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ABSTRACT

A 1975 report, Machine Guarding-Assessment of Need, concluded
that NIOSH should conduct applied research to set forth safety
recommendations in the operation and design of metalcutting
lathes. The objectives of this study were:

a. To identify aspects of engine and turret lathes and
associated operations that are likely to cause worker
injuries, and

b. Develop countermeasures that will reduce worker's risk
to these injuries.

The study involved performing four tasks. The first was to
review domestic and foreign literature. Second, was to
conduct a hazard analysis and human engineering evaluation of
ten lathes iIn actual machine shops. Third, was to collect,
analyze injury data and develop fault-tree diagrams that trace
the accidents. Fourth, was to develop countermeasures and
review existing and proposed safety standards.

The results of the study were safety recommendations that are
applicable to a wide variety of machine shops.

This report was submitted in fulfillment of Contract No.
210-78-0111 by Applied Science Associates, Inc. under the
sponsorship of the Natilonal Institute for Occupational Safety
and Health,
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SECTION 1

INTRODUCTION AND BACKGROUND

INTRODUCTION

The metalcutting lathe was selected for study as a result of recommenda-
tions made in Machine Guarding-Assessment of Need.* That study concluded
that NIOSH should conduct. applied research to set forth safety recommen-—
dations in the operation and design of lathes.

The study of metalcutting lathe safety is comprised of three phases.
This report presents the result of Phases I and II, whose objectives
were: (a) to identify aspects of metalcutting lathes and associated
operations that are likely to cause worker injuries, and (b) to develop
countermeasures that will reduce workers' risk to these injuries. The
Phase III objective will be to develop an engineering guide that will
enable engineering and safety personnel to implement the counter-
measures. ‘

The report consists of six sections plus references, bibliography and
appendices., Section 1 includes the introduction and background informa-
tion. Section 2 presents a discussion of the literature surveyed for the
study. Section 3 describes the hazard analysis and human engineering
evaluation methodologies and discusses the results. Section 4 describes:
the collection of injury data and the fault-tree analysis procedure used
in the data anlysis. Section 4 also describes the development of
countermeasures to minimize the workers' risk of injuries. Section 5
discusses the results of the evaluation of existing and proposed.
standards., Finally, Section 6 summarizes and presents a conclusion to
the report.

BACKGROUND

The metalcutting lathes included in this study were manually operated
engine lathes and production turret lathes. Engine lathes include four
types. The light-power machine lathe is the first type. This type of
lathe is designed for general light machining and for training purposes.
Light-power machine lathes can be elither bench models or floor models.
The second type 1s the toolroom lathe. This lathe is more accurately
constructed than the light-power machine lathe and may be equipped with
special attachments and accessories. The primary function of this lathe

*The Bendix Corporation, Launch Support Division. June 1975. Machine
Guarding—-Assessment of Need. U.S. Dept. of Health, Education, and
Welfare. Public Health Service. Center for Disease Control. National
Institute for Occupational Safety and Health. Division of Laboratories
and Criteria Development. Cincinnati, Ohio. p. 197,



is to perform precision machining in tool an die, and gauge work. The
standard lathe is the third type. It is used for general, all purpose
machine work. This lathe is built heavier and has more horsepower, a
wider range of speeds and feeds, and in general has a greater capacity
than either the light-power and toolroom lathes. The large swing and
long bed lathes are the fourth type. Engine lathes of this type are de-
signed for machining long shafts and large diameter work.

Production turret lathes include two types. The first is the ram type.
This lathe can produce parts from bar stock up to 3" diameter or chuck
work up to 20" diameter. On the ram type lathe, the end-working turret
is mounted on a ram slide which moves longitudinally in a saddle clamped
to the lathe bed during machine operations. The second is the saddle
type. This lathe is basically a larger machine suited for heavy duty
jobs. On the saddle type lathe, the end-working turret is mounted
directly on the saddle which moves longitudinally on the lathe bed during
machine operations.

There are approximately 493,500* metalcutting lathes of various types in
the United States. Each year these metalcutting lathes are associated
with injuries ranging from lacerations to fractures, amputations and
death. During the performing of this study three lathe fatalities
occurred within a period of five months. 1In the first fatality, a young
man was killed when one end of a shaft he was polishing came loose from
the tailstock and struck his chest. In the second fatality, another
young man using a No-Go gauge caught his right hand between the pipe
coupling mounted in the chuck and the gauge, and was pulled between the
lathe bed and the coupling. In the third fatality, a woman at a
vocational school caught her clothing in the workpiece and was pulled
into the lathe.

Given the large population of metalcutting lathes in the U.S. and the
fact serious injuries can occur on those lathes, there is potential for
accidents and injuries with severe consequences,



SECTION 2
LITERATURE REVIEW
INTRODUCTION

The purposes of ‘the literature review were to: (a) identify existing
safety problems on lathes, and (b) learn of existing or proposed methods
for reducing workers' risk of injuries on lathes.

This section deals with the literature search methods, the type and
number of articles included and the discussion of the literature
surveyed, ‘

LITERATURE SEARCH METHODS

The literature search included both computer and manual searches of data
banks containing articles in safety and health, engineering and psychol-
ogy. There were two computer searches performed. One computer search
was run on NIOSHTIC which is NIOSH's own computerized information system.
The NIOSHTIC system includes over sixty other data bases, one of which is
CIS from the Occupation Safety and Health Information Center located in
Geneva, Switzerland. A second computer search was run on COMPENDEX which
provides coverage of all engineering disciplines.

To supplement the findings from the computer searches, several manual
searches were performed on data bases not included in the computer
searches. One was on the Safety Sciences Abstracts Journal. The other
was on a selected bibliography from the Ergonomics Information Analaysis
Centre, University of Birmingham, England.

ARTICLES INCLUDED

There were a total of 33 foreign and domestic articles identified through
computer and manual searches. Sixteen of the 33 articles identified were
reviewed for the study. Nine of the reviewed articles were abstracted.
The abstractions of these 9 articles are presented in Appendix A. The
remainder of the articles identified could not be reviewed because they
either could not be located or they were in a non-English language and
resources were not available for their translation. It is important to
note that of the 33 articles identified, only four domestic articles were

.

included. ‘ ~

.

-~

DISCUSSION OF ARTICLES ; o

The articles reviewed were of two types. The first type included ™
articles of a descriptive nature, dealing with such items as general
lathe safety, safety devices, etc. These articles were useful in

3



identifying known metalcutting lathe hazards and developing the
countermeasures to reduce the workers' risk of lathe injuries. The
articles will become important in developing the handbook which will
provide detailed information concerning application of the counter-
measures.

The second type of articles reviewed were of a research nature. These
articles provided theoretical background information for the study.

Articles of Descriptive Nature

A brief set of engine lathe safety rules were compiled by the National
Safety Council (Data Sheet 264, 1964). Another brief article described
some specific devices for preventing lathe accidents on lathes (Prevent-
ing Accidents at Lathes, 1968). Two devices of interest were a spring
loaded chuck key and protected lathe carrier (lathe dog). Balocco (1976)
presented a list of ten sources of danger on the lathe and described ways
of preventing injuries occurring at these sources. Balocco also
described principles that should be followed when installing lathes in
the workplace, hazards associated with transmission parts, preventing
controls from being accidentally engaged, and devices for attaching the
workpiece. The most complete description of the lathe safety principles,
rules, guidelines, etc. was presented in a translated article from
Poland (Dabrowski, 1973). Dabrowski described in detail a basis for
machine tool arrangement, lifting devices in the working area, seats,
lighting in the workplace, protective grounding, and guarding
protections. Also in the same article was a section dealing specifically
with work on lathes. One particular item of note was a unique two-
handled wrench for securing jaws on large chucks. Seeger (1974)
presented an interesting discussion on intergrated safety in metal
working. Although much of the article did not deal with lathes, one
particular statistic from a manufacturing plant indicated more than 407%
of all lathe accidents in the plant resulted in injuries to the eyes
caused by cuttings. The accident statistics were compiled over a two
year period. '

Articles of a Research Nature

Most of the articles that were of a research nature involved lathe
design. Hartin and Derks (1975) discussed an ergonomically improved
lathe that was based on analysis of specific ergonomic requirements. The
key element of their design was a tilted lathe bed (15-20°) that accomo-
dated the fifth percentile worker, as well as the taller or larger
worker. Floyd and Ward (1967), although not specifically dealing with
lathes, present findings that Indicate poor posture at the workstation
increases fatigue, may hinder productivity, and may lead to physical
ailments, such as backaches and permanent posture distortions. Singleton
(1964) presents information that indicates poor control configuration on
lathes can lead to increased body movements, involve more awkward posture
and increase the effort required to operate controls. Pratt and Corlett
(1970) indicates that lathe designs need to be modified in the direction



of reducing reaching and climbing during their operations. A rather
interesting study was presented by Carr, Ashford and Easterby (1966).
This study showed that by changing the configuration of a tabular chart.
specifying threads, fewer errors were made and less time was requlred to
select threads from the chart.

One concern in metalcutting lathe operations was whether left-handed
workers might have difficulty operating the lathe controls. Chapanis and
Gropper (1968) and Sudden and Liwk (1959) indicated that in complex motor
tasks, left-handed subjects had far less difficulty performing tasks
designed for right-handed people than right-handed subjects did in
performing tasks designed for left-handed people.

Two other articles provided information on job monotony, high noise
levels, and low light levels associated with lathe operations. Branton
(1970) reported in a study involving workers operating capstan lathes
that deterioration of a worker's performance which may result in -
accidents was caused by monotony and underloading the worker's capacity,
and not physical fatique and overloading the worker's capacity. The
author also suggested that providing increased protection for the hands
by the use of guards and protective devices would reduce, but not
eliminate, accidents occurring at such places as the chuck and workpiece.
This finding has implication in high production machine shops using
turret lathes to produce 1000-1500 identical parts per jobs. In most
situations of this type, the workers' only activity includes loading and
unloading the chuck, and operating a few controls. Buzunov (1972)
reported that the working environment for machine-tool operators and
metal workers should be improved by reducing noise levels, improving
lighting and by providing a sensible schedule of work and rest.



SECTION 3

-

HAZARD ANALYSIS AND HUMAN ENGINEERING EVALUATION

INTRODUCTION

The purpose of performing the hazard analysis was to identify, categorize
and describe Injury Potential Situations (IPS) that occurred during the
operation of metalcutting lathes in actual machine shops. The purpose of
performing the human engineering evaluation was to determine: (a) if
controls on the metalcutting lathes observed in these machine shops were
difficult to operate, and (b) if there was a chance for workers to
operate the controls incorrectly. The results from the hazard anlaysis
and human engineering evaluation were utilized in the development of
countermeasures for minimizing the workers' risks of injuries.

The first and second parts of Section 3 describe the methods for choosing
the eight lathes recommended for the hazard analysis and human engineer-—
ing evalaution and for selecting the machine shops in which to perform
the analysis and evaluation. The next part details the hazard analysis
methodology and defines the IPS. This part of the section describes the
application of the hazard amalysis methodology in the field. Following
the analysis methodology are the results and discussion of the hazard
analysis. The next part details the human engineering evaluation
methodology. This is followed by a description of the application of the
evaluation methodology in the machine shops. The last

parts of this section present the results and discussion of the human
‘engineering evaluation.

RECOMMENDED LATHES

A list of eight lathes were recommended for the hazard anlaysis and human
engineering evaluation. The list included six lathes chosen from the
four engine lathe categories (light-power machine, toolroom, standard,
and large swing and long bed) and two lathes chosen from each of the
turret lathe categories (ram and saddle type). The lathes were chosen
from a list of 16 engine and turret lathes that were described in terms
of distinguishing features. These features included such items as lathe
size (e.g., swing, distance between centers), type of chuck (e.g., three
and four jaws), accessories (e.g., steady rest, tracer attachment), type
of feeds (e.g., manual, power) and age. ‘

The approach used in choosing the metalcutting lathes from the list of 16
lathes was to choose one or more lathes from each of the categories:

1. that would likely involve a diverse or extreme set of jobs, e.g.,
difficult and routine setups, large and small work, precision and
non-precision machining, few and many accessories required, and old
and new equipment;



2. that would likely involve a variety of operators, e.g., male, female,
apprentices, lathe operators and machinists;

3. that would likely represent the types found in the four major shops:
job, tool/experimental, maintenance. and manufacturing/production.

The eight recommended lathes* included: one light power machine lathe
(bench model), one toolroom lathe (floor model), three standard lathes
(floor models), one large swing and long bed lathe (floor model) and two
floor-model turret lathes, one ram type, and one saddle type.

SELECTED MACHINE SHOPS

The primary considerations in the selection of the machine shops for
conducting the hazard analyses were:

1. whether the machine shop had lathes with distinguishing features that
came as close as possible to matching the features on the recommended
lathe;

2. whether the machine shop represented one of the four major shop
types: job, tool/experimental, maintenance, and manufacturing/
production;

de

Job Shop——a contracting shop that does a variety of machine work

for other industries. Sometimes a job shop will also manufacture
a small line of products.

Tool/Experimental Shop-—a shop that specializes in precision‘type

work, usually tools and dies, or experimental machine work.

Maintenance Shop——a shop that supports the maintenance efforts of

a manufacturing plant.

Manufacturing/Production Shop-—a shop where products are

manufactured or produced. The products can either be large or
small scale in nature.

3. whether there was likely to be good cooperation on the part of the
machine shop personnel. ‘

The secondary considerations in the selection of the machine shops for
conducting the hazard analyses were:

1. whether there was the likelihood that a mixture of jobs could be
observed on the lathes. The term "jobs” is used to describe the
activity or work performed to produce a part or parts from material
(raw, or a secondary part such as a casting) to specifications set
forth in accompanying engineering drawings or "sample piece™ on a
lathe by a worker.

2;4 whether there was the likelihood that a variety of workers could be
observed operating the lathes. It was important that the workers

observed in the study include: male, female, different skill levels
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(apprentices, lathe operators, machinists), old and young, and left-
and right-handed, and if possible, different body shapes and sizes of
workers, '

The method used in selecting the machine shops with the desired combina-
tions of lathes, job, and workers was, first, to locate one of the
machine shop types. Then, to determine if any of the recommended lathes
were being used in the shop. Typically, a particular type of lathe is
associated with a particular type of machine shop, e.g., a toolroom lathe
is generally associated with a tool and die or experimental shops. After
learning that a machine shop used one or several of the lathes on the
recommended list, the lathe study was described to the machine shop per-
sonnel to determine if they would cooperate in the project.

The final aspect 1n selecting the machine shops was to ensure that a
reasonable mixture of jobs were performed on the lathes and that a
variety of the workers operated them. It was expected that finding an
optimum mixture of jobs and variety of workers would be impossible.
However, considering these factors ensured that a reasonable mixture of
jobs and a variety of workers were observed on the lathes,

Descriptions and photographs*+ of the actual lathes, jobs, workers, and
machine shops observed are presented in Appendix C. There were a total
of ten lathes included in the hazard analyses and human engineering
evaluation. Two additional lathes were included to provide more analysis
and evaluation data.

HAZARD ANALYSIS
Methodology

The key factor in the methodology used in the hazard analysis was the
Injury Potential Situation (IPS). An IPS is a situation that occurs in a
task in which there is reasonable potential for: (a) immediate worker
injury resulting from the worker's actions (e.g., worker placed his hand
close to the paths of revolving workpiece bolts while talking with a
fellow worker), or (b) delayed worker injury resulting from some
reoccurring activity (e.g., worker repeatedly bumped his knee on the
lathe carriage). An occurrence of an IPS depends primarily on two
elements being present at the appropriate time during the task-related
situation. These are:

1. An accident-associated event that can cause or contribute to
accidents and injuries, e.g., the worker's file slipped on a
rotating workplece; the worker's hand slipped on the file handle.

*No photographs of engine lathes (g) and (h) are included because of
restrictions on taking photographs in the machine shop in which the
lathes were located.

TWorkpiece and setup shown on lathes do not match the descriptions of the
job observed because the photography had to be scheduled at a later
date.



-

2. A dynamic or static object capable of producing injury, e.g.,
rotating chuck or workpiece, sharp cutting tools etc.

A third element, poor workplace environment, can further increase the
possibility of a IPS, e.g., high noise level or poor lighting can
increase the chance a worker will not hear or see some important
information cue and make a mistake and sustain injury.

The dynamics of an IPS involve two suppositions. One is that an
accident-associated event occurs when a person is performing some task.
The second is either simultaneously or sequentially there arises the
potential for contact between the worker and an object capable of
producing injury., This potential for injurious contact is the result of
accident associated events occurring where there is the chance of bodily
injury. For example: The worker forgot to tighten one of the chuck jaws
securing the workpiece to the chuck (The workpiece could be thrown from
the lathe striking the worker.); or the worker's hand was very close to
the rotating chuck while he was facing in the opposite direction talking
with a fellow worker (The worker could forget the location of his hand
and accidentally move it into the rotating chuck.).

Identifying an IPS--
Identifying an IPS during the observation of lathe operations required:

1. Recognizing accident—-associated events that occurred in the tasks
performed by the worker when he was operating the lathe.

2. "Playing"” of accident scenarios in the mind's eye for each accident-
associated event recognized.

3. Iden;ificatidn of situations in the accident scenarios that could
result in immediate or delayed worker injury.

The first step in identifying an IPS was to recognize accident-associated
events that occurred in the tasks the worker was performing while
operating the lathe. An accident-associated event is characterized by
overt behavior that indicates some undesired activity has occurred that
can cause or contribute to accidents, e.g., the worker forgot to wear his
safety glasses; the worker quickly disengaged the clutch after he
discovered the spindle speed was set at 1500 RPM instead of 15 RPM; the
wrench slipped from the bolt head.

The next step in identifying an IPS involved the "playing” of accident
scenarios. The "playing” of accident scenarios took place in the mind's
eye of the observer when an accident-associated event was detected in the
task being observed. Whenever an accident-associated event was detected,
scenarios of potential accidents that could result were quickly con-
ceived; that is, the situations that could result from accident-
associated event were imagined. For -example, if the observer sees a
worker's hand slip while the worker is pushing a handle located just
above a rotating workpiece, one scenario played would be that the worker
could lose his balance and fall on the rotating workpiece. Another,



which would be less severe, might be that the worker could place his hand
on a sharp drill in the tailstock to prevent his fall.

The last step in identifying IPSs was to recognize the injury potential
situations. Recognizing these situations involves making judgments based
on clear evidence as to whether the accident scenarios could result in
immediate or delayed injury. Where clear evidence was not available
immediately, the observed situation was noted on the recording form for
later evaluation.

A flow diagram showing the observation method is presented in Figure 3-1.
The IPS identification process began with the observation of the worker's
overt behavior during lathe operations and continued until all observa-
tions of the worker were completed. In addition to recording IPSs, an
ongoing record of the lathe operations and worker's activity was made
during the observations. Knowing the activity that occurred before and
after an IPS helped in later evaluation of the IPS. Samples of actual
completed hazard analysis recording forms are shown in Appendix D.

Using this observation method to identify IPSs in actual machine shops
involved performing the following seven steps:

1. Observe the worker's overt behavior during lathe operations.

2. Recognize any accident-associated events that occur in the tasks the
worker was performing.

3. "Play"” scenarios for each of the accident-associated events recog-
nized.

4, Recognize any situations that could result in poténtial injury
situations.

5. Record the IPS on the hazard analysis forms.

6. Record the lathe operation the worker is performing when the IPS was
recognized, e.g., turning, facing, filing, etc.

7. Describe the operation in terms of the worker's activities associated
with the lathe operations, e.g., the worker placed the workpiece in
the chuck with his right hand and tightened the chuck jaws with the
chuck wrench in his left hand.

Applying the Hazard Analysis Methodology--

Applying the hazard analysis methodology during lathe operations in the
actual machine shops selected required conducting pre-observational
activities before the actual analysis. The first set of activities
involved visiting the machine shops a week before performing the actual
analysis. During the visit the analysis method was discussed with
machine shop supervisory personnel to acquaint them with the specific

10



suoTjeiadg @2ylie] Buting Sdl SuTLFrIiuspl
10J POY3I9| uUOTIeAIISqQ FJO WeISeI(Q MOTJ

*[-¢ 2an81a

- SdI
pioday

é
suolienlg
Ainfuy)
jenuaod Auy
" azjubooay

. Buiwioyiad s|
19310 uonesadQ
ayie] pioday

SanIANRY -
s,1910A\ JO SwIg )
ul uonesddQ
ayileT] aquosaq

aA3 s,puly ]
soeudng ,,Aeid,,

é

stusng
parejoy
1uap120y Auy
aziubooay

101aRYaY 1I9AQ
13}I0p) 3AIBSGO

11



details of the study. Following the discussion, a list was made of the
various jobs that would be scheduled (day and approximate time) on the
lathes that would be involved in the hazard analysis. Before leaving the
machine shops, discussions were held with the workers who would likely be
operating the lathes to explain the analysis methodology. On the day of
the actual hazard analysis the particular machine shop involved was first
contacted to confirm that the job planned for the lathe chosen for the
analysis ‘was still scheduled. Upon arriving at the shop, a short
discussion was held with the worker who was operating the lathe to be
observed. It was important to encourage the worker to behave as
naturally as possible. An observation position was then located in the
machine shop that offered a clear view of the worker and the lathe, yet
was as unobtrusive as possible.

The actual observations of the lathe operations were begun when the
worker started a "new” job or when he was in the loading stage of an
existing job. A new job was denoted when the worker began to set up the
lathe in preparation to perform a job he had just been given by his
supervisor. This was generally after the worker had a short discussion
with his supervisor, or after the worker finished reviewing the engineer-
ing drawings that described the part to be produced.

The observations of the lathe operations continued until the last machin-
ing operation was completed and the finished part was unloaded from the
lathe, The observations were only halted or stopped when: (a) the
worker left the lathe area to perform such operations as grinding the
cutting tool, obtaining tools from the tool crib, or (b) when quiting
time came and the worker went home.

A follow-up interview occurred after the observation ended. These
activities involved talking with the worker to clarify any information
that was recorded on the hazard anlaysis forms. The follow-up presented
an opportunity to ask the worker if he has ever has an accident or a near
miss operating the present metalcutting lathe or on other lathes 1in his
past experience. The worker was also asked whether he had ever seen a
fellow worker have an accident or a near miss,

Pilot Study

The purpose of the pilot study was to evaluate the hazard analysis
methodology so that changes could be made prior to going into the field
to conduct the actual analyses. To verify that the observation method
was capable of collecting the necessary data, a video camera was used to
record the entire job being performed. This technique enabled a
one-for~one comparison of the operations and worker's activity seen by
the observer and those recorded by the video camera. The use of the
video technique was limited to the pilot study, since a video camera was
not permitted in most of the actual machine shops in the field. -

The results of the pilot study Iindicated the observation method was
capable of collecting the necessary data for the study in the machine
shop environment. There were no major problems in using the hazard
analysis methodology and recording the results. Only minor changes were

12



made to the recording forms to provide more space for describing the
worker's activity. The video recording of the lathe operations had
limited usefulness because: (a) the camera could not be positioned to
record all lathe operations, and (b) the variation in machine shop light
levels could not be accommodated. Because of movable lamps used on the
lathes to focus light on the workplece, it was difficult to position and
ad just the video camera so the variation in light levels would not affect
the image being recorded by the camera.

Results

There were twenty IPSs identified from the observations of the ten lathes
in the participating machine shops. These IPSs were grouped by the type
of IPS observed. ’

Unsafe Devices. Unsafe devices refers to dangerous tools, fixtures, jigs
or accessories that were used in performing some lathe related activity,
such as removing cuttings from the lathe. These devices were solutions
employed to solve specific problems encountered in operating the lathe.
The devices also appeared to be made in the machine shops that were using
them. '

Unsafe Actions. Unsafe actions refers to dangerous working methods,
habits, practices employed by the worker to perform some lathe related
activity.

Limited Personal Protection. Limited personal protection refers to the
worker not wearing all necessary safety equipment while operating the
lathe.

Limited Personal Protection. Limited personal protection refers to the
worker not wearing all necessary safety equipment while operating the
lathe.

Unsafe Position/Posture. Unsafe position/posture refers to the
potentially injurious body postions taken by the worker when operating
the lathe. This category includes situations involving poor posture and
situations where worker's continual contact with some part of the lathe
could result in injury.

Applying Extreme Force. Extreme force refers to situations where the
application of much force during some lathe related activity could lead
to injury.

There were nine IPSs observed in the category of unsafe devices. In the
category of unsafe procedures there were seven IPSs observed. Only one
IPS was observed in each of the categories of limited personal protection
and unsafe position/posture. The category of applying extreme force had
three IPSs. The descriptions of the IPSs are presented in Tables 3-1
through 3-5. The lower case letters after the headings of engine and
turret lathes in the tables indicate the specific lathes listed in
Appendix C.
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Table 3-1. Unsafe Devices

Engine Lathe (c)

Worker tripped on cuttings protruding from slotted wooden mat* used
on the floor in front of the lathe. The worker could have fallen on
the lathe or other material placed on the floor.

Worker lubricated rotating shaft collar with four protruding screws.
Since the screws were not visible, the worker could have accidently
caught the curved spout of the 0il can on the screws. This action
could have pulled has hand into the rotating shaft collar.

Worker rested his hand very close (approximately 2") to rotating
centering cap with four protruding screws. The worker faced the

opposite direction and talked with fellow worker while flexing his
fingers. The worker's fingers could have accidentially contacted the
rotating screws because of his inattention to the situation.

Worker reached over the centering cap to feel the finish on the
workpiece. His arm was very close to the finish path of four
protruding screws in the cap. The worker's arm could have
accidentally contacted the rotating screws, since his focus of
attention appeared to be on the finish of the workpiece.

Worker's hand was very close to the rotating path of four protruding
screws in the shaft collar. The worker's hand could have
accidentally contacted the rotating screws, since he intermittently
looked away to visually check the cutting tool.

Fngine Lathe (g)

Worker placed a combination of flat and wedge shaped wood between
chuck face and end of large workpiece that he was centering in the
chuck. Because the chuck jaws were not completely secure on the
workpiece end, the wooden spacers could have slipped permitting the
large workpiece to slide from the tailstock center to the floor.
This could have possibly injured the worker.

Engine Lathe (h)

Worker used T-handled device to remove cuttings building up behind a
point-of-operation guard. If the cuttings became wrapped around the
workpiece, the device and the worker's hand could have been pulled
into the workpiece. The rotating speed of the workpiece was such
that it would be unlikely a person grasping this kind of device could
react quickly enough to release his grip before his hand would be
pulled into the rotating workpiece.

*Underlining indicates the unsafe devices.
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Table 3-1. Unsafe Devices
(cont.)

Turret Lathe (j)

Worker used a rectangular file (without a handle) inserted in a
drilled hole on the workpiece to catch the workpiece as it was cut
from the rotating bar stock. Since the clearance between the file
and hole was small, the file could have accidentally caught on the
workpiece and rotated in the worker's hand. If the worker had a
tight grip on the file, the worker's hand could have been injured.

Other

During the observation of Engine Lathe (c), a worker on another lathe
was seen using a closed-loop—handle to remove cuttings wrapping
around a workpiece. If cuttings had caught on the workpiece, the
device and the hand could have been pulled into the rotating
workpiece. The rotating speed of the workpiece was such that it
would have been unlikely that a person grasping this kind of device
could react quickly enough to release his grip before his hand would
be pulled into the rotating workpiece.

15



Table 3-2. Unsafe Actions

Engine Lathe (a)

Worker stopped the chuck by releasing the tension on the flat drive
belt between the spindle pulley and the rear drive pulley. Since the
rear drive pulley was still powered, the drive belt could have
accidentally engaged on the next larger step in the drive pulley and
started the chuck rotating while the worker's hand was on the chuck.
There also were no guards over the pulleys and drive belt.

Engine Lathe (f)

Worker loosened the chuck jaws without having a spacer between the
chuck face and the end of workpiece. The workpiece fell from the
tailstock center and onto the lathe bed, but did not injure the
worker. However, the workpiece could have fallen from the lathe bed
and struck the worker's legs or feet,

Engine Lathe (d)

Worker was cutting internal right-handed threads in the workpiece
using an uncommon procedure. The common procedure is to cut threads
with the cutting tool moving toward the chuck. Since the cutting
setup appeared to involve a common thread cutting procedure, by habit
the worker set the direction of the leadscrew to drive the cutting
tool toward the chuck. After the worker engaged the leadscrew lever
Turret Lathe (j) on the apron, he quickly realized his mistake and
stopped the movement of the cutting tool. If the worker had not
quickly recovered from his error, the thread cutting tool could have
hit the chuck and possibly caused the workpiece to be thrown at the
worker.,

Turret Lathe (i)

Worker removed and installed workpiece in the chuck while the chuck
was still rotating at a fairly high speed after the power was turned
off., If the workpiece had caught when it was inserted into the
chuck, the workpiece could have injured the worker's hand. The
situation was made more hazardous because of the highly repetitive
nature of the job. The worker appeared to perform lathe operations
"automatically.” Later in a conversation he said, "I usually think
about other things once I get into the rhythm of the operations.” He
also said, "It could be dangerous, but nothing has happened so far.”

Worker's hand slipped from the handle of a collapsed die as he pushed
on the die handle and almost fell on the running lathe. After the
incident, he wiped the cutting oil from the handle and made a more
conscientious effort of securely grasping the handle.
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n Table 3-2. Unsafe Action
(cont.)

Engine Lathe (e)

Worker was filing a boss turned on the end of off-centered rectan-
gular workpiece rotating between two centers. The worker did not
always attend to the filing operation the worker was performing.
Instead, the worker frequently looked away from the workpiece. If
the file accidentally caught on the corner of the rectangular
workpiece as it rotated, the worker's hands could have been injured
by the file and the workpiece. The worker also held the file handle
with the right hand and the tip of the file with the left (which is
incorrect). The worker's left arm was over the rotating workpiece.

Other

During the observation of Engine Lathe (e) and (f) other workers in
the same machine shop were seen filing incorrectly.
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Table 3-3. Applying Extreme Force

Engine Lathe (c)

Worker appeared to use extreme force to loosen and tighten nuts
securing tailstock to lathe bed. It appeared there was an
opportunity for the worker to strain arm muscles in performing this
activity.

Engine Lathe (g)

Worker used extreme force (handle on chuck wrench was bending) to
tighten chuck jaws on workpiece. It appeared there was an
opportunity for the worker to strain arm muscles in performing this
activity.

