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PREFACE

This study was undertaken by the Office of Noise Control at EPA to
identify and define the status of industries' compliance with the occupational
workplace noise standard. Fundamental to the study was the identification
and review of the avajlabiiity of noise control technology to the equipment
manufacturer and user industries.

The study was structured to examine the user industry's ability to
comply with the occupationz]l workplace noise standard through the use of
contrcl technology. Emphasis was given to those industries and machines
for which major problems with respect to compliance were believed to exist.
The fundamental thrust of this study was that where technology was not
avaflable to the user industry, due either to cost or technical unavailibility,
but available to the equipment manufacturer, the potential existed for some
benefit from EPA regulatory action. And, this depended upon the availability
of control technology to the equipment manufacturer, and the benefits to be
gained. The regulatory authority given to EPA by the Noise Control Act applied
only to new equipment manufacturers. I[f EPA was to undertake regulatory
initiatives in occupational noise (to assist OSHA in achieving compliance with
the occcupational noise standard), the regulations could only apply to the
machines produced by the new equipment manufacturers.

No decision or plan had been made by the EPA Noise Office to undertake
a regulatory pregram in occupational noise. The study was undertaken only
to Tearn about the occupational workplace noise problem. In addition, no

determination had been made on what type of involvement EPA should have in



— e g RPAY FWIVS OO

e it L

occupational noise in a program complementary to QSHA, if any at all. There
was a general feeling at the Noise Office, that developed as a result of the
study, that any EPA invelvement should be through a coordinated program
involving EPA as well as other Agencies in support of OSHA,

The study's results should be of special value and interest because it
contains information on noise control technology not readily available in the
literature,

The contractor's technical participants were ¥r. R. Bruce, Mr. K. Eldred,

Mr. C. Jokel, Mr, R. Potter, and Ms. D. Melona, The EPA Project Manager was

Mr. R. Heymann,
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EXECUTIVE SUMMARY

More American worlkers are concerned about industrial noise
than about any other occupational hazard. The United S3tates
Congress has addressed the 1lssue of worker exposure to excesslve
nolse. Congress's concern wlth nolse was exprecsed in the
Cecupational Safety and Health Act of 1970 and the Nolse Contrel
Act of 1972. The Occupational Safety and Health Adminlstratilon
{OSHA) promulgated a workplace neilse standard (29 CFR 1910.95)
in 1970 that applies to worker nolse exposures (not machilne
noise emissions). Thus, the standard can be satisfied by alter-
ing work practices (adminilstrative controls) or by changing the
acoustical characteristics of thé machine and/or the workplace
(im situ con;rols). The responslibility for correcting the
unacceptable exposures presently rests entirely with the user, rather than the
manufacturer, of the machlne. User industries often try to
solve nolse exposure problems through the use of in situ engineer-
ing controls, O0SHA's initial anticipation was that the users
could readily apply Zn situ controls to achleve compliance.
However, even after 9% years of OSHA enforcement, miilions of
workers are stlll overexposed accordlng tc the GSHA nolse standard
and are eventually expected to experience noilse-induced permanent
threshold shifts — permanent hearing loss — caused by long-term

exposure to noilse.

The Noise Control Act of 1972 empowers the Administrator
of the EPA to establish nolse regulations dealing with the label-
ing of new machinery or limiting the noise emissions of such
machinery. If this authority were to be applied to industrial
nolse, the regulatory actlon would apply to nolse emlssions of
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new machines for industrial use. The burden of the regulatory
actlion would chlefly affect the manufacturers of the new machinery.
Such an approach could supplement the current OSHA approach to

the solution of the Industrial nolse problem. Irn situations where
in aitu englneering noise controls are not avallable because of
elther technology or cost, source regulatlons offer the only
possibility for a solution to these nolse problems,

This study i1s intended to provide part of the data requlred
to assess whether the application of EPA regulatory authority to
the nolse emlssicns of new machlines would produce significant
benefits to the industrial workforce. When such beneflts are
expected to occur, the study examines the potentlal of alternative

regulatory approaches.

The study process inveolved finding example machlines that
met defined screening criteria for determining 1mpact on worker
overexposure to nolse, and then applying other screening criiseria
to determine the potential benefits of regulatory alternatives.
The first part of this study was to identlfy industries 1in
chronlc violation of the OSHA nolse standard. Then machines
causing the overexposure 1n these Ilndustrles were ldentified.

The machines were then checked agalnst the followlng screening

criteria:

+ 10,000 coperators and/or 50,000 peripheral workers had to
be 1mpacted

*+ the users had to experience dilfficulty 1in cemplying with
the OSHA noilse standard.

Next, for these example machines, the study assessed the avall-

:ability of nolse control to the users., The assessment cconsisted

of:

viii
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+ Identifying the availabllity of <n siétu controls for the
selected machlnes

+ Determining whether the costs for these controls are
acceptable, on the basls of 0SHA experience.

Then, for those machines for which Zn gitu controls are not
avallable or are avallable at an unacceptable cost, the study
agssessed the avallability of nolse control technolegy to the ori-
ginal equipment manufacturer (0OEM). Thils analysis consisted of:

+ Identifying the existence of noilse-reduced machines in
the marketplace and, where they represent only a small
fraction of machines sold, determining why more of these
machines are not sold

« Determining the avallability of technelogy for machine
types that do not have nolse-reduced machines 1in the

marketplace.

Finally, for the machines that passed all sereening criveria,

the study assessed the impact of growth and turnover rates on

the introduction of new nolse-reduced machines into the workplace
and used thils information tc estimate the potential beneflts of
Section 6 or 8 regulation.

The principal study findings are:

1. OSHA compllance cannot be achieved for 9 of the 18 machines
studled becauce Zin eitu controels are unavailable or too
expensive, These machines — automatic screw machines,
semiautomatic stamping presses, planers, wood and metal
saws, c¢rawler tractors (>150 hp), molding machines,
spinning frames, and twlsters currently cause overexposure

ix
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of' large numbers of operators in foundrles, sawmills and
planing mllls, broad woven fabric mills, screw machine:
plants, and metal forgings and stamplngs plants. These
machines control the exposure of the operators. If

the noise of these machlnes were sufflelently controlled,
thelr operators, in most Instances, would have nolse
exposures that comply wilith the exlstling OSHA regulations.

