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TO: Director, National Institute for Occupational Safety and Health
FROM: lowa Fatality Assessment and Control Evaluation (FACE) Program
DATE: March 5, 1999

SUBJECT: Youth farm worker is killed when he becomes entangled in PTO driveline of
an old grinder-mixer.

SUMMARY:

In January 1999, a 17-year-old high school

student working part-time for a dairy TR
farmer was killed when his clothing was ;
caught by the unshielded power take-off
(PTO) driveline of a grinder-mixer (see
Picture 1). He had been helping the farmer
add sacks of feed supplement to ground =
corn in the mixer. The task was almost ©
complete and the farmer was closing the
hammer mill cover while the youth stood
near the PTO driveline in front of the
flywheel.  Although the flywheel was
disengaged, the PTO driveline and @8
unshielded flywheel clutch were rotating at L
about 200 revolutions per minute (RPM). g
The farmer heard a thump, then noticed that § il
the boy had been caught and entangled g & Td e
around the driveline at the flywheel clutch. __ Unshielded Flywhe
He died instantly from severe head injuries. EESSSSSEEEE T ENS U RO VIV ==
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lowa FACE investigators concluded that, to

T Picture 1 — PTO-Driven Grinder-Mixer
prevent similar incidents, employers should:

#1:  ensure that PTO drivelines and other drive-line components are completely shielded to
prevent worker contact with rotating machine parts.

#2:  ensure that workers are trained to recognize the hazards of working near exposed
rotating machine parts

#3:  ensure that damaged machine components and systems are repaired and maintained in
proper working order.



INTRODUCTION

lowa FACE investigators were notified by an Institute for Rural and Environmental Health co-
worker about a PTO-related fatality which occurred in northern lowa in January 1999. The co-
worker had received the information from a radio news report. Additional information was
collected from the County Sheriff, County Medical Examiner and a machinery dealer. A site
investigation was conducted by two lowa FACE investigators in the beginning of March. The
farmer and his wife were interviewed about the circumstances of the fatal event and the
grinder-mixer was observed and photographed. The NIOSH Division of Safety Research was
also notified of this fatality by the United States Department of Labor, Wage and Hour
Division, and this report is produced in collaboration with NIOSH FACE staff.

The farm specialized in dairy production having 40 milking cows and 160 acres of cultivated
land. The farming operation produced its own feed corn, silage, and hay, and purchased
additional hay and concentrated feeds. No formal safety program or training was in place. The
victim, a high school student, was the only hired help at the time of the incident, although the
farmer had employed other youths in the past. The victim had worked regularly on the farm for
the last six months during his spare time from high school, and was, according to the farmer,
very cautious. The farmer had provided some instruction about safety hazards as they related
to the tasks being performed. Although the victim had operated a hay baler, wagon, and a
manure spreader, he was not familiar with all farm work and had declined to operate a skid-
steer loader when asked because he did not feel comfortable with the machine.

INVESTIGATION

At the time of the injury, the
farmer and the youth were mixing & %
feed wusing the PTO-driven g =
grinder-mixer to combine =
soybean-based protein supplement ®#
with ground corn. The grinder-
mixer, a 1970’s model, had been
bought used in 1988. It was B2
operated by a PTO driveline,
which was permanently bolted to &%
the grinder-mixer’s power-input
shaft (see Pictures 2 and 3).

Picture 2 — Hammer Mill Drive Train

The machine had two systems,
grinding (milling), and mixing.
To use the grinding system, one would engage the flywheel using the spring-loaded drive-pin
of the flywheel clutch mounted on the power-input shaft (see Picture 2 and 3). The flywheel
would then drive the hammer mill through a set of 12 V-belts. When disengaged, the flywheel
floated (remained stationary) on the power-input shaft, while the clutch mechanism, including
the spring-loaded drive-pin, rotated with the shaft. With the PTO engaged, the mixing system



operated at all times. A feed supplement hopper (see Picture 2) was normally used for adding
smaller quantities of feed supplements to the mix, however, the discharge auger for this hopper
had not worked properly since the

S L R ICER  farmer had purchased the machine,
* despite efforts to repair it.