Engine Lathe (h)
Worker used extreme force (handle on chuck wrench was bending) to
tighten chuck jaws on workpiece. It appeared there was an opportu-

nity for the worker to strain arm muscles in performing this
activity.
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Table 3-4, Limited Personal Protection

Engine Lathe (c)

Worker did not wear protective helmet when he was using overhead

crane to load bar stock into lathe. The bar stock could have slipped
in/from the rigging and struck the worker.
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Table 3-5. Unsafe Position/Posture

Turret Lathe (c)

Worker had to maintain poor posture during lathe operation because an
0il catch pan extended in front of the lathe. 1In additiom, the
worker's knees continuously contacted the pan causing soreness to the

knees.
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Discussion and Summary

Findings from the hazard analyses revealed a number of important problem
areas associated with the metalcutting lathes that were observed. These
. problem areas involved a variety of machine shop situations in which
there was potential for accidents and worker injuries. Although it was
not possible to determine the probability of an accident and severity of
injury, the findings indicate there was potential for accidents and
injuries in some, 1f not all, of the IPSs identified.

The problem area that appeared to reflect the most potential for
accidents and injuries involved the use of unsafe devices. The IPSs
observed in this category revealed there was potential for accidents with
severe consequences when the workers were using unsafe devices. The IPSs
in Table 3-1 indicated this fact quite clearly. Both the shaft collar
and centering collar used by the worker on engine lathe (c¢) (IPSs 2, 3,
4, 5) could have caused severe injury to the worker if he had made an
error. Likewise, the workers using the devices with a T-handle and a
closed-loop~handle (IPSs-7, 9) could have sustained severe injury if the
cuttings they were attempting to remove caught on the rotating workpiece.
The worker operating engine lathe (g) (IPS 6) could have been severely
injured if the workpiece, weighing roughly 20,000 pounds, fell from the
lathe and struck the worker's arms, legs or feet.

There are two important aspects associated with unsafe devices. One is
that they are usually made in the machine shop at the time they're needed
for performing a job. This means there is usually insufficient time to
consider all safety aspects in making the devices. Moreover, persons
responsible for fabricating the devices are most likely not those
responsible for shop safety. 1In most situatiomns, it is the workers who
build the devices before they perform the jobs. In many cases, such
devices are constructed from material that is readily available in the
machine shop. For example, if 1/2" screws are required for a device and
the screws are unavailable in the shop at the time needed, most likely
longer screws would be substituted. Such decisions may not affect job
safety in all situations, but in some they would; particularly if the
screws are used on a device that rotates.

The other important aspect assoclated with unsafe devices is that they
tend to remain in the machine shop and are used over and over again, even
though they are sometimes viewed as only temporary solutions to immediate
problems. When such dangerous devices remain in use, the original hazard
is perpetuated until the devices are identified as causes of accidents,
are destroyed, or wear out from use. It could not be determined exactly
how long the unsafe devices observed in the hazard analysis had been in
the machine shops. The workers who were asked could not recall when the
devices were made. ' '

Another significant problem area identified through the hazard analysis

involved unsafe actions of the workers., The IPSs observed in the unsafe
actions category revealed potential for accldents and injuries when the

workers were performing unsafe actions. This fact is conveyed in Table

3-2. The unsafe action performed by the worker on engine lathe (f)
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(IPS 2) could have resulted in the worker being struck by the workpiece
if it had fallen from the lathe bed. Similarly, the worker operating
engine lathe (d) (IPS 3) might have been struck by a flying workpiece if
the cutting tool had contacted the rotating chuck or workpiece. 1In this
IPS, the worker most likely did not remember that he was using an
uncommon procedure to cut threads inside the workpiece. Habit told him
to set the leadscrew direction control to drive the cutting tool towards
the chuck. This was an obvious error on the worker's part, but a natural
one, since most threadcutting operations involve chasing threads with the
cutting tool moving toward the chuck.

Two unsafe actions performed by the worker on turret lathe (i) (IPS 4,5)
further highlight the problem area of unsafe actions. Both of these IPSs
illustrate the hazards of operating a lathe at a highly repetitive pace,
almost without "conscious awareness” of the action being performed.

A third problem area involved the workers applying extreme force in
performing some aspect of their job. Applying an extreme amount of force
is common on lathes used to turn large and heavy workpieces. All three
of the IPSs (IPSs 1, 2, 3) shown in Table 3-3 occurred on large lathes.
One reason it is sometimes necessary for the worker to apply extreme
force when chucking a large and heavy workpiece is because of the
condition of the chuck. Many older chucks can be badly worn or can lack
lubrication so that extreme force is required to overcome resistance.

HUMAN ENGINEERING EVALUATION

The human engineering evaluation of the eight engine and two turret
lathes previously observed occurred after the hazard analysis. The eval-~
uation also took place when the lathes were not in use. Five types of
controls were evaluated.

Methodology

There were two aspects involved with performing the human engineering
evaluation. One was selecting the controls that were to be evaluated.
The other was evaluating these controls,

The method of selecting the controls for evaluation was based on identi-
fying controls that are critical to safe lathe operation. Critical to
safe operation refers to controls that, if operated incorrectly, will
increase the potential of injury to the worker operating the lathe or
standing nearby. For example, if an apprentice mistakenly sets the
spindle speed to 1500 RPM instead of 15 with an irregular shaped work-
piece in the chuck, the workpiece could be thrown from the lathe striking
the worker.

Identifying controls that were critical to safe lathe operation on the
eight engine and two turret lathes involved determining: (a) which
controls are most frequently used, and (b) which controls, if operated
incorrectly, could likely result in severe consequences. The identifica-
tion of most frequently used controls and controls associated with severe
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consequences were both determined through interviews with the
machine shop supervisors and workers, and from observations made during
the hazard analysis.

Supervisors and the workers who operated the engine and turret lathes
were interviewed and asked to indicate which controls from a list of 28
controls they felt: (a) were used most frequently, and (b) would likely
result in severe consequences if operated incorrectly. The supervisors',
and workers' answers, along with the information from observations made
during the hazard analysis, determined the controls that were critical to
the engine and turret lathes,

The controls selected for evaluation included 18 controls associated with
the engine lathes and 12 controls associated with the turret lathes.
Controls evaluated on the engine lathes were those located in the areas
of the headstock, carriage and tailstock. Controls evaluated on the
turret lathes were those located in the areas of the headstock, carriage
and turret. The types of controls were levers, knobs, locks, crank/-
wheels and push buttons/switches. Levers included such controls as
headstock spindle engagement lever and carriage rapid traverse lever,
Knobs included such controls as headstock spindle speed selectors. Locks
included such controls as tailstock and tailstock spindle locks. Crank/
wheels included the turret lathe turnstile. Push buttons/switches
included the power on/off, forward/reverse/dog buttons, and forward/off/
reverse switch. '

The controls selected for evaluation on the engine lathe were:

Headstock spindle speed selectors

Headstock feed/thread selector

Apron feed/thread selector

Compound feed power engagement lever

Cross feed power engagement lever

Cross slide rapid traverse lever

Carriage feed power engagement lever

Carriage rapid traverse lever

Headstock on/off/jog power switch

Apron on/off/jog power switch

Headstock spindle forward/neutral/reverse selector
Apron spindle forward/neutral/reverse selector
13. Headstock spindle drive engagement lever

14, Apron spindle drive engagement lever

15. Tailstock locks (secures tailstock to bed)

16, Tailstock spindle lock ’
17. Headstock feed/thread reverse selector

18. Apron feed/thread reverse selector
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The controls selected for evaluation on the turret lathe were:
1. Headstock spindle speed selectors

2. Apron feed selectors
3. Turret feed selectors
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Cross slide power engagement lever

Carriage power engagement lever

Turret power engagement lever

Headstock spindle forward/neutral/reverse lever
. Headstock on/off power switch

. Collet chuck/bar stock feed lever

. Air operated chuck activiation lever

11. Apron feed reverse lever

12. Turret turnstile
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Not all controls listed under engine lathes and turret lathes existed on
each of the eight engine and two turret lathes. Because the lathes were
different types, the number of controls present on each lathe varied from
lathe to lathe.

The method used to evaluate the controls on the engine and turret lathes
involved establishing criteria and devising a procedure that could be
used to apply the criteria. The criteria were based on factors
associated with the operation of the controls by workers. These factors
were visibility, identifiability, accessibility, and operability,

Visibility. Visibility refers to whether a worker could see the control
from where he normally stood when operating the lathe.

Identifiability. Identifiability refers to whether a worker could dis-
criminate between adjacent controls and the control he wanted to operate.

Accessibility. Accessibility refers to whether a worker could reach the
control without reaching over, under or around, or without repositioning
other controls. '

Operability. Operability refers to whether a worker could move the
control to the correct position based on the lathe operation or activity
he wishes to perform.

The procedure devised for applying the criteria to the controls was a
series of YES or NO checklist questions for each of the factors
associated with the control operation. Each series of the checklist
questions included rules/examples to reduce the possibility of applying
the questions inconsistently. The checklist question that was used to
evaluate the control for visibility was worded as follows:

"Is there a clear view of the control from where the worker normally
.stands during lathe operations?”

"Rule/example: If one mist stoop to the floor or walk behind the lathe
to see the control, the control is not visible from where the worker
normally stands.”

A complete list of the evaluation checklist questions are shown in
Appendix E.
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Applying the criteria checklist questions to the controls on the eight
engine lathes and the two turret lathes involved five steps. The first
step was to become familiar with the controls to learn their operating
characteristics. Step two was to stand in the position the worker would
normally stand in when operating the lathe control. This position varied
‘depending on where the control is located on the lathe, e.g., if the
worker is operating the headstock spindle speed selectors, he normally
stands facing the headstock; if he is operating the cross feed power
engagement lever, the worker normally stands in front of the carriage.
The third step was to actually operate the control (power on, no work in
chuck). The next step, after operating the control, was to ask the
checklist questions. If any uncertainty arose in responding to the
questions the control was operated again and then the question was
answered. The final step was to record the YES or NO answer on the eval-
uation recording form. In places where a particular control listed on
the form did not exist on a lathe then each question was marked N/A
(non-applicable). A sample of one of the actual recording forms is shown
in Appendix D.

Before the actual evaluation of the controls occurred, the procedure and
form were tried on the lathe at the university machine shop that was
utilized in the hazard analysis pilot study. The results of the trial
evaluation indicated the procedure and form were capable of collecting
the necessary data.

A follow-up interview with the worker who had been operating the lathe
was held after the evaluation of the controls on the lathe in each of the
machine shops. The interview was used to learn if the worker had ever
experienced any difficulties operating the lathe controls that were
evaluated, such as mistakenly operating the wrong control or not being
able to determine which direction to move the control to obtain the
desired results. The interview was also used to discuss the problems
identified through the evaluation process.

Results

The results of the human engineering evaluation were tabulated to
determine how well the controls met the evaluation criteria in each of
the factors associated with the operation of the controls. Table 3-6
shows the percentages of all controls evaluated in all eight engine
lathes meeting the evaluation checklist questions with a YES answer.
Table 3-7 shows the percentages of all controls evaluated on the two
turret lathes meeting each of the evaluation checklist questions. Also
shown are the total numbers of controls evaluated on the eight engine
lathes and on the two turret lathes. The percentages were not tabulated
by individual controls because the numbers in each of the individual
controls (apron feed selectors, turret feed selectors, etc.) would have
been too small to provide meaningful results. Instead, controls were
considered in total for engine lathes and for turret lathes.
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Discussion and Summary

The results from the human engineering evaluation revealed a number of
interesting findings. The most significant surrounds the low scores
(27.6% and 38%) on operability chedklist question number six. These low
scores indicate there were few position labels on, or adjacent to the
controls on the eight engine lathes and two turret lathes. The signifi-
cance of this finding is that varification of correct control positions
by the workers before beginning lathe operations could have reduced the
possibility of the workers detecting errors made in the setting positions
of controls that might have led to accidents and injuries. Without
labels marking control positions a worker planning to chase a right-hand
thread, for example, may not detect that the spindle feed/thread selector
was set for left-hand threads when he engaged the half-nut. The results
of such an event could be that the threading tool hits the tailstock
center, the workpiece comes loose, and then strikes

the worker.*

This problem 1s further compounded by the fact that control operations on
engine and turret lathes are generally not consistent from lathe to
lathe, that is, a control might be pushed downward to engage the spindle
drive on brand (A) while the spindle drive control on brand (B) might be
lifted upward to perform the same function. Such inconsistencies mean
that workers can not always rely on standard control positions (always
up, down, in, out, etc.) when verifying the correctness of control
positions. A check of lathes in the machine shops visited pointed to the
inconsistencies in lathe control operations. For example, on one lathe
the carriage feed was engaged by pushing downward on a lever; on another
lathe the carriage feed was engaged by pulling upward on a lever. Both
supervisors and workers in the shops visited expressed they have noticed
inconsistencies in control operations between the lathes they have
operated in their many years of experience as workers in machine shops.
There were three other findings still of interest. First, the controls
that were evaluated on both the engine and turret lathes as a whole were
quite visible from where the worker normally stands during lathe
operations. Visibility checklist question scores were 98.8% and 100%.
Second, the controls appeared to be more difficult to identify by either
sight or touch than by their location on the lathe. Identifiability
scores for questions one and two dealing with discrimination by sight and
touch ranged from 62 to 78% while checklist questions dealing with
discrimination by position ranged from 88 to 88.5%. Third, access to the
controls required some reaching over, under, or around as was indicated
by the range of scores of 697 to 82,87 from accessibility checklist
question one. However, there appeared to be few times that covers or
other controls had to be moved for access to the desired comntrol.
Accessibility question two verified this with scores ranging from 97.7 to
100%.

*Normally right-handed threads are chased toward the headstock and
left—-handed threads are chased toward the tailstock.
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SECTION 4

INJURY DATA ANALYSIS AND PROPOSED COUNTERMEASURES

INTRODUCTION

The purposes of performing the analysis of injury data involving metal-
cutting lathe accidents were to:

1. Provide an overview of lathe injuries based on such factors as
workers' activities at the time of the accidents, sources of
injuries, nature of injuries, etc.

2. Categorize the injury data so that the fault-tree analysis technique
could be applied to groups of injuries instead of single injuries.

3. Identify accident events that could have led to, or caused the
injuries by applying the fault-tree analysis technique.

The purposes of developing countermeasures was to reduce the workers'
risk to the injuries analyzed in the fault-tree analysis. The
countermeasures were directed at reducing the occurrences of the accident
events identified from the analysis through the application of engineer-
ing, management policy, and training solutions. ‘

Section 4 first presents the method of data collection used in the
analysis. Sources of injury data are identified and the criteria for
selecting the specific sources on individual injury reports are describ-
ed. Next, the method of data coding is presented. The material included
under data coding describes the nature of the machine-shop job and the
coding system that was used to code the injury data. Descriptions of the
methods used to analyze the data follow. The descriptions explain the
application of the cross—tabulation and fault-tree techniques. Next, the
procedures used to develop and review the countermeasures are presented.
The final portion of Section 4 presents and discusses the results of the
injury data analysis and the development of the countermeasures.

INJURY DATA ANALYSIS AND COUNTERMEASURE DEVELOPMENT
Data Collection and Sources

The first objective of the data collection effort was to identify data
sources that offered the most complete descriptions of metalcutting lathe
injuries. The second was to obtain permission to use the data in the
study. The third was to collect as many of these injury reports as
possible given the time and resources available for the study. Data
sources considered were company daily injury reports, Workmen's Compensa-
tion First Reports, and reports from insurance companies, unions, lathe
manufacturers, and the National Safety Council. After reviewing all of
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these possible data sources, the Workmen's Compensation First Reports
(WCFRs) were determined to provide the most detailed usable injury data
available for the study. '

The selection of states from which to collect the WCFRs was based on:

1. Whether the state was participating in the Bureau of Labor Statistics
(BLS) Supplementary Data System (SDS).

2. Whether the state had industry that is likely to utilize metalcutting
‘lathes. This was determined through the Standard Industrial Classi-
fication Manual.

3. Whether the states comprised a deverse geographic area within the
United States.

One reason for restricting selection to states participating in the BLS
SDS was that these states could identify metalcutting lathes under the
3250 code used in the SDS. Another reason was that states participating
in the SDS were accustomed to working with outside research organiza-
tions. It was also learned that some states utilized additional coding
and were capable of identifying types of metalcutting lathes. For
example, Wisconsin could distinguish between engine and turret lathes.

There were over 800 injury reports received from the various states and
other sources. Over 250 of these reports could not be utilized for a
number of reasons. The most prominent reason was that many injury
reports received did not involve metalcutting lathe injuries. The other
reasons for rejecting the 250 plus injury reports were because of
extensive amounts of missing information on the reports or because of
poor accident descriptions that did not supply sufficient details to make
the report useful,

The injury data included for anlaysis were primary WCFRs of injury
obtained from Workmen's Compensation offices in the seven states which
met the qualifying criteria. These seven states were:

1. - California
2. Connecticut
3. Michigan

4. Ohio

5. Pennsylvania
6. Washington
7. Wisconsin

ASA contacted these offices and requested WCFRs of injury data involving
metalcutting lathes.

Other injury data included were accident reports of injuries from NIOSH,
OSHA, Pennsylvania Bureau of Occupational and Industrial Safety, and the
Steelworkers of America union. The NIOSH, OSHA, and Pennsylvania Bureau
of Occupational and Industrial Safety reports involved on-~site investigation
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by those organizations and were more detailed than the WCFRs in their
descriptions of the injuries.

Shown in Table 4-1 is a breakdown of the injury data by type, source, and
number of injury reports.

Table 4-1. Data Sources

Data
Type Source Number
Workmen's California 235
Compensation*

) Connecticut 43
Michigan 34

Ohio 103

Pennsylvania 42

Washington : 8

Wisconsin - 68

Other NIOSH ’ 1
OSHA 1

PA. Bureau of QOccupational & Industrial Safety 1

United Steelworkers of America : ' 2

Total Injuries: 538

The injury data supplied on the First Reports were reasonably consistent,
with the exception of some randomly missing information over all data
parameters utilized in coding the injuries. In other words, not all
reports contained entries in all data categories. The primary reasons
for this missing data were: (1) The forms were not fully completed at
the injury locations, and (2) data were accidentally removed during the
blanking out of the confidential information at the Workmen's
Compensation offices. Other injury data (identified as "Other™ in Table
4-1), had no missing information in their data categories. Several of
the "Other” injury reports included photographs.

Since the data were randomly missing from all the data categories and not
consistently missing from any one specific category, the results of the
injury analysis were not significantly affected. Missing injury data are
represented on all tables showing showing numerical values.

Data Coding.

The system utilized for coding the injury data incorporated 14 variables.
Eight of these variables were used to code such general information as
data source, worker characteristics, and lathe type. The other six
variables were used to code accident information in terms of contributing

*Sample of Workmen's Compensation First Report shown in Appendix F.
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events and resulting events, and the type of injury. Contributing events
refer to events that caused or led to accidents, e.g., the hand tool
(file) slipped when the worker was- filing the workpiece. Resulting
events refer to events that resulted from accidents, e.g., the worker's
hand was injured on the chuck or holding devices. Injury information
refers to the injury sustained, e.g., lacerations/cuts, fractures, etc.

Variables for Coding General Information--—

Eight variables were used to code the general information from the injury
report: ’

Injury Report, Number. Injury report number was used to code the injury
report number in data file.

Data Source., Data source was used to code the specific source of injury
data.

Lathe Type. Lathe type was used to code the type of lathe (engine,
turret or other) the worker was operating at the time of the accident,

Worker's Job Classification. Worker's job classification was used to
code the worker's job or skill level as classed by occupation. The
occupations were: apprentice/trainee, machine/lathe operator, machinist
or other.

Worker's Age. Worker's age was used to code the age of the worker.

Worker's Sex. Worker's sex was used to code the sex of the worker.

Safeguarding Present. Safeguarding present was used to code whether
safeguarding devices were present on the lathe at the time of the
injury.

Good Injury Description or Unusual Injury. Good injury description or
unusual injury was used to code whether the injury report has a good
injury description and/or whether the injury involved an unusual type of
accident.

Within each of these eight variables, there were values used to code
specific information regarding some aspect of the variable. For example,
in the Data Source variable there were nine values used to identify the
sources of the injury data. Seven of the values (1 through 7) represente
the states that supplied the First Reports; another value (8) represented
other sources of data, and a ninth value (0) was used to indicate that
the information identifying the data source could not be determined.

Variables for Coding Accident Information--
Six variables were used to code information from the injury reports that

described events that contributed to, and resulted from, the accidents as
well as the nature of the injuries,
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Accident Type. Accident type was used to code nine different types of
worker behaviors found to be associated with metalcutting lathe injuries.

The accident types were derived through discussions with personnel in
job, tool/ experimental, maintenance and manufacturing/production machine
shops and reviewing the injury data. Each accident type represents a
particular worker behavior that is considered to be a factor contributing
to, or causing the accident. For this reason, the term "accident type"
can be viewed as causal factor when encountered in this report. The nine
different accident types are:

1. Slipped Hand. Slipped hand refers to the worker's hand slipping on
the tool/part/control lever, e.g., the worker's hand slipped from the
tool and his hand struck the rotating workpiece in the lathe.

2. Slipped Tool. Slipped tool refers to the tool/part slipping on the
-lathe, accessory or workpiece while the tool/part is held in the
worker's hand, e.g., the worker's wrench slipped from the bolt and
his hand struck the rotating workpiece,

3. Unperceived Information. Unperceived information refers to not
perceiving or recalling important information before acting, e.g.,
perception: worker did not perceive drive belt moving and placed his
hand on moving belt and his finger was caught between pulley and
“belt; knowledge: worker did not remember jaws extended beyond outer
diameter of chuck and jaws struck worker's hand when he had attempted
to slow revolving chuck.

4, No Protection or Improper Use. No protection or improper use refers
to not using protective equipment or using it improperly when '
performing hazardous lathe operation, e.g., worker did not use
protective eyeglasses and a chip entered his eye; shield did not
adequately cover point of operation machinery and chip entered
worker's eye.

5. Misjudged Time/Space. Misjudged time/space refers to misjudging time
or space required to access some lathe part, area or accessory with
fingers, 'hand; etc., e.g., time: worker reached for dropped hand
tool, but did not remove hand before off-centered rotating workpiece -
struck his hand; space: worker reached for dropped tool and his hand
was- caught on 'a rotating workpiece. : ‘ S

6. Misjudged Weight/Force. Misjudged weight/force refers to misjudging
- weight/force required to move object or device, e.g., weight: worker
" lifted workpiece beyond his capacity and sprained his back; force:
worker applied force beyond his capacity and strained his arm muscle.:

7. Improper Workpiece Securement. Improper workpiece securement refers
to the workpiece not being properly secured in the chuck or holding
devices, e.g., worker did not tighten chuck securely and workpiece
was thrown from the lathe chuck, striking the worker.
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8. Improper Procedure. Improper procedure referes to not using the
correct procedure when performing a lathe operation or activity,
e.g., worker did not stop workpiece rotating before removing cuttings
and his hand was pulled into the workpiece.

9. Uncontrolled Limb Movement. Uncontrolled limb movement refers to the
human response action from accidentally contacting a shidrp or hot
surface, e.g., worker's finger accidentally contacted a hot workpiece
and reacted by moving his hand back against the sharp cutting tool.

These nine categories should not be interpreted as indicating the workers
were solely responsible for their injuries. Injury reports used in this
analysis primarily described the behavior of the workers, and thus, are
biased. Information describing characteristics of the lathes was seldom
indicated on the reports. Information describing machine shop conditions
was almost never indicated. For these reasons, one must assume that the
injuries reviewed could also have been the fault of improper lathe
design, unsafe shop conditions and/or the lack of worker training.

The nine different accident types identified were defined in a manner
that permits them to be identified from the description of the worker's
behavior on the injury reports. To illustrate how these accident types
were coded from the information supplied on the actual injury reports,
four cases* are presented from the data. The cases presented illustrate
coding of Accident Type 3--unperceived information--since these were the
most difficult to code. Injury Report #975 describes the events
associated with one reported injury:

"After employee tightened chuck on the machine, he started the
chuck moving without removing chuck key. As the chuck began to
spin with the key still in it, the employee's finger was caught
between the chuck key and start lever.”

This description indicates the worker did not perceive important
information cues (CHUCK KEY IN CHUCK) or recall important knowledge
(PLACED CHUCK KEY IN CHUCK) before acting (STARTED THE CHUCK MOVING).

Injury Report #639 describes the events associated with a second reported
injury:

"While attempting to adjust belts on turret lathe, employee
stopped machine, opened motor door and pulley enclosure and
placed hand on belts to check belt temsion. But motor was not
completely stopped as yet and belts pulled hand into pulley.”

This déscription also indicates the worker did not perceive important
information cues (BELTS MOVING) or recall important knowledge (MOTOR
DRIFTS AFTER POWER IS TURNED OFF) before acting (PLACED HAND ON BELTS).

*Copies of the actual injury reports are shown in Appendix F.
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Injury Report #651 describes the events associated with a third reported
injury:

"Stood at the back of the lathe discussing dimension of workpiece
with operator. Right hand rested on top of lathe fram. Revolving
bolt on headstock caught right shirt sleeve and pulled arm and body
into lathe.”

This description indicates the worker did not perceive important
information cues (REVOLVING BOLT) before acting (PLACED HAND IN PATH OF
REVOLVING BOLT).

Injury Report #951 describes the events associated with a fourth reported
injury:

“"Frank was changing chucks in the lathe. He bumped his left
knee on the handle of the apron on the lathe. He dide't think
it was serious at the time. His knee swelled up in the evening
of the 3rd. He reported to me on the 4th of February."”

This description indicates the worker did not perceive important informa-
tion cues (LOCATION OF THE HANDLE ON THE APRON) before acting (COMING IN
PROXIMITY WITH THE LATHE APRON).

Lathe Operation/Worker's Activity. Lathe operation/worker's activity was
used to code the lathe operations or worker's activity at the time of the
accident. A lathe operation is the series of changes that must occur on
the lathe, accessories or tools to produce the desired results in the
workpiece. For example, if the desired result is that a 1" diameter
piece of bar stock be reduced to 3/4", a turning operation would be used.
The changes that must occur on the lathe to accomplish this results are:
(a) The compound with the cutting tool must move toward the workpiece
1/8" (1/8" of the radius equals 1/4" reduction in the diameter), and (b)
The carriage with the compound and cutting tool must move along the axis
~of the 1" bar stock removing the materials which reduces the bar stock to
3/4" diameter. ‘

A worker's activity is the single unit of behavior that results when the
worker performs one task step. In the turning operation example
described above, the worker's task associated with carrying out the
operation would involve: (a) turning the crank on the cross—feed wheel
until the cutting was positioned to remove 1/8" material from the radius
of the bar stock, (b) engaging the lever that provides the power to move
the carrige along the axis of the 1" bar stock, and (c¢) disengages the
lever when the carriage engagement when  the cutting tool reaches the end
of the bar stock. (In an actual shop situation there are more steps
involved.) Each of these task steps results in a single unit of behavior
or worker's activity.

Not all worker's activity is necessarily associated with lathe opera-
tions. Some worker's activity can be associated with an unexpected
situation. If a bolt unexpectedly loosens on the lathe or accessory, the
worker in order to tighten the bolt must: (a) pick up the wrench, (b)
place the wrench on the bolt head and (c) apply a rotating force to the
wrench with his hand.
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The discussion to code the accident description by either lathe operation
or worker's activity was made after reviewing the injury ddta. It was
found that descriptions of the accidents in the injury reports did not
always indicate what lathe operation the worker had been performing when
the accident occurred. Often the accident description identified only
some worker activity, e.g., the injury occurred when the worker was
tightening a bolt. Providing the capability of coding either lathe
operation or worker's activity presented a more complete picture of the
accident described on the injury report. If lathe operations alone had
been coded for data analysis, much important information would have been
lost.

A list of lathe operations and workers’ activities that were likely to
occur was made based on visits made to job, tool/experimental, mainte-
nance and manufacturing/production machine shops. The list included
primary lathe operations, secondary lathe operations, and workers'
activities. Examples of primary lathe operations are: turning, facing,
threading, etc. Examples of secondary lathe operations are: setting up,
loading/unloading, filing, deburring, polishing, etc. Examples of
workers' activities are: reaching for, applying force,
positioning/holding, etc.

Object of Worker's Activity. Object of worker's activity was used to
code the object or item the lathe operation to which the worker's
activity was directed, e.g., facing the workpiece, setting up the lathe,
applying force to a control lever or reaching for the hand tool (words
underlined indicate the object or item to which the lathe operation or
worker's activity was directed).

Source of Injury. Source of injury was used to code the specific parts
on the lathe, accessory, or workpiece that produced the worker's injury,
e.g., cutting tool or holder, chuck or other holding devices,
cuttings/chips, hand tools, and control handle or lever.

Nature of Injury. Nature of injury was used to code the type of injury
sustained by the worker from the lathe, accessory, or workpiece, e.g.,
lacerations, bruises, and sprains.

Part of Body Injury. Part of the body injured was used to code the part
of the worker's body that sustained the injury, e.g., fingers, arm, and
head.

Data Analysis

The data analysis involved performing three tasks. The first, was to
categorize the injury data by accident type. The second was to identify
groups of injuries with similar acident characteristics within each
acident type. the third was to develop fault-tree diagrams reflecting
the groups of injuries. Accomplishing these tasks required performing
four analyses:

1. A cross—tabulation of each accident type with the other eleven
variables that were used in the coding system.
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2. A cross—tabulation of each accident type with the two variables
associated with contributing accident events.

3. A cross—-tabulation of each accident type with the two variables
associated with resulting accident events.

4, A fault-tree analysis on groups of injuries within each accident
type.

A diagram illustrating the structure of the data that resulted from the
application of these four analysis is shown in Figure 4-1.

Cross-Tabulation Analysis——

The first cross—tabulation analysis was used to determine the frequency
with which injuries were distributed by each accident type over eleven
variables used in coding the Injury data. This analysis involved
cross—tabulating each of the nine accident types with the other variables
that were coded: (a) general information, such as data source, workers'
characteristics, and lathe types, and (b) accident information. The
variable used to code accident information were: (a) lathe
operation/worker's activity, (b) object of lathe operation/worker's
activity, (¢) source of injury, (d) nature of injury, and (e) part of
body injured. This cross-tabulation provided an overview of how the
injuries were distributed by the accident type, by general information,
and by accident information variables.

The nine accident types were considered meaningful if each individual
accident type had a frequency of occurrence greater than five., Injuries
falling into the category of "other" would not be used to classify
injuries unless it included a group of similar injuries with an
occurrence of greater than five. In such cases, a new accident type
would be formed. The frequency of greater than five was selected
because accident types occurring five times or fewer would result in
many accident types that would not be meaningful.’

Both the second and third cross—tabulation analyses were used to
determine the various combinations of accident events that occurred in
each of the accident types. Analysis number two cross—tabulated each
accident type with the lathe operation/worker's activity variable and
the object of lathe operation/worker's variable. This tabulation
determined the contributing events associated with the accidents.
Contributing events were the events that caused or led to the accidents
described on the injury reports. The third analysis cross—tabulated
each accident type with the source of injury and part of body injured
variables. This tabulation determined the resulting events associated
with the accidents.

