter and exit properly (see Fig 4.10).
The advantages of the floating side skirts are:

1.  This would allow the skirt to be bolted to the existing stationary side skirt.
2.  Side skirts would have the ability to conform with the terrain during mowing.
3.  Side skirts would prevent debris from being thrown out from under the mower.

However, the floating side skirts may have limited degrees of freedom thus possibly inhibiting
the mower from turning shamply.

Rear and Front Stand-Off Deflectors
Stand-off deflectors would be mounted on the front and rear of the bat-wing mower {(see Fig
4.10). The advantages of the stand-off deflectors would be:

1.  Materials could be made of double-linked chains, rubber flaps or fibre-reinforced material.
2.  Cutting effiiciency would not be hindered.
3.  Objects thrown out of the mower would be deflected downward.

The disadvantages would be:

1.  They could be damaged by hitting stationary objects, due to irresponsible operators.
2.  Possible matting of the grass could occur before cutting.

Mower with Dragging Canvas

A fabric curtain is constructed out of canvas or tougher material (see Fig 4.11). The curtain is
then bolted to a frame over the trailing edge of the mower. The frame can be raised and lowered
for ease of mower movement. As the mower is operating, the curtain is lowered and allowed to
drag along the ground. The main idea is for the curtain to be long enough so that rocks that hit it
will stop and drop to the ground. The curtain is also dragged over grass cuttings so as to not
inhibit the exhaust of grass and clog the mower blades. The problem with this idea is finding an
optimal length of curtain to trail and finding a fabric tough enough to withstand dragging on the
ground. This idea is only applicable in preventing objects from coming out the rear of the
mower,

Mower with Rubber Skirt

Hanging a skirt completely around the mower would prevent objects from flying out from any
direction (see Fig 4.12). The solid rubber skirt is also more rigid than the flexible chains, so the
chance of an object striking the skirt and exiting is lessened. The disadvantage of this idea is
that while the skirt may prevent rocks from being thrown out of the mower, it may also prevent
grass from properly exhausting. This would make the grass collect under the mower and clog
the blades. The skirt may also, as the mower goes over the grass, have a tendency to mat the
grass down instead of cutting it.

Mower with Port
A port cut in the top of the mower casing would provide an exit for cut grass (see Fig 4.13). The



Front stand-oft

deflector

Rear stand-oft

Floating side skirt

deflector
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Fig 4.10. Protective external equipment instalied on bat-wing mower
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RUBBER SKIRT —

Fig 4.12. Mower with rubber skirt
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cut grass is light so it can be blown through the port by the lift created by the mower blades. The
M.T.O.'s are heavy so they would just hit the sides of the casing instead of being blown out
through the port. This idea would not work in places where the cut grass is heavy. The cost to
modify the mowers may also be another limiting factor.

Mower with Ducts -

A duct system constructed under the mower casing would allow the operator more control over
the exhaust of grass, making mowing more predictable (see Fig 4.14). The modification should
be simple to make to existing mowers. Thin strips of steel railing are welded to the top of the
mower casing. The exhaust grass could be aimed away from traffic as mowing is taking place.
Modification costs should be low. Basic costs would be for the steel strips and the labor to weld
it. Model testing and field testing would have to be done to find the required shape and position
of the ducts.

Mower with Baffles

M.T.O.'s may be hit repeatedly between the mower blade and the mower casing before it is
finally shot out (see Fig 4.14). The M.T.O. builds up energy on being hit back and forth between
the casing and the blade. A baffle system built into the casing could trap the rocks and keep
them from bouncing around. This baffle could be easily constructed by welding a piece of steel
to the inside of the mower casing . The entire casing of the mower could also be lined with a
shock absorbing material to dissipate energy that rocks get when they do get hit. However,
finding a material that is sturdy enough for this application may be difficult.
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Fig 4.14. Mower with baffle and ducts



CHAPTER 5. DESIGN OF FIELD EXPERIMENTS

All experiments were performed at the Balcones Research Center firstly to determine what type
of objects are hit by bat-winged mowers and secondly to find what happens to these objects-once
they are hit. A field was mowed so that an area of about 400 feet by 600 feet could be used. The
Service Center at the Balcones Research Center was used for fuel, supplies, and for tools needed in
changing the blades. The experiments were performed to determine the effects of the following
variables:

» Object size

» Object mass

« Location of object's entry under mower

» Direction on mowing (forward, backward)

» Chain and cable guards (with, without)

While adjusting those variables, blade height, blade type, and blade speed were held constant. Data
determined from the experiments are as follows:

« Distance traveled by mower-thrown-objects

« Direction traveled by object with respect to the mower.