Noise-reduced verslions are avallable for five of these nilne
machines: automatic screw machines, planers, wood saws,
erawler tractors (>150 hp), and manual molding machines.
The OEMs report that the nolse-reduced verslons do not

make up a large percentage of the new machines sold, for
the following reasons:

User industry doesn't know about the avallabllity of the
gulet machines

User Industry 1s often unwilling to pay the premium for
noise control (erawler tractor [»150 hpl, manual molding

machine)

User industry is planning to install the new machine in an
existing faeility that is still noisy and concludes that
the operater wlll not recelve any benefit from the purchase
of a qulet machine {(wood saws, automatic screw machines)

User has no reliable measurement method and predlction
procedure to ensure that once the qulet machine is opera-
tional, the operator's exposure will be in compliance
(planer)

User Industry places a higher priority on production in-
creases, quality control, and reliability than on noilse
control (pianers, crawler tractors [>150 hp]l, manual
molding machines).
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Technology 1s avallable for noise control in the deslign of
the other four of these machines (metal stamping presses,
metal saws, spinning frames, and twilsters), but the OEMs
have not developed such equipment for a variety of reasons
including the following:

There 1s a limlted demand for nolse control {(metal saws)

There is sufficlent demand for the OEM's machine wilithout
nolse control (metal stamping presses)

The OEM has limited capital for machine design and cur-
rently gets a better refurn on investment by 1mproving
produetivity, reliability, and quality of part produced
than by providing nolse contrel. In additilion, the CEM
does not want to be the flrst to attempt nolse control,
since the first 0EM wlll go to great expense to develop
concepts that will then be used at much lower cost by
other 0EMs (saws)

The CEM 1s often unaware of the availlability of nolse

control technology (metal stamping presses)

Users are often loyal to a product line because of the
avallability of spare parts, and famlllarity with the
OEM (saws, metal stamplng presses)

The OEM has no confidence that users will buy the nolse-~
reduced machine at the necessary price premium (spinning
frames, twisters, metal stamping presses)

For some machlnes, neither the user nor the OEM has deter-~
mined how to specify the nolse emission for a nolse-
reduced machlne.

xi
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Nolse-reduced machlnes are being developed by the O0EMs at

a very slow rate, and they are belng introduced into the
workplace at a slow rate. Section & and/or Section 8
regulaticns could accelerate the introductlon of new nolse-
reduced machines into the workplace.

If Section 6 emisslions regulations were promulgated for
the nine machines passing the filters, we estimate that
roughly one-half million operators could be removed from
overexposure to nelse in excess of the limit of the (QSHA
noise standard between 1986 and 1590.

Promulgation of Section 8 labeling requirements on either
a voluntary or mandatory basis could result in a reduction
of the nolse lmpact. However, there are no sclentific
methods availlable for estimating the magnitude of the
potential benefits or the certainty of the time periocd in
which they mlght occcur. The existence of meaningful nolse
emissilon levels based on standard test procedures would
provide the OEM wilth the information reguired to define
nolse reduction requirements and redesign machines to

meet these reguirements. Such levels would provide the
user with informatlon needed for an informed purchase of
neise-reduced machines and for the design of new factories.

The 1dentiflcation of machines for which the operator's
exposure woculd meet OSHA requirements either by labeling
or emlsslon regulation could give GSHA an opportunity te
require industries that are in chronic vieolatlon of nolse
standards (and for which engineering controls are not
feasible) to confine theilr future purchases to nolse-
reduced machinery rather than nolsy machinery, so that
such industries may eventually meet the standards.

%11
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An additional benefit of Section 6 regulation may be the
development of retrofit nolsge control kits for many of the
machines already 1in service. If such kits were developed

by the OEM, their cost might be low enough to bring down

the present cost of nolse control to more acceptable levels,
enabling OSHA enforcement,

Nine machines were found in this study for which new noise-
reduced machines appear to be the only alternative to
hearing protectors for control of workplace nolse. These
are probably only a fraction of the total number of such
machines, There may be a large number of machlne types

and wlde varlation of size and application within each
type; these factors could have major implications for the
magnltude of the effect needed to regulate new machines

for which im si¢tu controls are not feasible. For a filxed
level of EPA resources, there are probably tradeoffs to con-
sider between the certalnty of benefits under Section 6
regulation for a limited number of machlines per year and
the lower certainty (but possibly more wldespread

benefits) under a Sectilon 8 mandatory/voluntary regulatory
effort that appliles to a larger number of machines per
year.

Complementary actlions that may have promise for accelerating
the rate of introduction of nolse-reduced machines, either
with or without Section 6 or 8 regulations, include: OSHA
new machine/plant policy, econeomlce incentives, education

and trailning, and research, development, and demonstraticn.

xiii
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l. INTRODUCTION

1.1 Background

Industrial noise has been the subject of much study 1in many
industrial nations in the past decade, because workplace nolse
1s recognlzed as a hazard to human health and well~being. Re-
search has demonstrated that long-term dally exposure to high-
level workplace nocise causes both significant and irreparable
harm to human hearing. And, in the United States, high-level
nolse in the workplace is a pervasive problem, affecting sub-
stantial numbers of workers in industrial faclilities. To place
the problem 1ln perspectilve, recent estimates of noise conditilons
in the manufacturing sector of industry show that approximately
19% of the workers in the 19 maJor manufacturing industries, or
2.5 million individuals, are exposed — every workday - to sound
levels in excess of the maximum permlssible 1limlt expressed in
the OSHA noise standard [2].