A matrix showing the variables that were cross—tabulated with the nine
different accident types is shown in Table 4-2.
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Table 4-2. Matrix Showing the Variables That Were Cross-—
Tabulated With the Nine Different Accident
Types in the Three Cross-Tabulation Analysis

ACCIDENT TYPE VARTIABLE

OTHER VARIABLES

Data Source 1 1 1 1 1 1 1 1 1
Worker's Age 1 1 1 1 1 1 1 1 1
Worker's Sex 1 1 1 1 1 1 1 1 1
Worker's Job

Classification 1 1 1 1 1 1 1 1 1
Lathe Type 1 1 1 1 1 1 1 1 1
Safeguarding

Present 1 1 1 1 1 1 1 1 1
Lathe Operation/ ,

Worker's Activity 1,2 1,2 1,2 1,2 1,2 1,2 1,2 1,2 1,2
Object of Lathe Operation/

Worker's Activity 1,2 1,2 1,2 1,2 1,2 1,2 1,2 1,2 1,2
Source of Injury 1,3 1,3 1,3 1,3 1,3 1,3 1,3 1,3 1,3
Nature of Injury 1 1 1 1 1 1 1 1 1
Part of Body Injured ,3 1,3 1,3 1,3 1,3 1,3 1,3 1,3 1,3

Number in cell indicate the cross—tabulation
that was performed.

1l = First cross—tabulation
2 Second cross—-tabluation
3 Third cross—tabulation
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The results of the cross—tabulation were primarily a reduction of the
data. The cells in the first cross—tabulation indicated the frequency
with which injuries were distributed by each accident type over the
eleven variables used in coding the injury data. The results of this
tabulation are presented in this section under results. Cells in the
second cross—-tabulation indicated the combinations of variables that
formed the contributing events in each accident type. For example, the
contributing events in Accident Type 2 were:

1. Applying force to: (a) tailstock or related accessories, or (b)
wrench, chuck or attaching devices.

2. Polishing, filing or deburring the workpiece.

3. Setting up the: (a) chuck, attaching devices, or some other part of
the lathe; or (b) workpiece.

4. Cleaning/clearing the cuttings.
5. Loading/unloading the workpiece.
6. Operating the lathe.*

These combinations of events were formed by pairing the word descriptors
used to code the accident information in the variables of: (1) lathe
operation/worker's activities, and (2) object of worker's activities.
The pairs of word descriptors were selected according to the information
provided in the cells of the second tabulation. For example, on the
above list the word descriptors "Applying force" (combination number 1)
were paired with: (a) "tailstock or related accessories,” and (b)
"wrench, chuck or other attaching devices” as a result of information in
specific cells.

The cells in the third cross—-tabulation indicated the combination of
variables that formed the resulting events in each accident type. For
example, resulting events in Accident Type 2 were:

1. The worker's fingers, hand, or wrist were injured in: (a) the
cutting tool, or lathe bed center area; (b) the chuck or attaching
devices; (c) the tailstock or related accessories; (d) polishing
material; or (e) a hand tool.

2. Injury of the worker's back or upper abdomen on the workpiece or the
area in the center of the lathe bed.

3. Injury of the worker's arm or shoulder on: (a) cutting tool; (b)
tailstock or related accessories; or (c) workpiece.

*A number of contributing events could not be classified by specific

categories and were placed in the general category of “operating the
lathe.”
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These combinations of events were formed by pairing the word descriptors
used to code the accident information in the variables of: (1) the
source of injury, and (2) the part of the body injured. The pairs of
word descriptors were selected according to the information provided in
the cells of the third tabulation. For example, on the above list the
word descriptors "Worker's fingers, hand, or wrist" (combination number
1) were paired with: (a) "cutting tool, or lathe bed center area,” (b)
"chuck or other attaching devices,” (c¢) "tailstock or related accessor-
ies,” (d) "polishing material,” and (e) "hand tool" as a result of infor-
mation in specific cells.

The combinations of accident events for all nine accident types are
presented in Appendix G,

Fault-Tree Analysis--

The fault-tree analysis was applied to groups of injuries. A "group” was
defined as a cluster of injuries from the same accident type that had
similarities in: (a) contributing events, and (b) resulting events. For
example, a group might include all injuries resulting from the worker's
fingers, hand or wrist striking the chuck or other attaching devices, or
the workpiece. A primary consideration in forming the groups was to
include as many injuries as possible in each group. Injuries that were
few in number and did not have contributing and resulting events similar
to any of the groups were considered too different to be grouped and were
not included in the fault-tree analysis.

The actual procedure used in grouping the injuries involved four steps.
The first step was to select either contributing or resulting accident
event combinations that had the highest frequency of injuries associated
with them. For example, if the highest frequency of injuries involved
resulting events in which the workers injured their fingers, hand or
wrist on the: (a) chuck or attaching devices, or (b) workpiece, these
combinations were selected. The second step was to form groups of
injuries by identifying the injuries associated with the accident event
combinations selected. The third step was to sub—divide these first
groups according to a specific rule: 1if the first selection was made by
using combinations from one kind of accident event (either contributing
or resulting) then, a second selection was made by using another kind of
accident event. In our example above, the first selection was made by
using combinations of resulting events. Thus, following the rule, a
second selection used combinations from the contributing events. Like
the first selection of accident combinations, this second selection was
also based on the highest frequency of injuries. For example, if the
highest frequency of injuries involved contributing events in which the
workers were applying force to the: (a) tailstock or related accessor-
ies, or (b) wrench, chuck or attaching devices, these combinations were
selected. The fourth step was to form additional groups of injuries
identifying the injuries associated with the second accident event
combinations selected.
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This procedure was continued until all possible groups were formed in
each of the nine accident types. The results of this procedure produced
groups of injuries that had highly similar accident characteristics for
use in the fault-tree analysis aspect of the study.

There were 22 groups of injuries formed by accident types that included
438 of the 538 injuries reviewed.

The 22 groups of injuries included injury reports representing all nine
different types. Table 4-3 shows the number of injury groups in each
accident type. Three injury reports that involved severe* injuries did
not have accident characteristics similar to the injuries in the first 21
groups, but because they were severe and could be related to one another
they were placed in a 22nd group termed "other.”

Table 4-3. Number of Injury Groups Formed in Each
of the Nine Different Accident Types

ACCIDENT TYPES
1 2 3. 4 5 6. 7 8 9 Other

Number
of Groups 3 2 8 2 1 1 1 2 1 1

The application of the fault-tree anlaysis to a group of injuries began
by first reviewing all the injury reports in the group to get a "feel”
for the nature of the accidents associated with the injuries. Next was
the identification of the parts of the body that were injured and the
types of injuries that resulted from the accidents. The body parts
injured and injury type information provided the starting point from
which to begin the fault-tree analysis.

The fault-tree analysis is a process that is used to identify the
combination of events that could be lead to some undesirable event. In
this application of the analysis procedure, the undesired event is the
group of injuries described in terms of the parts of the body injured and
the types of .injuries sustained. From the undesirable event, the
fault-tree analysis traces in a step-by-step manner the pathways that
identify the combinations of events that could lead to the undesirable
event. The results of this analysis process is a fault-tree diagram that
shows the various combinations of events that could lead to the
undesirable event. The diagram lists the undesirable event and all the
other events connected by pathways and AND and CR gates that show the
relationships between the events.

Application of the fault-tree analysis process to the groups of actual
injury data followed the same procedure described above. Figure 4-2

indicates the steps involved and the results obtained from applying the

*Injuries that resulted in either death, amputation or fractures were
termed severe.
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process to the first groups of injuries in Accident Type 1 (Fault-Tree
Diagram 1). The first step in applying the fault-tree analysis was to
list the undesired event. This was when the worker's fingers, hands,
wrist, feet or legs were either: (1) bruised, (2) lacerated, (3) frac-
tured, or (4) punctured. Step two was to trace the series of events that
produced the undesired event. These included the worker's loosing con-
trol of the part, the parts slipping from his hands and fingers, and his
hands wrists, feet or legs striking the: (1) tailstock or related
accessories, (2) workpiece, (3) chuck and other holding devices, or (&)
cutting tool or holder. The third step was to trace the pathways or
branches from the OR gate to the events that contributed to the undesired
event. To perform this step, all the reports in the first group of
injuries in Accident Type 1 were carefully read and interpreted to iden-
tify the possible events that could result in the worker loosing control
of the part.

The result of applying the fault-tree analysis to this group of injury
data was a fault-tree diagram that identified combinations of events that
could have led to the injuries described on the reports. 'Each pathway or
branch shows a combination of events. Figure 4-3 (Fault-Tree Diagram 1)
highlights one such combination of events. This set of events consti-
tutes one accident scenario that depicts the manner in which a portion of
the injuries occurred in the first group of injuries in Accident Type 1.

All the groups of injury data were analyzed in this same manner and 22
fault-tree diagrams were developed.

Countermeasure Development

Countermeasures were developed to minimize the workers' risk of injuries
that were represented in the 22 fault-tree diagrams., Countermeasures are
the corrective measures that were developed with the purpose of reducing
metalcutting lathe injuries. They are directed at preventing or reducing
the possibility of occurrence of specific events that were believed to
have caused or may have led to the accidents and injuries.

The types of ,countermeasures available to reduce the metalcutting lathe
injuries represented on the fault-tree diagrams included improving lathe
design and working environment, and training the worker. Improving lathe
design involves "designing out"” hazards before a lathe is built, or
retrofitting existing machines with devices that reduce or eliminate
hazards. Improving tlhe working environment deals with providing the
worker with a workplace to operate the lathe safely. Improving light
levels, removing obstructions around the lathe, and reducing sound levels
can often make the working environment safer. Worker training aims at
instructing the worker in the correct and safe way to perform his job
(correct and safe operating procedures for loading/unloading, filing,
deburring, polishing, etc.) and making the worker more aware of safety
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concerns, such as the need for eye and ear protection, and hazards of
wearing loose fitting clothing.

The procedure used to develop the countermeasures was to: (a) review
each of the fault-tree diagrams, (b) generate countermeasures that were
specifically directed at the events listed on the fault-tree diagrams,
and (c) generate as many countermeasures as possible, for as many events
as possible in each of the branches traced out in the diagrams.

Each of the 22 fault-tree diagrams was reviewed. Each combination of
events or accident scenario was read in each of the diagrams to become
familiar with the nature of the accidents associated with the injuries.
Next, solutions were generated that had the potential of preventing
events from occurring in the accident scenarios, and thus possibly
preventing or reducing the likelihood of the accident scenario from
materializing. Figure 4-4 shows the countermeasures that were applied to
one event in Fault-Tree Diagram 1. These solutions were directed at
preventing or reducing the liklihood the workers would attempt to move or
lift parts that were beyond their capacity. The accident scenario
depicts an accident in which the worker moved or lifted an accessory or
workpiece that was beyond his capacity. In doing so, he lost control of
the part, it slipped from his hands, some part of his body struck the
lathe and an injury was sustained. By attempting to prevent the worker
from moving or lifting a part beyond his capacity, the event has less
chance of occurring and, thus, the accident scenario has less chance of
materializing.

‘Once all countermeasures were developed, they along with the fault-tree
diagrams were reviewed by Mr. O. D. Lascoe, consultant to the study.

Mr. Lascoe, Professor Emeritus from Purdue University, has over 40 years
experience in machine work. His primary concern during the review
process was with the effect the countermeasures might have on produc-
tivity. Mr. Lascoe also provided review information concerning the
ability of the proposed countermeasures to reduce injuries and the feasi-
bility of implementating them,

The countermeasures were reviewed for a second time by members of the
ANSI Bll.6 committee and other persons concerned with metalcutting lathe
safety. The purpose of this review was to identify countermeasures that
needed to be clarified and to suggest a ways of implemenation. The re-
view group consisted of individuals from:

1. Industries that utilize metalcutting lathes in their factories
2. A Labor union that represents machinists and lathe operators
3. Builders of metalcutting lathes

4., An insurance company

5. A university industrial engineering department

6. The National Machine Tool Builders' Association,.
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Results

The results of the data analysis include general findings and specific
accident/countermeasure information. The general findings proivide an
overview of the injuries surveyed through tables showing frequency of
injuries by individual and multiple variables. Specific accident/
countermeasure information provides information regarding individual
accident types, fault-tree diagrams and proposed countermeasures.

General Findings --

All 9 accident types had a frequency of occurrence of greater than 5 in
the injury data. The category of “"other"” had a frequency of 13. Four of
the injuries in this category were the result of mechanical failures on
the lathe or accessories. The remaining injuries in the "other” category
were attributed to such causes as a worker tripping on nearby equipment
or another worker accidentally engaging a control. The distribution of
injuries in each of these nine accident types is shown in Table 4-4.

Tables 4-5 through 4-8 present frequency of injuries by accident type
and: (a) lathe operations/workers' activities, (b) sources of injuries,
(¢) nature of injuries, and (d) parts of the body injured. ‘

The frequency of injuries by worker's age, sex, job classification and
by lathe type and safeguarding present are shown in Table 4-9., These
data are not presented by individual accident types.

Table 4~4. Frequency of Injuries by Accident Type

Accident Type . Name Frequency
1 Slipped Hand 55
2 Slipped Tool 41
3 Unperceived Information 149
4 No Protection or Improper Use . 85
5 Misjudged Time/Space 13
6 Misjudged Weight/Force ) 67
7 Improper Workpiece Securement 21
8 Improper Procedure 71
9 Uncontrolled Limb Movement 10
Other 13
Missing 13.
538

Accident/Countermeasure Information~-

Accident/countermeasure information is presented by individual accident
types. The nine different accident types that were identified are
included. Each accident type includes accident information that
describes: (a) events that contributed to, or led to the particular type
of accident, (b) events that resulted in the accident type, and (c) the
type and the number of injuries attributed to the type of accident,
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Table 4-5.

Frequency of Injuries by Accident Type and

Lathe Operation/Worker's Activity

ACCIDENT TYPES
TP 2 3 4 5 6 7 8 9
Primary Operations TOTALS
1. Turning 2 0 4 6 0 0 2 4 0 18
2. Facing 0 0 0 2 0 0 2 1 0 5
3. Boring 6 0o 4 1 ¢-0 0 0 O 5
4. Threading o 1 1 0 0 0 0 1 O 3
5. Grinding o 0 O 4 0 0 0 0 0 4
Subtotals 2 1 9 13 0o 0 4 6 O 35
Secondary Operations
1. Setting-up 4 6 7 0O 0 5 0 1 2 25
2. Loading/unloading 9 4 201 0 15 0 4 1 54
3. Measuring o 0 2 o0 o0 0 0 1 O 3
4, Filing, deburring 4 17 10 1 0 O O 5 0 37
5. Polishing 6 3 10 1 0 4 8 1 33
6. Cleaning/clearing 1 1 7 1 1 0 0 13 0 24
Subtotals 24 31 56 4 1 20 4 32 4 176
Workers' Activities
1. Positioning/holding 1 0 66 0 O 3 1 0 O 11
2. Applying force 12 7 8 2 1 36 0 6 3 75
3. Removing/replacing 4 ¢ 7 3 3 3 0 8 1 24
4. Reaching for 0 0 9 2 2 0 0 1 0 14
Subtotals 17 7 25 7 6 42 1 15 4 124
Operating lathe 12 2 58 61 6 5 12 18 2 176
Missing 0O O 1 0 ¢ 0O 0 0 © 1
Subtotals 12 2 59 61 5 12 18 177
TOTALS 55 41 149 85 13 67 21 71 10 512
"Other" Accident Types 13
Missing Accident Types 13
Total Injuries 538
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Table 4-6. Frequency of Injuries by Accident Type and Source of Injury

ACCIDENT TYPES

Lathe Parts or Accessories TOTALS
1. Control handle,
lever or wheel 3 0 5 0 1 18 0 1 0 28
2. Power Switch 0 0 2 0 O 0 O 0 o© 2
3. Cutting tool or ‘
holder . 7 6 15 1 0 2 1 4 4 40
4, Chuck and other -
holding devices 22 17 50 0 4 21 0O 6 2 122
5. Follower or steady
rest 0 O 0 0 © 2 0 0 © 2
6. Tailstock or
related accessories 2 3 4 0 0 3 0 0 0 12
7. Lathe steps o 0 3 0 0 0 0 0 0O 3
8. Chuck wrench 1 0 8 0 0 3 0 1 1 14
9. Coolant or dust 0 0 0 5 0 0 0 0 2 7
10. Cutter, tap, die
drill or reamer 2 0 4 0 1 0 1 2 0 - 10
11. Cuttings/chips 1 0 17 74 0 0 0 30 0 122
12, Grinding wheel 0 O 0 0 o O 0 o0 1
13. Polishing material 0 1 0 0 O 0 0 2 0 3
14. Workpiece u 10 9 18 2 4 10 18 12 0 83
15. Hand tool 2 1 4 0 1 0 O 5 0 13
16. Turret o 0 o0 1 0o o 3
17. Shield/guard o 0 3 0 0 o0 1 0
18. Belt, gear, pulley
] or 1ead screw 1 0 1 0 0 0 0 1 0 3
19, Taper or tracer '
attachment 0 0 O o0 0O 1 0 0 0O 1
20. General lathe 2 2 7 0 1 0 0 o0 1 13
21, Other 0O 0 O 1 0 1 0 O 0 2
22, Missing 2 2 7 2 0 4 0 7 0 24
TOTALS 55 41 149 85 13 67 21 71 10 512
"Other"” Accident Types 13
Missing Accident Types 13
Total Injuries 538
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Table 4-7.

Frequency of Injuries by Accident Type

and Nature of Injury

ACCIDENT TYPES

12 3 4 5 6 7 8 9

Injury Types TOTALS
1. Abrasion o0 1 1 1 1 0o 0 2 0O 6
2. Amputation 1 0 3 0 0 0 0 2 0 6
3. Bruise/contusion 16 11 26 0 3 5 5 9 1 76
4. Burn o 0 O 4 O O O 1 o0 5
5. Death 0 2 0O 0 O 1 1 0 4
6. Foreign body 0 0 0 67 0 0 0 2 0 69
7. Fracture 4 6 17 0 2 0 1 9 2 41
8. Laceration/cut 26 16 83 13 6 0 10 37 4 195
9. Puncture 2 3 7 0 O 0 O 3 1 16
10. Strain/sprain 1 2 1 0 62 0 69
11, Other o 1 0 O O O 0o o0 0 1
12, Missing 5 1 9 o 1 O 3 3 2 24
TOTALS 55 41 149 85 13 67 21 71 10 512
"Other" Accident Types 13
Missing Accident Types 13
Total Injuries 538
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Table 4-8, Frequency of Injuries by Accident Type

and Part of Body Injured

ACCIDENT TYPES

51

1 2 3 4 5 6 7 8 9
Body Parts TOTALS
1. Back 0 2 0 0 29 0 1 O 32
2. Upper Abdomen 0- 1 3 1 0 0 3 0 8
3. Eyes 6 0 O 69 0 0 2 1 0 72
4. Head, face or neck 1 §] 5 2 0 3 3 2 0 16
5. Right fingers, hand -
or wrist 23 22 67 7 5 9 5 29 5 172
6. Left fingers, hand
or wrist 15 6 42 4 4 5 4 19 2 101
7. Feet or legs 0 0 1 1 1 0 8
8. Lower abdomen 0 0 1 4 0O © 0 5
9, Fingers, hands
wrists 9 3 13 2 6 2 6 11 1 41
10. Right arm or
shoulder 4 6 7 0 1 5 6 1 2 26
11. Left arm or
shoulder 0 1 4 0 0 0O 3 1 o0 9
12, Arms or shoulders 0 0 2 1 o0 6 0 0 O 9
13. Other 6 o 1 0 o 1 o 0 o0 2
‘14, Missing O o 3 0 1 2 3 2 O 11
TOTALS 55 41 149 85 13 67 21 71 10 512
"Other"” Accident Types 13
Missing Accident Types 13
Total Injuries 538
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Information presented for each accident type also includes fault—tree
diagrams and proposed countermeasures that were developed. The fault-
tree diagrams trace the specific accident associated with the accident
type. Referenced to each fault-tree diagram are the type and number of
injuries represented by the diagram. The difference between number of
injuries that were included in the accident type and the number of
injuries represented by the fault-tree diagrams is also noted. Lathe
operations and worker activities associated with the diagrams are indi-
cated to provide a frame of reference when reviewing the fault-tree
diagrams.

The proposed countermeasures that were developed in response to the acci-
dent events on the fault-tree diagrams keyed to each of the diagrams.

The countermeasures include engineering, management policy and training
solutions, and suggested methods of implementation.

The information regarding the nine accident types and the 22 fault~tree
diagrams and corresponding proposed countermeasures is presented in
Appendix G. /

Discussion and Summary

The reliability of the injury data is based on several facts. F(rst,

the injury data were collected from seven states that were determined
-through the Standard Industrial Classification Manual to have high
numbers of industries utilizing metalcutting lathes, e.g., gerospace
manufacturing in California and Washington; automobile manufacturing in
Michigan, and home and industrial products in Ohio and Wisconsin. Four
of these states were also selected as: injury data sources in another
NIOSH study* and were reported to have high numbers of industries utiliz-
ing metalcutting equipment, which included metalcutting lathes. The
injury data collected included current data as well as data selected from
the years 1976, 1977 and 1948.

Second, experts associated with machine shops having engine and turret
lathes believed the accident scenarios reflected by the fault-tree
diagrams presented a fairly reliable picture of metalcutting lathe
accidents and injuries. One expert, Mr. O. D. Lascoe, stated that in
his past 40 years of machine shop experience he has directly observed or
indirectly learned of many of accidents and injuries reflected by the
fault-tree diagrams., Other expe ts made similar statements. A
supervisor from one of the large steel industry maintenance shops that

*Machine Guarding-Assessment of Need, DHEW Publication No. NIOSH 75-173
The Bendix Corporation, Launch Support Division. June 1975. Machine
Guarding-Assessment of Need. U. S, Dept. of Health, Education, and
Welfare. Public Health Service. Center for Disease Control. National
Institute for -Occupational Safety and Health. Division of Laboratories
and Criteria Development. Cincinnati, Ohio
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participated in the study said he has personally seen or read injury
reports describing most of the filing, deburring or polishing accident
scenarios. Several older machinists working in one of the job shops
said in their many years of machine shop experience they have witnessed
or were told about many of the accident scenarios involving loading/
unloading operations, ' ' ’

Accident Types——
One important finding concerning accident types was Accident Type 3

involved the largest single block of injuries (27.7%). Figure 4-5 shows
rhe percentages of injuries distributed over all accident types.

27.7%

15.8%
10.2% o 12.5% 13.2%
o 1.6% - —
— - -_— —_— . _"2.400 —_— _3_90 - .
D/ I—-—IA’ 1.9%
C—3

1 2 3 4 5 6 7 8 9

ACCIDENT TYPES

Figure 4-5. Percentages of Injuries Occurring in
‘ the Nine Different Accident Types

Most of Accident Type 3 injuries (67.27%) were the result of the worker
contacting either the chuck or holding device, workpiece, cuttings/
chips, cutting tool or holder. Figure 4-6 shows the percentages of these
sources of injuries..

27.7%
-~ all other sources of injuries (33.6%)
-] cutting tool or holder (10.1%)

-«—4—— cutting and chips (11.4%)

workpiece (12.1%)

chuck or holding devices (33.6%)

ACCIDENT TYPE 3

Figure 4-6. Percentages of Injuries Occuring by
Source of Injury in Accident Type 3
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The fact that the chuck or holding devices were the sources associated
with 33.6% of the lathe injuries suggests that a number of these injuries
might have been prevented if: (a) the worker could have been prevented
from accidentally contacting the rotating chuck or attaching devices, or
(b) the protrusions (chuckjaws, lathe dogs, etc.) on the chuck attaching
devices could have been minimized.

Another important finding concerned Accident Types 1 and 2. The
injuries in these two accident types involved either the worker's hand
slipping on some hand tool or part, or a hand tool or part slipping on
the lathe. When the injuries from these two accident types are combined
they include 17.8% of the total injuries surveyed. Figure 4-7 shows

that a reasonably high percentage of injuries from these two accident
types (51%) occurred during filing, deburring and polishing operations,
and when the worker was applying force with a hand tool. Several reasons
for this finding could be: (a) The files, deburring or polishing tools,
and the wrenches, nuts, bolts, etc. that were used on lathes may not have
been properly designed, or engineered or maintained, and (b) The workers
may have lacked the necessary training and motivation required to use the
hand tools safely. :

17.8%
- all other lathe operations and worker activities (49"/;)
— 19.7% applying force
<¢—— 31.3% filing, deburring and polishing operations

51.0% Total

COMBINED ACCIDENT TYPES 1&2

Figure 4-7. Percentages of Injuries Occurring by Lathe
Operation/Workers' Activities When Accident
Types 1 and 2 are Combined

Another important finding related to accident types was the fact that a
high percentage (87.1%) of Accident Type 4 injuries were the result of
cuttings/chips, most of which entered the workers' eyes. With such a
high percentage of injuries resulting from cuttings/chips, a number of
questions should be asked about why so many of these injuries occurred.
Were the workers wearing eye protection? If they were wearing eye
protection, did it fit properly? If the workers were not wearing eye
protection, why weren't they doing so? It is not possible for this
study to answer these questions because the injury reports did not
provide the very detalled information necessary, but it is within the
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scope of the study to suggest these questions be addressed in future
research.

Accident Type 8 findings revealed that most of the injuries (59.2%) were
from the workpiece and cuttings/chips. Many of the injuries occurred
when the workers were using an unsafe procedure to remove long stringers
from the lathe while the workpiece was rotating.

Another finding revealed was that a very high percentage (92.5%Z) of the
injuries included in Accident Type 6 resulted in strains or sprains to
the worker.

When Accident Types 1, 2, 3, 4, 6 and 8 are considered together they
account for 86.5%7 of the total injuries included in the injury data.

Lathe Operations and Workers' Activities——

The important finding concerning the kinds of lathe operations and
workers' activities associated with the injuries was that the largest
single group of injuries (32.7%) occurred during secondary lathe
operations. Only a small percentage (6.5%) involved primary lathe
operations, It should be noted here that on a portion of the injury
reports descriptions, it was impossible to determine whether the injuries
occurred during primary or secondary lathe operations. Because of this
situation, some injuries were classified under specific workers'
activities (23%), and some under operating lathe (32.7%). However, there
is no reason to believe that these injuries would be distributed any
differently from the proportions of injuries that presently exist between
the secondary and primary lathe operations. Figure 4-8 graphically
represents all those percentages.

32.7% 32.7%

23%

6.5%

Primary Secondary Specific Operating
Operations Operations Working Lathe
' Activity
Figure 4-8, Percentages of Injuries Occurring by Lathe
Lathe Operations/Workers' Activities

Source .and Nature of Injuries, and Part of Body Injuried--

The sources of most metalcutting lathe injuries reported in the injury
data were chuck or holding devices, cuttings/chips and the workpiece.
These three sources accounted for 60.8% of the total injuries. Of this
60.8%, the chuck or holding devices accounts for 22.7%; cuttings/chips
accounted for 22.7% and the workpiece accounts for 15.4%Z. A graph of
these percentages is shown in Figure 4-9. The injuries that were
classified under "All Other Sources” (39.27% of the total) were
distributed fairly evenly over 17 other sources of injuries. The
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highest percent of injuries for any of these 17 other sources was 7.4%
for cutting tool or holder. The lowest percent of injuries for any of
these other sources was .27 for taper or tracer attachment,

The greatest number of lathe injuries (90.6%) according to the injury
data were not severe in nature. The highest number of these non-severe

injuries (36.2%) involved lacerations/cuts, most of which occurred to
39.2%

22.7%  22.1%

15.4%

- ' Chuck Cutting/ Workpiece All Other
or Holding  Chips Sources
Devices

Figure 4-9, Percentages of Injuries Occurring
by Sources of Injuries

the fingers, hands or wrists. The highest number of these non-severe
injuries (36.2%) involved lacerations/cuts, most of which occurred to
the fingers, hand or wrists. Severe injuries accounted for 9.4%7 of the
total injuries. The highest number of severe injuries (7.67%) involved
fractures. Amputations and deaths accounted for the remaining 1.8%.
The number of severe injuries that were identified in the study shows
that metalcutting lathes can be dangerous. This fact is important,
since apprentices and trainees, and even some machinists, lathe
operators and supervisors often believe that metalcutting lathes are
seldom involved in accidents resulting in severe injuries.

The parts of the body that were most frequently injured (58.47) were the
fingers, hands or wrists. A suprisingly high number of injuries
occurred to the eyes, most of which were the result of chips entering
the eyes.

Accident Types, Fault-Tree Diagrams and Countermeasures--

The most important aspect about accident type, identification

fault-tree analysis and countermeasure development was that the results
were based on actual injury reports. Each accident type identified was
supported by injuries. The fault-tree analysis process resulted in the
development of -diagrams corresponding to groups of related injury data
from the accident types. Each event represented on the fault-tree
diagrams was based on the interpretation of actual injury data involving
metalcutting lathe accidents. Countermeasures applicable to one or more
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of the events in each of the accident scenarios were developed. Each
countermeasure had the potential of preventing the occurrence of the
events and thus, the possibility of preventing the accident sceanarios
from materializing. Thus, based on the injury data analyzed and the
logic of the methodology employed there is reason to assume that the
workers' risk to the injuries traced on the fault-tree diagrams could
have been significantly reduced if the countermeasures had been employed
in those machine shops in which the injuries occurred.

A review of the percentages of injuries represented by the fault-tree
diagrams presented in Figure 4-10, shows that some of the diagrams
represent a greater proportion of the 438 injuries than others. This
suggests that possible and practical countermeasures should be selected
for implementation on the basis of theilr application to the greatest
numbers of total injuries and total severe injuries as represented by the
fault-tree diagrams.

The fault-tree diagrams were rank ordered seperately according to the
highest number of total injuries and total severe injuries they
represent, Diagram number 14 ranked first (with 69) in total injuries.
Diagram 10 ranked first (with 10) in total severe injuries. Diagram 10
also ranked second in total injuries. Table 4-10 shows this information.

The actual determination of which countermeasures should be applied to
reduce the risk of workers being injured depends upon the type of
industries and machine shops. For example, it would be inappropriate to
insist that all chuck wrenches be spring loaded to prevent the workers
from forgetting to remove the wrenches before they start the chuck
rotating. This countermeasure might be appropriate in some production
shops using turret lathes, but not in maintenance shops that perform a
variety of jobs on engine lathes. Often a worker must place the chuck
wrench in the socket of the chuck while he/she uses two hands to
position the workpiece, then quickly with the left hand reach up and
turn the chuck wrench, while still holding the workpiece with the right
hand. A spring loaded chuck wrench would cause the worker to have to
pick-up the wrench with his/her left hand from a bench or some part of
the lathe, insert the wrench in the chuck socket and then turn the
wrench, This would be quite difficult to do while still holding the
workpiece in the chuck with the right hand.