Exposed Pins Caught
Victim's Jacket » /5

Since the supplement hopper did not
work, an alternate method was
- e s devised to supply material to the
SERLERIVIE mixing system. The hammer mill
LY cover and a sizing screen were
removed allowing feed supplement
ol to be poured manually into the
Implement end of 2 hammer mill housing. The hammer

S FTPO Driveline mill was not operated when this was
done. However, a discharge auger
at the bottom of the hammer mill

Picture 3 — Flywheel Clutch

housing was used to move the supplement to
the main hopper where it was mixed with grain.
The implement-end half of the driveline shield,
as well as the shield covering the flywheel, had
been damaged and removed by the farmer 10 o -
years prior to the incident. " Farmer's S
- Location

The grinder-mixer was parked inside a corncrib F
building with its driveline connected to the
PTO of a 66 kW (90 hp.) tractor. The tractor
was idling, and at idle speed the PTO driveline
rotates at about 200 RPM. The farmer and the
boy worked in the seven-foot wide space |
between the machine and the corncrib wall, %
lifting sacks of soybean-based protein -
supplement from the floor and carrying and

Standing'i.
emptying them into the hammer mill housing. ;

Here

Rotating PTO
Since the grinding system was not being used, (RMAEIE
the flywheel was disengaged, however the
unguarded clutch mechanism with exposed
drive-pin was rotating. After the farmer and | Picture 4 — Position of Farmer and Victim

the youth had loaded about 25 sacks of
supplement into the hammer mill housing, the farmer put the sizing screen back into a slot
inside the hammer mill, then closed the hammer mill cover. The youth was standing on the
farmer’s left side (see Picture 4), facing the flywheel with his left side close to the spinning
driveline. According to the farmer, while he was closing the cover, he suddenly heard a
thump, the tractor engine stalled, and he realized that the boy had been caught and wrapped



around the driveline. Evidence indicated that the unguarded drive-pin caught the youth’s
jacket just below the left pocket and he was instantly entangled.

CAUSE OF DEATH
The official cause of death from the County Medical Examiner was "decapitation™.
RECOMMENDATIONS / DISCUSSION

Recommendation #1: Employers should ensure that PTO drivelines and other drive-
train components are completely shielded to prevent worker contact with rotating
machine parts.

Discussion: The implement end of the PTO driveline, the flywheel clutch, and the flywheel on
the machine in this incident were unshielded. The shield covering the implement end of the
PTO driveline had been damaged and removed 10 years prior to the incident. The flywheel and
the drive-train components at the front of the machine had originally been guarded with a sheet
steel shield (see Picture 5). This shield had also been damaged and removed about 10 years
prior to the incident.

As previously stated, evidence indicates that the youth was standing near the rotating flywheel
clutch facing the farmer when his clothing was caught by the exposed clutch mechanism, most
likely the spring-loaded drive-pin. He was Killed instantly when he became entangled in the
PTO.

A total shielding system for a PTO driveline includes |
a tractor master shield, the PTO driveline shield(s) .
and an implement shield'. Additional shields may be A
necessary to protect workers from exposure to other | A
moving machine components such as flywheels, i
clutches, drive belts, and pulleys. For example, the
power-input shaft was mounted on the left side of the
hammer mill housing. Workers using the hammer §
mill for loading would be within only a few inches of
this rotating shaft. Standards for drive train shields
are contained in standards ASAE S318.13 and ASAE
S522.

Picture 5 — Flywheel Shield, Front

Recommendation #2: Employers should ensure that workers are trained to recognize the
hazards of working near exposed rotating machine parts.

Discussion: The victim’s knowledge of work-related hazards depended on verbal instruction
and observation of the procedures used by the farmer. The PTO driveline and flywheel shields

! The tractor master shield surrounds the power take-off stub shaft at the rear of the tractor. The driveline
shield(s) enclose the PTO driveline between the tractor and implement. The implement shield covers the end of
the power-input shaft on the machine being driven. All of these shields extend a sufficient length to cover the
entire driveline, including universal joints, clutches, overload protection devices, and driveline connections.