This data enables the variables of size, mass, and entry point to be related to the distance and
angle of the object's path. Also, the angle of travel allows the determination of the object's
approximate exit point from the mower.

OBJECTS TESTED

Rocks are the most common type of objects hit by SDHPT mowers and are dangerous when
thrown because of their weight. Therefore, rocks are important objects to be used for testing. Cans
and bottles are also common objects encountered during mowing. However, it was found during
preliminary testing that cans weighted with sand tended to get cut instead of being thrown. It is
believed that bottles too get shattered instead of being thrown. Bottles were not used for tests
because of the danger of splintered glass covering the test area. Other common objects considered
were rubber pieces, wire and wood blocks. Rubber is not considered very dangerous as a thrown
object while wire is quite the opposite. Wire tends to wrap itself around the blade and fly off at a later
time unexpectedly. In addition wire wrapped around the blade near the shaft can cause damage to
the gear box bearing seal. Wood pieces are commonly encountered during mowing and are hit by the
blade and thrown long distances. Also wooden blocks are easily available and their size can aiso be
easily controlled which makes them ideal test objects.

On the basis of the above considerations, wooden blocks and rocks were chosen as test
objects. The wooden blocks used in extensive testing are pressure treated cedar measuring 3-1/2
inches x 3-1/2 inches x 4 inches. Two types of rocks were used in preliminary testing. The first type of
rock was three to five inch limestone rip rap. These rocks gave positive results in preliminary tests and
are very common in Texas. The second rock type was 1-1/2 to 4 inch bull gravel. This type of rock was
found to be too small to be hit by the mower blade. Therefore, of the two types of rocks, only
limestone rip rap was used in the extensive testing.
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Supplies used in the experiment are as follows:
» 3-1/2" x 3-1/2" x 4" pressure treated wooden blocks with a weight of about 1 pound.
» 3" to 5" limestone rip-rap with a mean weight of about 5 pounds.
« 1-1/27 to 4" bull gravel (preliminary tests only).
» Aluminum beverage cans filled with sand (preliminary tests only).

* Red, blue, orange, green, gray, brown, black, and white spray paint to mark the objects for
testing.

Preliminary testing indicated that two types of objects should be used; they are four inch cube
pressure treated wooden blocks and three to five inch limestone rip-rap.

MOWER AND MOWER MODIFICATIONS

The tractor used in the experiment was a model 2656 International Harvester. Based on the
M.T.O. accident reports of 1984, described in Chapter 3, it was found that eighty-five percent of the
accidents involved bat-wing type mowers. Terrain King mowers were involved in two-thirds of these
accidents. With this information a Terrain King mower furnished by Terrain King was used in the
experiments. The mower used was a Terrain King, model TK15-1V, batwing mower with lift blades and
a 15 foot cutting span (see Fig 5.1).

The working parts of a rotary mower consist primarily of a drive input shaft, a blade bar, and two
blades. The connection between the blade and the biade bar is critical to the safety and performance
of the mower (see Fig 5.2). This nut and bolt joint acts as a pivot about which the blade may swing. In
this way the blade swings back when it strikes a large or immovable object. The nut and blade bolt are
strong enough to sustain repeated shocks for the life of the blade, which is typically about eighty
hours of use.

In actual use, the biade very rarely swings back. The steel blade currently used has so much
momentum when rotating at the operating speed of about eight hundred revolutions per minute (or a
blade tip speed of about one hundred sixty five miles per hour) that only very large objects cause it to
swing back. Smaller objects may be thrown at speeds as high as the blade tip velocity. These are
usually deflected by the steel housing or chain guards on the mower. Those objects that are not
deflected are the source of mower thrown object accidents. The distance these objects are thrown
can be reduced by lowering the blade momentum. However, a minimum level of momentum is
necessary to maintain cutting efficiency.

To reduce the velocity of objects leaving the mower, small chain lengths are hung above
openings in the front and back of the mower. Chains are used on all bat-wing mowers and considered
to be the most effective means of reducing M.T.Q.'s. In field operation these chains are sometimes
missing or damaged. Therefore it is important to test the dangers involved in mowing without these
safety guards. Recently, mower manufacturers have strung cables through lower links in the safety
chains (see Fig 5.3). When an object strikes a chain the impact is distributed to surrounding chains.
But, like the chains, the cables are sometimes removed or torn off and not replaced. Therefore, it is
important to test the reduction in safety associated with the absence of these cabies. To study the
effectiveness of existing safety devices on bat-wing mowers, three test conditions were considered:
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TORQUE ITEM #7 TCRQUE 1TEM #3
to 250 F7. LEBS. to 250 FT. LBS.