Specifying the countermeasures that should be used on engine and turret
lathes in all of the various machine shops throughout the United States
is beyond the scope of this report. The problem will be addressed in
Phase III when an engineering guide is developed. This guide will
provide a procedure for determining the appropriateness of.
countermeasures for the various industries and machine shops.

Most of the countermeasures that were developed to reduce the workers'
risk of injuries resulted in management policy and training solutions
because they imposed the fewest restrictions of the lathe/worker.
interactions. Both the engine and turret lathes are used to perform a
wide variety of jobs, although this is generally less true of turret
lathes. The amount of variety depends upon the type of industry and the

~
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machine shop. For example, engine lathes in maintenance and some job
shops are seldom used to perform jobs limited to one operation, such as
turning. Instead, they are used to perform jobs that involve many
operations. A job could involve turning, facing, boring, threading and
polishing operations before the part is completed. Since engine lathes
are manually operated, changes made in setup, tooling, etc. require much
worker interaction with the lathe. The worker/lathe interaction or work
flow becomes a practical consideration in developing countermeasures.
The approach to countermeasures in this study was to develop solutions
that would minimize the restrictions imposed upon normal work flow. This
was seen as important, since creating undue interference would tend to
encourage the workers to fail to use or to bypass safety devices or
procedures. Such action would likely make the countermeasures
ineffective. ‘

The engineering countermeasures that are proposed primarily focus on
future lathe control design. These include: (a) Placing controls that
are frequently used in positions that are more accessible, (b) Designing
controls so they cannot be easily mistaken for one another and cannot be
accidentally activated, and (c) Making the controls operate consistently
from lathe to lathe, e.g., making the clutch lever so that it is engaged
by pushing downward on all lathes even though they are manufactured by
different companies. The countermeasure proposed in (c) would appear to
be the most difficult to institute, since it would require a considerable
effort on the part of the machine tool builders.

Proposed management policy countermeasures were designed to encourage
industry to provide the necessary equipment and tools for the workers so’
they can perform thelr jobs safely and to require the workers to follow
good known safety practices. Many injuries surveyed appeared to occur
when the workers were not following good safety practices, e.g., not
wearing eye protection devices-or wearing loose fitting clothing.

The training countermeasures that were proposed involved providing the
workers with knowledge and skills related to secondary lathe operationm,
such as setup, filing, deburring and polishing. Although the fault-tree
analysis indicated that a lack of knowledge and skills contributed to
many worker injuries, the problem may not solely involve training. Lack
of worker motiviation could also have contributed to some of these
injuries. Sometimes a worker may have the necessary knowledge and
skills to perform a lathe operation safely, but will "take a short cut.”
The results of this action will make it appear that the worker does not
know how to safely perform the lathe operation. For example, the worker
may make an unsafe lathe setup because the correct length bolts would
require the worker to walk to the store room at the other end of the
machine shop.

Risk taking 1s not the only behavioral problem associated with motiva-
tion. Habit can also cause the worker to perform lathe operations
unsafely. For example, many right-handed workers through habit hold the
file handle in their right hand and the lip of the file with their left
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hand, when filing on the lathe. This is an incorrect and unsafe
procedure, since the left arm of the worker is usually positioned over
the rotating chuck or holding devices.

In addition to the 22 countermeasures included in this report, three
suggestions’ for future research are proposed. These are:

1. Develop engine and turret lathe guards that provide fewer
restrictions on work flow than those currently on the market.

2. Develop awareness barriers or devices that can be used on engine and
turret lathes to warn the workers of chuck and holding device hazards
but do not restrict the work flow. -

3. Develop a lathe chuck that incoporates a smooth surface on the face
and circumference, but still permits the worker to attach the .
workpiece without difficulty.

4, Develop a safety checklist for the supervisor or worker to evaluate:

a., Fixtures used in lathe operations that are made "in house.”
b. Lathe setups.
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SECTION 5

STANDARDS EVALUATION AND RECOMMENDATIONS

INTRODUCTION

The purposes of the standards evaluation and recommendations aspect of
the study were: (a) to determine what specific areas of the workplace
were addressed by existing standards, (b) to determine if specific rules
were provided to guide the implementation of the standards, and (c) to
make recommendations concerning the development of new standards in view
of the proposed countermeasures.

The standards that were included in the evaluation were the ANSI
B11.6-1975 and the proposed OSHA 1910, 1977 standards. The ANSI Bl1l.6
standard is the American National Standard Safety Requirements for the
construction, care and use of lathes. The primary objective, as stated
in this standard, "is to eliminate injuries to personnel associated with
lathes by establishing requirements for construction, care and use of
lathes.”™ The ANSI standard alsoc states, "to accomplish the objective,
the committee approached the problem of safety from four directions:

1. Eliminating by design certain recognized construction hazards and
establishing standard approaches to safety.

2. Eliminating, where possible, by design, procedure and process the
necessity to expose the operator, or any part of the operator's body,
to hazards related to the operation of lathes.

3. Establishing guidelines for general training and spécific job—related
instruction for eliminating unsafe practices and procedures for-all
personnel working in lathes.

4., Protecting personnel from exposure to hazards related to lathe
operations.”

The OSHA standard is the proposed Occupational Safety and Health
Administration Part 1910-Machinery and Machine Guarding, Subpart O -~
Machinery and Machine Safeguarding. The purpose of Subpart 0, "is to set
forth mandatory performance criteria for protecting against those hazards
which are associated with operation of machinery and which may cause
traumatic injury or death and to provide methods for safeguarding against
such hazards.”

The remainder of Section 5 is divided into three parts, Methodology,
Results, and Recommendations. Methodology deals with the procedure that
was used to evaluate the existing standards. Results include the
findings from applying the evaluation procedure in the methodology. The
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recommendations based on the results of the evaluation discuss the
development of new standards in view of the proposed countermeasures,

METHODOLOGY

The methodology used to evaluate the existing standards involved
reviewing the standards point by point and subjecting the standard to two
questions. Question one was designed to determine what area of the
workplace the standard addressed: the lathe and accessories, the worker,
or the environment in which the lathe, accessories and the worker
operated. This question was developed after a review of the injury data
analysis findings and the proposed countermeasures indicated that
although the primary source of injuries is the lathes and acccessories,
contributing factors involved lack of worker training, lack of proper
tools, etc. Question two was designed to determine if specific rules
were provided to guide the implementation of the standards in the various
type of machine shops in which engine and turret lathes are found. This
question was developed from observations made during the hazard analysis
and human engineering evaluation that indicated there was a variety of
jobs, each having its own set of characteristics, being performed on the
engine and turret lathes in the four different types of machine shops.

The two actual questions used in the standards evaluation were:

1. What area of the workplace does the standard address: lathe and
accessories, worker, or environment?

Lathe and accessories——includes the design, construction,
reconstruction and modification of the lathe and accessories; also
includes, guards, shields, warning devices, etc.

Worker-—-includes training, personal safety devices, etc.
Environment-—includes workspace around the lathe, lighting,
materials handling equipment, etc.

2. Does the standard include specific rules to guide the implementation
of the standards under the various operating conditions found in the
four different types of machine shops: job, tool/experimental,
maintenance and manufacturing/production?

Job shop--can iuvolve either service manintenance or production
machine work. Service maintenance work generally utilizes engine
lathes and rarely involves making more than one or two parts per
job. Production machine work generally untilizes turret lathes
and most often includes production runs of parts greater than
150,

Tool/experimental shop—--almost always utilizes engine lathes and
produces a very small number of parts per job. Specilizes in
percision type work, usually tools and dies, or experimental
work. ) :
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Maintenance shop-—performs machine work similar to the service
maintenance described under job shop. Maintenance shops often
support the maintenance efforts of a manufacturing plant, almost
~always uses engine lathes.

Manufacturing/production shop--performing machine work related to
the manufacturing of a product. Utilizes either engine or turret
lathes or both to produce a wide variety of products.

The application of this methodology involved three steps. The first step
required reading the standards to become familiar with them. The second
step involved proceeding point by point through the standards, evaluating
them by applying the two questions. The third step required recording
the answers and describing their relationships to the standards. The
methodology was applied to the ANST B11.6~1979 standards first, and then

to the OSHA 1910 standards. \

Results and Discussion

The results from the evaluation of ANSI standards revealed that most of
the standards address safety requirements affecting the lathe and the
accessories. A portion of the standards addressed safety requirements
affecting the workers, such as providing training, precautionary
instructions, etc. Few of the standards addressed safety requirements
affecting the environment, although there were some specific points
addressing the necessity of having the proper chip removal tools and
proper storage magazines for cutting tools.

The specific rules governing implementation of the standards that were
included were generally in the form of guidelines. Few of these guide-
lines dealt specifically with implementing the standards under the
different operating conditions in the various types of machine shops.

Section 4 of the ANSI standards, Construction, Reconstruction and
Modification, described safety requirements affecting the lathe and
accessories. Section 4 provided some specific guidelines for
implementation of the standards. This was in part 4.2.1 dealing with
hazards of personnel associated with power transmission components and
in part 4.2.5 dealing with hazards to personnel associated with ladders,
work platforms and walkways.

Section 5 of the standards, Safeguarding, also described requirements
affecting the lathe and accessories with two exceptions. In part 5.3 of
Section 5, work-~holding device hazards included the requirement of
precautionary instructions to warn workers of danger associated with
work-holding devices. In part 5.8.2 the safety requirement associated
with the working environment was described. This requirement states
"Chips that are in the process of being generated, such as long stringy
chips, shall not be handled by hand. Chips shall be removed by use of a
tool, puller, brush, or shovel.”
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Section 5 provided some specific guidelines for implementation of the
standard. The most complete were those dealing with chips or coolant
hazards in part 5.8. Part 5.3 dealing with safety requirements for
work-holding devices provided guidelines that recognized some of the job
variation found among machines. Part 5.3 recognized the fact the
workpiece sometimes extends beyond the periphery of the holding device
and the worker should be protected from injury. Part 5.3 indicated that
if the worker is not effectively protected by location then other means
should be used: fixed or movable guard devices awareness barriers, or
peripheral covers over areas exposed to the worker., Part 5.3.1 indicated
that if the hazard cannot be eliminated by design or protection,
precautionary instructions shall be given. The problem with these
guidelines is they do not provide enough information (e.g., What is an
acceptable protrusion‘length?) to help one make a decision as to whether
precautionary instructions or guards, awareness barriers, etc. should be
used. '

Section 7 of the ANSI standard, Use, describes safety requirements
affecting the worker, lathe and accessories and enviromment. This
standard indicated in a general way training requirements for the worker,
use and maintenance requirements pertaining to the lathe and accessories,
and environment requirements important to safety, such as maintaining a
clean workplace floor. Part E7.1.1, which presented some of the
explanatory information of the standard states, "The employee should have
a general understanding that proper feeds, speeds, and depth of cut
depend upon the material being cut; whether the cut is continuous or
intermittent; the tooling, rigidity of both the work-holding device and
the workpiece and; the clamping force applied by the work-holding device
to the workpiece."” Missing from Part E7.1.1 was any reference to training
that instructs the worker in the safe and proper method of filing,
deburring and polishing on a lathe, or in general using hand tools.
Findings from the analysis of the injury data indicated that 13% of the
injuries included .in the analysis involved filing, deburring and
polishing operations., '

Section 7 provides some specific guidelines for implementation of the
standard, but most of the guidelines were directed at the lathe and
accessories. Guidelines provided for implementing training and environ-
ment requirements were found to be limited in that they did not discuss
the specific details. For example, Part 7.1.1.1, Mandatory Safety
Instructions, stated that, "The chuck wrench shall be removed from the
chuck immediately after using it."” This part of the standard does not
take into consideration setups that are often made in maintenance machine
shops. This part of the standard might be appropriate in some machine
shops, but not in others.

The application of the evaluation methodology to OSHA standards was more
difficult. OSHA standards do not specifically deal with metalcutting
lathes, but include them under cutting and shaping machinery. Thus,
standards were much more difficult to evaluate.

The results from the evaluation of OSHA 1910 standards revealed that most
of the standards addressed safety affecting the lathe and accessories.

66



There was only one paragraph that addressed requirements affecting the
workers. Paragraph (b), Employee Training and Supervision, under
1910.213 of the general requirements, briefly described training require-
ments. ,

The specifications governing the implementation of the standards were
included under 1910.216 of the rules for compliance. Appendix A of these
rules included two drawings of lathes. Appendix B provided a list of the
OSHA and appropriate ANSI standards. Both Appendix A and B provided few
guidelines that dealt specifically with implementing the standards under
the different operating conditions in the various types of machine

shops.

RECOMMENDATIONS

The recommendations concerning the standards were based on the evalua—
tions of existing and proposed standards, and a review of the proposed
countermeasures. The first recommendation is that future metalcutting
lathe standards should address all areas of the workplace: lathe and
accessories, worker and accessories, worker and environment. The
standard should include requirements for worker training in primary lathe
operations (turning, facing, etc.) and most important secondary lathe
operation (setup, loading/unloading, filing, deburring, polishing, etc.).
Instructions on how to perform secondary lather operating 1s important,
since findings from the injury data anlysis indicated 32.7% of the
injuries occurred during secondary operations. The metalcutting lathe
standards should also include requirements for providing the proper tools
for the worker, such as materials handling equipment for heavy
workpieces, wrenches, files, deburring tools, etc. The lathe standards
should also include requirements for lathe design that are directed at
providing labels on lathe control positions and where possible should
re-quire industry-wide consistency in control operation, e.g., all clutch
levers are pushed downward to engage the spindle drive.

The second recommendation is that standards should include rules that
deal specifically with implementing the standards under the different
operating conditions in the various types of machine shops. The rules
should guide the selection of standards that apply to operating
conditions found in the different machine shops. The rules should be
responsive to the variety of jobs performed on engine and turret lathes
by considering such variables as the kind of machining operations, the
size and shape of the workpieces, and the quantity of parts to be
produced.
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SECTION 6

SUMMARY AND CONCLUSION

This study of metalcutting lathe safety, Phases I and II, has resulted in
two important outcomes. First, the study showed the application of )
systematic methodologies for analyzing safety problems on engine and
turret lathes. Necessary background information was supplied by the
literature search., The hazard analysis identified injury potential
situations that occurred on eight different engine and two turret lathes
in four different types of machine shops. Potential safety problems were
discovered through the human engineering evaluation. The injury data
analysis provided 22 fault-tree diagrams that traced 438 actual injuries
occurring on metalcutting lathes. Countermeasures developed generated
solutions directed at preventing these injuries from occurring. And
evaluation of existing and proposed standards resulted in recommendatlons
concerning the development of new standards.

The second important outcome was the development of countermeasures that
were founded on actual injury data and are directly applicable to
reducing the risk of workers' injuries occurring on metalcutting lathes.
These countermeasures can be utilized by the builders and users of engine
and turret lathes.

The application of these methodologies was effective in providing the
necessary results to meet the Phase I and II objectives of: (a)
identifying aspects of metalcutting lathes and associated operations that
are likely to cause worker injuries, and (b) developing countermeasures
that will reduce workers' risk to these injuries.

During the performing of this study a number of problems were encoun-
tered. The most difficult problem to deal with concerns the collection
of injury data. First, it was difficult to obtain injury data. Company
injury reports and insurance data could not be obtained. Private
corporations and insurance companies that were contacted would not
release any injury reports. Workmen's Compensation First Reports of
injury were obtained, but not from all states that were contacted.

Second, injury data frequently did not supply the level of detail
desired. The quality of the accident description was sometimes limited
and not complete in supplying details on how the injury occurred.
Providing a a short structured accident recording form with the states'
Workmen's Compensation First Reports might help this situation. A
discussion of the problems encountered during data collection is
presented in Appendix H.

Although there was excellent cooperation from the companies partic1pating

in the study, some other companies contacted during the search for
machine shops indicated they'did not want to participate because of the
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"cost™ involved with the company's effort and plant restrictions. This
attitude made the search for participating machine shops more difficult.
Possibly there could be incentives to encourage participation in such
studies.
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Branton, P. A field study of repetitive manual work in relation to
accidents at the work place. The International Journal of Production
Research, 1970, Volume 8, No. 2, 93-101. Published by The Institution
of Production Engineers, 10 Chesterfield Street, London, W.1,

England. '

ARTICLE SUMMARY

Purpose. To identify any relationships between the frequency of accident
occurrence and time of day, fatigue, boredom, and gain of information in
a light engineering factory or machine shop.

Methodology. Four-hundred-twenty-seven accident cases involving 141
subjects were selected from the records of 2000 accident cases involving
180 subjects collected by the British National Institute of Industrial
Psychology research team. All the accidents occurred in the machine and
assembly shops of a light engineering factory. The 427 accident cases
selected for study met the following criteria:

l. They occurred at the actual work station and during
normal working hours.

2. The nature and locus of injury, and times of occurrence
were known,

3. The machine at which the accident happened and the job
description were available.

The work day was divided into l15-minute segments and into four work
periods. The author used several histograms to determine what if any
relationship existed between frequency of accident occurrence and time
of the work days or duration of the work periods.

The second phase of the study involved four capstan cordings were made of
machine sounds. The time between machine sounds was then measured to
determine what speed variability existed for the time of performance
during loading and cutting tasks. Recordings were taken on large and
small capstan lathes and the operators' tasks were all self-paced.

For the third phase of the study, a woman capstan lathe operator, who had
the highest number of reported accidents over the previous two years, was
observed for one hour at a time during each of the four work periods. At
the end of each five to determine when the highest frequency of unsuc-
cessful hand movements occurred and what tasks generated the highest
number of them.

Results. The frequency of accident occurrence was found to increase
steadily throughout each work period.

Ninety and two—tenths percent (90.2%) of all the accidents were to the
hands, almost equally divided between the right and left.
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The time to perform loading tasks varied more than the time to perform
cutting tasks. ’

The number of unsuccesful hand movements, monitored in the third phase
of the study, was the highest during performance of the complex loading
movements. During the periods of the highest occurrence of accidents,
unsuccessful hand movements tended to increase.

Conclusions/Recommendations. The author concluded that deterioration
of performance which may result in an accident is not caused by
physical fatigue or overloading the operator's capacity, but that the
deterioration is caused by monotony and underloading the operator's
capacity. The author suggests that this deterioration can be reduced
by providing a variety of dissimilar tasks for the operator or by
providing the operator with finely graduated increases in complexity of:
the tasks he is .to perform,

SAFETY ASPECTS

Places of Attachment. The author of this article suggests that providing
increased protection for the operator's hands by the use of guards and
protective devices would reduce, but not eliminate, accidents. This
would apply especially to places of attachment such as chuck and tool
holders where complex hand movements are required and where deterioration
of performance due to monotony could precipitate an accident.

The author contends that monotony and underloading the operator
capabilities tend to create a predisposition to accidental injury. Some °
possible solutions are shorter work periods and/or providing the operator
with a greater variety of dissimilar tasks to perform. Another possible
ingredient to a solution is to gradually increase the complexity of the
tasks to avold monotony. ‘
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Buzunov, V . H. A physiological assessment of occupational stress in
machine tool operators and matal workers. Gig. Tr. Prof. Zabol., 1972,
16 (1): 19-22.

ARTICLE SUMMARY

Purpose. To physiologically assess the occupational stress in machine
tool operators and metal worker.

Methodology. The subjects used for the study worked in the mechanical
and instrument shops of an electrical instrument factory. The subjécts
ranged in age from 22 to 35 years. The subjects worked as metal lathe
operators, milling machinists, polishers, and automatic turret lathe
operators and setup men. The turret lathe operators were women and all
the others were men.

The study was performed for three days a week during the first, fourth,
and eighth hours of work of the first shift. A hygienic evaluation of
noise and lighting was made and photochromometric studies of the work
time were carried out while the ‘condition of muscular activity for work,
pulse rate, blood pressure, and higher nervous activity were studied.

Results, Noise in the high frequency spectrum was found to be in excess
of acceptable levels in a number of industrial areas.

I1lumination levels were found to be below acceptable levels in some
industrial areas.

Muscle endurance was found to drop during the course of the shift in the
majority of the occupational areas studied.

Higher nervous activity was found to decline in all occupational areas
studied except for lathe and milling machine operators, which showed no
change in higher nervous activity.

The pulse rate among the persons working in the instrument shop averaged
80-90 per minute and the average pulse rate among the persons working in
the mechanical shop was 90-100 per minute. Maximum blood pressure among
both groups was 110-115mm with a minimum of 70-75mm.

Conclusions/Recommendations. Occupational conditions for machine tool
operators and metal workers should be improved by reducing noise,
improving lighting, and by providing a sensible schedule of work and
rest.,
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Noise could be reduced by installing removable casings and screens on
lathes, and by the use of portable sound-absorbtion screens.
Sound-deadening guide tubes could be used in automatic lathes and
personal noise protection should be provided.

Industrial calisthenics should be performed for five to seven minutes at
the beginning of the shift. Five minute breaks for rest should be
provided every three hours during the first half of the shift and every
two hours during the second half of the shift.
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Carr, R., Ashford, F. C., & Easterby, R. S. Design of a lathe for
international markets. Human Factors, August 1966, 327-337,

ARTICLE SUMMARY

Purpose. Based on a survey of international lathe requirements, a
program was undertaken to develop a lathe for three main marketing areas
that were considered important: Great Britain, North America, and
Europe.

Methodology
Industrial Design Program. The industrial design program focused on

selecting visual design characteristics that exhibited a recognizable
company style suitable for the range of Mascot lathes.

Human Engineering Program. This program focused on the operator's task
of programming the headstock gear train to cut threads and gears using
data obtained from the tabular display on the lathe.

The approach to the problem first involved assessing the display on the
Mascot 1600 lathe by three analytical steps: (1) systematically defining
the number series based on the range of threads to be generated by the
machine, (2) producing a block diagram showing the function of the gear
box, and (3) providing a flow diagram showing the proposed gear train
combination. ‘

An experimental evaluation of two tabular displays (original and
proposed) was performed utilizing eight experienced lathe operators as
subjects. Each subject was asked to make 30 discrete control operations
employing first the original design, then the proposed design. Twelve
replications of each trial of 30 settings were run. Performance was
measured in terms of mean time per trial to perform the 30 setting
operations. ‘

Results. Subjects improved their performance more rapidly on successive
trials using the new display and after 12 trials or 360 settings.
Performance was 207 better with the new design. Similar results were
obtained by monitoring setting errors and the results were statistically
significant for all eight subjects tested.

Conclusions/Recommendations. The design of the Mascot 1600 lathe
represented a successful integrated engineering, human factors, and
industrial design effort that extended to all Colochester lathes and
their accessories.
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SAFETY ASPECTS

Machines and Accessories

Control and Display Area. An important finding in the analytical
assessment of the lathe was the discovery that the original tabular
display presented the information in exactly the reverse order that was
required by the operator. The operator was forced to first locate the
threads per inch he wanted and then trace through the matrix to find
the lever position letters used in setting the lead screw speed. A new
tabular display was designed that presented the list of threads per
inch with the associated letters for level positions displayed next to
each thread per inch listing.

The safety implication for the research is that the operator is more
likely to make a mistake in setting the lead screw from reading the
original tabular display than from reading the proposed tabular
display. The result of such a mistake is that the operator could
engage the threading lever without knowing of his setting error. This
situation would pose a safety hazard if the speed of the lead screw was
higher than the operator expected. A lead screw turning at
significantly higher speed than expected may not permit the operator to
react fast enough to prevent the cutting tool from hitting a shoulder ‘
on the work or even the lathe chuck. Either situation could result in
an accident or injury.
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Chapanis, A, & Gropper, B. A, The effect of the operator's handedness
on some directional stereotypes in control-display relationships.
Human Factors, August 1968, 10,4,303-319.

ARTICLE SUMMARY

Purpose. To determine if the ways in which operators respond to
directional relations differ depending on the hand they use and on
their preferred handedness.

Methodology. The study used 64 male subjects, 32 right-handed and 32
left-handed, who were all students of John Hopkins University. Subject
candidates had been tested to determine handedness and to screen out
individuals wtih mixed handedness.

An experimental apparatus was used which consisted of a vertical panel
with a simple linear scale which could be placed either horizontally or
vertically. A smooth rotary knob was placed below the scale. The knob
was used to move a hairline along the scale and the direction of the
hairline movement in relation to the direction of knob rotation could
be selected by the test administrator. The scale was divided into 100
‘divisions of equal spacing with major division lines at 10 division
intervals and submajor division lines at 5 division intervals. All
other points on the scale were shown by major division lines. Overlays
were made which could calibrate the scale 0-50-100 going from left to
right or bottom to top. Other overlays reversed the scale calibration
to 100-50-0. A display was installed above the scale which glowed red
when the apparatus was ready for use. When the subject touched the
rotary knob, the red light was replaced by a two-digit number from Ol
to 99. Using the rotary knob, the subject then adjusted the hairline
on the scale to a number corresponding to the displayed number.

Each subject was required to make one setting to each of the 98
unnumbered scale markings, Ol through 49 and 51 through 99. Forty-nine
(49) of these were made with the left hand and 49 with the right hand.
The values were selected at random. Thirty-two (32) of the subjects
were required to use their left hand first, and the other 32 subjects
were required to use their right hand first, with right- and left-
handedness equally divided between the two groups.

For each setting, the following aspects of the subjects' performance
were recorded:

. Time to make setting

. Initial direction of control knob rotation
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. The number of times the subject reversed the control knob in
making his setting

« The value at which the hairline was set

Results. Out of the total of 6,272 setings, 74 times the hairline was
set to an incorrect value. These errors were evenly divided between
the handedness groups. Over half of these errors were + 10. Fewer
errors were made when using the horizontal scale than when using the
vertical scale.

When subjects were tested first with their right hand and then with their
left, the difference between times to make settings for each hand was
trivial; but when subjects were tested first with their left hand and
then with their right, the subjects made the settings significantly
faster with their right hand. This was true for both left- and
right-handed subjects.,

The subjects made fewer errors in initial direction of rotation of the
control knob with their preferred hand than with their non-preferred
hand. Left-handed subjects made substantially fewer errors in initial
direction of rotation with their non-preferred hand than did right-handed
subjects with their non-preferred hand. Those tested second. Those
subjects tested in the reverse order showed little change in performance.

Conclusions and Recommendations.

1. 1In tasks covered by this study, people (both right- and
left-handed) generally do better with their right hands
than with their left hands on a variety of control-display
arrangements.

2. Population stereotypes for horizontal scales appear to
be stronger than those for vertical scales.

3. Control-display arrangements that are best suited for
right~handed operators are not necessarily best for
left-handed ones.

4, Whether a change in particular arrangement will improve
performance or not depends to a considerable extent on
the performance measure in which one is interested. Time
for responding, reversal movements, and errors in initial
direction of movement appear to be largely independent of
one another,

5. Left-handed subjects performed better with their non-preferred
hand tand did right-handed subjects with thier non-preferred
hand.



SAFETY ASPECTS

Control and Display Area. The results of this study seem to suggest
that there is little need to design controls and displays to
accommodate left-handed operators because left-handed people tend to
adapt very well to using their right hands when they are required to
use them and because, in at least some cases, left-handed operators
perform better with their right hands than with their left hands.
Designing controls in such a way as to make it easy to use either hand
could conceivably create increased hazards for right-handed operators
because they do not perform as well with their left hands as with their
right. Designing controls to encourage the use of the right hand over
the left would probably not hinder the left-handed operators
significantly and would help them in some cases; and for right-handed
operators, this would decrease the possibility of error because of
their significantly better performance with their right hands as
opposed to their poorer performance with their left hands.

The authors of this study state that the linear scale that would best
aid operator accuracy is a horizontal scale with lower values at the
left and higher values at the right. Subjects made more errors with
horizontal scales with reversed calibration and with vertical scales
that were calibrated in either manner.
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Floyd, W. F.,, and Ward, J. Posture in industry. The International
Journal of Production Research, 1967, 5, 3, 213-224. Published by The
Institution of Production Engineers, 10 Chesterfield Street, London,
W.1l, England.

'ARTICLE SUMMARY

Purpose., To emphasize the need to study the dimensional relationship
between the operator and his machine so that the working posture can be
improved.

Methodology

Study 1. This study involved female burlers and menders in the woolen
textile industry. The women and girls employed inspected woven cloth for
faults, mark the area according to the type of fault, and mend the
faults, They worked at a table with a top that was adjustable in slope
and illuminated from below. They sat on a wooden bench that was

24 inches high, with a seat depth of 10.5 inches. This combination
provided inadequate space between the seat and undersurface of the table
to accommodate the thighs. Then adjustable chairs were brought in that
conformed to British Standards recommendations and a wooden platform was
provided as a base for the chair to allow the women to rest their feet on
the bottom support rail of the table.

Study 2. The subjects used for this study were women engaged in
assemblying, soldering, packaging, and inspecting fuses at an electrical
engineering firm who sat at their workplaces fro 80 tp 90 percent of
their work day. The dimensions of their workspace are listed below:

Height of top of bench from floor: 32"
Height of chair seat from floor: 20 or 227
Height of bench foot rail from floor: 6 to 10"
Height of chair rail from floor: 4.5 to 6.5"

A number of the subjects did not make use of the full depth of the seat
for support, but sat forward so that their thighs sloped downward,
permitting the operator to sit close to the bench. This meant that the
backrest was seldom or never used. Others were better supported by the
seat, but this prevented the feet from resting on any support other than
the chair footrail. It frequently prevented use of the backrest.

Workplaces for nine women were modified to allow better working posture.
The height of the workplace was reduced to 27 inches. The thickness of
the working surface was reduced from, 3 inches to 2 inches. The bench
footrail was removed and adjustable chairs were brought in that conformed
to British Standards recommendations. The women were instructed on how
to adjust the chairs and told to adjust them for maximum comfort. This
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allowed the women to work with their feet firmly planted on the floor
while fully supported by the seat and enabled them to use the
backrest.

Study 3. This study involved 11 men operating notching machines in a
machine shop. 1In addition to using their hands on the work surface,
the subjects operated a foot pedal at the base of the machine.
Dimensions of the machines and operators are listed below.

Height of work surface: 32"
Height of foot pedal: 5.8 to 7"
Average operator stature: 67-9"
Average operator elbow height: 42.2"
Average operator knuckle height: 29.8"

The foot pedal was depressed once every 5 to 7 seconds, required about
40 pounds of pressure to operate, and was awkwardly situated for use.

One machine was modified so that the work surface was raised to 40
inches above the floor. The foot pedal was removed and replaced by a
knob that was operated by the hand of the operator.

Results

Study 1. Use of the correctly dimensional chairs did provide better
support for the operator but, due to the dimensions of the workplace,
there was still inadequate space between the seat and the undersurface
of the workspace for the thighs. The new chairs did permit more use of
the backrest. One of the subjects stated that the new chairs
eliminated her backache which she suffered when using the original
bench and workplace.