had been missing during the entire time (six months) the victim had been working on this
farm. Considering his age and experience, he may not have been able to recognize that the
missing shields created a hazard. Additionally, he had been working alongside an experienced
worker, the farmer, while both of them were near the exposed rotating machine parts.
Although the farmer recalled seeing demonstrations where mannequins were entangled and
destroyed by unguarded PTO drivelines, he stated he did not realize the seriousness of the
entanglement hazard when the tractor engine was operating at idle speed only. The PTO for
the tractor in this incident is rated 540 revolutions per minute (rpm) at 1,900-rpm engine
speed. At engine idle speed (about 700 rpm), the PTO shaft turns at approximately 200 rpm or
3.3 revolutions per second. Even at idle speed an entanglement would occur instantly. All
persons operating or working near PTO-driven machines should recognize the hazard of PTO
driveline entanglement and the need for complete driveline shielding systems. Workers should
understand that even when the driveline shielding system is complete, safe clearance should be
maintained to protect against being caught by undetected sharp edges of damaged shields.
Workers should receive training in machine-specific hazard identification for all machines
they are exposed to.

Recommendation #3: Employers should ensure that damaged machine components and
systems are maintained in proper working order.

Discussion: The discharge auger for the feed supplement hopper of the grinder-mixer had not
been operable for 10 years. While the alternate method of loading feed supplement into the
hammer mill hopper provided a means to mix the feed, loading at this location placed workers
closer to the rotating machine parts than loading at the supplement hopper. Also, the PTO
driveline was not the only unshielded rotating component on the machine. Although the
hammer mill was not being used at the time of the incident, and the flywheel remained
stationary, the power-input shaft mounted on the left side of the hammer mill housing was
rotating. This unshielded shaft was just below waist-level and within a few inches of a worker
loading material into the hammer mill. Loading the material from this location, near the
flywheel, may also have decreased the victim’s awareness of the need to remain clear of the
rotating driveline. Using the supplement hopper as designed would not have eliminated the
hazard from unshielded rotating machine parts, however it may have decreased worker
exposure by increasing the distance of the work area from the hazard.

Wayne Johnson, M.D. Risto Rautiainen, M.Sc.Agr.

Trauma Investigator (FACE) Coordinator

Institute for Rural & Environmental Health Great Plains Center for Agricultural Health
University of lowa -- lowa City, lowa Institute for Rural & Environmental Health

University of lowa -- lowa City, lowa
References:

ASAE S318.13 Safety for Agricultural Field Equipment

ASAE S522 Implement Input Driveline Guards — Test Methods and Durability Requirements
ASAE S207.11 Operating Requirements for Tractors and Power Take-Off Driven Implements
ASAE S318.10 Safety for Agricultural Equipment

ASAE S493 Guarding for Agricultural Equipment



Fatality Assessment and Control Evaluation

FACE

FACE is an occupational fatality investigation and surveillance program of the National
Institute for Occupational Safety and Health (NIOSH). In the state of lowa, The University of
lowa, in conjunction with the lowa Department of Public Health carries out the FACE
program. The NIOSH Division of Safety Research in Morgantown, West Virginia, implements
FACE as an intramural program in cooperation with Alaska, California, lowa, Kentucky,
Massachusetts, Minnesota, Missouri, Nebraska, New Jersey, Ohio, Oklahoma, Texas,
Wisconsin, Washington, and West Virginia.

The purpose of FACE is to identify all occupational fatalities in the participating states,
conduct in-depth investigations on specific types of fatalities, and make recommendations
regarding prevention. NIOSH collects this information nationally and publishes reports and
Alerts, which are disseminated widely to the involved industries. NIOSH FACE publications
are available from the NIOSH Distribution Center (1-800-35NIOSH).

lowa FACE publishes case reports, one page Warnings, and articles in trade journals. Most of
this information is posted on our web site listed below. Copies of the reports and Warnings are
available by contacting our offices in lowa City, IA.

The lowa FACE team consists of the following: Craig Zwerling, MD, PhD, MPH, Principle
Investigator; Wayne Johnson, MD, Chief Investigator; John Lundell, MS, Coordinator; Lois
Etre, PhD, CIH, Co-Investigator; Risto Rautiainen, MS, Co-Investigator.

Additional information regarding this report or the lowa Face Program is available from:

lowa FACE Program
105 IREH, Oakdale Campus
The University of lowa
lowa City, 1A. 52242-5000

Toll Free 1-800-513-0998
Phone: (319)-335-4351 Fax: (319) 335-4225
Internet: http://www.pmeh.uiowa.edu/face
E-mail: wayne-johnson@uiowa.edu




