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FOREWORD

The purpose of the Occupational Safety and Health Act of 1970 (Public Law 91-596) is to
assure safe and healthful working conditions for every working person and to preserve our
human resources by providing medical and other criteria that will assure, insofar as
practicable, that no worker will suffer diminished health, functional capacity, or life
expectancy as a result of his or her work experience. The Act authorizes the National
Institute for Occupational Safety and Health (NIOSH) to develop and recommend occupa-
tional safety and health standards and to develop criteria for improving them. By this means,
NIOSH communicates these criteria to regulatory agencies (including the Occupational
Safety and Health Administration and the Mine Safety and Health Administration) and
others in the community of occupational safety and health.

Criteria documents provide the basis for the occupational safety and health standards sought
by Congress. These documents generally contain a critical review of the scientific and
technical information available on the prevalence of hazards, the existence of safety and
health risks, and the adequacy of control methods. NIOSH distributes these documents to
health professionals in academic institutions, industry, organized labor, public interest
groups, and other government agencies.

This criteria document examines the occupational health problems associated with the use
of vibrating tools and provides criteria for reducing the risk of developing vibration-induced
health problems. In this document, the term "vibrating tools” includes both hand-held
vibrating tools and stationary tools that transmit vibration through a workpiece. The major
health problems associated with the use of vibrating tools are signs and symptoms of
peripheral vascular and peripheral neural disorders of the fingers and hands. These signs
and symptoms include numbness, pain, and blanching of the fingers, and loss of finger
dexterity. This composite of vibration-induced signs and symptoms is referred to as
hand-arm vibration syndrome (HAVS).

On the basis of the 1983 National Occupational Exposure Survey, an estimated 1.45 million
U.S. workers use vibrating tools. The prevalence of HAVS in workers who use such tools
is reported to range from 6% to 100%, with an average of approximately 50%. Primary
Raynaud’s disease, whose signs and symptoms resemble those of HAVS, has been reported
to occur in an estimated 5% of the general population. This percentage is consistent with
the number of unexposed comparison workers who report such symptoms in studies of
HAVS.

HAYVS is a chronic progressive disorder with a latency period that may vary from a few
months to several years. The development of HAVS in a population of workers and the
length of the latency period depend on many interacting factors, including vibration level
produced by the tool, hours of tool use per day, environmental conditions, type and design



of the tool, manner in which the tool is held, vibration spectrum produced by the tool,
vibration tolerance of the worker, and tobacco and drug use by the worker.

Because of the complex interactions among these and other factors, the general lack of
epidemiologic and clinical data, and the uncertainty associated with some vibration meas-
urements, it is not currently possible to establish meaningful dose-response relationships.
Thus it is not possible to establish a specific recommended exposure limit (REL) that will
protect workers against the development of HAVS in all occupational situations. However,
the problem of HAVS is too serious and pervasive to delay measures for correcting it.

NIOSH has therefore recommended a standard for exposure to hand-arm vibration that
includes no specific exposure limit but does include engineering controls, good work
practices, use of protective clothing and equipment, worker training programs, administra-
tive controls such as limited daily use time, and medical monitoring and surveillance.
Frequency-unweighted measurements of acceleration are also recommended since they
provide simpler, more appropriate means for assessing the health risk of using vibrating
tools at all frequencies. A cornerstone of this standard is the requirement for medical
monitoring of all vibration-exposed workers to identify the first signs and symptoms of
HAVS and to remove such workers from the job until they are free of all vibration-related
symptoms.

Implementation of this standard will protect users of vibrating tools from the debilitating
effects of HAVS. NIOSH also anticipates that this criteria document will stimulate research
and development in all areas relating to hand-arm vibration. Future research may provide
new and more effective methods for reducing occupational exposure to vibration.

When appropriate data become available to develop a specific REL for vibration exposures,
NIOSH will revise its recommended standard. Until then, adherence to the standard
described in this criteria document should prevent or greatly reduce the potential for
vibration-exposed workers to develop the painful and disabling HAVS.

NIOSH takes sole responsibility for the conclusions and recommendations presented in this
document. All reviewers’ comments are being sent with this document to the Occupational
Safety and Health Administration (OSHA) and the Mine Safety and Heal inistration

(MSHA) for consideration in standard se:ting. -
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Assistant Surgeon General

Director, National Institute for
Occupational Safety and Health

Centers for Disease Control
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ABSTRACT

This document examines the occupational health problems associated with the use of
vibrating tools (including both hand-held vibrating tools and stationary tools that transmit
vibration through a workpiece), and it provides criteria for reducing the risk of developing
vibration-induced health problems. The major health problems associated with the use of
vibrating tools are signs and symptoms of peripheral vascular and peripheral neural disorders
of the fingers and hands. These signs and symptoms include numbness, pain, and blanching
of the fingers. This composite of vibration-induced signs and symptoms is referred to as
hand-arm vibration syndrome (HAVS), sometimes called Raynaud’s phenomenon of oc-
cupational origin, or vibration white finger disease.

In the United States, an estimated 1.45 million workers use vibrating tools. The prevalence
of HAVS in a worker population that has used vibrating tools ranges from 6% to 100%, with
an average of about 50%. The development of HAVS depends on many factors, including
the level of acceleration (vibration energy) produced by the tool, the length of time the tool
is used each day, the cumulative number of months or years the worker has used the tool,
and the ergonomics of tool use. The tools most commonly associated with HAVS are
powered hammers, chisels, chain saws, sanders, grinders, riveters, breakers, drills, compac-
tors, sharpeners, and shapers.

The prevalence and severity of HAVS usually increase as the acceleration level and duration
of use increase. HAVS is a chronic, progressive disorder with a latency period that may
vary from a few months to several years. The early stages of HAVS are usually reversible
if further exposure to vibration is reduced or eliminated; but treatment is usually ineffective
for the advanced stages of HAVS, and the disorder may progress to loss of effective hand
function and necrosis of the fingers. Prevention is therefore critical. Adherence to the
exposure controls recommended in this document should prevent or greatly reduce the
potential for vibration-exposed workers to develop HAVS.
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GLOSSARY

Acceleration: The time rate of change in velocity (ft/sec2 or m/sec2 or gravity). The second
derivative of displacement with respect to time.

Acceleration exposure dose: The level of acceleration and years of exposure.

Acceleration, Gravity: The acceleration produced by the force of gravity (1 g=9.81 m/sec2
or32.19 ft/secz).

Accelerometer: Transducer used to measure acceleration or time rate of change in velocity.
Amplitude: The maximum displacement in an oscillatory motion from a reference position.

Compliance, mechanical: Displacement of a structure per unit of load; the ease with which
a system may be displaced.

Coupling: The linkage between the hand and a vibrating source. The integrity of the contact
between the hand and the handle surface of a vibrating tool.

Damping: The process by which the amplitude of the crest of a vibration is decreased.

Displacement: A vector quantity specifying the change in the position of a body from its
reference position.