Study 2. All nine subjects preferred the new workplace dimensions and
said that they felt more comfortable. One subject stated that the
backache from which she had suffered at the old bench and chair no
longer bothered her.

Study 3. The modified machine dramatically improved posture and
reduced flexing of the neck and shoulders. The modified machine also
allowed a greater freedom of movement and stance because the operator
did not have to stand in a fixed position in relation to a foot pedal.
Two subjects still had a stooped posture when using the new machine,
but this may have been due to a permanent distortion of posture caused
by years of work at unmodified machines.

Conclusions and Recommendations. Modifying only part of the workplace
may provide only limited improvement in posture. This is demonstrated
by Study 1. Modifying the entire workplace, as shown in Studies 2

and 3, can provide optimum posture for the operator.
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Poor posture at the workstation increases fatigue, may hinder
productivity, and may lead to physical ailments such as backaches and
permanent posture distortion. The workplace should be designed to
allow optimum posture to prevent these consequences.

SAFETY ASPECTS

Operator Posture. If a machine is not designed to promote good
operator posture, additional fatigue as well as physical ailments may
result. Since fatigue is a major contributor to operator errors which
may result in injury, good posture could help reduce the risk of injury
to an operator. The posture of the operator will be determined to a
large degree in the design and configuration of the machine. The
incorporation of foot pedals into a machine design should probably be
avoided. Controls and displays, as well as other areas where the
operator may be required to be for prolonged periods of time, should be
designed so that the operator does not have to remain in an
uncomfortable position.
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Harten, G. A., & Derks, P. M. A new ergonomically improved lathe.
Applied Ergonomics, September 1975, 155-157.

ARTICLE SUMMARY

Purpose. Research studies have showed (a) there is a correlation between
abnormal posture at work and disorders of the human motor system, and (b)
lathe operator's posture includes more bent forward and twisted positions
than occurring in other trades. As a result of these studies, the
Philips Ergonomic Department set up a special working group to submit
proposals for the construction of an ergonomically acceptable small
lathe.

Methodology. The group drew up a number of requirements which an
ergonomically acceptable lathe should have:

1. The working height of the lathe had to be appropriate to the
height of the operator.

2. It had to be possible for the operator, if he wished, to
perform in the seated position certain operations which lent
themselves to that position.

3. The layout and pattern of movement of controls (handwheels,
levers, etc.) had to be such that the necessary movements of
the fingers, hand, arm, etc. took place around the centers of
joints. These members must not be forced to take up extreme
positions in the joints.

4, The operator had to be able to see the point of the tool
without bending his trunk forward or turning it sideways.

5. The setup and lighting had to be such that the operator could
also read position indicators easily in an optimum posture.
The ergonomic ideal is that he should be able to see both the
position indicators and the tip of the tool at the same
time.

6. Apart from the above ergonomic requirements, the lathe had
still to meet the technical and operational standards
expected in a good lathe.

Results. The results of the design effort were: (a) a suitable height
lathe for the five percentile operator, as well as the taller or larger
operator, (b) unimpeded view of the tool by tilting the bed 15-20°,

89



(c) repositioning of controls, (d) placing the position indicators
closer to the tool so they can be seen simultaneously for improved
posture, and (e) providing changes that permit the operator to be
seated more comfortably at the lathe.

A mockup of the new lathe was presented to a number of skilled and
experienced lathe operators. The opinions and comments expressed were
generally favorable.

Conclusions/Recommendations. The working group responsible for the new
lathe was convinced that skilled workers in general will support the
idea of an ergonomic lathe.

SAFETY ASPECTS

Machine and Accessories

Point of Operation. Most conventional engine lathes have been designed
with the bed of the lathe remaining horizontally flat. This means that
in order for the operator to obtain an unobstructed view of the cutting
tool, he has to lean over the lathe bed. The result of leaning over
the lathe bed has produced poor operator working posture. The new
ergonomically improved lathe has improved this situation by tilting the
bed 15-20° toward the operator to provide an unobstructed view of the
cutting area.

The safety implication for this new design is that the 15-20° tilt of
the bed provides the operator with a view of the cutting tool and work
that is unobstructed by the toolpost, which in turn improves the

- working posture of the operator.
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Pratt, F, M., & Corlett, E. N. The ergonomics of vertical turret lathe
operation. Applied Ergonomics, December 1970, 302-309.

ARTICLE SUMMARY

Purpose. The study was conducted to determine whether the high level
location of controls on vertical turret lathes constitute a limitation
on the use of the machines.

Mefhodology

Study 1. The first study involved samplind six operator's activities
over a period of eight days. The activities involved the machining of
large type moulds on lathes. The vertical turret lathes used in the
study were not identical, but varied in control configuration.

The operators' activities occurring throughut the working day were
classified in terms of effort. The classification included five groups
ranging from group 1 involving lifting and carrying heavy loads and
climbing up and down ladders beside the machine to group 5 involving
sitting, watching, conversing, reading, writing, smoking, and drinking
tea.

Study II. The second study was similar to the first study, but was
expanded to inclue: (a) eight operators and eight vertical turret
lathes, and (b) the operators' heart rates during the activity. 1In
addition, the operators' ages and years of experience and the specific
dimensions of the lathe were recorded.

Results. The results from Study I and the first part of Study II show
the distribution of effort by percentage throughout the working day.
These data reveal that most effort was distributed between groups 2 and
5. (Study I--group 2, x = 39.8%; group 5, x = 34.3%; Study II--group
2, x = 30.4%; group 5, x = 50.4%)

In the second part of Study II, results indicated that the average
working heart rate is 99 beats/min over the working day and only about
207 of the day is spent with a heart rate in any of the higher effort
classifications. In addition, 507 of the working day is spent in Class
5 activities.

Conclusions/Recommendtions. The authors suggest that although results
from the second part of Study II appear to indicate that the job has no
effect on limiting the operator's performance, the assumptions
underlying such a conclusion should be reviewed. They feel that such
variation in the operator's strength and work capacity with age and the
different forces required to operate the machines preclude one making
any firm conclusions about the results from the second part of

Study II. '
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The authors did, however, draw some practical conclusions from Studies
I and II. They feel that (a) improvements in cutting technology are
unlikely to lead to improved output in four of the eight machines
surveyed in Study II, (b) machine designs need to be modified in the
direction of reducing reaching and climbing during their operation, and
(c) short rest pauses should be included during activities requiring
high effort.

SAFETY ASPECTS

Control and Display Area. An important finding from the studies was
that a high percentage (Study I, x = 39,.8%; Study II, x = 30.4%) of
effort during the working day occurred in the group 2 effort level.
Group 2 effort involves miscellaneous light movements: walking,
transition between two places or activities, inspecting work (stepping
up and bending over, often maintaining awkward positions), setting

tool, tightening nuts, operating hand crane, and clearing swarf.

The safety implications for this research are that stepping up and
bending over machines, and assuming and/or maintaining awkward
positions during lathe operations (a) can cause or contribute to
injuries such as operator's back, shoulder or wrist sprain, and (b) can
result in the operator placing his hand, arm, or some other part of his
body in a dangerous location such as near a rotating chuck or part, or
cutting tool.
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Singleton, W. T. A preliminary study of a capstan lathe. The
International Journal of Production Research, 1964, Vol. 3, No. 3,
213-226. Published by The Institution of Production Engineers, 10
Chesterfield Street, London, W.l, England.

ARTICLE SUMMARY

Purpose. The purpose of the study was to introduce systematic ergonomics
into the machine tool industry. The specific methods under consideration
were: (a) systems analysis, (b) application of human factors standards,
and (3) case studies.

A 4-1/2 inch capstan lathe was selected for study. A typical operation
which made reasonable use of the machine's facility was also selected and
films were taken of two operators——one highly skilled, and one only - ‘
moderately skilled. The films were analyzed and a number of potentially
useful control changes were identified. A block diagram and a link chart
were prepared to check that no control deficiencies had been missed. The
machine was modified and further films were taken., Modification of
controls was made on the basis of frequency of use, and they were
modified to make their use easier and faster.

The validation of the usefulness of the modifications was a simple
comparison of the separate control changes. One of these comparisons was
made with the old and redesigned star wheel.

A second experiment was carried out solely on the capstan operation. It
measured the frequency of operation in two minutes. 8ix subjects were
used in balanced groups of three, and each subject did three trials per
day for 6 days. Each subject used both knobs and spikes.

Results. The star wheel comparison showed no significant difference
between the times in the two cases, nor was there any significant
difference in the average cycle time.

In the experiment on the capstan operation, the old control (spikes)
resulted as the faster method. The mean cycles in two minutes for spikes
was 65; for knobs, it was 62, There was a smaller learning effect for
knobs than there was for spikes (l1% to 22%).

/

Conclusions/Recommendations. This study can be regarded as an illus-
tration of the problems involved in the ergonomic modifications of
production machines. It's easy to show that something is wrong and it's
easy to design changes that are probably improvements, but it's difficult
to produce a numerical measure which will indicate the extent of the
improvement.
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The experiments have been of value as pilot studies. Further
experiments are in progress on these lines

SAFETY ASPECTS

Control and Display Area. The results of the study indicated some of
the original controls on the capstan lathe required more effort to
operate, more movement and involved more awkward posture than the new
controls.

The safety implications for this research are that controls requiring
more body effort, movement, and awkward posture (a) can lead to
situations that cause or contribute to injuries such as operator's
back, shoulder or wrist sprain, or operator's hand or wrist bruises,
(b) can delay an operator's response actions in emergency situations,
and (c) can result in the operator placing his hand, arm or some other
part of his body in a dangerous location such as near a rotating chuck
or part, or cutting tool.
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Suddon, F. H., & Link, J. D. 1959. Handedness, body orientation, and
performance on a complex perceptual-motor task. Perceptual and Motor

Skills, 9, 165-166.

ARTICLE SUMMARY

Purpose. To examine left- and fight—handed performance on a complex
.motor task. ’

Methodology. The subjects were 15 right-handed and 15 left-handed
randomly selected male university students. Each subject was required
to perform for a five-minute period in the Toronto Complex Coordinator
after a practice session. Measures were total number of matches, -
error-match ratio, and error persistance-total ratio.

Results, Left-handed subjects made more matches but not more errors.

Conclusions and Recommendations.

Since machines are designed mainly for right-handed people, left-
handed people may have more skill, and/or experience less anxiety in
‘performing complex motor tasks.

SAFETY ASPECTS

Operator Left-Handedness. The study suggests that left-handed subjects
can operate controls designed for right-handed use with performance
close or equal to right-handed subjects. Because of this fact, in some
specific situations, it may not be necessary to design or redesign
machine tools for left-handed operators.
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APPENDIX B

LATHES RECOMMENDED FOR THE HAZARD
ANALYSIS AND HUMAN ENGINEERING EVALUATION
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ENGINE LATHES

LIGHT POWER MACHINE LATHE--Bench Model

Distinguishing features:

N SN
. .

O 00
. o

5-15 years old

Precision

Bench mounted

24-36" maximum between centers; 6-10" swing

Fitted with taper attachment

Power feeds (except compound)

Equipped with 3-jaw universal or 4-jaw independent chuck (threaded
spindle nose)

Speed change by operator moving drive belts and/or back gears
Single-lever reversing motor switch

TOOLROOM LATHE--Floor Model

Distinguishing features:

O~ W
L]

9.
10.

Less than 5 years old

4-6' bed; 10-12" swing

High precision

Cabinet mounted

Fitted with taper attachment

Single lever speed control

Power feeds (except compound)

Equipped with 3-jaw universal or 4-jaw independent chuck (threaded
spindle nose)

Belt driven headstock

Single-tooth clutch arrangement on apron

STANDARD LATHES—--Floor Models
Lathe #1

Distinguishing features:

1.
2.
3.
4,
5.

6.
7.

Less than five years old

5-7' bed; 15-16" swing

Fitted with taper attachment
Power feeds (except compound)
Equipped with 3-jaw universal or 4-jaw independent chuck (camlock
spindle nose)

Single lever speed control
High precision
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STANDARD LATHES--Floor Models
Lathe {2

Distingushing features:

1. 5-15 years old

2. Precision

3. 8~12' bed; 15-18" swing

4, Fitted with taper attachment

5. Power feeds (except compound)

6. Gear driven headstock -

7. Multiple lever speed controls

8. TFaceplates, fixtures or other devices used to secure work

Lathe #3
Distingushing features:

15-20 years old

6-7' bed; 15-16" swing

Precision .

Power feeds (except compound)

. Gear driven headstock

. Multiple lever speed controls

. Carbide and high speed cutting tools

8. Faceplates, fixtures or other devices used to secure work
9, Turret toolpost holder

10, Steady rest used

~Nouwv N
.

LARGE SWING AND LONGBED LATHE--Floor Model
Distingushing features:

1. 15-20 years old

2. 40-60' bed; 48-72" swing

3. Operator riding carriage or high platform used to enable operator to
reach controls ‘

4, Medium precision or precision

5. Power feeds

6. Gear driven headstock

7. Multiple lever speed controls

8. Uses faceplate, fixtures or other devices to secure work
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TURRET LATHES

RAM TYPE-—Manufécturing/Production
Distinguishing features:

1. 5-15 years old

2. Precision

3. 7-10' bed; 10-15" swing

4, Air operated chuck, or hand operated collet with bar feed
5. Coolant used ‘

6. Collapsible die or tap used

7. Multiple lever speed controls

SADDLE TYPE--Manufacturing/Production
Distinguishing features:

5-15 years old

Precision

10-15"' bed; 20-30" swing

Chuck with power wrench

Coolant used

Rapid traverse levers on carriage and turret

[*ARN U, I L BN U TN R
-
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APPENDIX C

ENGINE AND TURRET LATHES INVOLVED IN THE
HAZARD ANALYSIS AND HUMAN ENGINEERING EVALUATION
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Lathe Distinguiéhing Features

Size:
Accessories:
Spindle Speed Change:

Feeds:

Toolholder:

Year Manufactured:
Other:

Job Characteristics

Job:

Part Overall Dimensions:

Material:

Setup Arrangement:
Machining Operations:
Guarding:

Other:

Worker Characteristics

Age and Sex:
Positlon Title:

Machine Shop Experience:

Personal Protective
Equipment:
Other:

Machine Shop Characteristics

Nature of Shop Activity:

Location:
Working Space:

Shop Light Levels:
Shop Noise Levels:
Other:

Engine Lathe (a)

9" swing; 24" between centers

Fitted with 4-jaw chuck

Move drive belts on pulleys to change
speeds

All power, except compound

Multiple

Between 1950-1955

Mounted on bench, no guards over
drive belts

Machine steel compression samples

1/4" dia., 1/2" long

Steel

Material secured in chuck

Turning, facing and cutoff

No point of operation and chuck guard-
ing used during lathe operations

45-50 years old, male

Machinist

20 years.

Wore all necessary protective
equipment during lathe operations

Build very precise experimental test
equipment for metallurgical research
Large university in Pittsburgh, PA
More than adequate space in shop
and around lathes
Good
Very low .
Only two machinists work in shop
Occasionally there are graduate stu-
- dents who use shop equipment
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Engine Lathe (b)

Lathe Distinguishing Features

Size:
Accessories: '
Spindle Speed Change:

Feeds: ‘
Toolholder:

Year Manufactured:
Other: ~

Job Characteristics

Job:

Part Overall Dimensions:
Material:

Setup Arrangement:
Machining Operations:
Guarding:

Other:

Worker Characteristics

Age and Sex:

Position Title:

Machine Shop Experience:

Personal Protective
Equipment:

Other:

Machine Shop Characteristics

Nature of Shop Activity:

Location:
Working Space:

Shop Light Levels:
Shop Noise Levels:
Other:

14-1/2" swing; 36" between centers

Fitted with 6-jaw chuck

Move drive belts on pulleys to change
speeds

All power, except compound

Multiple

1965

Single-tooth clutch arrangement on
apron

Enlarge and finish hole in flat
washers

3-3/8" 0OD: 2-1/16" ID; 3/4" thick

Brass

Washer secured in chuck

Boring and deburring

No point of operation and chuck guard-
'ing used during lathe operations

50-55 years old, male

Machinist/Supervisor

25 years

Wore all necessary protective
equipment during lathe operations

Build very precise experimental test

equipment for metallurgical research

Large university in Pittsburgh, PA

More than adequate space in shop

- and around lathes

Good

Very low

Only two machinists work in shop
Occasionally there are graduate stu-
.dents who use shop equipment
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Engine Lathe (c¢)

Lathe Distinguishing Features

Size:
Accessories:
Spindle Speed Change:

Feeds:
Toolholder: .
Year Manufactured:
Other:

Job Characteristics

Job:

Part Overall Dimensions:
Material:

Setup Arrangement:

Machining Operations:
Guarding:

Other:

Worker Characteristics

Age and Sex:

Position Title:

Machine Shop Experience:

Personal Protective
Equipment:

Other:

Machine Shop Characteristics

Nature of Shop Activity:

Location: -
Working Space:

Shop Light Levels:
Shop Noise Levels:

Other:

50" swing; 240" between centers

Fitted with 4-jaw chuck; steady rest

Move speed selector handles to appro-
priate positions to change speeds

All power; 4—way rapid traverse

Multiple

1978 in Czechoslovakia

Coolant equipped.

Machine adjusting bolts for threading

3-3/4" dia; 13"-6" long '

Steel

Material secured in chuck, tailstock
and supported in center with steady
rest

Turning

No point of operation and chuck guard-
ing used during lathe operations;
both point of operation and chuck
guarding were removed and stored on
floor in shop

Coolant used on job; job required the
use of an overhead crane to position
workpiece; machining one adjusting
bolt generally required over 8 hours

35-40 years old, male

Lathe Operator

10 years .

Wore all necessary protective
equipment during lathe operations,
except hard hat

Wore loose-fitting sweater over shirt
with tails out of his trousers

Perform service maintenance machine
work on a contract basis

Butler, PA

Space around the lathe was limited
because of other machine tools,
workbenches, and other material

Adequate in some areas; poor in others

Moderate; occasionally high when other
very large machines were operating

Most of the jobs performed in the shop
involved machining very small quan—
tities of parts
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Figure C-3. Engine Lathe (c¢)
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Lathe Distinguishing Feature

Size: :
Accessories: ]
Spindle Speed Change:

Feeds:
Toolholder: o
Year Manufactured:

Job Characteristics
Job:

Part Overall Dimensions:

Material:
Setup Arrangement:

Machining Operations:
Guarding:

Worker Characteristics
Age and Sex:
Position Title:

Machine Shop Experience:

Personal Protective
Equipment:

Machine Shop Characteristics

Nature of Shop Activity:

Location:
Working Space:

Shop Light Levels:
Shop Noise Levels:

Other:

Engine Lathe (d)

17" swing; 54" between centers

Fitted with 4-jaw chuck; steady rest

Move speed selector handles to appro-
priate positions to change speeds

‘All power, except compound

Boring bar with threading tool
1966 -

Cut internal threads on pipe coupling

R

THREADS ———— M-~
il 3" DIAMETER

////»1¢LAA~ Y

CHUCKED ONSTRAIGHT END

Steel

Pipe coupling (straight end) secured in
chuck; internal right-handed threads
cut from straight end. Because the
threads had to be cut from the straight
end and the end with the 45° cut could
not be secured in the chuck, a not-
common thread-cutting procedure was
used--chasing threads with the cutting
tool moving toward the tailstock. The
common thread—-cutting procedure is
_to chase threads with the cutting tool
moving toward the chuck.

Boring and thread-cutting ,

No point of operation and chuck guard-
ing used during lathe operations

45-50 years old, male

Lathe Operator

20 years

Wore all necessary protective
equipment during lathe operations

.Perform service maintenance machine

work on a contract basis

Butler, PA

Space around the lathe was limited
because of other machine tools,
workbenches, and other material

Adequate in some areas; poor in others

Moderate; occasionally high when other
very large machines were operating

Most of the jobs performed in the shop
involved machining very small quan-
tities of parts
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Lathe Distinguishing Features

Size: )
Accessories: ~ | .
Spindle Speed Change:

Feeds:

Toolholder: &
Year Manufactured
Other: ‘

Job Characteristics

Job:

Part Overall Dimensions:

Material:
Setup Arrangement:

Machining Operations:
Guarding:

Other:

Worker Characteristics

Age and Sex:
Position Title:

Machine Shop Experience:

Personal Protective
Equipment:
Other:

Machine Shop Characteristics

Nature of Shop Activity:

Location: ;
Working Space:

Shop Light Levels:
Shop Noise Levels:
Other:

Engine Lathe (e)

20" swing; 110" between centers

Fitted with faceplate i

Move speed selector handles to appro-
priate positions to change speeds

A1l power, except compound; 2-way
rapid traverse

Multiple

1968

Finish machine pins

3" x 6"y 7-1/2" long

Steel

Pin secured between centers; used
lathe dog to drive pin

Turning and facing

No point of operation and chuck guard-
ing used during lathe operations

Pins had been rough machined

18 years old, female

Apprentice

5 months, 2 months on lathe

Wore all necessary protective
equipment during lathe operations

Wore a loose-fitting shirt

Provide maintenance’ support for large
manufacturlng plant

Butler, PA"

Space-, around lathe and throughout shop
was more than adequate; generally
uncrowded

Above average

Low to moderate
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Lathe Distinguishing Features

Size:
Accessories:
Spindle Speed Change

Feeds:
Toolholder:

Year Manufactured:
Other:

Job Characteristics

Job:

Part Overall Dimensions:

Material:

Setup Arrangement:
Machining Operatlons
Guarding:

Other:

'Worker Characteristics

Age and Sex:
Position Title:

Machine Shop Experience:

Personal Protective
Equipment: '
Other:

. 19" swing;

Machine Shop Characteristics

Nature of Shop Activity:

Location:
Working Space:

Shop Light ievels:
Shop Noise Levels:
Other:

Ergine Lathe (f)

124" between centers

Fitted with 4-jaw chuck

Move speed selector handles to appro-
-priate positions to change speeds

All power, except compound; 2-way
rapid traverse did not operate

Multiple

11955-1960

Rough machine ends of roll

8" dia.; 5'-6" long

Steel fabricated
Roll secured in chuck and tailstock
Turning and facing

- No point of operation and chuck guard-

ing used during lathe operations

26-30 years old, female

Apprentice

5-1/2 months

Wore all necessary protective
equipment during lathe operations ..

Left-handed

Provide maintenarce support for large
:manufacturing plant :

"~ Butler, PA

Space around lathe and throughout shop-
' was more than adequate; generally -

" uncrowded -

Above 'average

Low to moderate
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Engine Lathe (g)

Lathe Distinguishing Features

Size: : Approx. 50" swing; Approx. 300"
‘ between centers
Accessories: '~ Fitted with 4-~jaw chuck
Spindle Speed Change: Move speed selector handles to appro-
) ‘ priate positions to change speeds
Feeds: All power
Toolholder: Multiple \
Year Manufactured Approx. 1941
Other: - ‘

Job Characterietics

Job: j Rough machine rolls
Part Overall Dimensions: 21-1/2" dia.; 132-1/2" long
Material: Forged steel, weighing approx. 20,000 lbs.
Setup Arrangement Roll secured in chuck and tailstock
Machining Operathns: Turning and facing
Guarding: - Point of operation guarding used but
' no chuck guarding used during lathe
operations
Other: Job required the use of an overhead

crane to position workpiece; machin-—
ing one roll generally requlred

8 hours
Worker Characteristics
Age and Sex: 45-50‘years old, male
Position Title: Machinist
~Machine Shop Experience: 25 years
Personal Protective . Wore all necessary protective
Equipment: : " equipment during lathe operations

Other: . Loose sleeves on shirt

Machine Shop Characteristics

Nature of Shop Activity: Produce mill rolls

Location: P1ttsburgh PA

Working Space: ~ ' Space around lathe was generally
uncrowded, but there were areas in
the shop that were crowded

Shop Light Levels: Adequate in most areas

Shop Noise Levels: Moderate; occasionally high when other
very large machines were operating

Other: , -
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Engine Lathe (h)

Lathe Distinguishing Features

Size: Approx. 39" swing; Approx. 330"
between centers

Accessories: Fitted with 4-jaw chuck and tracer
attachment

Spindle Speed Change: Move speed selector handles to appro-

‘ priate positions to change speeds

Feeds: All power

Toolholder: Multiple

Year Manufactured: 1959

Other: -

Job Characteristics

Job: Finish machine rolls
Part Overall Dimensions: 21~1/2" dia.; 132-1/2" long
Material: Forged steel, weighing approx. 20,000 1bs.
Setup Arrangement: Roll secured in chuck and tailstock
Machining Operations: Turning and facing .
Guarding: Point of operation guarding used, but

. no guarding used during lathe

operations

Other: -

Worker Characteristics

Age and Sex: ' 45-50 years old, male

Position Title: Machinist

Machine Shop Experience: 30 years

Personal Protective Wore all necessary protective
Equipment: equipment during lathe operations

Other: - :

Machine Shop Characteristics

Nature of Shop Activity: Produce mill rolls

Location: Pittsburgh, PA

Working Space: Space around lathe was generally
uncrowded, but there were areas in
the shop that were crowded

Shop Light Levels: Adequate in most areas

Shop Noise Levels: Moderate; occasionally high when other
.very large machines were operating

Other: -
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Turret Lathe (i)

Lathe Distinguishing Features

Size:

Accessories:
Spindle Speed Change:

Feeds:

Toolholder:

Year Manufactured:
Other:

Job Characteristics

Job:

Part Overall Dimensions:

Material:

Setup Arrangement:
Machining Operations:
Guarding: ‘

Other:

Worker Characteristics

Age and Sex:
Position Title:

Machine Shop Experience:

Personal Protective
Equipment:
Other:

Machine Shop Characteristics

Nature of Shop Activity:

Location:
Working Space:

Shop Light Levels:
Shop Noise Levels:

Other:

15-3/8" swing; 26-7/8" between spindle
end and face of turret

Fitted with air-operated chuck

Move speed selector handles to appro-—
priate positions to change speeds

Power and hand-operated

Ram type turret fitted with tools

Between 1940-1945

No carriage used on lathe; coolant
equipped

Machine threads on plugs (approx. 4000
plugs were being produced)

4-1/2" dia.; 2-1/4" long

Brass

Plugs secured in chuck

Turning and threading

A combination point of operation and
chuck guarding used during lathe
operations

Threading was done with a collapsible"
die

18 years old, male

Operator trainee

Approx. 6 months

Wore all necessary protective
equipment during lathe operations

\

Perform production machine work on a
contract basis; also manufactured a
small line of products

Pittsburgh, PA

Space in the shop was very limited

because of other machine tools,
workbenches, and in general other
material :

Adequate in some areas, poor in others

Moderate to loud, especially when some
of the workers had their radios play-
ing

Almost all the jobs performed in the
shop involved machining large
quantities of parts
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Lathe Distinguishing Features

Size:
Accessories:
Spindle Sﬁeed Change:

Feeds:
Toolholder:

Year Manufactured:
Other:

Job Characteristics

Job:

Part Overall Dimensions:

Material:

Setup Arrangement:
Machining -Operations:
Guarding: '

Other:

Worker Characteristics

Age and Sex: .
Position Title:

Machine Shop Experience:

Personal Protective
Equipment:

Machine Shop Characteristics

Nature of Shop Activity:

Location:
Working Space:

Shop Light‘Levels:
Shop Noise Levels:

Other:

Turret Lathe (j)

20" swing; 36-1/2" between spindle
end and face of turret

Fitted with hydraulic collet and bar
feed

Move speed selector handles to appro-
priate positions to change speeds

Power and hand-operated

Ram type turret fitted with tools;
multiple toolholder on cross—-slide

1960

Coolant equipped

Machine spring housings (not all opera-
tions required to produce this part
were observed because some operations
were performed on another shift). 538
spring housings were being produced

1-7/8" dia.; 8-1/2" long

Steel

Material secured in collet

Drilling, taping, and cutoff

Guarding was used over collets, but . .
not at point of operation

Threading was done with a tap

33 years old, male

Lathe operator

15 years

Wore all necessary protective
equipment during lathe operations

Perform production machine work on a
contract basis; also manufactured a
small line of products

Pittsburgh, PA ‘

Space in the shop was very limited

" because of other machine tools,
workbenches, and in general other
material " ;

Adequate in some areas, poor in others

Moderate to loud, especially when some

of the workers had their radios playing

Almost all the jobs performed in the
shop involved machining large
quantities of parts
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APPENDIX D

COMPLETED HAZARD ANALYSIS RECORDING FORM SAMPLES
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APPENDIX E

EVALUATION CHECKLIST QUESTIONS;
COMPLETED HUMAN ENGINEERING EVALUATION FORM SAMPLE
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EVALUATION CHECKLIST QUESTIONS

Visibility

l.

Is there a clear view of the control from where the worker normally
stands during lathe operations?

Rule/Example: If one must stoop to the floor or walk behind the
lathe to see a control, the control is not visible.

Identifiability

ll

2.

Are there sufficient differences (e.g., color, size, shape, etc.)
between the control and surrounding controls for visual
identification?.

Rule/Example: If one can not see a difference between the control
selected for operation and surrounding controls, there is not
sufficient differences for visual identification.

Are there sufficient differences (e.g., color, size, shape, etc.)
between the control and surrounding controls for tactile identifi-
cation?

Rule/Example: If one can not feel a difference between the control
selected for operation and surrounding comntrols, there is not
sufficient differences for tactile identification.

Is there sufficient distance between the control selected for
operation and surrounding controls for identification by location?

Rule/Example: If one can not sense a difference in the position of
one's hand when placed on the control selected and when placed on the
surrounding controls, there is not sufficient differences for
identification by location.

Accessibility

1-

Can the control be reached without the worker bending over;
stretching; reaching over or under, or around some part of the lathe;
or taking an awkward position?

Rule/Example: If one has to bend over; stretch (stand on toes);

reach over or under, or around some part of the lathe; or take an
awkward position, the control is not accessible.
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Can the control be reached without removing or repositioning covers
or other controls?

Rule/Example: If one has to 1lift or remove covers, or reposition
other controls, the control 1is not accessible.

Operability

1.

Can the worker's hand fit around the control to provide the force and
movement required to operate the control?

Rule/Example: If one's fingers can not reach to the backside of the
control handle (push buttons excluded), the control is not operable
with respect to fit.

Would the control be comfortable if used for an extended period of
time?

Rule/Example: 1If there are sharp edges, points or abrasive finishes
on the control handle, the control is not operable with respect to
comfort.

Does the control have sufficient shape configuration to ensure the
needed grip required for control operation?

Rule/Example: If the control handle (push buttons excluded) does not
have a shape that would prevent the hand from slipping off, the
control is not operable with respect to grip.

Is there sufficient leverage to apply the required force when
operating the controls?

Rule/Example: If one has to exert an extreme amount of force (use
two hands, use body weight), the control is not operable with respect
to leverage.