ITEM PART NO DESCRIPTION QT
1 00752142 BLADE BAR 1
2 00750787 RIGHT WING UPDRAFT BLADE 2

00750788 LEFT WING UPDRAFT BLADE 2
3 00735900 BLADE BOLT 2
4 00748000 LCCKWASHER 2
5 00747900 NUT 2

6 00606200 WASHER 1
7 00606100 CASTLE NUT 1

8 00751130 W1RE RETAINER 1
ITEMS LISTED BELOW ARE OPTIONS AND ARE NOT ILLUSTRATED

9 00752152 STUMP JUMPER ASSEMBLY - RIGHT WING REF

10 00752153 STUMP JUMPER ASSEMBLY - LEFT WING REF

THESE ASSEMBLITS CONSIST OF STUMP JUMPLR PAN WELDMENT,
BLADES AND ALL ITS HARDWARE

Fig 5.2. Blade bar assemblies



Fig 5.3. Satety cable through chains
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{1) mowing with chains and cables
{2) mowing with chains and without cables
{3) mowing without chains and without cables.

EXPERIMENTAL PROCEDURE

After preliminary testing of different objects by different methods, a set of final procedures were
developed to run the experiments. A level area of 400 feet by 600 feet was used for mowing in the
forward and backward directions using wooden blocks and rocks placed at predetermined locations.
The specific procedure to be following while conducting such tests is described below:

1.  Fifteen equally spaced stations along the mowing width are measured for placing the objects.
The stations are staggered along the path of the mower as shown in Fig 5.4. As the exact point
of each station is determined, the point is marked on the ground with paint. Also a straight line
for the tractor and mower path is painted.

2. Single objects are placed on the marked stations. Each object used in a run is painted a
different identitying color. All stations are not used in each run. The odd numbered stations are
used in the first run and the even numbered stations are used in the second run.

3. The tractor is used in first gear with a power-take-off speed of approximately 540 rpm. The
cutting height of the mower is four inches. With these things set, each run consists of running
over the staggered formation of even or odd numbered stationed objects once.

4.  Objects that are hit by the mower are watched and found. By locating the object and referencing
its original position, the distance of travel is measured to within an accuracy of five feet and the
angle of travel is estimated to within 10 degrees. This data is recorded on charts as shown in
Allen, Rinkevich, and Williams (Ref 25).

5. Many times an object would be hit and break into pieces, with the multiple pieces all being
thrown. In these cases data was recorded for partial objects which were at least an eighth of the
original size.

6.  Each trial consists of two runs {one each for odd and even stations). A test consists of four trials
in which the object used, mower safety equipment used and mowing direction are held
constant.

The tests are repeated under various conditions: with and without chains and cables; forward
and backward; and over level and uneven terrain. Uneven terrain could cause the blades of the
mower to cut into the ground thus throwing debris. Also, as uneven terrain is mowed the safety
chains and side shields may not touch the ground. As all of these conditons can affect safety, further
development of experiments to test these conditions is desirable.

The detection of the M.T.O.'s was achieved by using the impact and locate method. The impact
and locate method used to detect objects thrown from the mower assumed that the path of the object
is best approximated by a straight line between the original position of the object and a point detected
outside of the mower. The method involves pulling the mower over objects which are to be hit by the
mower and locating the objects on the ground after they are thrown. This method requires a large
open area and is dangerous in that there is no way to control or contain thrown objects. The
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advantage of this method is being able to determine how much energy is imparted to the object by

measuring how far the object travels. By tracing the path between beginning and ending points, the
relative exit position on the mower is also determined.



CHAPTER 6. RESULTS OF FIELD EXPERIMENTS

Using the experimental procedure described in the previous chapter, raw data was obtained for
both rocks and wooden blocks in each of the four types of tests: forward with safety devices,
backward with safety devices, forward without cables, and forward without chains; see Allen,
Rinkevich, and Williams (Ref 25) for details. For each object hit and thrown the data gives two
significant pieces of information viz, distance and direction. Distances are used to measure energy
and thus compare the relative satety observed in each test. Direction of travel is used to locate the
exit point and thus indentify problem areas of the mower. Additional information is obtained from
observable evidence with regard to safety in mowing rough terrain and in raising or lowering of the
mower's wings. The nature of the results obtained are discussed in the last section of this chapter.
Details of the fabrication of reduced mass blades and results of field tests using them can be found in
Bassignani, Lim, and Martinez (Ret 26).