Congress, concerned over the effects of industrial nolse,
has responded with legilislation in the form of two acts. The
first 1s the Occupatlonal Safety and Health Aet of 1978, which
established the Occupatlional Safety and Health Administration
{0SHA) to oversee worker safety and health 1n specific in-
dustries. In exercilsing 1ts authority, 0SHA has promulgated a
noise standard that limits worker nolse ezposuree (not machine
noise emissions) [(2]. Thus, the standard can be satisfied by
altering work practices {(administrative controls) or changing
the acoustical characteristics of the machine and/or workspace
{(Z{m situ controls). . Another important aspect of the O0SHA regu-
lation is that the user plant in which the unacceptable condlition
exists — rather than the manufacturer of the noisy machines -
has the responsibillty for alleviating the condition.
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The second act 1s the Nolse Control Act of 1972, whieh
cupowers the Administrator of the EPA to establish noise regula-
tions dealing with the labellng of new Industrlal machilinery or
limiting the noise emissions of such machinery. In this case,
the regulatory actlon specifically involves machinery noise
emlssions, and the regulations are directed toward the manufac-
turers of the nolse-making machlinery. Though their approaches
differ, the objectives of both OSHA and EFA nolse leglslation
are simllar: to reduce the hazard of nolse to people. To date,
the primary thrust of EPA nolse regulations has been directed
toward protecting the general public health and welfare from
environmental noise resulting from major nolse sources, such as
transportation and constructlion machinery. Additionally, the
EPA has developed the basls for voluntary nolse emissions label-
ing programs and a mandatory labeling program for hearing pro-

tectors.,

With respect to nolse-~induced hearing loss, EPA has developed
criterla relating hearing loss to nolse exposure [3,4,58], identi-
fied levels requisite to protect publie health and welfare [5],
and sponsored research on nolse-induced hearing loss [7,8]. The
agency has also studied national patterns In compensatlion for
hearing loss [9], assessed the state of research and research
needs for noise control of industrilal machinery [70,11], and
participated in the process of developing federal policles and
revisions in the current OSHA regulations. However, EPA has
yet to assess the potentlal benefits of applylng its regulatory
authority to the neoilse of new machines purchased for use in the

workplace.,
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1.2 0Objectives

This study was undertaken to provide data that can be used
as an input to EPA in its examlnatlon of 2 full range of alter-
natlve federal strategies, that, together with the OSHA program,
would make a major contributlon to reducing nolse exposures of
workers in the workplace. An objective of this study was to
find examples of industrizl machlnery that currently cause chronle
overexposure of workers to noilse and for which the only ehgineer-
ing solution for meeting OSHA requirements is the introduction
of new nolse-reduced machines¥ supplied by the original equip-~
ment manufacturer (OEM). Then, for these examples, the following
factors were considered:

* The rate at which these new noise-reduced machines are
being introduced inte Ilndustry

+ Why the rate of introduction 1s net higher

* Where technology for noise reductlon is available, why
some QEMs do not manufacture nolse-reduced verslons
for the machlnes studied.

Then, the study focused on the applicablllty and potential
effectiveness of using appropriate nolse emissions standards
under Section €6 and noise labeling regulations under Sectlon B8
of the Nolse Control Act to reduce the overall nolse exposure
of workers in the workplace.

*Nolse-reduced machines are ones in which the OEM has incorporated
noise control into the design of the machines. Under normal
cperating condlflons, the exposure of the operator 1s in com-
pliance wlth the OSHA noise standard.
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1.3 Content

Section 2 of this report discusses the methodology used
to achleve the stated objectives, In Sec. 3, findings and
concluslons are presented. The appendices present detalled
infermation on the study eriteria (Appendix A), industries with
chronlc OSHA violatilons {(Appendix B), the studied machines
(Appendices C.1 — C.19), and Research Triangle Instiltute’s

Industrial Machine Trends (Appendix D).
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2. METHODOLOGY

In this section, we outline the methodology and principal
data sources that were used to select examples of machines for
consideration in the study and to evaluate the potentlal benefits
of regulatory alternatives for new machines. The principal data
sources were identifiled through extensive literature searches
and dlscussions with users, OEMs, the nolse staff of the regu-
latory agencies (0SHA, MSHA, and EPA), and their consultants,

2.1 Overall Logic

The first part of this study was to select machines in
industries in chroniec violation of the OSHA noise standard.
These machines were then subjected to a series of screening
ceriteria, or fllters, which are detalled in Appendlx A. Basically,
these fllters focused on four major themes: selection of the
machines, assessment of nolse control techneloegy to the user
industries and to the coriginal equipment manufacturer industries,
growth and turnover of machines, and assessment of benefilts of
regulatory alternatlves.

2.2 Selection of Machines

The selection of machines was based on the following
criteria (filters): that the machines were used 1n industriles
in chronie vioclation of the OSHA nolse standard, that the machines
caused the overexposure, that there were at least 10,000 operators
and/or 50,000 peripheral workers, and that users experienced
difficulty in meeting the OSHA nolse standard.

2.2.1 Industries with chronic noise violations

The Occupational Safety and Health Administration provided
detalled inspection information for the pericd from July 1972
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to April 1979. These data were presented at the 4-digit Standard
Industrial Classification (SIC) code level [12]. The numbepr of
inspections, the number of vlolations, and the viclation rate
vere given., Using this information, we aggregated the data

to the 2-digilt SIC code level and selected the Industries with
the highest violation rates.

2.2.2 Machines causing chronic violation of OSHA noise standard

The OSHA violation records are not in themselves suffleient
to identify the specilfic machlnes responsible for the viclatlons
of the nolse standard. To determine probable candldate machines,
we developed an extensive list of machinery in each of the
selected industrlies and conducted a breoad literature search of
all journals known to have published papers on industrial necise.
In addition, we conducted computerized searches using the EPA
library, NIOSH's data base, NTIS, and Compendex (Engineering
Index data bhase). For each of the machlnes under investigation,
we developed reference files containlng information abeout noilse
emissions, generation, and control for each machine. A review
of these data coupled with our field experience led to the
identification of machines in each of the selected iIndustries
that were most llkely to cause overexposures.