Dyne: A force that gives a free mass of 1 gram an acceleration of 1 cm/secz.

Elasticity: The property that enables a body to resist and recover from deformation
produced by a force.

ERG: A unit of work produced by a force of 1 dyne acting through a distance of 1 cm.

Force: A vector quantity that accelerates a body in the direction in which it is applied. Units
of force are expressed as newtons (N).

Frequency: Rate of oscillation; number of oscillations per unit of time; the number of
complete cycles per unit of time. One hertz (Hz) is one cycle per second.

Gravity (g): Acceleration resulting from gravitational force (32 ft/sec2 or 9.81 m/sec2).
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Glossary

Harmonic: A frequency that is an integral multiple of some fundamental or base fre-
quency.

Hertz: A unit of frequency (cycles per second).

Impedance: The ratio of a harmonic excitation of a system to its response; ratio of ap-
plied force to resulting velocity.

Impedance, mechanical: Ratio of applied vibratory force to the resulting velocity.

Incidence: Number of new cases of a disease or condition reported in a population over
a given period.

Jerk: Time rate of acceleration change.

Joule: A unit of energy equal to the amount of work done when a point is displaced 1 m
by the application of a force of 1 N. A unit of energy equal to 107 ergs, or about 0.738
foot pounds.

Latency: The time interval between the application of force or stimulus and the ap-
pearance of a response.

Mass: Quantity of matter; the inertial resistance of a body to acceleration.

Mass, dynamic: Ratio of applied force to resulting acceleration.

Modulus, dynamic: Ratio of stress to strain; stress required to produce a unit of strain.
Newton: Force required to accelerate a 1-kg mass 1 m/sec2 (100,000 dynes).

Oscillation: The variation in the position of an object over time in reference to its start-
ing point.

Oscillation, period of: Time required for an oscillation to be completed.

Power, spectral density: The mean square value of energy per unit of time passed
through a given frequency range.

Prevalence: Number of current cases (old and new) of a disease or condition in a popula-

tion at a given point in time (point prevalence) or during a given period (period
prevalence).

Radians: The angle subtended at the center of a circle by an arc equal in length to a
radius of the circle.
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Glossary

Resonance: The tendency of a body to act in concert with an externally generated vibra-
tion to amplify the impinging vibration; the amplification of an oscillation of a system by
a force wave or oscillation of exactly equal period or frequency.

Root mean square: The square root of the arithmetic mean of the squares of a series of
numbers.

Stiffness: The ratio of force or torque to the resulting change in displacement of an elas-
tic body.

Spectrum, vibration: The distribution of frequencies that describes the frequencies that
are present in a vibrating system.

Transfer function: The mathematical relation between the input into a system and the
response.

Transmissibility: The ratio of vibration output divided by the input as a function of fre-
quency.

Velocity: The first derivative of displacement with respect to time (m/sec).

Vibration: The oscillation or periodic motion of a rigid or elastic body from a position
of equilibrium.

Vibration, random: An oscillatory motion in which the acceleration varies over time in

a nonperiodic manner; a vibration whose magnitude is not precisely predictable for any
point in time.

xvii
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. RECOMMENDATIONS FOR A STANDARD

The National Institute for Occupational Safety and Health (NIOSH) recommends that
worker exposure to vibration from the use of vibrating tools be controlled by compliance
with all recommendations given in Chapter I of this document. Adherence to these
recommendations should prevent or greatly reduce the risk of incurring hand-arm vibra-
tion syndrome (HAVS) in workers who use vibrating tools. In this document, the term
"vibrating tools" includes both hand-held vibrating tools and stationary tools that transmit
vibration through a workpiece. An estimated 5% of the general population may develop
primary Raynaud’s disease (whose signs and symptoms resemble those of HAVS) without
exposure to vibration. The recommendations are designed to prevent workers who use
vibrating tools from developing the signs and symptoms of Stage I HAVS during a working
lifetime.

SECTION 1. VIBRATION EXPOSURE

HAYVS has been observed in workers who have used vibrating tools that transmit vibration
energy to the hands and arms over a wide range of acceleration levels. The level of
acceleration produced by a tool is influenced by many factors, including tool type and
weight, operating speed, ergonomics of tool use, environmental conditions, antivibration
materials used, etc. (see Chapter II1, D and Chapter VII). Thus NIOSH cannot currently
establish a specific quantitative exposure limit that will eliminate the risk of developing
HAVS in all workers exposed to hand-transmitted vibration from all types of vibrating tools.
NIOSH therefore recommends that exposure to hand-arm vibration be reduced to the lowest
feasible acceleration levels and exposure times by adhering to the requirements presented
in Section 4, Control of Vibration.

SECTION 2. EXPOSURE MONITORING

The epidemiologic and clinical evidence reviewed in Chapter IV supports the conclusion
that a linear relationship exists between the acceleration exposure dose (level of acceleration
and years of exposure) and the time of onset and severity of HAVS. Data on the vibration
acceleration level produced by the vibrating tools are needed for the design of tools and
work strategies that will help prevent and control HAVS at the earliest possible stage.

The coanponents of the hand-transmitted vibration that shall be measured are (a) acceleration
(m/sec” or g), (b) frequency (Hz), and (c) duration of exposure (min/day or hr/day).

*Stockholm Workshop classification. See Tables IV-4 and [V-5.
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(a) Vibration acceleration shall be measured in the three orthogonal basicentric axes
(Figure III-2) at the point on the tool where the vibration enters the hand or as close
as possible to that point. The basicentric axis of greatest acceleration may be used to
calculate acceleration levels. The magnitude of acceleration shall be measured using
an accelerometer with sufficient dynamic range to cover the acceleration band of 1 to
1,000 m/sec?. The mass of the accelerometer shall be small enough that it does not
affect the vibration amplitude being measured (<5 grams if possible). The vibration
measuring system shall be calibrated in accordance with appropriate standards based
on National Bureau of Standards procedures. The accelerometer(s) shall be attached
to the vibrating source as described in Chapter III, B, Methods of Measuring
Hand-Transmitted Vibration.

(b) The frequency-unweighted acceleration shall be expressed in m/sec2 (rms) of the
1/3-octave-band center frequencies from 6.3 to 5,000 Hz.

(c) The vibration measurement system shall have a uniform response integrated over
1/3-octave-band center frequencies of 6.3 to 5,000 Hz. All measurements and
analyses of the vibration acceleration and frequency shall be performed by trained
technical personnel.

(d) The vibration characteristics (acceleration and frequency spectrum) for each tool
shall be measured at the time the tool is first put into use and at annual intervals
thereafter. The vibration shall be measured when the tool is operating under full
power and actual or simulated conditions of use.

(e) The time the tool is in use shall be determined by measuring actual operating time
over a workday; these measurements can then be used to calculate average daily
vibration acceleration exposures. The total daily vibration acceleration exposure shall
be converted to a normalized 4-hr acceleration amplitude in m/sec? (frequency
unweighted) (see Chapter I1I, Equation 13).