Is there sufficient space to move the control with the worker's hand
on it?

Rule/Example: If in operating the control, one's hand is pinched,
scraped, nicked, or bruised by other controls or other parts of the
lathe, the control is not operable with respect to space.

Are there labels on, or adjacent to the control that identify control
positions? '

Rule/Example: If there are no labels or markings on, or adjacent to

the control indicating positions, the control is not operable with
respect to identified control positions.
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APPENDIX F

WORKMEN'S COMPENSATION FIRST REPORT SAMPLES
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£ ;

= O m—— - Y

Send 1 copy™ 15 report to Gmployers I

STATE OF WISCONSIN - o )

EMPLOYER'S FIRST REPORT DEPARTMENT OF INDUSTRY, LABOR ‘;a";,%','f,"”c?}’,l‘,@:,’g“g{ﬁ( Gt s om o
OF INJURY OR DISEASE AND HUMAN RELATIONS STATISTICAL CODING BLOCK

WORKMEN'S COMPENSATION DIVISION

FORM WC-12 (8:71) P.0. BOX 2209, MADISON 53701 D 272h OODLGEL -

10-72

1303-4824

Employer must make this
continues. In death cag

port directly 1o the Dapartment of Industry, Lebor ond Humon Relolions on the fourth day aller emplaye leaves work 1f duabnllly <l
repart must ba made within twenty-four hours, In case of permanent disability, or where disability beyond the three day waiting peric

is cartaln to rosult, maks report a1 once.

Pa:igﬂ\ﬁé;#:ow;g\&guv Report |OSHA Case or File Number

1 ;?217_?70"

Is Employer: Employsr's Phone No,
[JIndividua! [JPartnership [37Corp.
Employer Location |f Differant From Mail Addrass

2. Employer's Nome

H
>
K] —
2‘ . ure por . {Specific Product)
“| Manufacture Mochine Tools

5. Name of Your Insurance Company (If Seif-Insurer by Commission Order, So State) 6620 West Capitol Drive Policy No e

EMPLOYERS MUTUAL LIAB. INS. CO. OF WISCONSIN Milwaukes, Wisconsin 53216
&, Nome (Firs) j {Lost) Saci H Sex . ﬁl\f:S
(XM OF | tdNe

E nt Address . . i j Occupation
5 Production Maghinist - Engine Lz
w . ate of Birth ; Worked ftor you how long? Under Which Classilicotion of Your Poalicy Were Wages
E 29 5/10/!‘7 Was Permit on File? Earnad?
£ | 9. 1s Injured an Offlcer, Pariner, Proprister or Manager? CYes EINo I” yes, State His Pasition:

10. Department (Enter Nome of Department or Division in Which injured is Regulorly Employed
Though He May Have Been Temporarily Working in Another Department al Time of Injury): Minor Hachining

Accident/Illness Resaltiog From Exposure
o Mechanical, Chemical or Physical Agency

Give Accident Localion Below. If Locotion is Not Identifiable by Street & Number (e.9. Public Highway)
Pleose Provide Place References Locoting the Place of Injury as Accurotely os Possible.

11. Place of Accident or Exposure |J8s |No
on Employer’s Premises?

12, P | Accident or yre {Str ., City or Town_ St Accident Occured in (X)
any DVI”QQE [—",Tuwnshp
13. What Waas Employe Doing When |n|ur-d" {Using What Tools & Eguipment? MHandling Whot Material cin at W- om? e Acts”
Employe was poliehing a gear 1n a man {1 s ng an emery clot% ?ﬁ Ye apphed

pressure on the emery cloth, the gear slipped in the mandri]l and the e.mploye s left index
finger struck the revolving chuck.

14. How Did The Acclident Occur? (Events Which Resulted in the Injury or Occupatienal Disease=Tell What Happened and How it Happened=
Give Full Details on all Factors Which Led or Conteibuted to the Accident, Objects or Substances Involved)

See above

2

~

Occupationo] Dissose or Injury

iS/fﬁl]ﬁlniury(Me.Du.Yr.) Hogl:ﬁany. M. Lqilﬁqg/‘?,*ad g‘i’i'l::u;{ Ief:r:r in the ;u No Previous Physicol Defects

Regulor Emp’oym-nv"

{17, Noms the Ob|

16, Noture and Exrent af Injury {State E a:lly the Par} of Bedy Affegted ond the Natyre of th vry or, Disgas
and 4"k head ot SN . ¢ "WIER B SdceRt  a¥¥aston

h Dirsctly Injured the Em loye. (For Example, The Machine or Thing He Struck Agajnst er Which Struck Hi
he ¥V upor ev PaLlen lnhul.§ or Swallowed; "h-lchemvcul orPRudlallun Which frritatad His Skin; or in Cuse:al Slmm:'ﬂhe’rmou's e‘vf: N::CT Ir:;

He Was Lifting, ulllng, Pushing, etc.)
revolvimg chuck
18. gld Injury Occuv Intoxicated [Failure to Use goilure to |If Employe Hos Mo, | Day | ¥Yr. !r[ Emp‘lfy:i Hos Not Ralrlumed . ]’.‘o'—df—»n.
ecouse of . ty Devices Rules|Returned to Work a Wor ow Long Wi ays
{Yes or No) no b o Give Date memeafp] He Be Away From Work? est. y

19. DId Death Result? [f yes, Give Noms, Relationthip, Age and Address of Dependents.

[JYes X_]Ne

20 s of Treating Doctor - Name ond Address of Hoespital if Injured Was Hospitalized
Emergency Services & Personal Physician ?nme not known)

CHECK IF MAXIMUM WAGE CONCEDED [ IF NOT, COMPLETE WAGE INFORMATION BELOW: o
1. Wage Rate at J'lﬂ(.g‘LlﬂiU'Y ‘$ )’/‘ ‘7/i Per (X) K Day | Week | Month | Qther

21(0). V(ép"Snlory Cohtinued During Lost Time? Yes Hrs. Par Doy |Hrs. Per Wk, | Doys Per Wk, JIn Additian Te Cash an” M
$ — - . o Employee Receive: (Yeo3 or No,)
H 22. Injured Emplcfy. s Scheduled Work Week at Time of Injury é/ Ao x Board _Tips [Laundr,
g 23, Ngw\ul_‘FMLTlm! Employment for Injured’s Kind of Work - O L -
T |24, For the 52 Weeks Price ta the Dote of Injury, Repart the Number T ™ T Tt T 1t Plece Worker
° ol Weeks Worked in the Same Kind of Work, and the Total Wage, No. of Weeks Gross Amount (Excluding Bonus or No. of Hours
3 Selary, Commission and Bonus or Premlum Earned for Such Worked Bonus or Premium) Premium Worked
= Weeks. /(’ i //.‘/ LY

25, Are Injured’s Wages Carrled on Your Regular Payroll Yas | No |If He is Employed as a Jobber or Contractor, Give Mame

Upon Which Your Pelicy Premium |s Bosed? )&

26, Nome of Witnesses




FIRST REPORT CASE NUMBER 975

EMPLOYER'S FIRS T REPORT THE STATE OF WISCONSIN
eportment of (ndustey, Labor ond Human lleluneu
OF INJURY OR DISEASE WORKMEN'S COMPENSATION DIVISION
FORM WC 12 (9:7)) Box 2209. Mudison, ¥sconnin s:?ol

1. Date ol Repary Wods Cur By X "
.
I A ¥ 'P_xug&gu‘_\’_ .
T’?«TR,-H: Nome Ty Crplorer

“I)ladinidual  Purnecahip ddlorzarntion
Criplover Lacotion 11 Ovliarent Fram Mol Adirass

Sacod

anvlociyre, Trade, Nun-pa.m son E7¢ ) Gpecific Pradurt

EMPLOYER

. Nome of Your inaurarce Company (11 Sall-insurer by Commission Grdir, So atele)

NORTHWESTERN NATIONAL INSURANCE CO

3. Name

“Uedsr which Classibivation of ¥our cy were muges
Earned?

mpleye Unda: 1§
Was Parmit an Filed

A mandis

es | Na | 1T Yes. Statw
His Porition

10. Depertmant (Enter Name of Dwpaitmeny or Div n Which Imjured 1s Regularly Employ .

Bnoaai e Koy Havs Bean Tamporaly W oo ™ W orha: Ocpariment ot Time o ey MQ('\I!\DS' - h!-
No Ew: Rczident Lovalisn Balaw |1 Locerion 13 Nay ideryiiahic by Strer & Num
cotw Provide Pla Relerencer Lacanng the Plece of bijaiy as L: Lo avely

Town, Staze]

9. 18 Injursd on Oflicer, Partner, Proprater or Monoger?

INJURED EMPLOYE

11, Place of Accident or Exposure]
on Employsr's Pramises?

N T e
®d7 (Using What nﬁs Equ.pmm Hondling What Materiaiss Doing What With Them? Unkoiz Acva o,
was boring , reaming, andSdang 3Y2" Dua. rouvv& S‘\'ee\
on a A L. TurreY Lode.

T4, How D:d Yhe Accident omm (Events Which Ratulred (n tha Injuiy or Oc <cupn nwr Diveose_ oIl what Happenad ond Hon 1+ Hopoan-¢
i B Darie o a1 E ot et Wor b o e ted 1o ».. ,\md.n Bhivcrs or Subavonces imvols = it

After em \qec. Jnsh\ emach \“Qa h&sﬁr"ﬁe& +he

chuck w\&-ho:“ emc\!‘mi% ek \<\e S O%K aé\w+°¥§'
: n o e

%%"m‘gn +he cho \«'e)/ and mer. " 9

ACCIDENT - ILLNESS RESULTING FAOM EXPOSURL
TOMECHANICAL. CHEUICAL BR PHYSICAL AGENCY

T¥er . Mo | Bres ws Alyvint Daiver

Date of | Hour of D Doy Worked ([T imrery D¢
TS Dave of Iy sur el Doy Laxt Doy « |c° :-lu“h ccv

iy Y Q_IB__ O 45 A l (O1 | 2] [“""'“‘ L”““""‘d‘"" % | None. .

Ta. Noturs ond Earear of Tnjury (Stote Exactly the Porr of Body Allesied and the Naisre of the | |n..,., o Jisenc)

| LitHe Slnaer on et hand uxas oroken | n*m%o?\&ces

Ne Chemical ar Kadigroen Which bredtares over o Stwiny, Hao o

he Yupar or Poisen tnhaled or S-uHu
He Was Lifting, Puihng. Puthing, e

| Shuck ey and, i r}a}ﬂm? Ymc

(Ev':."u'.'m'. a [ _‘“, uu Ru!wu- .o Fork
79. Oid Death Rosul1? (1 Yeu, Give Mome, E-num,..r.., \.,. aud Add i =¢ n.p.mﬂ.u
) Yeu ){NE

10, Name and Agdraas ol [renting Praciiioner
vl m& ﬂr_mi-- Emage z~

ove
WOH

[ BERY

OCCUPATIONAL INJUAY OR DISEASE

ICHECK IF MAXIMUM NAGE C CEDED NOT OMP

‘ b1 Wage Rote av Tuno of (njury ‘iso CPer 17\11 1 Duy"‘ i

L i

. Injurad Employe's Scheduied Wok Waek a1 Tome ol Iny

3. Marmal Full Tyme Employmeas for friured's | Kmd of Wark | .
1. For the 32 Waeks Puq To the Data 1 fmyry, Report he e Nuwhei of

WASE (NFORWA™ DN

Wothn Worked i the Some Kind of Wik, o tha Toiql Wage, Salary,
Comminnton and Bonus or Premium Eacned lar Such Womks - : —
I : r) - .-
i SR Tajyrad'y Wosar TomdTon nu-g.qu],. Bayrall™” l’v“"m‘ T nk W Lnidoyed dh @ SR T e T Heem T
Upon Which Your Policy amium 14 7 \ - \ ) N
) S ——— e Employee Cals s L ey
r g s e .\

Vie L S , .
<o \‘i DENGE
POt dduy e i der FEY

E-—playn mus) m
AR I
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COMPLETED CODING FORM FOR
FIRST REPORT CASE NUMBER 975

10.

11.

12.

13.

14,

15.

CODING FORM

Variables

Values

First Report Case Number .ie.eeeecvssncnocnessoasans

State 5 000020 P CE0 0L PEBNEPELPEIOTFNONOEARRNSSEPNSEOOOOTS

Lathe Type ® 8 205 00T PEROLNON LIPSO RNOINELRILIEIIRNSESEOEDNOGETDN

Operator's Job Classification .eeeeecessescescscssns

Operator's Age e 0 R 0EN s NP IIGIOIOGIENEDRGEORIGEOIOEOEROOSTROEBRTUOGOG DS

OpPerator’s SEX seseescsnscsoscesvosasssanosesososvsns

~ ﬁq4 SIS

Operator's ACELIVILY seeesossccscasenssnonnoroncaeses

P~

Object of Operator's ACLIVIEY wewesesesencocasvoness

General Source of INJjury eoeeecevcecscscacaansnsases

Specific Source of IRJUTY csveersecrassacessassacnns

Nature Of Injury R R R R R R A I A A N RN I SN A WP R AR AP RPN RPN

O 3 | Gy R

Part of Body Injured seecesesscsaccssosocssassssansas

Accident Type (causal factor)ceeseconessscscsscsosss

Safeguarding PrESEHt R N I IR I R I R N I S NS BRSPS

Good Injury Description or Unusual INjury .seeeeessss
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FIRST REPORT CASE NUMBER 639

T ~ e

ru-n

’T&A\D\S This opplication is to be used in injury cases whare ONLY MEDICAL EXPENSES are involved. No
¢ “vensation for lost time wiil be paid on this application. Mail completed opplication to: CLAIMS SECTION, Bureau of
Wol xmen's Compensation. Ohio Departments Bldg., Columbus, Ohia 43215, i 1

STATE OF OHIO (I
BUREAU OF WORKMEN'S COMPENSATION

- Application for Payment of Medical Bcnchts
L Chaimant's Nm_——

'
\

Fir (Middie thltiad) .
2 Home add —_— . Tel N > _
tNumber) sreat) ﬂ \ (A:en __
(Caunty) (Clty) - 1su:-; (Zip)
£ o s0
3, Secunty No. g Bi .—Agl__.__._Male‘ £ Female? O

(Check correct reply)

4 Employer's Namae: _ .

Accident location |

“"{Address whare accldent occurTed — number. sLreet)

]l/l VL4 Was id actually on employer's premises? ... yes

Y g_rNDI
2nd class machine opera or

Job fil
Date reported to employer? g'}' 1 }” g

& iy, mm
5. Dep Secondar
(in whieh n-guj:rly employed)
8. Date of Audenl_jﬁll —

(Monih-Day-Year-A 5. or P.M.)

O

7. Describe id

While =2ttempting to adjust belts on (NN Turret Laths

Case No.
OSHA Log

Do net wnte
in this eclumn

d

Selbce

o

Dependents

40
Locatlion 1Gea. !

(3

Date Repart Filed

Ddte of Inj
v 2

Répo

67‘7 ]

employee stopped machine mﬁ‘p!n‘éd"t‘*cw;““ﬂu"ﬁmréj"’%b1osure and

Exactly what happened? How did It ha ? Name objecu or subslances and explaln how they were involved.)
placed nand on oelts to cR"" k pelt tension., Butr motor was not

completely stopped as yet and belts pulled hand into pulley.
B. Describe exact nature of injury and specific part (or parts) of body aff

6/0

Agency

@/Z

Broke tip of middle ringer/left hand and_lacerated ring and index

f inger (mpuullu of left litle finger, laceration of right lower leg. back struln on lower right Ilde. [ UN )
same na ; C . .
/ I .

9. Names and add of wi : None z - —_ _

=, . s ‘ A ;
=

-

, luﬁhoapnahud, name of hospital: =

a ’ (Number) (Street) (City)
). HT2e of attending physician: . REIIESESNEY
iz JRREEEEY

Agency Part!
Type of Injury
5
Nature of Infury,

7
Farl 6f Body

F%

Complicauons

l.2 Haveapu filed a previous application conc:rnm‘ this injury?

1

3/31/78

I s0, give claim

4/10/78

Degree of Injury

Days Lost

13. Last date worked Date returned to work - y 0
- _Ca L
Did yoﬁnln your wages during disability? no No. of D dent 1
ll. .H'.iv: ymﬂed otber claims with the Bureau or Industrial Cormnmission? no
(Yeo or Noj

d

(Attach extry sheet lf necessary)

all ?Blcyers far wham you worked during year prior to this injury:

thrlnlured employee herein, certify that the inforrnation set forth above iy true and ask that the medical

directly related to dul claim be
Campensation sy inlorraation which they may ha

April 4, 1978

paid. I hereby authorize any doctor or haspital lu furnish to Ihn Burenu of Warkmml
ve-withyeferenc

Date:

PARTIL Employer’s Report of Industrial Injury

L Name of hplowr_“

Must be exocily as shoun on certificale of coverage)

J

. Ohio 44044

(Zone)
—Lorporn

{Carp., Pnruunhl; individusi)
& The earnings of the injured empleyee for services rendered at time of Injury are being reported on payroll reports of

(State)

3. Nature of business __ !

(Farmung, coal mlﬂuu. ae.)

Ffflunl[\d‘l 3145

— @ik
By signing this report, I certify that I have auihority to executc this l-.mplnyefs Report and that the answers are true to
the best of my knowledge and belief.

The Employer certifics that this ls a valid claim for payment

nses only and waives notice of clalin and other
ompensation as provided in R C, 4123.512-513.

approviag its payment {rom the Administrator of the Bureau ?orkmelu

SPECIAL NOTICE TO EMPLOYER
1t the valldity of this claim ls qoestioned by you,

(Name of Employer must be ¢xacily as shown
on cerificate of coversge)

Coded by

/4

sign Lhis application but cross out the last parsgraph J
above and attach your reasons for denying the valid-
ity of the ¢
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COMPLETED CODING FORM FOR
FIRST REPORT CASE NUMBER 639

10.

L1.

12,

13,

14,

15.

CODING FORM

Variables

Values

First Report Case NUMber ..cescercctserstncrssnnscsnas

State S8 2 8003 CEOIDPT IO ORUPON RPN OEEO OISO ROREPOERPRSEIPREOESEOODS

RIS

Lathe Type 8 28 0 08t CEPEL eIt ER ORI CEERCENDNIEIOSEEDRSOEDRDOENLOSTS

Operator's Job Classificatbion siesecececensnoasecnnsss

Operator’'s AZE eeesesssensssassacasssrsanccsonsaseas

Operator’'s SEX seeeessoessosensosoassssconssasssnasasn

Operator's ACtIVIEY ceveessseesssconsssanscnnsananns

Object of Operator's ACLiVILY suieseevscsascacsanasns

General Source Of INJULY ceeessescsnceccssossansanaans

Specific Source of INJUTY ceocecscascascccssessacnasa

Nature Of Injul‘y 065 08 0GP PO L QSN FTEOLIONOIEOSEONOETSOS OSSO

Part of Body Injured .eceesssecscssnosocsacsoasssenad

Accident Type (causal factoOr) .eesseecesosessscccasnss

Safeguarding Present seseseeceesssescssescasacsosnss

Good Injury Description or Unusual Injury eeeeeeecas

~ | |~ [ O~ ~Qf N NI Wil o »
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FIRST REPORT CASE NUMBER 651

Porm C-1 Rav. 1, 1912 i 4 - A
l\STRUCﬂOV‘s This form to be used wher! Lhe mju-ry causes more I.h.\n seven dny-l o( disability. Compenuum and

medical expenses are both paid on this is to plete and sizn Part I of this form and the
employer is to complete and sitn Part IL "The :ornnltltd lpphuum rs to he maied to CLAIMS SECTION, Buweau of

Worlanen’s Compensation, Chio Deparments Bldg., Columbus; Ohlo 5. Only one copy of the application should be filed.

R - ;.,.ﬁ.‘ STATE OF OHIO .. ,. ...; - ClaimNo.
- B-JREAU OF WORKMEN'S COMPENSATION

Apphcr:hon for Pnymmt of Compensa'mn :.\.nd Med:cal ml

PARTL -~ .-

L Cmmn'.'Nm*
oo (Pt

{ .
H ! ! N [
sclly what happened? How did It nE;env

'l Deﬁ:nbe nccnd:nL
(Dumbq ) d-m the eyemirwhich resulted L the Injury.

S %m_;heimdsfé -
ams objects or 9 ant Gl‘PIlJl\hH'lﬂ!! ell-n\loivl)m
lgionhx% Qamuryﬂ:.mmﬁ:pan(usplaf:)ﬁbody

W [

side

-of right lo'rr!?’ bac

k IME lo'lr
f WO H
o wl

ght side, ote,

AN

PR LT T

)

Sexduc.c.

ol

Depenaenus

MNP

d

!.t. Ia.lt dau wnr

;h_;l;rndhvuk ‘ 5[/5;/7?

T .
Ll e

. ' i . ) T
-7 Did yuu recewe ymn' wage: dun.nl d.nublhty‘! ma 1 . No. of D A
SR it

_-,J,,, - - {Ye or No)
I!lqnw:h.mnumhenmdpnndbody jured

(Atuch extrs shest If necessary) -

1 hereby make application to The Bureau of prkmens Cumpensaunn for the payment of maney out of the State
Insurance Fund for compensation for injurics sustained in the course of my employment, and which have not been

purposely self-inflicted, and for money to pay for meduc:l services, eu: whu;h were v in the tr L of my
said injunes. Notice of hearing is hereby waived. *
1 HEREBY AUTHORIZE The Bureau of Workmenl Cornp!nszhon to pay any or all awards for med.ul, hospital
and similar services dirtetly to person or p:rsam rendering such service,
Py signing this spplicati ly waive, mbehd!ofmyullando(mypemnwhnshnUhave any mlzres!ln
or

1
this eh.u:n all provisions of law !ubnddmz any physmll.rl or other person who has h d me,
or who may hereafter attend or examune me fram disclosing any knowledge or information wh.\ch they thereby ncquu-ed.

oNPS 5N o - -

I have read all the llalzrnenu mumd herein u.\d h.now thc same 'a be trug and correct. . &

- '; e e mmpTmar amte T Y

1t applicant signs by mark, (wo withqsies must sgn here)
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COMPLETED CODING FORM FOR
FIRST REPORT CASE NUMBER 651

10.

11.

12,

13.

14.

15,

CODING FORM

Variables

Values

First Report Case NUMDEr .s.ieesscecossssacssasosncasas

State ® 0 0 0 00 0 0P O OO O D SN OIS OE N T T O RSN ES PO OSSN EESNS

Lathe Type ® 0008 002N ENOENOPIPEROTRNSEEICEITtOCERROEBNOOETROSETSTS

Operator's Job Classification secesecscoscesosnsonss

Operator's Age 0 0 0 A0 RO BENELIISNENOROEOIROEOOINRGO TR O DR

Operator’'s SEX seiessesssssscoarosssssanssocsasnanss

Operator's ACtivVItY eeeesesessoscessssnssssnancnonas

Object of Operator's Activity ......................Ei

General Source of INJUIY seeesscoscssncsscarossnscoas
Specific‘Source Of INJUTY wesenvescscarsossnncascasas

Nature Of Injul‘y c.uo.--o-o.;.co-o--noonuo.-no.n--nu

G|~ ol [l [0 ] [w] [ | ] 2] o~

Part of Body Injured seseeececsssosscssscocnssccscass

Accident Type (causal factor).eeeesveesoscesssnascasns

Safeguarding Present P e e 0 s s se e e sGNNI RNGIEROEROROEOREOGS

\ [0 (2] PR

Good Injury Descriptibn or Unusual INJjUTY eeeeeocesss

—
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EMPLOYER'S FIRST REFORT

FIRST REPORT CASE NUMBER 951

Deportment l Luhel- and Humﬂr\ Relations STATISTICAL COBINQ BLOCK
OF INJURY OR DISEASE WORKMEN'S COMPENSATION DIVISION SR — Ve
FORM WC-12 (9-71) Box 2209, Madison, Wiscansin 53701 OBJ()U REE TR ]/ Co-
. Date -Ui-pm Mady 7</ Position of Parson Meking Gul Report] OSMEX Cots or File Numbar
2 4-77 " Ganerz:l Forem.n +36

EMPLOYER

mpleper Ts Employar. mplayer's Phont No.
) individual (JPartnershis (] Corporation
[Dillaren) From Mol Address

Py or Town)
M.n:shfleld I 54449
tthore, Trods, Troniportation Etc.) roduct)

Manufacturcr of Trunsformer Radiitors & Concrete Products zruipmen-

3. Nome af Your Inaurance Company (IT Sell-insurer by Commriasion Order, S0 Store) ‘|’Poﬁ=, No.

INJARED EMPLOYE

FIDELITY § GUARANTY INSURANCE UNDERWRITERS, INC., 7525 NORTH MAYFAIR RO, MILWAUKEE, WIS, 53226
s Moired
T ]F e Y N
I Male | Female | Yer] Ne
Cupetlon

parshfield, wis 54449 Lothe-mill Oper.tor

Yas l No [Worked for you how long? ' Under Which Clessiicarian of Your Palicy Ware wages
10 s pormmant (Evar Nome ol Department of Divitsom in Which Injured i3 Ragularly Employed

8. Kge te
62 |3/26/14 13 yrs. 7 mths.| e
hough He Moy Have Basn Temporarily Working in Another Deparrmant ot Tima sl Impuey):  Lilthe depurtment

ACCIDEMT /ILLNESS RESULTING FAQOM EXPOSURE
TOMECHANICAL, CHEMICAL OR PHYSICAL AGENCY

ien Balow, (I Locolien s Ner |d-nn‘|lhl| By Street & Number (e 'uPuN.: Highwer .

9. 11 injured an Officer, Pormer, Propristor or Monagar? You [ No [ 1] Yes, Srame
! X
1. Place of accident or E.,owu Yep | No (38 Accrdent Lac
o References Locating the Place of Injury a8 Accuroiely as Porn

His Panition
on Employer's 2 Provide Pl

17. Ploce of Accident or E- nure (St Accident Qecurred in

Town of Cameron rshif “fisconsin [ [V ose Towrshro
73, What Was Emplops Doing When Injured ? (iswng What Toels & Equipmant? Hendling Whas Materiala? Doing Wha! With Them? Uniale Acis 1}
Frank was changing chucks in the lathe. He bumped his left knac en,

the handle of the apron on the lathe. He didn't think it wus seriocuz

at the time. His knec swelled up in the evening of the 3rd. He
reported to me on the 4th of February.

T4. How 5:d The Accident Dzcur) (Events Which Rysuliad in the Tarury or Occopariana] Divesse - TeTl What Happened and How (1 Happensd-
Give Full Dareris on oIl Factors Whieh Led or Contributed 1o te Ace dont. Dbjeces o Subsfonces invalvad)

pumped his left knee on the hundle of the apdon en the lathe.

OCCUPATIONAL INJURY OR DISEASE

8. Duv- of |n|ury Heur of Day Last Doy Worked Did Injur Ouu: in the Yur  No || Pravious Phyticsl Dafects
n , Dey, 1.} cw... of Injurade .
a2 11550a.M) 2-11-77 |l Ealiimd.s i ‘
14. Nelur- and Extent of Injury (Stote Exoctly the Part of Body Affacred ond the Nature of the Injury or Disease

Swellon left

IRETR Fe Obrect o Subsionce Which Diroctiy Inrared the Employs. (Far rarels TheMochine o Thing He Suocl Agawisr ot Which Sruel Him
hovarer o Havon iohslod ar Smallones. Fia'Chemicel or Radiation Which Jir1ated His Skon: or v Coses of SWains, Hermias, sic.. e Thing
Me'Was Lifng, Bulling, Pushrmg. o

Handle of the apron on the lathe .

P 2 Imtomicated| Foilure to Use F°=v|wu o |1 Emploge N'nk Mo. | Day | Yo, [ Em:liwl Mas Not R.’...m.d
Feomv = [ no  [Shgdpreeer [Cpd ey R ony weo<
9. Did Deah ResultF If Yuu, Give Nems, Relotionship, Age ond Address of Dependants.
O Yer XENe
0. Nome ond Addieat ol Traating Prachtioner Nome ond Address ul Hoapirai o Injured Was Hosgitalited
Marshfield clini¢ - Marshfield, Jis.
CHECK IF MAXIMUM WAGE CONCEDED (] IF NOT, COMPLETE WAGE INFORMATION BELOW:
1. Woge Rete a1 Time ol Inury 55 1 3 Per (X} f;tu. . Day Weak  Monrh [Other
5 ] K 13, Por Doy [Hey. Par Wk, Days Par -\.IE “’.‘,".'?.Z.“.F."Fv""'nﬂ“
E 2. Injured Employe‘s $cheduled Work Weok ot Time of Injprx | [Board | Roem | Vips | Loundry
?
. i
§ R3. Normel Full Time Emplopmast far Injurad's Kind of Wark I | :
X By, For the 51 Waaks Prigr te the Dere ni [niury, Repach tha Mumber of Na. of Weehs . Gro11 Amaun) (Encluding | anwy or 1T Pigce Workar
Waeks Wovked 1 the bame Kind of Wark. an J the Tatal Wage, Selary, Wocked ot ot Premuyml o | Bremiym | Mo ol Hours work
o emmistion end Benus o Premium Ecrned fer Such Weeks
e 1
I 1
. Tn‘vwf'l Woyes . Negelar Pe, Vos| Na | [T He (s Employed os o Jobber a7 Convatter, Grve Nemre
hreh Yeur Basad? l

B4. Nawe of Witmesses

and Human Relatiens on the fewth doy oltar cmploye leaves wo
yeloue hews. in caue ol permanent discbiliry, or whers dreobili:

Employer must moke this raport direct!y +
i disgbllity still continues.’ sath co

Wayond the thees day waiting peried Is ¢
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COMPLETED CODING FORM FOR
FIRST REPORT CASE NUMBER 951

10.

11.

12.

13’

14.

First Report Case NUMber .s.ieevsesesseronconncnnsens

State LR R A R I R A A I I A R A A O I B B B I B R B B B R B R AP B A N N I I S )

Lathe Type
Operator's
Operator's
Operator's

Operator's

Object of Operator's ACtivity eesesccesenssccsanasen
Sbecific Source of INJUCLY seeeessonessassasssoonnoas
Nature of INJUIY seeeeeccocsoecscososersnovnasnssons
Part of Body Injured seeesececcescccasvsnvecnsnsssns [
Accident Type (causal factOT)eeeeseoveorosoacancncos
Safeguarding Present ceeoesoscecescccecssaasosssssogsl —

Good Injury Description or Unusual Injury ..ceececess

CODING FORM

Variables Values

~Q
U\

~J

L A L R A I I A A N I N I I B R B A I )

Job Classification eceiecscecsocsoconsssons

Age ® 885 08200000 C O PSSO ENNIRNOE SN O

Sex ® 000 a0t et NG ePB R EOP IOl RNOENBSINPSOEROTDRE

Activity IrZ

m\mgmLtQ-p)\)
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APPENDIX G

ACCIDENT TYPES, FAULT-TREE
DIAGRAMS AND PROPOSED COUNTERMEASURES
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ACCIDENT TYPE 1

Slipped Hand. The worker's hand slipped on the tool/part/control lever.