2.2.3 Number of operators and peripheral workers

Filter f reguired that more than 10,000 operators and/or
50,000 peripheral workers be exposed te the nolse of the machine.
One of the more difficult tasks in this study was to develop
reliable estimates of the number of operators exposed to the
noise of a particular machine. Estimating the number of
peripheral workers was even more difficult. Oeccupaticn by
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Industry [13] presents information on the number of operators

in each industry. Thls data source was useful in some Instances
(for example, planers, Appendlix C.17). More often the data

were aggregated so that the operators of the machlne under in-
vestigation were included in a more general category (for example,
saws, Appendix C.18).

We found other sources that presented lnventorles of the
machinery used in the industries. Using these machinery in-
ventories, the number of machines tended by each operator, the
number of shifts, and the percent utillzatlion of the machinery,
we developed estimates of the number of cperators. 3Since we
identified a sufficient number of machines with more than 10,000
operatars and since develcping estimates of the number of
peripheral workers was fraught with uncertainties, these estimates
were not developed for all machines.

Major sources of information on the number of machlnes

Include:

= 12th American Machinigt Inventory [14]

+  Woodworking and Furniture Digest [15]

« Textile Machinery in Place [16]

+ BBN files on sawmillls (approximately 280 case historiles)

« EBEBN files on foundrles (approximately 300 case histories).
Information on the number of machines tended by each operator,
the number of shifts, and the percent utilizatlon of the

machinery was estimated by BBN after reviewing the avallable
data on each of the machines.
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2.2.4 Degree of difficulty

Filter b was designed to determine whether the user industry
was having difflculty 1in obtaining and applying nolse control
technology in complying with the O0SHA nolse standard. In general,
the literature reviews, dilscussions with users, and our fleld
experlence provided evldence to establish that industry is having
difficulty in complying with the nolse standard for the selected
machines.

2.2.5 Commonality of machines to more thanm one industry

Filter d was I1ncluded to evaluate the possibility that some
of the machlnes in chronle violatlon are used across varlous
industries or production processes. Using the sources on the
number of machines mentloned in 3ec. 2.2.3, we were able to
determine whether a particular machine was used across more than
one industry, or whether it was Industry-specifie.

2.2.6 Summary

At the conclusion of this selection process, a list of
machines was developed. These machines cause chronic noise
violations in their industry, are dirfflcult for the user industry
to centrol, impact at least 10,000 cperators, and may be common
to more than one industry.

2.3 Assessment of Noisa Control Technology Available to the
User Industries and to the Origfnal Equipment Manufacturers'
Industries

Our assessment of the availabllity of nolse control to the
users and to the original equlpment manufacturers consisted of:

e <A A e i e 2 ¢
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+ Identifying avallable Zn situ® controls for the selected
machines, determining whether ceosts for those controls
are acceptable, and retalning for further analysis only
those machlines for which Zrn situ controls are not avallable
or are avallable at extraordinary expense (Filter c)

« Identifying new nolse-reduced machines and determining
why more of these machines are not sold (Filter 1)

» Determining the avallability of technology for machilne
types without nolse-reduced versions (Filter J).

2.3.1 In gitu controls

Fllter ¢ required im situ controls to be elther unavailable
or too expensive. BBN's experlence, discussions with users and
OSHA staff, and a review of the literature on each of the machines
enabled us to ldentify the <n situ controls that are avallable
for each machine. A review of more than 240 Occupational Safety
and Health Review Commission (OSHRC) cases deallng with nolse
sometimes established whether the avallable nolse control treat-
ments for & particular machine could be installed for a cost
ruled by OSHRC as acceptable for that particular instance. In
addition, OSHA established a 1imit 1n terms of a maximum dollars-
per-person limit, above with OSHA will net press for installation
of engineerlng controls.

#¥Inm situ controls include changing the acoustlcal characteristics
of the workplace with the use of facility treatments (such as
barriers and room absorption}, custom designed noise control
treatments for the machine (such as partial enclosures, mufflers,
damping, and vibration isolation), and retrofit kirs from the
OEM.
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2.3.2 New noise-reduced machines

In response te Filter 1, we discussed the avallability of
quieter machines wlth original equipment manufacturers. Informa-
tion from these discussions and the literature search enabled
us to identify which machlnes have nolse-reduced versions and
why these machlines do or do not sell well.

2,.3.3 Availability of technology

Filter J addressed the avallability of technology for
machines for which no manufacturer produced a noise~reduced
verslon. OQur assessment of the availablility of technology and
the reasons why this technology is not integrated Into the
design of many machines is based on the literature on each
machine and on our discusslons with both users and original

equipment manufacturers.

2.4 Growth and Turnover of Machines

Filter h addressed the first-cwner life of the machines
and the growth of the user Industries. Both of these economlce
indicators play major roles in determlning the rate at which
naw machines are Iintroduced 1into the workplace. If the first-
owner life (turnover rate) 1s short and the growth of the user
industrles i1s high, larger numbers of new machines will be
introduced inte the workplace than iIf the turnover rate 1s slow
{machines last a long time) or the growth rate is small.

‘Research Triangle Institute, working under separate con-
tract to EPA, provided estimates of the U.S. production, exports,
imports, U.3. consumption, stock of machines in place, and
retirements of machinery from 1986 to 1990, the pericd aver which
we would evaluate benefits. These data are presented Iin

Appendilx D.

10
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2.5 Development of Benefits of Regulation

2.5.1 Degree of reduction

Filter e required the nolse exposure of the operator of a
particular machlne to be brought into compliance with the O0SHA
nolse standard when the nolse of that machine was reduced. In
other words, the peripheral machines shouldé not make major
contributions to the noise in the vicinity of the machine. We
were able to evaluate thls criltericon using the literature on
each of the sources and our experience with each of the sources.

2.5.2 Benefits of Section 6 regulation

Filter k requlred that regulatlon bring relilef to the
worker pepulation within five years. Using the data develcped
by Research Triangle Institute, we estimated the inc¢rease in
the number of operaters from 1986 to 1990 and the maximum number
of operators who will benefit from the Iintroductilon of noise-
reduced machines Into the workplace.