(f) A hand-held vibration meter may be used for screening or monitoring purposes to
determine the approximate acceleration levels being produced by the vibrating

system. However, proper mounting of such an acceleration measuring device onto
the vibrating tool is critical (see Chapter III, B).

SECTION 3. MEDICAL MONITORING

(a) General

(1) The employer shall provide a health monitoring program for all workers occupa-
tionally exposed to hand-arm vibration from the use of vibrating tools.

(2) The employer shall ensure that all medical examinations and procedures are per-
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formed by or under the direction of a licensed physician with special training and
experience in occupational health problems. Board certification in occupational
medicine is one way to demonstrate such training and experience.

(3) The employer or physician shall (a) counsel all workers who use tobacco about
its possible role in augmenting the harmful effects of vibrating tools, and (b) encourage
these workers to stop using tobacco.

(b) Preplacement Medical Examinations

At a minimum, a preplacement medical examination shall be conducted for each worker
who will use vibrating tools on the job. The baseline data obtained from these examinations
are for comparison with the data derived from the periodic medical examinations. The
examination shall include the following:

(1) A comprehensive work history with special emphasis on present or past use of
vibrating tools during work or hobby activities

(2) A medical history, including relevant information on any peripheral vascular,
peripheral neural, or musculoskeletal complaints

(3) A comprehensive physical examination with special attention to peripheral vas-
cular and peripheral neural integrity, grip strength, muscle force, and signs and
symptoms of the disorders listed in Table IV-1

(4) An assessment of the use of substances that influence normal vascular and neural
function, which include certain prescription drugs, alcohol, tobacco, and illicit sub-
stances.

(c) Periodic Medical Examinations

(1) Periodic medical examinations shall be made available at least annually to all
workers who use vibrating tools on the job. The periodic medical examination shall
include all those items specified in Chapter 1, Section 3b, and any other items
considered relevant by the examining physician. If circumstances warrant (e.g., an
increase in job-related vibration exposure, or a change in health status), the medical
examination shall be offered at shorter intervals at the discretion of the attending
physician.

(2) The peripheral neural and peripheral vascular signs and symptoms noted during
the examination shall be reported in conformance with the classification presented in
Tables IV-4 and IV-5.

(d) Medical Removal

Any worker occupationally exposed to hand-transmitted vibration who develops peripheral
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neural or peripheral vascular signs and symptoms of Stage 2 HAVS or above on the
Stockholm Workshop classification described in Tables IV-4 and IV-5 shall not be exposed
to further hand-arm vibration until his or her signs and symptoms have improved sufficiently
that they no longer meet the criteria for Stage 1 HAVS.

If the attending physician recommends that a worker be removed from a job requiring the
use of vibrating tools, the employer shall ensure that the worker retains all earnings, seniority,
and other employment rights and benefits.

(e) Information for Health Care Professionals

The employer shall furnish the following information to the health care professional
responsible for the medical monitoring program:

® A copy of this criteria document

® A description of the worker’s duties and activities as they relate to vibration
exposure

®  An estimate of the worker’s daily exposure to vibration and years of exposure
®  Alist of basic types of vibrating tools used
®  Alist of the acceleration levels produced by the tools

® A description of antivibration protective clothing and antivibration tool designs
in use

® A list of all tasks that involve vibrating tools and workpieces and that require
strong hand grip force

® Relevant information from previous work and medical histories and medical
examinations

® A description of the special features of the task and the way in which this task is
performed

® A description of the environmental conditions at the work site (ambient tempera-
ture, humidity, wind velocity, rain, snow, etc.)

H
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(f) Written Report and Opinion

The employer shall receive the following information from the attending health care
professional:

® An opinion as to the worker’s ability to use vibrating tools
® Any recommended limitations to on-the-job exposure

® Any limitation to the worker’s ability to use any required protective equipment
or clothing

®  With the worker’s written consent, information about any condition requiring
treatment or special consideration

SECTION 4. CONTROL OF VIBRATION
(a) General

Engineering and work practice controls shall be used to reduce hand-transmitted vibration
exposure to the lowest feasible level. These controls shall also be supplemented by other
control strategies such as the use of antivibration clothing, mittens, gloves, and equipment,
and by worker training programs in the proper handling of the vibrating tools.

(b) Engineering Controls

(1) The vibration acceleration level shall be controlled by reducing the vibration
energy produced by the vibrating tool to the lowest level consistent with optimal
operations and/or by changing the process to reduce the requirement for using the
tool.

(2) The power and weight of the tool shall be optimized to levels that minimize
vibration but still permit the work to be efficiently performed.

(3) The tool manufacturers shall furnish data on the vibration acceleration and
frequency characteristics of their tools as measured by a standard test protocol of
simulated operation.

(c) Work Practices

In addition to all possible engineering controls, work shall be modified to minimize vibration
exposure. Work modification approaches include but are not limited to the following
procedures:
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® Reducing the number of hours a worker uses a vibrating tool during the workday
® Reducing the number of days per week the vibrating tool is used

® Arranging work tasks so that vibrating and nonvibrating tools can be used
alternately, and assuring that the nonvibrating tools do not introduce other
musculoskeletal stress factors

® Scheduling maintenance breaks as necessary to ensure that tools are sharp,
lubricated, and tuned

¢ Selecting tools that produce the least amount of vibration consistent with satis-
factory performance of the task

® Designing the work task and workplace to incorporate ergonomic principles to
minimize vibration stress

® Reducing the grip force on the tool handle and the force applied at the
tool/workpiece interface in a manner consistent with safety and performance

® Restricting the use of piecework and incentive pay

(d) Protective Clothing and Equipment

Protective clothing and equipment shall be used where feasible to reduce the level of the
vibration energy transmitted to the hand and arm. Some approaches to protecting the worker
with clothing and equipment are

® Incorporating vibration-damping materials into the palms and fingers of gloves
and mittens

® Incorporating vibration-damping material into or on the tool handle or areas
where worker-tool coupling occurs. Damping materials can be especially effec-
tive for high-frequency vibration

®  Using antivibration isolators or damping techniques on tools such as the isolator
used on antivibration chain saws
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Wearing adequate cold weather clothing to maintain body core temperature and
prevent cold-induced peripheral vasoconstriction

Ensuring that the antivibration equipment, clothing, and hand gear are ergonomi-
cally appropriate (e.g., glove fit, freedom of movement, and grip force required
to control the tool)

(e) Worker Training

The employer shall establish a continuing training program to ensure that all workers who
use vibrating tools have current knowledge of the health and safety effects of hand-trans-
mitted vibration and of the procedures for minimizing or preventing the effects. The training
program shall be conducted by persons qualified by training in and direct knowledge of the
occupational safety and health implications of hand-arm vibration exposure. The program
shall include adequate verbal and written information to ensure that each worker fully
understands the health and safety hazards and methods for their assessment and control.