PROCESSED DISTANCE DATA

Average distances are tound over four trials and charted for each of the fifteen stations on each
of the four tests. These averages are charted for rocks and for wooden blocks. Maximum distances
are also found for each of the fifteen stations on each of the four tests. This is done similarly for rocks
and for blocks.

For forward testing with blocks, distance of travel is plotted for each of the fifteen stations and for
each of the four trials (see Fig 6.1). Trials are consistent except at stations 3 and 15. Although
distance traveled usually can by predicted after several trials, this graph shows the possibility of an
occurrance of an object traveling a long distance.

. ison of Backward and F. | Mowi

(A) Average Distances for Blocks
Figure 6.2 allows backward and forward testing to be compared using blocks and their average
distances. In 11 of the 15 stations, blocks travel a higher average distance in the backward
testing. Also, the two highest averages are found in the backward testing (nearly 50 feet in
stations 5 and 6).

(B) Maximum Distances for Blocks

The bar chart of Fig 6.3 compares forward to backward testing for blocks by taking into account
their maximum distances. Testing forward produced the largest distance traveled (102 feet), but
backward testing produced a longer maximum distance in 10 of the 15 stations. Also, backward
testing has ten maximums over 25 feet compared to eight maximums over 25 feet for the forward
testing. This is better seen by considering the average of the maximum at each station. For
forward testing the average of these maximums is 37.5 feet and for backward testing it is 42.8
feet.

(C) Average Distances for Rocks

The bar chart of Fig 6.4 compares forward to backward testing with rocks using the average
distance traveled at each station. Rocks consistently travel farther on the average in backward
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(C)

testing; have greater averages in 8 out of 12 stations. Also, three times in backward testing, the
average is over 50 feet. This is compared to only once that the average is over 50 feet for the
forward testing .

Maximum Distances for Rocks

In testing with rocks and using maximums, forward and backward tests are compared in Fig 6.5.
Backward testing has a higher maximum in almost every station. Backward testing also has
maximums over 50 feet four times. This is compared to the one time in forward testing in which
the maximum is over 50 feet. The greatest maximum in backward testing is 200 feet, nearly three
times the greatest maximum found in forward testing. The higher maximums in backward testing
for rocks become even clearer if we look at the average of the maximum at each station. The
average of these maximums for forward testing is 22.4 feet and for backward testing it is 66.6 feet,
or three times that for forward testing.

Thus, in all data for testing with both rocks and blocks in forward and reverse, the conclusion is
reached that backward testing causes objects to be thrown farther than does forward testing.
Both the data for maximum and average distance traveled support this conclusion.

. . { Test Results With and Without Safety Equi

Average Distances for Blocks

Figure 6.6 allows for the comparison between three tests: (1) with all safety devices, (2) without
the cables and (3) without the chains. This figure is a bar chart showing averages at each station
for blocks in a forward test. Testing done without chains has the highest averages in 12 out of 15
stations. This test also has the 10 highest averages overall. In addition, the average is 270 feet at
station 15 or nearly seven times any average in any of the other tests. Comparing testing done
without cables to testing done with all safety devices, it is seen that in 9 stations out of 15 the
testing without cables produces a higher overall average of the two tests. Also, the tests without
cables have the higher overall average of the two tests (nearly 50 feet).

Maximum Distances for Blocks

The bar chart of Fig 6.7 compares maximum distances traveled in testing done with blocks for the
conditions of without cables, without chains, and with all safety devices. Testing without chains
has the greatest maximum in 13 of the 15 Stations. It also has seven maximums over 100 feet. In
contrast, testing without cables and testing with safety devices has one and zero maximums over
100 feet respectively. Comparing testing done with all safety devices to testing done without
cables, it is found that testing with safety devices has the higher maximums of the two tests in
seven stations and that testing without cables also has the higher maximums of the two tests in
seven stations.

The trends between these tests for blocks can also be seen by looking at the average of the
maximums (see Ref 25, Appendix B). In testing done with safety devices, the average of the
maximums is 37.5 feet, in testing without cables it is 36.1 feet, and in testing without chains it is
88.8 feet. Thus, in tests using blocks, testing without chains clearly has the highest maximums
while testing without cables and testing with all safety devices have about equal maximums.