2.5.3 Benefits of Section 8 requlation

Filters 1 and m focused on the benefits of Section 8 regu-
lation. Fllter 1 asked if users would benefit from labeling
informatlon in selecting gquleter machines and in arranging the
plant layouts to reduce noise. In addition, the reasons why
detailed Information 1ls not now available frocm the CEM were to
be determined. Filter m focused on the werker and labeling and
asked 1f labeling would inform the worker and encourage diligent
use of hearing protecters. In responding to these filters, we
used informatlon previously develored by EPA for other labeling
efforts, information from users and OEMs, and the literature
on each machine.

1l
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3. FINDINGS AND CONCLUSIONS

3.1 Selection of Machine far Study

Since the Occupational Safety and Health Act was slgned
into law in December of 1970, the manufacturing industry has
been faced with the requlrement to comply with 29 CFR 1910.95.
Although 1ndustry has been attempting to comply with the standard
for the past 9% years, many workers in the manufacturing industry
are still overexposed according to the standard. Examinatiocn
of the 0SHA inspectlon data for the periled July 1972 to Aprill
1979 indicates that four industries (Primary Metal, Lumber and
Wood Products, Textlile, and Fabricated Metal) account for about
472 of the total number of vioclations issued by the ageney (even
though they account for only 27% of the total number of inspec-~
tions). Appendlx B presents a summary of 0SHA's nolse-related in-
spections for this time period, aggregated by 2-digit SIC cede.

Within these four 2-digit industries, we selected for
further analysis the following 3-diglt industries, whlech have
partlcularly high vioclation rates withirn thelr 2-diglt industry:
Foundries, Sawmllls and Planing Mllls, Broad Woven Fabric Mills,
Serew Machine Products and Metal Forgings and Stampings. The
following 18 machines were selected from among all of the
machines iIn these lndustries as the ones with potentlally the
greatest impact and the greatest llkelihood of meeting all the

criteria:
Foundries SawmiTls and Planing Mi1ls Broad Woven Fabric Mills
Furnaces Wood Sews Draw Frames

Shakeouts Pleners Looms

Molding Machines Chipvers and Hogs Spinning Frames
Pneumatic Hand Twisters

Tools Knitting Machines

12
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Screw Machine Products and Miscellaneous

Metal Forging and Stampings Crawler-Tractors (>150 hp)
Fedestal Grinders

Tumblers

Automatic Screw Machines

Metel Stamping Presses

Metel Saws

Upon examlnation of these machines, we found that nine of
them cause chronic violaticns of the nolse standard, in situ
controls are unavaillable or too expensive for them, there are
more than 10,000 operators for each type, and noise-reduced
verslons of the machines can be or already are offered by the
OEM.

The machine meetlng the study criterla are: automatic
serew machines, semlautomatic metal stamping presses, planers,
wood and metal saws, crawler tractors (>150 hp), molding
machines, spinning frames, and twisters. The remaining nine
falled one or more of the criteria.

The following sectlons will discuss in detall:
+ In gitu controls — the avallabllity of technology to

the user industry

+ Nolge-reduced machines — The Q0EM has lncorporated noise
control intc the deslgn of the machlnes. Under normal
operating conditlons, the expecsure of the operator is in
conpliance with the OSHA noilse standard

* Availlabllity of noise control technology for use by the
QEM.,

13
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The findings are based on the investigation of the 18 selected
machines. In generzl, these findings may be extended to all
machines that meet the selection criteria. However, because
the selectdlon process was deslgned to find examples of machines
that would be useful for the study, it is not peossible to draw
any conclusion about the proportion of machines in industry
that would meet any or all of these criteria.

3.2 Avallability and Cost of In SZitu Controls

We found that the nolse exposure of the operators of 9 of
these 18 machines could not be brought into complilance because
in situ controls were unavallable or too expensive. 0Of the
machines studied, only automatic screw machines can be treated
with an OEM-supplied retrofit kit that brings the operator's
exposure into compllance with OSHA requlrements. In order to
qulet the other machines that we studied, the user must design
nolse control treatments for each machine or must have them
desligned. Although <n situ controls can he developced and in-
stalled for 5 of these 9 machlnes, the cost of such controls is
probably unacceptable., In thils study, the cost is considered
unacceptable for machlnes ldentifiled in contested ciltations when
the Occupational Safety and Health Review Commission (OSHRC) has
ruled that the user does not have to use englneering controls to
comply wlth the standard, because such controls are excesslvely

expensive. The Commission has not established an explicit maximum

cost per worker for the acceptability of such expenditures. A
review of the more than 240 OSHRC cases involving nolise reveals
that the maxlmum cost per worker variles from several thousand to
more than ten thousand dollars, depending on the specifics of
the case, However, OSHA's Cfflce of the Solicitor has indicated

4
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that the current policy 1s not to clte untll the dailly nolse
dose 1s 1.32 and not to requlre in gitu engineering controls
when the cost 1s more than $8,000 per worker., This figure is
within the range established by the OSHA Review Commission.

Table 1 summarizes the avallability and cost of in situ
controls for all of the machines studied. Even though Zn situ
controls are avallable for all of the machlnes except manual
melding machines, pneumatic hand tools, most drawframes, looms,
manual shakeouts, and induction furnaces, the operators of these
machines are not likely to be protected with <rn esZtu controls,
because of the high cost of such controls. We think that
in situ controls for most applications for the following machines
will be in excess of $8,000 per worker and won't be installed:
auteomatic screw machines, semlautomatic metal stamping presses,
planers, wood and metal saws, crawler tractors {(»150 hp),
spinning frames, twisters, some draw frames, and large chippers
and hogs. In situ controls are avallable at acceptable costs
for large and small hand-fed presses, automatic molding machines,
automatic shakeouts, furnaces {(crucible, cupola, and electric
arc), small chippers and hogs, pedestal grinders, tumblers, and

knitting machines.

3.3 New Noise-Reduced Machines

With respect to nolse, the population of new machines
offered for sale by the OEM can be divided intoe three basic
categorles:

+  All new machines of a partilicular type are qulite enough
to meet OSHA regquirements,

15
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TABLE 1. AVAILABILITY OF Iy SITU* CONTROLS.

Inc.