The training program shall include, at a minimum, the following topics:

Source of vibration exposure

Factors that adversely affect the magnitude of the vibration

The means by which vibration is transmitted to hands and arms
Adverse health and safety effects of vibration exposure

Early signs and symptoms of HAVS

Progression and reversibility of HAVS

Exaggeration of vibration-induced health effects as a result of smoking
Prevention of HAVS

Use and availability of vibration protective clothing

Antivibration devices for reducing vibration at the source
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®  Ergonomic approaches to reduce the effects of using vibrating tools
® The value of good tool maintenance
®  The need to keep hands and body warm and dry

®  Work practice procedures to minimize the effect of vibration exposure on health
and safety

SECTION 5. LABELING

The following data shall be furnished by the manufacturer of vibrating tools and antivibra-
tion equipment:

(a) All hand-held tools that produce v1brat10n shall carry a label stating the frequen-
cy-unweighted acceleration level (m/sec ) produced by the tool during normal opera-
tion.

(b) The manufacturer of antivibration equipment, clothing, and hand gear shall

provide information on the vibration-damping characteristics of each type of an-
tivibration item produced for sale.

SECTION 6. RECORDKEEPING

(a) Maintaining Records

For all workers who are occupationally exposed to vibrating tools, the employer shall
establish and maintain a record of the following:

® Type, model, and manufacturer of the vibrating tools used

®  Vibration acceleration data furnished by the manufacturers on the labels of all
vibrating tools used

® Daily use time of each type of vibrating tool

¢ Number of hours, months, and years each type of vibrating tool or workpiece was
used

® Antivibration controls used and date they were first introduced
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®  Personnel training, including dates and content of any training courses
®  Work histories and physicians’ written medical reports and opinions
® Records from preplacement and periodic medical examinations

® Signs and symptoms of HAVS (if present) for each worker and date they first
appeared

(b) Record Retention

In accordance with the requirements of 29 CFR* 1910.20(d), Preservation of Records, the
employer shall retain the records described in Chapter I of this document for at least the
following periods:

(1) Thirty years for exposure monitoring records

(2) The duration of employment plus 30 years for medical monitoring and surveil-
lance records and other records described in Chapter I of this document

(c) Avallability of Records

(1) In accordance with 29 CFR 1910.20, Access to Employee Exposure and Medical
Records, the employer shall, upon request, allow examination and copying of ex-
posure monitoring records by a worker, a former worker, or anyone having the specific
written consent of the worker or former worker.

(2) Any medical records that are required by this recommended standard shall be
provided, upon request, for examination and copying to the worker, the former
worker, or anyone having the specific written consent of the worker or former worker.

(d) Transfer of Records

The employer shall comply with the requirements for the transfer of records as specified in
29 CFR 1910.20(h), Transfer of Records.

*Code of Federal Regulations. See CFR in references.
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For more than three-quarters of a century, workers who operated vibrating tools* on the job
have reported complaints resembling the signs and symptoms of primary Raynaud’s disease.
The major complaints were episodic numbness and tingling of the fingers, episodic blanch-
ing of the fingers, with pain occurring mainly in response to cold exposure and on retumn of
circulation, and reduction in grip strength and finger dexterity. These signs and symptoms
increased in number and severity as the exposure to vibration (acceleration intensity and
duration of exposure) increased.

This composite of vibration-induced signs and symptoms is referred to as hand-arm vibration
syndrome (HAVS). The syndrome has been known by a number of different names:
Raynaud’s phenomenon of occupational origin, secondary Raynaud’s phenomenon, vibra-
tion white finger (VWF), dead finger, traumatic vasospastic disease, and vibration
syndrome. The tools most commonly associated with HAVS are powered hammers, chisels,
chain saws, sanders, grinders, riveters, breakers, drills, compactors, sharpeners, and shapers.
Many publications on the clinical, epidemiologic, and engineering aspects of HAVS have
appeared during the past 35 years.

An estimated 1.45 million workers use vibrating tools in the United States [NIOSH 1983b].
In a worker population that has used vibrating tools, the prevalence of HAVS ranges from
6% to 100%, with an average of about 50%. The development of HAVS depends on many
factors such as the level of acceleration (vibration energy) produced by the tool, the length
of time the tool is used each day, the cumulative number of hours, months, and years the
worker has used the tool, and the ergonomics of tool use. Minimum daily exposures for
several hours each day for months or years are usually required before the first signs and
symptoms appear.

HAVS is a chronic disorder with a latency period of a few months to several years. The
early stages of HAVS are usually reversible if further exposure to vibration is reduced or
eliminated, but advanced stages are progressive. However, treatment is usually ineffective
for the advanced stages of HAVS, and the disorder can progress to loss of effective hand
function and necrosis of the fingers.

*1In this document, the term "vibrating tools" includes both hand-held vibrating tools and stationary tools that
transmit vibration through a workpiece.
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In recognition of the health and safety hazards of vibration exposure, NIOSH published
Current Intelligence Bulletin 38, Vibration Syndrome [NIOSH 1983a]. This Current Intel-
ligence Bulletin emphasized the magnitude of the problem and the seriousness of the health
and safety aspects of vibration exposure. The publication was designed to alert management,
labor organizations, workers, health specialists, and engineers to the need for recognition,
assessment, and control of the problem in industries where vibrating tools are used.

This criteria document presents criteria, techniques, and procedures for the assessment,
evaluation, and control of HAVS. Engineering controls, work practices, administrative
procedures, medical supervision, worker training, ergonomic design of the tools and the
task, and other procedures can be implemented to effectively reduce the risk of developing
HAVS.
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. RECOMMENDATIONS FOR A STANDARD

The National Institute for Occupational Safety and Health (NIOSH) recommends that
worker exposure to vibration from the use of vibrating tools be controlled by compliance
with all recommendations given in Chapter I of this document. Adherence to these
recommendations should prevent or greatly reduce the risk of incurring hand-arm vibra-
tion syndrome (HAVS) in workers who use vibrating tools. In this document, the term
"vibrating tools" includes both hand-held vibrating tools and stationary tools that transmit
vibration through a workpiece. An estimated 5% of the general population may develop
primary Raynaud’s disease (whose signs and symptoms resemble those of HAVS) without
exposure to vibration. The recommendations are designed to prevent workers who use
vibrating tools from developing the signs and symptoms of Stage I HAVS during a working
lifetime.

SECTION 1. VIBRATION EXPOSURE

HAYVS has been observed in workers who have used vibrating tools that transmit vibration
energy to the hands and arms over a wide range of acceleration levels. The level of
acceleration produced by a tool is influenced by many factors, including tool type and
weight, operating speed, ergonomics of tool use, environmental conditions, antivibration
materials used, etc. (see Chapter II1, D and Chapter VII). Thus NIOSH cannot currently
establish a specific quantitative exposure limit that will eliminate the risk of developing
HAVS in all workers exposed to hand-transmitted vibration from all types of vibrating tools.
NIOSH therefore recommends that exposure to hand-arm vibration be reduced to the lowest
feasible acceleration levels and exposure times by adhering to the requirements presented
in Section 4, Control of Vibration.