ACCIDENT TYPE 1 INFORMATION
Contributing Events. The events that caused or led to Type 1 accidents
involved the worker's hand slipping from the tool/part when he was:

1. Positioning/applying force to: (a) wrench, chuck or other attaching
devices; (b) control lever, handle or knob; or (c) the workpiece

2. Polishing, filing or deburring the workpiece
3. Loading/unloading the workpiece
4, Removing/replacing the chuck, wrench or other attaching devices

5. Setting up the: (a) chuck, other attaching devices, or some other
part of the lathe; or (b) workpiece

6. Operating the lathe*

Resulting Events. The events that resulted from Type 1 accidents
included injury of the worker's fingers, hand, or wrist on:

1. The cutting tool or holder
2. The chuck wrench, chuck or other attaching devices
3. The workpiece

4, The tailstock or associated accessories, or control handle, lever,
knob or wheel

5. A cutter, tap, die, drill or reamer.
6. Cuttings/chips

7. Hand tool

*A number of contributing events could not be classified by specific
categories and were placed in the general category of "operating the
lathe.” )
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Other events that resulted from Type 1 accidents included:

1. Injury of the worker's arm or shoulder on the chuck or other
attaching devices, or the workpiece.

2. Injury of the worker's foot or leg on the tailstock or associated

accessories, chuck or other attaching devices, or the workpiece.

Injury Types. The types of injuries associated with Type 1 accidents are
shown in the table below.

Injury Types Frequency
Lacerations .« o« « o« ¢ « o s o o o o o o 26
Bruises or Contusions . . ¢« « « « « « « 16
FractuUres « o « o o o o o o o o o o o o
Punctures .« « ¢ « o o o s o o o o o o
Amputations . ¢ ¢ ¢ ¢ 4 0 e 0 e e e
Strains or Sprains « . « ¢« 4 4 4 s e . .
Missing « ¢ ¢ o o ¢ o o ¢ o s o o o o
Total:

wn
(0,0 LV, I o NG =

. FAULT-TREE DIAGRAMS AND PROPOSED COUNTERMEASURES
Three diagrams included; 48 injuries represented.

Diagram 1
Lathe operations and workers' activities included:

1. ‘Positioning/applying force to: (a) wrench, chuck or other attaching
devices; (b) control lever, handle or knob; or (c) the workpiece

2. Loading/unloading the workpiece
3. Removing/replacing the chuck, wrench or other attaching devices

4, Setting up the: (a) chuck, other attaching devices, or some other
part of the lathe; or (b) workpiece

5. Operating the lathe
Types and Numbers of injuries represented:

Injury Types Frequency

o

Bruises or Contusions . « o« ¢« ¢« o « & o 1

Lacerations .+ « o « o o o « s s o s » o 4
Fractures . « « &+ o o s o o s o s s o 2
Punctures =« o« « o s o o s o o s s o o & 1

Total: 17

Diagram shown in Figure G-1; countermeasures shown in Table G-1.
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Diagram 2 : ‘
Lathe operations and workers' activities included:

1. Positioning/applying force to: (a) wrench, chuck or other attaching
devices; (b) control lever, handle or knob; or (c) the workpiece

2. Polishing, filing or deburring the workpiece
3. Loading/unloading the workpiece

4, Operating the lathe

Types and numbers of injuries represented:

Injury Types Frequency
Lacerations . « ¢ « o+ ¢ ¢ o « o o« o« o o 13
Bruises or ContuSions . o+ « « s s « o o 3
Fractures .« o« o« s o o o o o o o o » o o 1.
Amputations . .« ¢ s ¢ s s . e e e s . e 1
Missing « o o o s ¢ ¢ s o o o o 0 0o 00 2

Total: 20

Diagram shown in Figure G-2; countermeasures shown in Table G-2.
Diagram 3
Lathe operations and workers' activities included:

1. Positioning/applying force to: (a) wrench, chuck or other attaching
devices; -(b) control lever, handle or knob; or (c) the workpiece

2. Loading/unloading the workpiece

3. Operating the lathe

Types and numbers of injuries represented:

Injury Types Frequency

Lacerations . . « ¢ o ¢« ¢ o o o o o »
Fractures =« « s o o o o o o o o o o o o
Bruises or Contusions . « « o « o o & &
PUNCLUTES &+ o o o s o o o o s o s s o »
Total:

H
i P |

Diagram shown in Figure G-3; countermeasures shown in Table G-3.
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Table G-1. Proposed Countermeasures to Reduce Workers' Risk to
the Injuries Represented in Fault-Tree Diagram #1

Require workers to remove, whenever practical, unneeded sharp cutting
tools, drills, etc. when there 1s a chance of accidentally contacting
them. Provide convenient holding magazine for storage of the tools,
drills, etc.

Instruct workers in the proper procedures for grasping and lifting
lathe accessories and the workpiece. Emphasize the use of materials
handling equipment.

Provide workers with wiping cloths to clean accessories, workpiece,
and hands before lifting accessories or workpiece. ‘

Install guards, awareness barrilers or devices over chucks or other
attaching devices whenever practical.

Require workers to wear safety shoes.

Table G-2. Proposed Countermeasures to Reduce Workers' Risk to
the Injuries Represented in Fault~Tree Diagram #2

Provide workers with wiping cloths to clean lathe control levers on
lathes, and to wipe hands. ‘

Instruct workers in the proper method of grasping and shifting lathe
control levers. .

Design handles on hand tools and lathe control levers so they provide
a better hand grip.

Install guards, awareness barriers or devices over chucks or other
attaching devices whenever practical.

Table G-3. Proposed Countermeasures to Reduce Workers' Risk to
the Injuries Represented in Fault-Tree Diagram #3

Provide workers with wiping cloths to clean lathe control levers
and to wipe hands.

Instruct workers in the proper method of grasping and shifting lathe
control levers.

Design handles on hand tools and lathe control levers so they provide
a better hand grip.
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ACCIDENT TYPE 2

Slipped Tool. The hand held tool or part slipped on the lathe or
accessories,

ACCIDENT TYPE 2 INFORMATION

Contributing Events. The events that caused or led to Type 2 accidents
involved the hand tool or part, which was held in the worker's hand,
slipping when the worker was:

1. Applying force to: (a) tailstock or related accessories, or (b)
wrench, chuck or other attaching devices

2. Polishing, filing or deburring the workpiece

3. Setting up the: (a) chuck, other attaching devices, or some other
part of the lathe; or (b) workpiece

4, Cleaning/clearing the cuttings
5. Loading/unloading the workpiece
6. Operating the lathe*

Resulting Events. The events that resulted from Type 2 accidents
included injury of the worker's fingers, hand, or wrist on:

1. The cutting tool, or lathe bed center area

2. The chuck or other attaching devices

3. The tailstock or related accessories

4, Polishing material

5. A hand tool

Other events that resulted from Type 2 accidenfs included:

1. Injury of the worker's back or upper abdomen on the workpiece or the
area in the center of the lathe bed

2. Injury of the worker's arm or shoulder on: (a) cutting tool;
(b) tailstock or related accessories; or (c) workpiece

* A number of contributing events could not be classified by specific
categories and were placed in the general category of "operating the
lathe."”
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Injury Types. The types of injuries associated with Type 2 accidents are
shown below.

Injury Types Frequency

Lacerations . « o« o o s 2 o s o o« » o« o« « 16
Bruises or Contusions . « « ¢« ¢« &« + « « o 11
Fractures « o+ « o o+ o« o o o o ¢ o o o« o
Punctures « o+ o « o o o o o 2 o & o o & o
Strains or Sprains . .« « s+ + e s e e s
Abrasions . « « 4 ¢ o 4 e 4 4 6 8w e a0 s
Other &+ & & 4 4 ¢ ¢ o o o o o o o ¢ o o »
MIiSSINg o o ¢ ¢ o o = ¢ o o o o o o o s o

TOTAL 41

|F'F‘H‘NJUJO\

FAULT-TREE DIAGRAMS AND PROPOSED COUNTERMEASURES
Two diagrams included; 36 injuries represented.

Diagram 4
Lathe operations/workers' activities included:

l. Filing, deburring and polishing the workpiece.

Types and numbers of injuries represented:

Injury Types Frequency

=
=

Lacerations « « « o ¢ ¢ o o o o ¢ s o o«
Bruises and Contusions. « + « « &+ « « o @
Fractures o« « « « o o o o o o s o « o o o
Abrasion . « ¢ ¢ ¢ s 4 o e e o s 4 e s
Puncture « o« o « o o o s o o s s o s & o
Missing + ¢« ¢« & ¢« ¢« ¢ ¢ & o« &

INIﬂ oW W

TOTAL

[\
[an

Diagram shown in Figure G-4; countermeasures shown in Table G-4.

Diagram 5
Lathe operations/workers' activities included:

1. Applying force: (a) tailstock or related accessories, or (b)
wrench, chuck or other attaching devices

2. Setting up the: (a) chuék, or other attaching devices, or some other
part of the lathe; or (b) workplece
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Types and numbers of injuries represented:

Injury Types Frequency

Bruises and Contusions « « « o« &+ ¢ o &
LacerationSe « « « « o o o o o ¢ o o &
Fractures.: « o« o o o o o o« o 2 s o o o

PUnCtuUureS.: o « o o o o o o o« s s s o @
TOTAL:

—
Ui W W~

Diagram shown in Figure G-5; countermeasures shown in Table G-5.
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Table G-4. Proposed Countermeasures to Reduce Workers' Risk to
the Injuries Represented in Fault-Tree Diagram #4

Replace defective files, deburring and polishing tools.

Provide workers with proper files, deburring and polishing tools that
match the jobs they are required to perform.

Instruct workers on how to select the proper files, deburring and
polishing tools for the job, and how to use them correctly.

Provide workers with the necessary setup equipment and instruct them
on how to make setups that safely secure the workpiece for filing,
deburring and polishing operations.

Install guards, awareness barriers or devices over chucks or other
attaching devices whenever practical.

Table G-5. Proposed Countermeasures to Reduce Workers' Risk to
the Injuries Represented in Fault-Tree Diagram #5

Replace worn bolts, nuts and other parts on the lathe and accessories
(including chucks). Replace worn wrenches (including chuck wrenches)
used on the lathe and accessories. Make certain movable parts on
wrenches will not slip under pressure. :

Provide workers with the correct size of wrenchs to perform the jobs
they are required to do. Encourage workers to store wrenches in
accessible locations. Where practical, remove obstructions
interfering with tightening operations.

Instruct workers on the correct procedure for applying force when
tightening or loosening bolts, nuts, chucks or other holding
devices.

Install guards, awareness bariers or devices over chucks or other
attaching devices whenever practical.
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ACCIDENT TYPE 3

Unperceived Information. important information was not perceived before

acting.

ACCIDENT TYPE 3 INFORMATION

Contributing Events. The events that caused or led to Type 3 accidents

involved the worker not perceiving important information or not recalling
important knowledge before acting when he was:

1.

10.

Positioning/applying force to: (a) wrench, chuck or other attaching
devices; (b) tailstock and associated accessories; (c) control lever,
handle or knob; (d) cuttings; (e) workpiece; or (f) small accessories
or hand tools.

Polishing, filing or deburring the workpiece.

Measuring the workpiece.

Loading/unloading the workpilece.

Turning, boring or threading the workpiece.

Removing/replacing a control lever, handle or knob, or cuttings.

Setting up: (a) chuck or other attaching devices; (b) drill, cutter,
reamer, tap or die; (c) workpiece; or (d) lathe.

Cleaning/clearing: (a) chuck or other attaching devices; (b) lathe;
or (c) cuttings. f

Reaching for: (a) wrench, chuck or other attaching devices; (b)
control lever, handle or knob; (c¢) power switch or clutch control; or

(d) small accessories or hand tools.

Operating the lathe*.

*A number of contributing events could not be classified by specific

categories and were placed in the general category of
lathe.

operating the
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Resulting Events. The events that resulted from Type 3 accidents
included injury of the worker's fingers, hand, or wrist on:

1. The wrench, chuck or other attaching devices

2. The cutting tool or holder

3. A control handle, lever, knob, power switch or carriage stop

4. The tailstock or associated accessories

5. A cutter, tap, die, drill, reamer or hand tool

6. Cuttings/chips

7. The workpilece

8. A shield/guard, belt, gear or pulley

9. The lathe bed centér area or headstock area

Other events that resulted from Type 3 accidents included:

1. Injury of the worker's head, face or neck on: (a) cutting tool or
holder; (b) cutter, tap, die, drill or reamer; (c) workpiece; or (d)

lathe bed center area

2. Injury of the worker's feet or legs on the control handle, lever or
knob

3. Injury of the worker's arm or shoulder on: (a) cutting tool or
holder; (b) wrench, chuck or other attaching devices; (¢) tailstock
and associated accessorles; (d) shield/guard; or (e) lathe bed center
area

4, Injury of the worker's upper abdomen on chuck or attaching devices,
or hand tool

Injury Types. The types of injuries associated with Type 3 accidents are

shown in the table below.

Injury Types Frequency

Lacerations « « o« « « s o o« s ¢« o s o« o« 83
Bruises or Contusions =« « « « o« o + « o« 26
Fractures « o o o o« o o s o o o o o o o 17
PUNCEUTES & & « o o o 5 o o s ¢ o o o o 7
Amputations . ¢« ¢ + ¢ o 4 6 6 s e e e 3
DeathS o ¢ o s o« o o o o o o s o o o o o 2
Abrasion . ¢ 4 v ¢ 4 4 e s s e s s e e e 1
Strains or Sprains . « « ¢ ¢ ¢ s 0 . 1
Missing .« « v o ¢ o ¢ o ¢ ¢« o o o s 0 o 9



FAULT-TREE DIAGRAMS AND PROPOSED COUNTERMEASURES
Eight diagrams included; 125 injuries represented.

Diagram 6
Lathe operations/workers' activities included:

l.

Positioning/applying force to: (a) wrench, chuck or other attaching
devices; (b) tailstock and associated accessories; (c) control lever,
handle or knob; (d) cuttings; (e) workpiece; or (f) small accessories
or hand tools.,

Loading/unloading the workpiece.

Setting up: (a) chuck or other attaching devices; (b) drill; cutter,
reamer, tap or die; (c) workpiece; or (d) lathe. ‘

Reaching for: (a) wrench, chuck or other attaching devices; (b)
control lever, handle or knob; (c) power switch or clutch control; or
(d) small accessories or hand tools.

Types and numbers of injuries included:

Injury Types Frequency

Lacerations . o« o s ¢ o o« o o o o o & o« 15
Bruises or Contusions . . « s « o « o o 5
PUNCEUTES & & o o o o s s o s o« o o o o 1
AMputations .« « ¢ ¢ ¢ s s 4 s s s e 0. 1

Total: 22

Diagram shown in Figure G-6; countermeasures shown in Table G-6.

Diagram 7
Lathe operations/workers' activities included:

1'

Positioning/applying force to: (a) wrench, chuck or other attaching
devices; (b) tailstock and associated accessories; (c) control lever,
handle or knob; (d) cuttings; (e) workpiece; or (f) small accessories
or hand tools.

Loading/unloading the workpiece.
Reaching for: (a) wrench, chuck or other attaching devices; (b)
control lever, handle or knob; (c) power switch or clutch control; or

(d) small accessories or hand tools.

Operating the lathe.
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Types and numbers of injurles represented:

Injury Types Frequency

Lacerations =« « « o ¢ s « o s ¢ o s+ o & 4
Fractures . « o o« o « o o s ¢ o s o o & 4
MisSSINE o « o o o o o o o s o ¢ o s & 1

Total: 9

Diagram shown in Figure G-7; countermeasures shown in Table G-7.

Diagram 8

Lathe operations/workers' activities included:

l. Positioning/applying force to: (a) wrench, chuck or other attaching
devices; (b) tailstock and assoclated accessories; (c) control lever,
handle or knob; (d) cuttings; (e) workpiece; or (f) small accessories
or hand tools. ‘

2. Loading/unloading the workpiece.

3. Operating the lathe.

Type and number of injuries represented:

Injury Types Fregueﬁcy

Lacerations . o« o o o o o ¢ « ¢ s o o

2
Total: 5

Diagram shown in Figure G-8; countermeasures shown in Table G-8.
Diagram 9

Lathe operations/workers' activities included:

1. Loading/unloading the workpiece.

2. Operating the lathe.

Types and numbers of injuriesrrepresented:

Injury Types Frequency

Lacerations . « ¢ o o o o o « o o o o »
Bruises or Contusions .« « ¢ « « ¢ o« & &
Fractures .+ « o o o o ¢ o o « o s @« o @
Missing .« o ¢ ¢ o o o o o o o ¢ o o o o
Total:

DJH =

Diagram shown in Figure G—9;-countermeasures shown in Table G-9.
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Diagram 10
Lathe operations/workers' activities included:

1. Polishing, filing or deburring the workpiece.

2. Turning, boring or threading the workpiece.

3. Reaching for: (a) wrench, chuck or other attaching devices; (b)
control lever, handle or knob; (c) power switch or clutch control;

(d) small accessories or hand tools.,

4, Operating the lathe.

Types and numbers of injuries represented:

Injury Types Frequency
Lacerations « o« « o o o o o o« s « o » » 31
Bruises or Contusions . « o ¢ &+ & o o @ 6
Fractures « « o o o o o o s o s « o o & 7
PUNCLUTES &+ o o o o o o« s s o s s o s 2
Amputations ¢ ¢« ¢« ¢ 4 ¢ 0 6 o 8 6 e .. 2
Death & o o o o o o o o o o o s o o s @ 1
MisSSINg o o o o ¢ o o o o & o o o o o 4

‘ Total: 60

Diagram shown in Figure G-10; countermeasures shown in Table G-10

Diagram 11
Lathe operations/workers' activities included:

1. Turning, boring or threading the workpiece.

2. Reaching for: (a) wrench, chuck or other attaching devices; (b)
control lever, handle or know; (c) power switch or clutch control;
(d) small accessories or hand tools.

Types and numbers of injuries represented:

Injury Types Frequency

Lacerations .+ « « o « « « ¢« o s o o s o 17
Fractures =« o+ o o s s o » o o s o o o 1
MissSing o« o« o o« ¢ o o o o o o o ¢« o o o _1

Total: 19

Diagram shown in Figure G-11; countermeasures shown in Table G-11
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Diagram 12
Lathe operations/workers' activities included:

1. Filing, deburring, polishing.

Types and numbers of injuries represented:

Injury Types ‘ Frequency
Lacerations . « o o o o o o o« o o o« o &« 2
Bruises or Contusions .« « o+ o s ¢ « o & 1
PUNCLUTES ¢« ¢ ¢ o « « o o o o s s o o & ._g

Total: 5

Diagram shown in Figure G-12; countermeasures shown in Table G-12

Diagram 13
Lathe operations/workers' activities included:

1. Measuring the workpiece.

Types and numbers of injuries represented:

Injury Types Frequency

Death L ] . . L] L L] L] . L] L] . . L] 1 L] . 1 _l
Total: 1

Diagram shown in Figure G-13; countermeasures shown in Table G-13
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Table G-6. Proposéd Countermeasures to Reduce Workers' Risk to

the Injuries Represented in Fault-Tree Diagram #6

Instruct the workers on how to develop setup and loading and

unloading procedures that do not require workers to place their hands

or other body members in the path of potential: (a) moving lathe
parts or accessories, or (b) falling workpieces or lathe
accessories.

Design the hinging on chuck guards or splash shields so they will
remain in a secure up position during setup and loading/unloading
operations. '

Direct workers to remove, whenever practical, unneeded sharp cutting

tools, drills, etc. when there 1s a chance of accidentally contacting’

them. Provide a convenient holding magazine for storage of the
tools, drills, etc.

Table G-7. Proposed Countermeasures to.Reduce Workers' Risk to

the Injuries Represented in Fault-Tree Diagram #7

Design future lathes (where practical, retrofit older lathes) with
clutch levers, power switches and other frequently used controls so
they:

aoe

b.

Are more visible from the worker normally stands.

Are more conveniently located (reduce worker bending over) and
more accessible. '

Cannot be mistaken for other controls. This includes providing
labels that indicate control names and the directions of
movement, and designing control handles so workers can identify
controls by feel.

Cannot be accidently activated.
Operate consistently from lathe to lathe. For example, the

clutch lever is always engaged by pushing downward on brands A,
B, C, «.... lathes.

Install guards, awareness barriers or devices over chucks or other
attaching devices whenever practical.
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Table G-8. Proposed Countermeasures to Reduce Workers' Risk to
the Injuries Represented in Fault-Tree Diagram #8

1. Direct workers to wait until the spindle completely stops before
placing their hands on or close to the revolving chuck or other
attaching devices, or workpiece.

2. Install braking devices to prevent spindle drift if the lathe is not
so equipped. Inspect and repair any braking devices that are not
operating properly.

3. Install guards over chucks or other attaching devices whenever
practical.

Table G-9. Proposed Countermeasures to Reduce Workers' Risk to
the Injuries Represented in Fault-Tree Diagram #9

1. Provide the workers with a spring loaded chuck wrench or a spring
loaded chuck, where applicable, to prevent the chuck wrench from
being left in the chuck.

2. Apply brightly colored markings to increase chuck wrench visibility.

3. Direct the workers tovviéually check and to keep their hands away
from the chuck, workpiece or accessory that will move when engaging
the clutch or starting motor.

Table G-10. Proposed Countermeasures to Reduce Workers' Risk to
the Injuries Represented in Fault-Tree Diagram #10

1. Prohibit workers from operating lathes when they are wearing long
hair and loose fitting clothing that are not properly restrained.

2. Direct workers not to place thelr hands, arms, feet on the lathe when
they are not actually interacting with lathe or lathe controls.

~

3. Install guards over chucks or other attaching devices whenever
practical.
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Table G-11. Proposed Countermeasures to Reduce Workers' Risk to
the Injuries Represented in Fault-Tree Diagram #11

Provide the workers with the correct cutting tools made of the proper
grade of material and have the proper tool geometry. Provide the
workers with information regarding the proper depths of cuts, feeds
and speeds for each job.

Instruct the workers on the importance of using the correct cutting
tools made of the proper grade of material and have the proper tool
geometry. Instruct the workers on the importance of using the proper
depths of cuts, feeds and speeds.

Where practical, direct the workers to stop the spindle and remove
continuous chips, should they accumulate on the workpiece or chuck.

Install guards, awareness barriers or devices over chucks or other
attaching devices whenever practical.

Table G~12. Proposed Countermeasures to Reduce Workers' Risk to
the Injuries Represented in Fault-Tree Diagram #12

Provide the workers with the proper file, deburring and polishing
tools for the job, and instruct them on the proper use.

Install guards, awareness barriers or devices over chucks or other
attaching devices whenever practical.

Table G-13. Proposed Countermeasures to Reduce Workers' Risk to
the Injuries Represented in Fault-Tree Diagram #13

Direct the workers to switch the power off, and shift clutch to
neutral or open gear position when taking measurements of the
workpiece on the lathe. As an added precaution, provide measuring
devices with an outboard handle that can slip from the workers' hands
if the devices catch on rotating workpiece., Whenever practical,
direct workers to remove workpiece from lathe before taking
measurements.

Install mechanical stops that must be overridden to prevent the
worker from accidently engaging the clutch.

159



94 weaserq mmuﬁl“a:mh *9-9 3an814g

yse] 10 19y awos
w0134 0} paprag

anop 10
Iled pinop Leg
azijeay JoN pia

ayie] uo ued

Buinopy Jo yiey wi sepp
laquiapy Apog 13y1Q 10
pueH azijeay 10N p!Q

1quispyy Apog
13410 10 puey paaop

ey buiaopy jo
yed ul 1equispy Apog
19y1Q 10 puey paaeld

ayle] uo ueyd
A0l 01 jONU0Y)
pajesadQ 10 ‘pasiey
SEM 331A3(g s3Y1(Q) 10
pienc) ysejds pasiey

13mo4 19pun

P3AOI SBAA 10
‘l1ed 8a188Q 1YIO
10 pieny yse|dg

adaidyiopy ‘9

sdoig aype] g
sa01A3q buipjoy

d3yiQ 10 WYy
sde] ‘sioweay

‘squq ‘s1epn) ‘g

paeng xpnyj ‘g
19p|OH

pue joo] Sumn) °y

:uj 1ybnen

I9M 10 }INILS SIIPINOYS 10
F.m&.d. ‘sISUpp ‘spuel ‘siabury

pasinig ‘g

paimoung "¢ pajesadse] |

1318\ S13pINOYS J0

‘swiay ‘sisUpp ‘spuel ‘szabuig

160



[ weI8RTI(Q 9°11-3TNE]

jonuo)
1990109 3yl palesadQ
peH aH 1ybnoy] ianpopp

josuo) 1BYO jo
pEISU| YIIIMS 1amOog
10 Yymnp) ay pabebuy

Ajuayeisiiy 13310

uQ 1amog pauinj
10 yonyy pebebuz
Apuapiooy 19i0pm

uQ pawn] iamoqg
10 pabefiu3z yarni)

N

1amogd 13pupn
Buneioy dony)
J0/pue 323ldyiopp

*[-9 @and1j

13JoM 3y
J0 uonsod bunsay

adaudyiopp 10
»any) Aqopnas
aq ued 3 ydIYm uj
LONISOd B Ul JaqWIN
Apog 1310 J0 puey

a%ai1d)iop 10
¥anYy) 0} payoeny 10
u) papuasu) ued JayiQ

10 100} 6uipjoy 19)10M

mEgO.v
ouu_nv_.o;.m
yauaip yonyg ¢
samaaq buipjoH
110 10 onY) L

:Ag Honns aiap s1apinoys 10
‘suyy ‘sISlIpp ‘SpueH ‘ssabuly

painioseld ‘2
pajesase) ")

1219\ s13p|NOYS 10

‘suyy ‘sIsup ‘spueH ‘siabuly

l6l



g4 weaderq 99ar-3Ined °g-9 2andtg

12M0g 1amod 3O u UMMO-K_ H h-.._. aaxbuop, 10 »ony) woi4
HO pawn} 10 wn] 1o ymng) 10 pabebuast(y usog PNy jo uonejoy 3y iopm
ynnp) pabebuasiq abebuasi(q 03 Jobio4 PeH yng) Jybnoy ) dojs 03 pasaqg aaoway 0) pansaq

Y

dageo) 1amog sapup) u.u.wuuﬂ..wa a0l 100 UQ
bunjuq pay) Buneyoy yony) uo puey pasel] puey paoelq

ﬁm.

saaaq butploy
9 pQ 10 pNY) |

:Ag pnng aapm
SISUM S0 ‘spuel ‘ssabury

paesade] g
SIS 10 “spuey ‘ssabul 4

162



6f weialerq 93a-3TnB4

*6—D 2an3Tg

1amog uQ
suinj Jo yan|)
sabebu3g saxsoM

3oNYo woi4 parowdy
uaag peH youaip
oy aybnoy |

ealy »onyj)
323y) 01 30b104

»nyY) v
Youaipg ¥ony)
anad1ad JON pia

1amog 13pun
saieloy Nonyy

32Ny u)
yauaipy yony)

youaipp ¥onyg bunejoy
40 Yyieg ul Jaquialy Apog
J9Y3Q 10 spuel paseld

YIuAIp ony) Ag
MINNS I SI9PINOYS 10
‘suy ‘sisip ‘spuey ‘siabuiy

paJmoes4§ g

pasinig ‘¢ palesaseq L

:313p\ $18PINOYS 10
‘suy “s}sUp ‘spuely ‘s1abuly

163



OT# wea8eTQ 9°1]-1TNe4

*0T-9 2and1y

5007 SEM
ey 10 Buipory
axeay 10N P1g

as00] sep
Jiey 10 bungopy
azyieay 19N pia

r

r

ey 10

Bunpo) as0o] yued
pinoY awae uo sueq
Suneoy ey 106104

ayie] uo uey
Guneoy o) &0 sepm
Jiey 10 bunpog) aso0n
IRy ] eAlxad JON P!