In Situ Controls
Available at
Acceptahle Cost

In Situ Controls
Available but at
Unacceptable Costt

No In Situ
Controls
Available

Automatic screw machine

Large and small
hand~fed presses

Semi-automatic presses

Large roughing planers
Smell finishing planers

Saws {wood and metal)

Cravler tractors
{>150 hp)

Automatic molding
machine

Manuasl molding mechine

Spinning frames

Twisters

Same prneumatic hand tools

Some draw f{rames

Mest draw fremes

Looms

Automatie shakeouts

Manual shakeouts

Furnaces: crucible
cupola
electric are

Inductien furnace

Small chippers and hogs

Large chipper's and hogs

Pedestral grinders

Tumblers

Knitting maechines

ORIEERY SRV AW ILT

¥In gitu controls include changing the acoustical charmcteristies of the work-
place with the use of faecillty treatments (such as barriers and room absorp-
tion), custom designed noise control treatments Tor the machine {such as
partial enclosures, mufflers, damping, and vibration isolation) and retrofit

kits from the OEM.
TIn a few instances, these machines can be gquieted at acceptable costs.

16
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* Some new machines are quiet encugh to meet OSHA require-

ments

+ No new machines are gulet enough to meet OSHA require-

ments.

The category "no new machines are quiet enough to meet OSHA
requirements," can be divided into two subcategories with regard
to the avallabllity of nolse control technology: Nolse control
technology 1ls avallable, or it is not available. Table 2 lists
new machines in the followlng categories: all nolse-reduced
machines, some noise-reduced machines, or no noise-reduced machines.
This table contains only those machines for which Zm si#u controls
are not avallable or for which they are tco expensive. Because

we selected for study nolsy machlnes in industries that have
chronlc noise problems, it 1s not surprising to find that none

of the machine types have been gquleted sufflcilently that all of
the OEMs coffer nolse-reduced machines. In flve of the machine
types, one or more of the OEMs provide scme versions of thelr
machines that will meet the O0SHA standard when operated. Another
seven machine types could be gquileted to meet OSHA requlrements
with avallable technology. Three cannot be guleted with avall-
able technology.

We also find that the market demand for new nolse-reduced
machines 1ls relatively slight 1in the category where some of
these machlnes are avallable for purchase. In discussions
with both user industries and OEMs, the fellowlng reascons have
been given for not purchasing nolse-reduced machines from the

OEM:

+ User industry deoesn't know about availability of nolse~

reduced machilnes.

17




sews Ry v s s shifulld

Tt i

Report No, 4330

Bolt Beranek and Newman

Inc.

TABLE 2. AVAILABILITY OF NFW NOISE-REDUCED MACHINES.
All No Noise-Reduced* Machines
Noise-
Reduced* Some Noise- Technology Technology
Machines Reduced* Machines Available Unavailablet

Automatic serew machines

Semi-automatic
presses

Lerge roughing and
small finishing planers

Wood saws

Metel saws

Crawler-tractors
(>150 hp)

Manual (Jolt squeeze)
molding mechine

Spinning
frames

Twisters

Some pneumatic hand tools

Looms

Drav frames

Induction
furnaces

IManual shakeouts

Large
chippers and
hogs

*The OEM has reduced the noise enocugh to meet OSHA recuirements under normal
operations.

1for the machine to be quieted,

the use of Zn gitu controls.

e i R e
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* User 1Industry knows about these machines, but 1s unwilling
to pay additlonal costs for noise control {crawler
tractor [>150 hpl, manual [jolt-sgueeze] moldling machine).

« User 1ndustry knows about these machines, is willling to
pay, but is unsure of the acoustlical results because:

- User 1s planning to install the new machine in
an exlsting facllity where other nolsy machines
wilill continue to cause overexposure {wood sSaws,
automatic screw machines).

- User has no rellable measurement method and pre-
diction procedure to ensure that once the new
machine 1s operational, the operator's exposure
wilill be in compliance (planers).

* User industry 1is more Interested in production increases,
guality contrel, and reliability than in nolse control;
thus, when the cholce must be made between two machlnes
(one with noise control and one wilthout)} industry is
most likely to pick the machine with the befter productlon
capacity, quality ceontrol, and rellabillity, including
the avallability of spare parts to the plant (planers,
erawler tractors [>150 hpl, manual [jolt-squeeze] molding
machine).

For those machines where technology 1s avallable for quieting
machines to meet the 0SHA standard, the followlng reasons have
been gilven to explain why original equipment manufacturers do
not design and builld quiet machines:

19
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There 15 a limlted demand for nolse control vy the user
(saws, chippers and hogs).

There 1s suffilcient demand for the OEM's machilnes without
nolse control. New orders for much industrial machinery
cannot be fllled for 6 to 18 months (planers, metal stamp-

ing presses).

The OEM has limlted capltal for research, development, and
design and currently gets az better return on 1lnvestment by
improving production, reliability, and quality of part pro-
duced than by providing nolse control. In addition, the
QOEM does not want to be the first to attempt noise control,
slnce that OEM will go to great expense to develop concepts
that wilill then bhe used at much less cost by other OEMs
(saws, automatic molding machines, draw frames).

The OEM ls often unaware of the avallability of the tech-~
nology, because the technilecal staff are often not experi-
enced In nelse control engineering (metal stamping presses).

Users are often loyal to a product line because of the
avallability of spare parts, familiarity with the CEM, and
confidence in the QEM; the 0EM recognizes that the customer
wlll probably continue to buy from the 0OEM even if their
products are the last to Incorporate noise contrecl features
(planers, saws, metal stamplng presses),

OEMs are reluctant to invest in nolse control because there
are no market forecasts 1lndicatling that users will buy that
feature {automatic molding machines, spinning frames,
twisters, metal stamplng presses),

20
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» Por some machines, neither the user nor the OEM has deter-
mined how to specify the nolse requirements for a noilse-
reduced machine.

Table 3 1lists the machines meeting the study criteria,
presents an estimate of the number of operators who are currently
overexposed, and summarizes 1nformation on the avallablllty of
in aittu controls, the acceptabllity of the costs, avallability
of COEM nolse-reduced machines, and availabllity of technology
to the OEM.