SECTION 2. EXPOSURE MONITORING

The epidemiologic and clinical evidence reviewed in Chapter IV supports the conclusion
that a linear relationship exists between the acceleration exposure dose (level of acceleration
and years of exposure) and the time of onset and severity of HAVS. Data on the vibration
acceleration level produced by the vibrating tools are needed for the design of tools and
work strategies that will help prevent and control HAVS at the earliest possible stage.

The coanponents of the hand-transmitted vibration that shall be measured are (a) acceleration
(m/sec” or g), (b) frequency (Hz), and (c) duration of exposure (min/day or hr/day).

*Stockholm Workshop classification. See Tables IV-4 and [V-5.
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(a) Vibration acceleration shall be measured in the three orthogonal basicentric axes
(Figure III-2) at the point on the tool where the vibration enters the hand or as close
as possible to that point. The basicentric axis of greatest acceleration may be used to
calculate acceleration levels. The magnitude of acceleration shall be measured using
an accelerometer with sufficient dynamic range to cover the acceleration band of 1 to
1,000 m/sec?. The mass of the accelerometer shall be small enough that it does not
affect the vibration amplitude being measured (<5 grams if possible). The vibration
measuring system shall be calibrated in accordance with appropriate standards based
on National Bureau of Standards procedures. The accelerometer(s) shall be attached
to the vibrating source as described in Chapter III, B, Methods of Measuring
Hand-Transmitted Vibration.

(b) The frequency-unweighted acceleration shall be expressed in m/sec2 (rms) of the
1/3-octave-band center frequencies from 6.3 to 5,000 Hz.

(c) The vibration measurement system shall have a uniform response integrated over
1/3-octave-band center frequencies of 6.3 to 5,000 Hz. All measurements and
analyses of the vibration acceleration and frequency shall be performed by trained
technical personnel.

(d) The vibration characteristics (acceleration and frequency spectrum) for each tool
shall be measured at the time the tool is first put into use and at annual intervals
thereafter. The vibration shall be measured when the tool is operating under full
power and actual or simulated conditions of use.

(e) The time the tool is in use shall be determined by measuring actual operating time
over a workday; these measurements can then be used to calculate average daily
vibration acceleration exposures. The total daily vibration acceleration exposure shall
be converted to a normalized 4-hr acceleration amplitude in m/sec? (frequency
unweighted) (see Chapter I1I, Equation 13).

(f) A hand-held vibration meter may be used for screening or monitoring purposes to
determine the approximate acceleration levels being produced by the vibrating

system. However, proper mounting of such an acceleration measuring device onto
the vibrating tool is critical (see Chapter III, B).

SECTION 3. MEDICAL MONITORING

(a) General

(1) The employer shall provide a health monitoring program for all workers occupa-
tionally exposed to hand-arm vibration from the use of vibrating tools.

(2) The employer shall ensure that all medical examinations and procedures are per-
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formed by or under the direction of a licensed physician with special training and
experience in occupational health problems. Board certification in occupational
medicine is one way to demonstrate such training and experience.

(3) The employer or physician shall (a) counsel all workers who use tobacco about
its possible role in augmenting the harmful effects of vibrating tools, and (b) encourage
these workers to stop using tobacco.

(b) Preplacement Medical Examinations

At a minimum, a preplacement medical examination shall be conducted for each worker
who will use vibrating tools on the job. The baseline data obtained from these examinations
are for comparison with the data derived from the periodic medical examinations. The
examination shall include the following:

(1) A comprehensive work history with special emphasis on present or past use of
vibrating tools during work or hobby activities

(2) A medical history, including relevant information on any peripheral vascular,
peripheral neural, or musculoskeletal complaints

(3) A comprehensive physical examination with special attention to peripheral vas-
cular and peripheral neural integrity, grip strength, muscle force, and signs and
symptoms of the disorders listed in Table IV-1

(4) An assessment of the use of substances that influence normal vascular and neural
function, which include certain prescription drugs, alcohol, tobacco, and illicit sub-
stances.

(c) Periodic Medical Examinations

(1) Periodic medical examinations shall be made available at least annually to all
workers who use vibrating tools on the job. The periodic medical examination shall
include all those items specified in Chapter 1, Section 3b, and any other items
considered relevant by the examining physician. If circumstances warrant (e.g., an
increase in job-related vibration exposure, or a change in health status), the medical
examination shall be offered at shorter intervals at the discretion of the attending
physician.

(2) The peripheral neural and peripheral vascular signs and symptoms noted during
the examination shall be reported in conformance with the classification presented in
Tables IV-4 and IV-5.

(d) Medical Removal

Any worker occupationally exposed to hand-transmitted vibration who develops peripheral
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neural or peripheral vascular signs and symptoms of Stage 2 HAVS or above on the
Stockholm Workshop classification described in Tables IV-4 and IV-5 shall not be exposed
to further hand-arm vibration until his or her signs and symptoms have improved sufficiently
that they no longer meet the criteria for Stage 1 HAVS.

If the attending physician recommends that a worker be removed from a job requiring the
use of vibrating tools, the employer shall ensure that the worker retains all earnings, seniority,
and other employment rights and benefits.

(e) Information for Health Care Professionals

The employer shall furnish the following information to the health care professional
responsible for the medical monitoring program:

® A copy of this criteria document

® A description of the worker’s duties and activities as they relate to vibration
exposure

®  An estimate of the worker’s daily exposure to vibration and years of exposure
®  Alist of basic types of vibrating tools used
®  Alist of the acceleration levels produced by the tools

® A description of antivibration protective clothing and antivibration tool designs
in use

® A list of all tasks that involve vibrating tools and workpieces and that require
strong hand grip force

® Relevant information from previous work and medical histories and medical
examinations

® A description of the special features of the task and the way in which this task is
performed

® A description of the environmental conditions at the work site (ambient tempera-
ture, humidity, wind velocity, rain, snow, etc.)

H
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(f) Written Report and Opinion

The employer shall receive the following information from the attending health care
professional:

® An opinion as to the worker’s ability to use vibrating tools
® Any recommended limitations to on-the-job exposure

® Any limitation to the worker’s ability to use any required protective equipment
or clothing

®  With the worker’s written consent, information about any condition requiring
treatment or special consideration

SECTION 4. CONTROL OF VIBRATION
(a) General

Engineering and work practice controls shall be used to reduce hand-transmitted vibration
exposure to the lowest feasible level. These controls shall also be supplemented by other
control strategies such as the use of antivibration clothing, mittens, gloves, and equipment,
and by worker training programs in the proper handling of the vibrating tools.

(b) Engineering Controls

(1) The vibration acceleration level shall be controlled by reducing the vibration
energy produced by the vibrating tool to the lowest level consistent with optimal
operations and/or by changing the process to reduce the requirement for using the
tool.