Distribution of Distances for Blocks

Figure 6.8 is a distribution chart which places each object hit into six distance ranges and gives
the percentages of total objects hit in each range. In this figure it is seen that a large percentage
of the blocks hit in testing without chains go a long distance. Four percent of the distances
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traveled by the blocks in this test are over 151 feet, 23 percent are over 101 feet, and 35 percent
are over 81 feet. In comparing this with the travel distances for blocks in testing with all safety
devices, it is seen that 3 percent are over 81 feet and none of the distances are over 101 feet. If a
comparison is made between testing without cables to testing with safety devices little difference
can be seen in percentages of objects hit into each of the six distance ranges.

Average Distances for Rocks

Average distances for testing with rocks are compared in Fig 6.9 for the tests of safety devices
used, without cables, and without chains. Testing without chains produces the highest average
in 9 of the 13 stations. Furthermore, testing without chains has averages over 50 feet in five
stations. This is observed for each of the other tests in only one station each. When comparing
averages of testing without cables to testing with safety devices, it is noted that in four stations
testing without cables has averages over 20 feet; this is observed in two stations for testing with
safety devices.

Maximum Distances for Rocks

The bar graph of Fig 6.10 is a comparison of maximum distances traveled by rocks in each station.
Shown in this graph are testing with safety devices, testing without cables, and testing without
chains. in 9 of 12 stations in which the averages are non-zero, testing without chains has the
greatest maximum. It also has 5 of the 6 overall highest maximums, all of which were over 100
feet. Testing without cables has the highest maximum (250 feet) of the three tests. This
maximum is three times the highest maximum in testing with safety devices. However, the testing
without cables and the testing with safety devices are equal in the number of stations in which
one test has a higher maximum than the other (6 stations to 6 stations).

Once again the average of the maximums at each station is computed to gain a clearer
perspective in comparing the maximums. For testing with rocks the average of the maximums is
22.4 feet when all safety devices are used, 75.0 feet when cables are not used, and 116.1 feet
when’'chains are not used (see Ref 25, Appendix B). Therefore, the test without chains
consistently produces the highest maximums. In addition, testing without cables produces
higher averages of the maximums than does testing with the safety devices due to the unusually
high maximum of station 10.

Distribution of Distances for Rocks

Figure 6.11 groups each object hit into ranges based on distances traveled and shows the
percentage of the total hit which fall into each range. Overall, it is seen that in testing rocks
without chains, 24 percent traveled over 101 feet and 68 percent traveled beyond 40 feet. This
is to be compared with 0 percent beyond 101 feet and 10 percent beyond 40 feet in testing with
safety devices, and 8 percent over both 40 feet and 100 feet for testing without cabies. It is seen
that nearly 10 percent of the rocks thrown in testing without cables travel beyond 51 feet, while
none of the rocks travel this distance in testing with safety devices. Also 33 percent of the rocks
in testing without cables traveled between 21 and 40 feet; whereas, only 10 percent in the
testing with safety devices fell into this range.

In summary, all testing done with rocks and blocks give the result that operation of the mower
without chains will produce the longest object travel. This is supported by maximum distances,
average distances, and by the distance distribution. However, the distinction between using the
cables during operation and not using them is not as clear. For block testing, the results from
maximum distances and the distance distribution allows the conclusion that there is virtually no
difference between using and not using the cables. However, for blocks there is a slight increase
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in average distance when the cables are not used. For rock testing average distances and
maximums distances are slightly greater in testing without cables. The distance distribution also
supports the conclusion that rocks travel slightly farther without the cabies than with the cables.

PROCESSED DIRECTION DATA

For each test the direction of object travel was taken with its distance and made into a vector.
These vectors are placed at the object starting point in each station. All of the vectors in each test are
combined into a vector diagram. The outline of the mower is superimposed over the origin of each
vector so that an estimate of the exit point can be made. The length of the vectors do not necessarily
represent the actual distance traveled. In order to present the diagrams many longer vectors are not
shown to true length.

Vector diagrams are shown in Fig 6.12 and 6.13 for the base test which is the forward test with all
safety devices. The test with rocks has few objects exiting the mower but the objects exit out the rear
sections near the wheels (see Fig 6.12). The tests with blocks have many objects exiting the mower
and once again most exit out the rear near the wheels (see Fig 6.13).

The pie charts of Fig 6.14 and 6.15 allow for the numerical analysis of the vector diagrams. In Fig
6.14 rock test results are examined. Here 70 percent of the rocks exit the rear sections of the mowe<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>