3.4 New Machine Regulatory Alternatives

Any estimate of the benefits of regulatory action are
directly dependent upon estimates of the turnover rate and the
growth rate of the user industrles. Research Triangle Instltute
estimated the stock of machlines in place and the U.3. consump-
ticon' of machines for each of the machlnes in our study for the
years 1886 to 1990. This information is presented in Appendix D
as "Industrial Machine Trends™. Using the stocl of machines in
place, the number of machines per operator, and the number of
shifts, BBN developed an estimate of the inecrease in the number
of* operators from 1986 to 1990; this represents expanslon of the
user industriles. Using the sum of the consumptlon of machines
for the years 1986, 1987, 1988, 19689, and 1990, the number of
machines per operator, and the number of shifts, BBN estimated
the maximum number of operators that could be impacted 1f all
of the new machines were nolse-reduced., This information 1s
summarized in Tahle 4.

The maximum number of operators that could benefit from new
nolse-reduced machines was developed, assuming that all new
machines will be utililized in new facilities and the operators

a2l
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TABLE 3. MACHINES MEETING STUDY SCREEMING CRITERIA (FILTERS A THROUGH J}.
Current Estimate of
Total Operators
Machine Overexposed ¥ Comments

Automatic Serew 21,000 In pitu controls are too expensive, Noilse-reduced

Machine machines are avediloshle bubt pgenerally esre not sold
because of' cost.

Eimlngt?mgtic(MetaJ 68,000 In situ controls are usually Loo expensive., HNoise-

H 9mp1ng‘ resses reduced machines oare not available but technology is.

Planers 20,000 In aitu controls are seldom fully utilized because
of cost, Nolse-reduced versions are
available Tor some applicatlons. Technolopy is
nvallable for most applications.

Wood Saws 183,000 In situ controls are too expenslve and sometimes
interfere with operation of machine, A few quieted
saws are availahle; technolegy is available,

Metal Saws 70,000 In gitu controls are too expensive., A few noise
reduced saws for limited applieations are avail-
able; technology is available.

Crawler Tractors 23,000 No Zn gitu controls. Nolse-reduced machines are

(>150 hp) avallable but largze quantities are not sold because
of cost, reliabllity of air conditiloning, and
induatry's reluctance.

Molding Machines 50,000 Single industry; in 8ftu controla are not available
for manual machines; quieter versions of manual
machines nre available; no quiet versions of auto-
matic machines, but technology 1s available,

Spinning Frames Wi 000 Single industry; in situ controls are not available;
no quieted machines, but technology is avallable.

Twisters 16,000 Single Industry; in s8itu controls are not available;

no quieted machine but technology is available.

#DPN Estimates based on machinery data and literature survey. Rounded to nearest thousand.
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TABLE 4. ESTIMATES OF IMPACT OF GROWTH AND TURNOVER OF NEW MACHINES ON THE NUMBER OF OPERATORS
QYEREXPOSED TO NOISE.
Stock of Machines Total Ho. of
No, af Typical In Place Increase in Machines Purchased Patential Maximum
M.u:hiuus{ Ho, of Ho, of Operators | For Use in U.S. Ho. of Operators
Machine Operator' | shires? 1986 1990 1986 to 1990° 1986 to 1990° Impacted by New Machines’

Aubomatic Scresw
HMachine 3 2 33,730 18,056 1,007 1h 005 9,331
MaLal Stampling 2.5 2 121,500 | 126,200 6,640 55,665 Wh,532
Presnen
Planera 0.67 1 33,924 | ho W8¢ 23,024 39,067 58,300
Haod Suwa 1.3 1 kol 500 | 703,165 160,512 185,111 1h2,393
Metnl Save 1.6 2 135,048 [ 213,138 98,363 160,246 200,300
Cravler Tractors 1 1. 55,650% 84 hg3* 43,253 37,677° 56,516
(>150 up)
Molding Huchineu 1 2 h1,750 | 57,007 3,10k 20 kol 56,808
Gplaning Frames It ] 63,208 | 75,089 11,860 20,01h 29,014
Twlaters ] L khio | 66,921 22,711 23,213 23,2113

L Bini entlnates based on machinary data and }iterature survey.
*RIL entimnten from Appendix D, Induustrial Machine Trenda.

3 |Bbock of Maehines in Place 1990 - Stgck of machines in Place 1966 Wo. of ahifts
No. of Machinen/Operntor : !

"Sum of U.5. connweptlon for yenrn 1986, 1987, 1908, 1983, and 1950 rrom Appendix D,

Total. .01, Consumption

o, Machines/Operalar

® No, of nhil‘tul

DIl cotlmustes for arnwler Lenctorn (150 hp) uning RPI's estimaten of growth and turnover.
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will not be exposed to nolse from other more nolsy machilnes.
Although some of the machines will go intoc such new facilitiles,
some will also go into existing (noisier) facillities. We have
no preclse way to estimate the percentage of new quilet machlnes
that will go into new facllities or into older facllitles where
nolse has been controlled. The column "Increase in Number of
Operators" in Table 4 represents expansion of the Industry.

These operators are llkely to be operating new nolse-reduced
machines. Thus, this flgure represents a minimum estimate of the
number of operators that will be operating nolse-reduced machilnes,
except for the ilnstance where the "Increase" figure 1s greater
than the "Maximum" figure. Thls occurs for wood saws. One
explanation of thils inconsistency 1s that the user industries
have excess capacity, and some of the new operators will be
operating older machinery. A more likely explanation 1s that
the differences are due to the large confldence Intervals of

the input data for the lumber and wood Iindustry. For thils case
the "Maximum" figure would appear to be the best estimate of

the number of operators that c¢ould beneflt. Table 5 summarilzes
the number of operators that could benefit from the introduction
of qulet machines into the workplace. Minimum, maximum, and
best-guess estimates are presented. The best-gueas estimates
are made recognlzing that some of the new machines will go inte
nolsy enviernments. As noted 1n Appendix D, the estimates are
most rellable for the metalworking industry, less rellable for
the textilile industry, and least rellable for the lumber and wood

industoy.