(2) The power and weight of the tool shall be optimized to levels that minimize
vibration but still permit the work to be efficiently performed.

(3) The tool manufacturers shall furnish data on the vibration acceleration and
frequency characteristics of their tools as measured by a standard test protocol of
simulated operation.

(c) Work Practices

In addition to all possible engineering controls, work shall be modified to minimize vibration
exposure. Work modification approaches include but are not limited to the following
procedures:
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®  Reducing the number of hours a worker uses a vibrating tool during the workday
® Reducing the number of days per week the vibrating tool is used

® Arranging work tasks so that vibrating and nonvibrating tools can be used
alternately, and assuring that the nonvibrating tools do not introduce other
musculoskeletal stress factors

® Scheduling maintenance breaks as necessary to ensure that tools are sharp,
lubricated, and tuned

¢ Selecting tools that produce the least amount of vibration consistent with satis-
factory performance of the task

® Designing the work task and workplace to incorporate ergonomic principles to
minimize vibration stress

® Reducing the grip force on the tool handle and the force applied at the
tool/workpiece interface in a manner consistent with safety and performance

® Restricting the use of piecework and incentive pay

(d) Protective Clothing and Equipment

Protective clothing and equipment shall be used where feasible to reduce the level of the
vibration energy transmitted to the hand and arm. Some approaches to protecting the worker
with clothing and equipment are

® Incorporating vibration-damping materials into the palms and fingers of gloves
and mittens

® Incorporating vibration-damping material into or on the tool handle or areas
where worker-tool coupling occurs. Damping materials can be especially effec-
tive for high-frequency vibration

®  Using antivibration isolators or damping techniques on tools such as the isolator
used on antivibration chain saws
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Wearing adequate cold weather clothing to maintain body core temperature and
prevent cold-induced peripheral vasoconstriction

Ensuring that the antivibration equipment, clothing, and hand gear are ergonomi-
cally appropriate (e.g., glove fit, freedom of movement, and grip force required
to control the tool)

(e) Worker Training

The employer shall establish a continuing training program to ensure that all workers who
use vibrating tools have current knowledge of the health and safety effects of hand-trans-
mitted vibration and of the procedures for minimizing or preventing the effects. The training
program shall be conducted by persons qualified by training in and direct knowledge of the
occupational safety and health implications of hand-arm vibration exposure. The program
shall include adequate verbal and written information to ensure that each worker fully
understands the health and safety hazards and methods for their assessment and control.

The training program shall include, at a minimum, the following topics:

Source of vibration exposure

Factors that adversely affect the magnitude of the vibration

The means by which vibration is transmitted to hands and arms
Adverse health and safety effects of vibration exposure

Early signs and symptoms of HAVS

Progression and reversibility of HAVS

Exaggeration of vibration-induced health effects as a result of smoking
Prevention of HAVS

Use and availability of vibration protective clothing

Antivibration devices for reducing vibration at the source
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®  Ergonomic approaches to reduce the effects of using vibrating tools
® The value of good tool maintenance
®  The need to keep hands and body warm and dry

®  Work practice procedures to minimize the effect of vibration exposure on health
and safety

SECTION 5. LABELING

The following data shall be furnished by the manufacturer of vibrating tools and antivibra-
tion equipment:

(a) All hand-held tools that produce v1brat10n shall carry a label stating the frequen-
cy-unweighted acceleration level (m/sec ) produced by the tool during normal opera-
tion.

(b) The manufacturer of antivibration equipment, clothing, and hand gear shall

provide information on the vibration-damping characteristics of each type of an-
tivibration item produced for sale.

SECTION 6. RECORDKEEPING

(a) Maintaining Records

For all workers who are occupationally exposed to vibrating tools, the employer shall
establish and maintain a record of the following:

® Type, model, and manufacturer of the vibrating tools used

®  Vibration acceleration data furnished by the manufacturers on the labels of all
vibrating tools used

® Daily use time of each type of vibrating tool

¢ Number of hours, months, and years each type of vibrating tool or workpiece was
used

® Antivibration controls used and date they were first introduced
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®  Personnel training, including dates and content of any training courses
®  Work histories and physicians’ written medical reports and opinions
® Records from preplacement and periodic medical examinations

® Signs and symptoms of HAVS (if present) for each worker and date they first
appeared

(b) Record Retention

In accordance with the requirements of 29 CFR* 1910.20(d), Preservation of Records, the
employer shall retain the records described in Chapter I of this document for at least the
following periods:

(1) Thirty years for exposure monitoring records

(2) The duration of employment plus 30 years for medical monitoring and surveil-
lance records and other records described in Chapter I of this document

(c) Avallability of Records

(1) In accordance with 29 CFR 1910.20, Access to Employee Exposure and Medical
Records, the employer shall, upon request, allow examination and copying of ex-
posure monitoring records by a worker, a former worker, or anyone having the specific
written consent of the worker or former worker.

(2) Any medical records that are required by this recommended standard shall be
provided, upon request, for examination and copying to the worker, the former
worker, or anyone having the specific written consent of the worker or former worker.

(d) Transfer of Records

The employer shall comply with the requirements for the transfer of records as specified in
29 CFR 1910.20(h), Transfer of Records.

*Code of Federal Regulations. See CFR in references.



Il. INTRODUCTION

For more than three-quarters of a century, workers who operated vibrating tools* on the job
have reported complaints resembling the signs and symptoms of primary Raynaud’s disease.
The major complaints were episodic numbness and tingling of the fingers, episodic blanch-
ing of the fingers, with pain occurring mainly in response to cold exposure and on retumn of
circulation, and reduction in grip strength and finger dexterity. These signs and symptoms
increased in number and severity as the exposure to vibration (acceleration intensity and
duration of exposure) increased.

This composite of vibration-induced signs and symptoms is referred to as hand-arm vibration
syndrome (HAVS). The syndrome has been known by a number of different names:
Raynaud’s phenomenon of occupational origin, secondary Raynaud’s phenomenon, vibra-
tion white finger (VWF), dead finger, traumatic vasospastic disease, and vibration
syndrome. The tools most commonly associated with HAVS are powered hammers, chisels,
chain saws, sanders, grinders, riveters, breakers, drills, compactors, sharpeners, and shapers.
Many publications on the clinical, epidemiologic, and engineering aspects of HAVS have
appeared during the past 35 years.

An estimated 1.45 million workers use vibrating tools in the United States [NIOSH 1983b].
In a worker population that has used vibrating tools, the prevalence of HAVS ranges from
6% to 100%, with an average of about 50%. The development of HAVS depends on many
factors such as the level of acceleration (vibration energy) produced by the tool, the length
of time the tool is used each day, the cumulative number of hours, months, and years the
worker has used the tool, and the ergonomics of tool use. Minimum daily exposures for
several hours each day for months or years are usually required before the first signs and
symptoms appear.