L

T

Bunmoy sy
aye] uo uey
3M130194 1ON PIQ

Bupeloy
alapg ayie]
uo sueq 106504

uonisog abuey)

01 sraquialy Apag
141 J0 spuey

anopy 03 papaap

ae) uQ
sueq buneoy o)
Alwnxoay asoy) uj
uonesadQ 1Byouy
Buiuuoyrag sepp

L

L

|

_

$301A3( BuIpjoH
Q10 ANy Ug
paunoy a03id 3om

13m0y J9pUN)
6uneyoy ajpuids

ape uo suey
Buiaopy Yipm 1001000
olu] 19quigyy Apog
131 10 SPUEl PIACY

L

T

=

uonesadg ayieq jo
123dsy 19Y1Q 01
Buipually Asng sepy

sanLandy
paIeIY qOr-uoN
1noqy Bupjuiyj sepm

193I0p MOjjo4
01 Buiyje} sepy

T

aipe uo sueyg

Gunejloy o1 Ajrunxoig
3O} ul sey 10

Bunpog aso0q paoeld

uonIsod S1yj Ul Jaquialy
Apog 1a1Q 10 puey
ayug pinod ape] uo
sueg Guneroy 106104

aye) uo suey

Guneroy jo yied ayy ur sy
rRquay Apog 1ay10 J0
SpUBH 2A132134 10N PiQ

ayiey 9y uo sueg
Buneloy oy Alnwikorg

2501 W pa1eo]

5307 10 s|jonuo)

ayeT uo suey
Gupeloy uo yybne)
11ey 10 buigro|) ss00)

_

_

1

ayie ayl uo
sueq buneioy Jo yieg
ayy ur saqurapy Apog
13) 10 Spuey paseld

]

pIEND 3INYY S

sdaldyiom v

sde] 10 s{uQ ‘LN g
si9pjoH

10 5100) Bumn) 'z
saaaq Buipjoy

1230 10 yany) |

:Ag yonng siap 10
“NINIS peay 10 LISpInoys

‘suny “sISUAL ‘spuey ‘ubury

T

saunju] peapy wol4
paynsay peag uQ —
paimoung °g
painindury -y
pasirug g

pamaely g
p@esarey g

“a1ap eapnoys pue

‘suny ‘sISUAL ‘spuey ‘siabury

164



1T# weaderq 291L-3TNed

*TT1-9 2an314

uonjeiad(Q ayie 40
syaadsy 1ayiQ o
Buipuany Asng sepp

sanianay
palejey qor-uon
1noqy Gunjuiy) sepm

19)10p7 mo)|34
o1 bunjjey sem

ayie uo sbumny
bunejoy jo yied
ul 1aquidpy Apog
13Y1(Q 10 spuey
aAI122134 JON P

uonisod sy uj

" saquisyy Apog 1810

10 SpueH aNINS p|no)H
aype uo sbumny
bunejoy 1eiy) 106104

ayieq uQ
sbuniny bunejoy
0} Ajlunxouyg
850]9 ui pajesoT]
$)207 10 5joNuUoY

sasiaaq SuipjoHy
12410 40 H2nyH uj
Pajunopy aasaid3i1o0pp

1amog 1apun
Bunjejoy ajpurds

adawdyiopy 10
39ny) ui 1ybney
/paddeaps sbuning

ayleq up
sbuimng buneioy j0
yied ui 1aquay Apog
12410 J0 spuey paaelq

sbumns buo AqQHpPnig
SIS\ 10 ‘spuel ‘s1aburg

paimoelj ‘g
pajesase] |
CICTT

SISUAN 10 “spuey ‘siabuiy

165



21# weaBerq @2ar-3Tned

.Nﬁlw 2an3T14

sadiaag buipjoH

1330 10 HonyH uj
pAUNOW 33a1dXNIOM

13mogd 13pun
bunejoy ajpurdsg

joo] 10 a4 yney
PINOAA Jey ] 333td10p8
uo jse4 0) asop) bulag
se joo) Bulingaq 10
3|14 3A132134 10N P!Q

¥any) o} aso}) bulag sy
|00] bumungaq 10
214 aaladiad 10N pP'A

uonesadQ buuingag
Jo buyij ol
fuipualy 10N Sepy

ayie] ayl woa4 umory}
SEAL Pue 32a1d) IO
10 Xony) ays uo 1ybne)
looj Buiingaq 10 3|14

joo] buningag
10 314 e Ag yonng
13Jap\ Udwopqy Jaddn
10 ‘S)Supp ‘spuey ‘s1abuiyg

pajesase -z
pasinig ‘g paimaung |

13Jap\ U3wopqy J9ddn
10 'S)SUAN ‘spuep ‘s1abuty

166



Buluuny
iojol

€1# weideTq 991I-1Tneg *€1-9 =2and1g

13897 uo Bunsoy sepn
PuBH Fsneasg uonisod

Busbnen) 104
uonisog Juaiayiq o1
Bundnoy bor 01 uonisog
PIemIog 01 13497
Yyun|J sanop] 1HOM

joeg 01 13AS] yNN)
SO Auapizay IaRIOM

Guiinegy 04
uonsod WaIaKiq 03
6uyydno? Gor o) uonisoq
pIEM)3EY 0] JaAa)
YIN[] S0 JHOM

-

uoRISO4 [ERNaN Ul 29
1A 12827 YN
sanedianuy Jaiop

uons04 jennaN
0) 19A27 yUnp)
SWIMAYH 1DPOM

_ |

r

WdY Z¢ 38 195 paadg
— 1290 W aye)

" aye uy pamag

fudno) adig

pueH whing yum
Bundno) adig uQ
abner)y sade(q saxiop

uonisog
Piemiog ul Afjeileyg
1S 19897 YN

—

uoIMSOyg [eNININ
01 12837 ymnIQ
SWIMoH 1940

1

UORISOY PremIO
oy sdig
1337 YyAN)

uonIsSod [enNaN 0
19A37 yaInp) 2o
01 106104 1310p

uonIs04 (EQNaN u|
SEM J9A37] YN
ybnoy § Jaxsop

uonIsog puEAMIO 4
uj 13897 y:n)

5

Gundne) adig U0
sayxe) abney

1

buidnoy ady
pue 6ner) usamiag
pabpap anol9 pue
PueH 1ybIy s Jp0M

|

Gundno)
adyd punosy
paddeapp 19%10p8

167



ACCIDENT TYPE 4

No Protection or Improper Use. No protection was worn, or protective
equipment was used improperly when performing hazardous lathe
~operations.

ACCIDENT TYPE 4 INFORMATION

Contributing Events. The events that caused or led to Type 4
accidents involved the worker not wearing protective equipment, or
using the equipment improperly when he was:

1. Applying force to the control lever, handle or knob, or workpiece
2., Polishing, filing or deburring the workpiece

3. Loading/unloading the workpiece

4, Turning, facing, boring, or grinding the workpiece

5. Cleaning/clearing the chuck or other attaching devices

6. Reaching for the control lever, handle or knob,

7. Removing cuftings |

8. Operating the lathe*

Resulting Events. The events that resulted from Type 4 accidents
included injury of the worker's eyes, face, head or neck on:

l. Cuttings/chips
2. Coolant/dust
Other events that resulted from Type 4 accidents include:

l. Injury of the worker's fingers, hand or wrist on cuttings/chips,
or cutting tool or holder

2. Injury of the worker's arm or shoulder on cuttings/chips

*A number of contributing events could not be classified by specific
categories and were placed in the general category of "operating
the lathe.”
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Injury Types. The types of injuries associated with Type 4 accidents

shown in the table below.

Injury Types Frequency

Foreign BOdi€S o v o o o o o o o o o o « 67
Lacerations o« « o o ¢ s o o o & o o o o 13

Burns ® % e s e & ® o e & & ¢ & & e o = 4
Abrasion « + 4 ¢ s ¢ 4t s e e e 0 e s 0w 1
Total: 85

FAULT-TREE DIAGRAMS AND PROPOSED COUNTERMEASURES
Two Diagrams included; 80 injuries represented.

Diagram 14
Lathe operations/workers' activities inlcuded:

1. Polishing, filing or deburring the workpiece.
2. Turning, facing, boring or grinding the workpiece.

3. Operating the lathe.

Types and numbers of injurles represented:

Injury Types : Frequency

Foreign Bodies « o« « o o o o o o ¢ » « » 67
BurnS e o e » & & ® ® e o e ° s & » . . _l
Total: 68

Diagram shown in Figure G-14; countermeaures shown in Table G-1l4.
Diagram 15 ‘
Lathe operations/workers' activities included:
1. Polishing, filing or deburring the workpiece.
2. Turning, facing, boring or grinding the workpiece.

3. Reaching for the control lever, handle or knob.

4, Operating the lathe.
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Types and numbers of injuries represented:

Injury Types Frequency
Lacerations .« « ¢ o o o ¢ o o o o o = o 9
Burns L] L] L) - L] . L L] L] L . L] L] » e 9 L 2
Abrasion L] L] . [ ] L] » . [ ] L] [ ] [ ] L] . . L] ] __l

Total: 12

Diagram shown in Figure G;lS; countermeaures shown in Table G-15.
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Table G-1l4. Proposed Countermeasures to Reduce Workers' Risk to
the Injuries Represented in Fault-Tree Diagram #14

1. Provide the workers with eye protection devices and require them to
wear them. Instruct the workers on how to select the correct eye
protection devices for the job, such as selecting full face shields
‘for high speed machining. Instruct the workers on how to adjust the
devices so they fit properly. Encourage the workers to keep the eye
protection devices in an accessible location.

Table G-15. Proposed Countermeasures to Reduce Workers' Risk to
the Injuries Represented in Fault-Tree Diagram #15

1. Where practical, provide protective shields that fit over-COmpounds
without making many adjustments. Instruct the workers on how to
properly install the shields on the lathe.
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ACCIDENT TYPE 5

Misjudged Time/Space. Misjudged the time/space required to access some
lathe part, area or accessory with fingers, hands, etc.

ACCIDENT TYPE 5 INFORMATION

Contributing Events. The of events that caused or led to Type 5
accidents involved the worker not correctly judging space or time
requirements when he was:

1. Applying force to the workpiece

2. Reaching for the workpiece, cuttings, or small accessories or hand
tools

3. Removing/replacing tool bit, tool holder, or tool post
4. Cleaning/clearing the cuttings
5. Operating the lathe*

Resulting Events.- The events that resulted from Type 5 accidents
included injury of the worker's fingers, hand, or wrist on:

l. A control handle, lever or knob

2. The chuck or other attaching devices

3. A cutter, tap, die, drill or reamer

4. The workpiece

5. The turret

Other events that resulted from Type 5 accident 'included:

1. Injury of the worker's arm or shouider on the workpiece.

2. Injury of the worker's lower abdomen on a hand tool.

*A number of contributing events could not be classified by specific
categories and were placed in the general category of "operating
the lathe.”
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Injury Types. The types of injuries associated with Type 5 accidents
are shown in the table below.

Injury Types Frequency

Lacerations . o« o o 4 ¢ ¢ ¢ o s o s o
Bruises or Contusions . . « « &« & o & &
Fractures . . o« & ¢ o ¢ ¢ o o o o « o =«
Abrasion « « ¢« v ¢ ¢ s 4 6 b e e s e s s
MISSINE v 4 ¢ + ¢ ¢ o o o o o o o o o »

l'—'n—-Nwa\

-
o

(md
o1}

=
—
w

FAULT-TREE DIAGRAM AND PROPOSED COUNTERMEASURES
One diagram included; 11 injuries represented.

Diagram 16
Lathe operations/workers' activities included:
1. Applying force to the workpiece

2. Reaching for the workpiece, cuttings, or small accessories or hand
tools

3. Cleaning/clearing the cuttings
4. Operating the lathe
Types and number of injuries represented:

Injury Types Frequency.

Lacerations .« « o o ¢ o o ¢ o o ¢ o » &
Bruises or Contusions . . « &« ¢ &+ ¢ o &
Fractures « « o ¢ o s o o s s o o & o =
Missing .« o o o o o o o s o s o« o o o
Total:

=
= e~

Diagram shown in Figure G-16; countermeasures shown in Table G-16.
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Table G-16. Proposed Countermeasures to Reduce Workers' Risk to
the Injuries Represented in Fault-Tree Diagram #14

Direct the workers to stop the spindle and wait until it completely
stops before placing their hands on or close to the revolving chuck
or other attaching devices, or workpiece.

Install braking devices to prevent spindle drift if the lathe is not
so equipped. Inspect and repair any braking devices that are not
operating properly.

Direct the workers not to reach for tools/parts that have fallen in
close proximity to the rotating chuck, other attaching devices or
workpiece.

Provide the workers with the correct cutting tools that are made of
the proper grade of material and have the proper tool geometry.
Provide the workers with information regarding the proper depth of
cuts, feeds and speeds for each job.

Instruct the workers on the importance of using the correct cutting
tools made of the proper grade of material and have the proper tool
geometry. Instruct the workers on how to determine the importance of
using the proper depths of cuts, feeds and speeds.

Install guards, awareness barriers or devices over chucks or other
attaching devices whenever practical.
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ACCIDENT TYPE 6

Misjudged Weight/Force. Misjudged weight/force required to move object
or device.

ACCIDENT TYPE 6 INFORMATION

Contributing Events. The events that caused or led to Type 6 accidents
involved the worker not correctly judging weight/force requirements when
he was:

1. Positioning/applying force to: (a) wrench, chuck or other attaching
devices; (b) tailstock or associated accessories; (c) pulley, gear or
sprocket; (d) control lever, handle or knob; (e) follower or steady
rest, turret, compound, taper or tracer attachment; or (f)
workpiece.

2. Loading/unloading the chuck or other attaching devices or workpiece.

3. Removing/replacing the wrench, chuck or other attaching devices or
workpiece.

4. Setting up: (a) tailstock or associated accessories; (b) wrench,
chuck or other attaching devices, or tool bit, tool holder or tool
post.

5. Operating the lathe%*

Resulting Events. The events that resulted from Type 6 accidents
included injury of the worker's back on:

1. The control handle, lever or knob; headstock area

2. The wrench, chuck or other attaching devices

3. The taper or tracer attachment, or follower or steady rest
4. The workpiece

5. The tailstock or associated accessories

*A number of contributing events could not be classified by specific
categories and were placed in the general category of "operating
the lathe.”
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‘Other events that result from Type 6 accidents included:

1. Injury of the worker's fingers, hand or wrist on: (a) control
handle, lever or knob; (b) cutting tool or holder; (c) follower or
steady rest; or (d) tail stock or associated accessories.

2. Injury of the worker's arm or shoulder on: (a) control handle, lever '
or knob; (b) cutting tool or holder; (c¢) chuck or other attaching

devices; or (d) turret.

3. Injury of the worker's abdomen on: (a) control handle, lever or
knob; (b) chuck or other attaching devices; or (c¢) turret.

4. Injury of the worker's foot or leg on the control handle, lever or
knob,

5. Injury of the worker's head, face or neck on the chuck wrench.

Injury Types. The types of injuries associated with Type 6 accidents are
shown in the table below.

Injury Types Frequency

N

Strains Oor SPrains « « o« « « o ¢« ¢+ « o « 6
Bruises or Contusions « « « « ¢ « o o &«
Total: - 6

Al en

FAULT-TREE DIAGRAM AND PROPOSED COUNTERMEASURES
One diagram included; 60 injuries represented.

Diagram 17
Lathe operations/workers' activities included:

1. Positioning/applying force to: (a) wrench, chuck or other attaching
devices; (b) tailstock or associated accessories; (c¢) pulley, gear or
sprocket; (d) control lever, handle or knob; (e) follower or steady
rest, turret, compound, taper or tracer attachment; or (f)
workpiece.

2. Loading/unloading the chuck or other attaching devices or workpiece.

3. Removing/replacing the wrench, chuck or other attaching devices or
workpiece. - i

4. Setting up: (a) tailstock or associated accessories; (b) wrench,
" chuck or other attaching devices, or tool bit, tool holder or tool
post. ‘

5. Operating the lathe
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Types and numbers of injuries represented:

Injury Types Frequency‘

Strains or Sprains .+ . . « ¢ ¢« o + + o « 60
Total: 60

Diagram shown in Figure G-17; countermeasures shown in G-~17.
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Table G-17. Proposed Countermeasures to Reduce Workers' Risk to
the Injuries Represented in Fault-Tree Diagram #17

Inspect the lathe accessories and control levers to determine if they

~can be operated eaSily{ Repair where needed.

Provide proper workpiece handling equipment in good repair and
instruct the workers on how to use the equipment. Caution the
workers not to over exert themselves,

Instruct the workers in the proper method of grasping and shifting
lathe control levers. '

Instruct the workers on how to select the correct wrench for the job.
Instruct the workers on the correct procedure for applying force when
tightening or loosening bolts, nuts, chucks or other attaching
devices.

Install guards over chucks or other attaching devices whenever
practical.

181



LT#f weilderq =@2a-31Tnej

*LT-9 2an3Tg

judwdinby Gunpuey
30a1dyIo\ 35N
01 JUdIUBAUCIU|

Bunjiop
jop Juawdinby
Buijpuey 214 yi0Mm

vaidyiop, buypuey
10} Asessasan
sepm wwawdinby
Mou) JoN s30Qg

3%31dya0pp 2jpue o
uawdinby Jadoiy
aael 10N sd0Q

L

1

13A37 |0NJU0T) 10
A10s3320y 3ANDYaQ

ybnou3 buons
IO 13410

L

1

dseiny Apadoag 0} Jey
00] laad jonuo) 1Q
abie) 0} A10s5320y

19Aa7 10 A10s$320Y
dug o1 adeld
ajeudosddy op

punog 10
pabpap awedag

judwdinby
pauaiybi} 1240
auoawog

L

]

L

l

Ajddy Apajes
ue) 10jesadQ uey )
33104 asopy pasinbay
ayie] uo 13Aa
[043u0Y) 10 A10SS3IIY

ajpuey o) 12340\ 104
abie 00) avo1dyI0M4

{24ndag 03 aou04
enx3 Alddy isnpy)
"9jpueH o1 ayie 104
abie oo acaidyiom

23104
Ajddy 01 uonisoq
PIEMYMY Uy U]

82104 buiA)ddy 104
$3iNpasoay 1adoiy
mouy 10N s30Q

}INIS 3YIe U0 1A
[0 uey 10 Atossaddy

L

]

yse | Buiwiopad
ul pajax3 aq o}
22104 /3ybrapp pabpnisiy

s|joRuo) g
asaidyiopy 2
s301aaQq Burpjoy
8410 10 Yy UL
10) 32104
buiAjddy 3piym pauiaxy a0

I

paulesds 10
pauienlg A sha
10 )33 4 ‘udwopqy 1Mo
‘peay ‘yoaN “yaegq ‘s1dp|noys
‘sury ‘sisuUpp ‘spuey ‘szabuiy

132



ACCIDENT TYPE 7

Improper Workpiece Securement. Workpiece was not secured in the chuck or
attaching device. ‘

ACCIDENT TYPE 7 INFORMATION

Contributing Events. The events that caused or led to Type 7 accidents
involved the worker not securing the workpiece before he began:

l. Positioning the tool bit, tool holder, or tool post
2. Polishing the workpiece

3. Turning or facing the workbiece

4, Operating the lathe*

Resulting Events. The events that resulted from Type 7 accidents
included injury of the worker's fingers, hand or wrist on:

. 1. The cutting tool or holder
2. The workpiece
Other of events that resulted from Type 7 accidents include:

1. Injury of the worker's arm or shoulder on a cutter, tap, die, drill
or reamer, or workpiece

2. Injury of the worker's eyes, head, face or neck on the workpiece

3. Injury of the worker's foot or leg on the workpiece

*A number of contributing events could not be classified by specific
categories and were placed in the general category of "operating the
lathe.”
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Injury Types. The types of injuries associated with Type 7 accidents

are shown in the table below.

Injury Types

Lacerations . .+« « ¢ ¢ o

Bruises or Contusions .

Fracture « « o o « o« o o &

Deathe ¢« v & ¢ v ¢ + o« &

Strains or Sprains . . . .
Missing .« « o o ¢ ¢ & o &

Frequency

. . 10
. . 5
. . 1
- 1
. . 1
- . 3

21

FAULT-TREE DIAGRAMS AND PROPOSED COUNTERMEASURES

One diagram included; 19 injuries represented.

Diagram 18

Lathe operations/workers' activities included:

1. Polishing the workpiece

2., Turning or facing the workpiece

Types and numbers of injuries represented:

Injury Types

Lacerations « « « o & o
Bruises or Contusions ., .
Deathe v ¢ ¢« ¢ o v o o o &
Strains or Sprains . . . .
Missing . + « ¢ &« o« o & &

Diagram shown in Figure G-18; countermeasures

184

Total:

Frequency

.
.

p—
o

L]
'N;—-r—-u-.

—
O

shown in Table G-18



Table G-18., Proposed Countermeasures to Reduce Workers' Risk to
the Injuries Represented in Fault-Tree Diagram #18

Inspect the chucks and attaching devices for undersized parts (e.g.,
bolts, nuts, screws, etc.) and for parts that have mechanical
defects. Replace parts where required. Periodically check chuck jaw
with force gauge.

Provide the workers with the necessary setup equipment and instruct
them how to make setups that safely secure the workpiece for machin-
ing operations.

On future lathes, design locking devices (e.g., tailstock spindle
lock) so lock and unlock positions are clearly visible from where the
workers normally stand.

Provide the workers with the proper wrenches for tlghtenlng chucks
and other attaching devices.

Instruct the workers on how to select the correct wrench for tighten-
ing chucks and other attaching devices. Instruct the workers on the
correct procedures for applylng force when tightening chucks and
other attaching devices.
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ACCIDENT TYPE 8

Improper Procedure. Incorrect procedure was used when performing a lathe
operation or activities.

ACCIDENT TYPE 8 INFORMATION

Contributing Events. The events that caused or led to Type 8 accidents
involved the worker not using the proper tools or procedures when he was:

1. Applying force to: (a) wrench, chuck or other attaching devices; or
(b) control lever, handle or knob, or cuttings

2. Polishing, filing or deburriﬁg the workpiece
3. Measuring the workpiece |

4. Loading/unloading the workpiece

5. Turning, facing or threading the workpiece
‘6. Reaching for the workpiece

7. Removing/replacing: (a) wrench, chuck or other attaching devices;
(b) tool bit, tool holder or tool post; or (c) cuttings

8. Setting up the lathe
9. Cleaning/clearing the cuttings, lathe, or pulley, gear or sprocket

N

10. Operating the lathe*

Resulting Events. The events that resulted from Type 8 accidents
included injury of the worker's fingers, hand, or wrist on:

1. The cutting tool or holder
2. The wrench, chuck or other attaching devices

3. A cutter, tap, die, drill or reamer

*A number of contributing events could not be classified by specific
categories and were placed in the general category of "operating the
lathe.”

187



4. Cuttings/chips

5. Polishing material
6. The workpiece

7. A hand tool

8. A belt, gear, pulley, or sprocket

Other events that resulted from Type 8 accidents included:

1. Injury of the worker's upper abdomen on: (a) control handle, lever

or knob; (b) cutting tool or holder; or (c)

2. Injury of the worker's head, face or neck on the cutting tool or

holder, or workpiece

3. Injury of the worker's back on the chuck or

workpiece

other attaching devices

4. Injury of the worker's foot or leg on cuttings/chips

5. Injury of the worker's arm or shoulder on cuttings/chips

Injury Types. The types of injuries associated
are shown in the table below.

Injdry Types

Lacerations =« o« ¢« o o o o ¢ o o o o &
Fractures =« ¢« ¢« ¢ o o ¢ s o 2 o o o o
Bruises or Contusions . . « « « o + «
Punctures . « o o ¢ o o o » o o s o o
Foreign BodiesS « « o« o 4 o o o o o o &
Strains or Sprains « « ¢ o « ¢ ¢ o .
Abrasions . .« . ¢ e 0 6 0 e e s 0 e
Amputations . . ¢ ¢ 4 s e e s 4 e o .
Death + & &« o ¢ ¢ & & o o o s o s » «
BUIDIS ¢« ¢ s & ¢ ¢ ¢ o o o s o o o o »
Missing .« o « o « o o o o o o« s o o
Total:

FAULT-TREE DIAGRAMS AND PROPOSED COUNTERMEASURES
Two diagrams included; 52 injuries represented.

Diagram 19
Lathe operations/workers' activities included:

1. Polishing, filing or deburring the workpiece

2. Reaching for the workpiece

188:

with Type 8 accidents

Frequency
. 37
. 9
. 9
. 3
. 2
. 2
. 2
. 2
. 1
. 1
. 3
71



3. Cleaning/clearing the cuttings, lathe, or pulley, gear or sprocket

4., Operating the lathe

Types and numbers of injuries represented:

Injury Types Frequency
Lacerations .« « o o « « o o o« o o o » o 11
FTactures .e o o s o o o o s o o o o o » 4
Bruises or Contusions . « « « o o ¢ &« o« 3
PUNCtUTES & o o o o o o« o o e o o o o @ 3
Abrasions . « o ¢ s ¢ o s 2 o s o o s+ . 2
Amputations « . ¢ o 2 s 6 s e s e s o s 2

"Death « ¢ o o o o o o o o s o o o o o & 1
‘ Total: 26

Diagram shown in Figure G-19; countermeasures shown in Table G-19.

\

Diagram 20
Lathe operations/workers' activities included:

1. Removing/replacing: (a) wrench, chuck or other attaching deviceé;
(b) tool bit, tool holder or tool post; or (c) cuttings"

2. Cleaning/clearing the cuttings, lathe, or pulley, gear or sprocket

3. Operating the lathe

Types and numbers of injuries represented:

Injury Types Frequency

Lacerations s e ® & & o o & o o l- ¢ e 2_6
Total: 76

Diagram shown in Figure G-20; countermeasures shown in Table G-20.
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Table G-19. Proposed Countermeasures to Reduce Workers' Risk to
the Injuries Represented in Fault-Tree Diagram #19

Where practical, direct the workers to stop the spindle and remove
discontinuous or continuous chips should they accumlate on the chuck
or workpiece. When this is not possible, provide a safe tool for
removing the chips.

Provide the workers with the correct cutting tools made of the proper
grade of materials and have the proper tool geometry. Provide the
workers with information regarding the proper depths of cuts, feeds
and speeds for each job.

Instruct the workers on the importance of using the correct cutting
tools made of the proper grade of material and have the proper tool
geometry. Instruct the workers on the importance of using the proper
depths of cuts, feeds and speeds.

Provide the workers with the proper files, deburring and polishing
tools that match the jobs they are required to perform. If possible,
provide handles for the tips of files to encourage workers to use two
hands when using files.

Instruct the workers on how to select the proper files, deburring and
polishing tools for the job, and how to use them correctly.

Table G-20. Proposed Countermeasures to Reduce Workers' Risk to
the Injuries Represented in Fault-Tree Diagram #20

Where practical, direct the workers to stop the spindle and remove
discontinuous or continuous chips should they accumulate on the chuck
or workpiece. When this is not possible, provide a safe tool for
removing the chips.

Provide the workers with the correct cutting tools made of the proper
grade of materials and have the proper tool geometry. Provide the
workers with iInformation regarding the proper depths of cuts, feeds
and speeds for each job.

Instruct the workers on the importance of using the correct cutting
tools made of the proper grade of material and have the proper tool
geometry. Instruct the workers on the importance of using the proper
depths of cuts, feeds and speeds.
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ACCIDENT TYPE 9

Uncontrolled Limb Movements. Involuntary response action resulted from
the worker accidently contacting a sharp or hot surface.

ACCIDENT TYPE 9 INFORMATION

Contributing Events. The events that caused or led to Type 9 accidents
involved the worker not controlling movement of his hand, arm or other
body limbs when he was:

1. Applying force to: (a) wrench, chuck or other attaching devices; (b)
tool bit, tool holder, or tool post; or (c) small accessories or hand
tools

2. Polishing the workpiece

3. Loading/unloading the workpiece

4, Removing/replacing a pulley, gear or sprocket

5. Setting up the chuck or other attaching devices, or workpiece

6. Operating the lathe*

Resulting Events. The events that resulted from Type 9 accidents
included injury of the worker's fingers, hand, or wrist on:

1. The cutting ;ool or holder

2, The wrench, chuck or other attaching devices

3. A cutter, tap die, drill or reamer

Other events that resulted from Type 9 accidents included:

1. Injury of the worker's arm or shoulder on the cutting tool or holder

2. Injury of the worker's arm or shoulder in the area of the headstock

*A number of contributing events could not be classified by specific
categories and were placed in the general category of "operating
the lathe.”
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Injury Types. The types of injuries associated with Type 9 accidents are
shown in the table below,

Injury Types Frequency
Lacerations . « ¢« o « o o o o ¢ o o o« o 4
Fractures .« o« o o« o o o s o o s s s o = 2
Bruises or Contusions . . « +« « « &« « & 1
Punctures . « o o o o o o o o o o o o o 1
Missing .« ¢« o v v ¢ ¢« o 4 « o o o o o 2

Total: 10

FAULT-TREE DIAGRAM AND PROPOSED COUNTERMEASURES
One diagram included; two injuries represented.

Diagram 21
Lathe operations/workers' activities included:

1. Polishing the workpiece

2. Operating the lathe

Types and numbers of injuries represented:

Injury Types : Frequency

Fractures .« ¢« « o o o o o o

2
Total: 2

Diagram shown in Figure G-21; countermeasures shown in Table G-21
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Table G-21. Proposed Countermeasures to Reduce Workers' Risk to
.the Injuries Represented in Fault-Tree Diagram #21

Instruct the workers on how. to apply force when attempting to release
stuck accessories or lathe parts.

Direct the workers to stop spindle before applying force when
attempting to release stuck accessories or parts on the lathe.

Install guards, awareness barriers or devices over chucks or other
attaching devices whenever practical.
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ACCIDENT TYPE "OTHER"

FAULT-TREE . DIAGRAM AND PROPOSED COUNTERMEASURES
One diagram included; three injuries represented.

Diagram 22

Lathe operations/workers' activities included:
1. Setting up the workpiece

2. Loading/unloading the workpiece

3. ApplYiﬁg force to wrench

Types and numbers of injuries represented: .

Injury Types Frequency
' Amputétions R ; e e e e e e e 2
Fractures . . « + « ¢ o ¢ ¢« o « ¢« o« s o 1
3

Total:

Diagram shown in Figure G-22; counterméasures shown in Table G-22
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Table G-22. Proposed Countermeasures to Reduce Workers' Risk to

the Injuries Represented in Fault-Tree Diagram #22

Where possible, install interlocks that switch power off when
transmission guarding is removed.

Design future lathes (where practical, retrofit existing lathes) with
clutch levers, power switches and other frequerntly used controls so
they:

aa

b.

Are more visible from where the worker normally stands.

Are more conveniently located (reduce worker bending over) and
more accessible.

Can not be mistaken for other controls. This includes providing
tables that indicate control names and directions of movement and
designing control handles so workers can identify controls by
feel.

Cannot be accidently activated.
Operate consistently from lathe to lathe. For example, the

clutch lever is always engaged by pushing downward on brands A,
B, C, «+... lathes. -

Inspect all clutch mechanisms to determine if they can accidently
engage.
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APPENDIX H

- PROBLEMS IN WORKMEN'S
COMPENSATION DATA COLLECTION
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The two most common problems associated with the injury data involved the
contents of the reports and the actual collection of the data. First,
the injury reports usually described only the behavior of the worker that
lead to the injuries (with the exception of two reports supplied by
federal agencies). Seldom was information present describing the charac-
teristics of the lathes, workpleces or accessories. There was almost
never a description of the environmental conditions in the machine shops.
Second, newly enacted state confidentiality laws restricted access to the
Workmen's Compensation First Reports of injury. Obtaining copies of
these reports required numerous telephomne calls and letters to the
directors and supervisors in state workmen's compensation offices. The
arrangement that was mutually agreed upon was that the states would copy
.the reports, blank-out all personal information and then forward the
reports to ASA for analysis. Two of the seven states (Wisconsin and
Michigan) supplying data did not have confidentiality laws and were not
required to blank-out personal information.

Each of the seven states participating in the study was requested to
identify engine and turret lathe injuries. The states were instructed to
include data from the years 1976, 1977 and, if possible, 1978. All seven
states, with the exception of Wisconsin, identified, pulled and copied
metalcutting lathe injury reports and forwarded them to ASA for analysis.
Reports from Wisconsin were collected in Madison, Wisconsin by ASA
personnel, One person spent three days in Wisconsin locating, pulling
and copying the injury reports.

Wisconsin Workmen's Compensation First Reports proved to be the most
useful source of injury data for the study. Wisconsin's records:

a) included a reasonably high number of metalcutting lathe injuries

b) provided the most complete accldent description of all the
workmen's compensation data

¢) were coded at a level that permitted the identification of engine
and turret lathes

d) were computerized for systematic access

California and Michigan supplied the greatest number of reports. How-
ever, California's injury reports occasionally had some of the non-
personal information blanked-out. Pennsylania identified engine and
turret lathe injuries as they were received at the Workmen's Compensation
Office in Harrisburg, Pennsylvania during a three-month period. Pennsyl-
vania's computer system was undergoing modifications and could be used to
identify metalcutting lathe injuries from preceeding years.
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