HAVS is a chronic disorder with a latency period of a few months to several years. The
early stages of HAVS are usually reversible if further exposure to vibration is reduced or
eliminated, but advanced stages are progressive. However, treatment is usually ineffective
for the advanced stages of HAVS, and the disorder can progress to loss of effective hand
function and necrosis of the fingers.

*1In this document, the term "vibrating tools" includes both hand-held vibrating tools and stationary tools that
transmit vibration through a workpiece.
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I1. Introduction

In recognition of the health and safety hazards of vibration exposure, NIOSH published
Current Intelligence Bulletin 38, Vibration Syndrome [NIOSH 1983a]. This Current Intel-
ligence Bulletin emphasized the magnitude of the problem and the seriousness of the health
and safety aspects of vibration exposure. The publication was designed to alert management,
labor organizations, workers, health specialists, and engineers to the need for recognition,
assessment, and control of the problem in industries where vibrating tools are used.

This criteria document presents criteria, techniques, and procedures for the assessment,
evaluation, and control of HAVS. Engineering controls, work practices, administrative
procedures, medical supervision, worker training, ergonomic design of the tools and the
task, and other procedures can be implemented to effectively reduce the risk of developing
HAVS.
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lll. VIBRATION AS A HAZARD

A. THE PHYSICS OF VIBRATION

1. Components of a Vibrating System

Three components of a vibrating system are (1) mass, (2) elasticity, and (3) damping. The
kinetic energy of the system is a function of the mass and motion of the system. The potential
energy of the system is a function of the mass and elasticity of the system. When a system
vibrates, the energy in the system alternately changes back and forth between kinetic and
potential energy. Inthe absence of any mechanism to take energy out of the system, a system
will theoretically vibrate forever once it begins to vibrate. Damping is the mechanism that
transforms the kinetic and potential energy into heat and thereby takes energy out of a
vibrating system. Thus if no energy is directed into a vibrating system to keep it in motion,
the damping that is present will dissipate the initial energy in the system and all motion will
stop. The human hand-arm system contains mass, elasticity, and damping and can be
visualized as a series of masses connected by elastic and damping elements.

2. Parameters Assoclated with Vibration

Motion associated with vibration is oscillatory in nature. Such motion is called harmonic
motion and is associated with motion around some equilibrium or reference position
(Figure ITII-1). The displacement refers to the position of a vibrating object relative to
its normal resting position [X(¢z) = 0 in Figure III-1]. The four primary vibration
parameters—frequency, acceleration, velocity, and displacement—are interrelated.
When the values for any two of the parameters are known for any single frequency, the
values for the other two can be calculated. When the motion is harmonic, the displace-
ment [X(1)] is

X(¢) = X sin(ox) L
where

X is the peak displacement amplitude in meters,

 is the angular frequency of oscillation in radians/sec, and

t is the time in seconds

The angular frequency can be expressed as

®=2xf or f=-2(—°7; @
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Figure III-1. Harmonic oscillation.
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Hand-Arm Vibration

where

T is a constant equal to 3.1416, and
fis frequency (cycles/second, or hertz [Hz]).

The frequency (f) represents the number of complete cycles of oscillations an object makes
in 1 sec. For example, if an object undergoes 10 complete cycles of oscillation in 1 sec, it
has a frequency of 10 cycles/sec, or 10 Hz. The period of oscillation is

3)

<=

where ¢ is seconds. The period of oscillation represents the time it takes an object to
complete one cycle of oscillation.

The velocity of an object refers to the time rate of change of displacement and represents
the first derivative of the displacement function given above (Equation 1). Velocity [v(z)}
is expressed as

V() = %Q = @X cos(ax) 4

where @X is the peak velocity (m/sec). Velocity can be written as
. n
v(t) = X sin (01 +7) (5)
indicating that velocity leads displacement by a phase of 90°.

The acceleration [a(?)] of an object refers to the time rate of change of velocity and represents
the second derivative with respect to time of the displacement function, or

_d dx @ _ & _ _ 2% sin(er) (6)

a(t) 2 &
where 2X is the peak acceleration amplitude (m/secz). Acceleration can be written
a(t) = 0X sin(oxt + 1) 0

14



III. Vibration as a Hazard

indicating that acceleration leads velocity by a phase of 90° and displacement by a phase of
180°.

When a vibrating system acts in concert with externally applied vibration so that certain
vibration frequencies impinging on the system are amplified, the frequencies at which
maximum amplification occurs are referred to as resonances or natural frequencies. In the
case of hand-arm vibration, a fundamental resonance is thought to occur between 100 and
200 Hz [Wasserman 1988].

3. Mechanical Impedance

When a vibrating stimulus is applied to a human, a mechanical structure, or another system,
a motion results at the same frequency as the stimulus at the point of application and at other
points in the system. The mechanical impedance of the system to which the stimulus is
applied can be used to describe the dynamic characteristics and the motion of the vibrating
system. Mechanical impedance [Z(w)] is defined as the ratio of the applied vibrating force
[F(w)] divided by the resulting velocity [v(w)], or

Z(w) = 2@ ®)

v(w)

Mechanical impedance is measured as a function of the frequency of the applied force.
When both the applied force and resulting velocity are measured at the point of contact
between the applied force and the vibrating system, the impedance is referred to as the
"driving point mechanical impedance." When the resulting velocity is measured at a point
on the system other than the point where the force is applied, the impedance is referred to
as the "transfer mechanical impedance.” Mechanical impedance measurements have been
extensively used in human vibration to determine resonance, stiffness, damping, and other
dynamic characteristics of the human body. Impedance is a measure of the total dynamic
opposition the human body offers to the movement imparted by the vibration stimulus and
can reflect body resonances without interfering with normal body function. Mechanical
impedance measurements are noninvasive measurements that can be used to determine the
dynamic properties of the body or different parts of the body such as the hand and arm.

Instead of velocity system dynamics in opposition (mechanical impedance) to movement,
vibration can be viewed as a form of movement or dynamic compliance. The dynamic
compliance [D(w)] is defined as the ratio of the displacement [X(®)] divided by the driving
force [F(w)], or

D(w) = % ©)
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Hand-Arm Vibration

4. Vibration Related to the Hand-Arm System

Human response to vibration depends on several factors:

Frequency of Interaction between body and
vibration vibration input
Amplitude of vibration Effect of clothing and equipment
Time history of vibration Body size (height,
exposure weight)
Direction of vibration Body posture
Point of application of Body tension
vibration Body composition

Vibration is a vector quantity (i.e., it has a magnitude and direction). Thus nearly all of the
variables above must be extended to multiple axes, depending on the nature of the vibration
that is being examined.

As specified by the International Organization for Standardization (ISO) [ISO 1986], the
vibration produced by the tool or the vibration transmitted to the hand should be measured
in the three orthogonal basicentric or biodynamic directions specified in Figure III-2. The

i,

Biodynamic Coordinate Axes
_____ Basicentric Coordinate Axes

Figure III-2. Basicentric axes (x,y,z) for the hand (h).
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I1I. Vibration as a Hazard

interaction between the hands and a vibrating tool is influenced by many factors, which
should be reported in detail when assessing the magnitude of the hand-transmitted vibration
[Brammer and Taylor 1982; Starck and Pyykko 1986, Wasserman et al. 1977; Taylor 1974,
ANSI 1986; ISO 1986]. These factors include

® The type and condition of the tool being used

® The acceleration and the frequency spectrum produced by the tool under normal
operating conditions

®  The magnitude and direction of sustained forces applied through the hands to the
tool or the workpiece (e.g., gripping force, axial thrust force, rotational moments)

®  The orientation and posture of the hands, arms, and body during work (specifically,
the angles of the wrists, elbows, and shoulder joints)

®  The parts of the hands that are in direct contact with vibrating surfaces

® Types and sizes of the surfaces in contact with the hands

®  The work practices used

® The total number of years the worker has used vibrating tools on any job

® Climatic conditions such as the ambient temperature and humidity and the
temperatures of hand-held surfaces of the tool or workpiece

The following information should be reported when assessing the duration of hand-trans-
mitted vibration exposure [ANSI 1986; ISO 1986]:

The duration of vibration exposure per working day and the total exposure time
in hours, months, and years

®  The pattern of exposure within a period of time and its association with the working
method (e.g., the length and frequency of scheduled and unscheduled work and
rest periods, the intermittence of vibration during the work period, whether the
vibrating tool is laid aside or held during rest breaks)

17




Hand-Arm Vibration
B. METHODS OF MEASURING HAND-TRANSMITTED VIBRATION

1. Measurement of Acceleration

The three parameters that describe the amplitude of vibration as a function of frequency are
(1) displacement, (2) velocity, and (3) acceleration. However, vibration is generally
specified in terms of acceleration for the following reasons:

a. The velocity and displacement can be obtained from the measurement of accelera-
tion.

b. A large variety of accelerometers are commercially available.

c. The amplitude of acceleration at the higher frequencies is substantially higher than
either displacement or velocity and, therefore, is easier to measure.

When acceleration is measured with an accelerometer, the velocity can be obtained by
electronically integrating the acceleration signal over time. The displacement can be
obtained by electronically integrating the acceleration signal a second time. Electronic
integration tends to reduce or minimize noise introduced into the measurements.

2. Accelerometers

Piezoelectric accelerometers are usually used to measure the amplitude of vibration as-
sociated with hand-transmitted vibration. These accelerometers can be designed to measure
vibration within the frequency range of 1 to 50,000 Hz. When vibration impinges on a
piezoelectric accelerometer, it moves a small mass against the face of a crystal element. The
crystal element produces an electrical voltage proportional to the compression of the mass
against the crystal. This voltage is proportional to the acceleration. Because the voltage
produced is often very small and loss in signal can easily occur over along cable connecting
an accelerometer to a corresponding instrument, a charge amplifier is used in conjunction
with the accelerometer. This amplifier overcomes signal loss problems by measuring
changes in the electrical charge (or capacitance) of the crystal caused by vibration. Because
the crystal charge simultaneously varies with the voltage signal, a measure of acceleration
is obtained. With some accelerometers, the charge amplifier is an external device (i.e., the
charge signal from the accelerometer is directed to an external amplifier that converts the
charge signal to a corresponding amplified voltage signal proportional to vibration
amplitude). With other accelerometers, the circuitry for converting the charge signal to a
voltage signal is an integral part of the accelerometer. For these, a voltage signal from the
accelerometer is directed to a voltage amplifier that generates an amplified voltage signal
proportional to vibration amplitude.
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II1. Vibration as a Hazard

When vibration is measured, it is necessary to specify whether the vibration is being
measured on an impact- or nonimpact-type tool. Impact tools include chipping hammers,
scalers, pneumatic riveting hammers, pneumatic nailers, jack hammers, and any other tool
that generates impulse vibration signals that dominate the vibration spectrum. Nonimpact
tools include chain saws, nibblers, pneumatic wrenches, grinders, routers, circular saws,
reciprocating saws, and other similar tools. To measure vibration amplitudes of impact
tools, specially designed shock accelerometers or ordinary accelerometers with mechanical
filters must be used. These accelerometers, which are commercially available, can withstand
repeated high-level, high-crest-factor acceleration pulses. If regular accelerometers are used
when impact vibration is present, serious errors can be introduced into the vibration
measurements [Wasserman et al. 1977; Wasserman, et al. 1981]. These errors are associated
with DC shifts within the accelerometer that seriously distort the low-frequency vibration
amplitudes being measured. Shock accelerometers can be used to measure both impact and
nonimpact vibration, but nonshock accelerometers can be used to measure nonimpact
vibration only.

Although shock accelerometers can withstand exceptionally high impulse acceleration
levels, they usually have very low voltage or charge sensitivities. In the case of impact
vibration, the vibration amplitudes are sufficiently high that generally no signal-to-noise
problem is associated with the recording or measuring instrumentation used to record and
analyze the vibration signal. In the case of nonimpulse vibration, the vibration amplitudes
can be so low that the acceleration signals are near the lower sensitivity of the recording or
measuring instrumentation being used. For these cases, it is necessary to use accelerometers
that have substantially higher voltage or charge sensitivities.

The accelerometer should not affect the vibration amplitudes that are being measured. Large
accelerometers can cause "mass-loading” on the surface to which they are mounted. That
is, the mass of the accelerometer is sufficiently large compared with the mass of the object
to which it is attached that the vibration signal being measured is significantly distorted.
Many commercially available, light-weight accelerometers weigh 5 grams or less. The
smallest accelerometer that can be used for a specific application should be chosen. The
total weight of the accelerometer assembly (weight of multiple accelerometers, if more than
one is used, plus accelerometer mounting block) should not exceed 20 grams in most cases.
Accelerometers weighing less than 20 grams may be required for measuring vibration on
small, lightweight tools.

Because vibration is a vector quantity, it is necessary to make vibration measurements in
the three orthogonal axes. These axes should always be oriented in the manner specified in
Figure II-2. The vibration measurements in the three axes should always be made at or as
near as feasible to the surfaces of the vibrating hand-held tool or workpiece where the
maximum vibration energy enters the hands. Figures III-3 through I1I-6 show suggested
accelerometer mounting locations for chain saws, chipping hammers, and horizontal and
vertical grinders [Wasserman et al. 1981]. The vibration in the three basicentric orthogonal
axes may be measured with a specially designed triaxial accelerometer (a commercially
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Figure III-3. Accelerometer locations and axis (x, y, z) orientations for chain saws.

Figure [II-4. Accelerometer locations and axis (x, y, z) orientations for chipping hammers.
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Figure III-5. Accelerometer locations and axis (x, y, z) orientations for horizontal grinders.
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