Another conslderation wlth regard to growth rate and turn-
over rate is that much of the U.3., capital steock 1s older than
that of other nations. Wlith the current politleal, economie,
and military climates, 1t is likely that many segments of

24
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TABLE 5. ESTIMATES OF THE NUMBER OF OPERATORS THAT CAN BENEFIT FROM THE
INTRODUCTION OF NOISE-REDUCED MACHINES INTO THE WORKPLACE.

Machine Minimum* |Maximum* iBest Guess
Autometic Secrew Machine 3,000 9,300 T,000
Metal Stamping Presses 6,600 kk 500 20,000
Planers 23,200 58,300 35,000
Saws, wood 142,400 | 1k2,boo | 142,400
Saws, metal 98,400 | 200,300 | 140,000
Crawler Treactors
(>150 hp) 43,300 56,500 50,000
Molding Machiﬁes 31,800 56,800 38,000
Spinning Frames 11,900 29,000 20,000
Twisters 22,700 23,200 23,000

Total 362,800 | 620,k00 | BTS,400
*Rounded

25
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American industry will go through a major rebuilding and renewal
process within the next two decades. The end result of such
actlons would be to increase significantly the turnover rate

of old machines, replacing them with more modern, efficilent
machines. If 2 regulatory program for industrial machine noise
emlsslons were in effect at that time, slgnificant benefits
could be derilved from such action, assuming that the cost
assoclated with complying with the regulation did not signi-~
ficantly alter the purchasing plans,

3.4,1 Potential benefits of Section 6 regulation

On the basis of the analysis presented 1in the previous
section, we find that the promulgation of not-to-exceed nolse
emissions regulations for these machines could bring relief to
roughly one-=half million of the operators of the machines in
the time frame from 1986 to 1980. Because industrial machinery
lasts for many years, not all of the operators of this fype
of machlnery will be beneflted before two to three decades,

depending on the growth rate.

In addition to providing bheneflt to the operators of new
machines, the development of noise-reduced machines by the CEM will
introduce the OEM to the concepts of nolse control. As a result
of having staff with skills in nolse control engineering, we
think the OEM will develop retrofldt kits for many of thelir
machines already in service. If the OEM were to develop such
retroflt kits, it is likely that thelr cost could be low encugh
to bring down the total cost of noise control per worker Lo
more acceptable values s¢ fthat OSEA could enforce retrofit.
Under these circumstances, the operators of exlsting machines
could be beneflted in a time perilecd shorter than otherwise

posslble,

26
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3.4.2 Potential benefits of Section 8 reqgulation

The promulgation of labeling requirements (either mandatory
or voluntary) pursuant to Sectlon 8 may result in a reduction
of nolse impact. However, there are no sclentific methods
avallable for estimating the benefits. This reduction could
occur as a result of the user purchasing the quletest machine
offered for sale. In addition, the user could use the noise
emissions Information to predict the nolse levels in the plant
and, as a result, the user could deslgn nolse control features
into the new facillity. Additionally, OSHA could make use of
labeled machlnery both 1in assessing the degree of compliance
within a plant and in developing agreements with companies or
industrles on the solution of noise preoblems by the time-phased
replacement of noisy machines with quilet machines,

In discussicons with users, we have learned that many would
like to have such information available. However, 1in most cases
there has not been sufficient incentive for the users or the
QEM to develop measurement standards that enable the 0EM to
measure the noise of the machline and the expecsure of the worker
under some "standard" operating conditions. In additlon, no
supporting documentation exilsts to enable the user to use the
reported measurements to estimate the neolse that will be
generated when the machine 1s operated in his plant under
different coperating condlitions. The development of adeguacte
measurement standards will requlre extensive effort and coopera-
tive Interaction between both OEM and industries, government,
and experlenced noise control englneers.

If machines were labeled according to Section 8, would such
labeling provide workers wlth greater awareness of the adverse
effects of noise and thus encourage more diligent use of per-
sonal hearing protection devices? There 1s little scientifilc

a7
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evidence to substantlate a position on whether or net such
labellng would be effective., In general, labels warning of
Imminent dangers seem to be more effective than labels warning
of' potential or future hazards. For example, a label warning
the punch press operator nect to put his hands in the die would
probably he heeded more than a2 label warning that the noise
generated by the punch press could have specific adverse effects
on the operator 1f he did not wear hearlng protection.

Theoretieally, the availability of nolse emission informa-
tlon to the worker should be of some benefit. Whether an EPA
label would result in a higher degree of awareness on the part
of the worker depends upon whether the workers are already
aware of the hazard and whether they belleve, and understand,
what they are told. We think that, by now, most workers are
aware that there is a concern about workplace ncise exposure.
Douglas Frazier, Presldent of the UAW, testifled that more comp-
laints are received about nolse 1in the workplace than about any
other occupational hazard [27]. Signs are posted in many noilsy
areas requiring workers to wear hearing protection while in the
area, To the extent that nolsy areas are not labeled and
workers are otherwise unaware of the harzard, an EPA label can
benefit. Although no definitive informatilon exlsts, we think
nolsy areas are generally posted.

Do workers belleve and understand the nature of the hazard?
On the basis of our observations of workers' use of hearing
proftectors, we suspect that few workers elther belleve what they
are told or fully understand the hazards involved, slnce many
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workers elther do not wear hearing protectors or wear them
improperly. Hearing protectors seem to be worn more freqguently
in plants with striect enforcement policies than in plants
without such policiles. A strict enforcement pollcy 1s a form
of educating the employee about the hazards of nolse. Other
forms of tralning and education might also ac¢complish thils same
obJective. An EPA label could be one element of thils training
and educatlon and could result in a hlgher degree of awareness
by the worker.

Would this higher degree of awareness result 1n more diligent
use of hearing protectors? If the label contained information
about the need to wear hearing protectors (as well as information
about the noise emisslons of the machine), we think workers
would be more likely to wear protecters than without such
Informatlon. Clearly, training and education about the hazards
of nolse and incentlves to wear the protectors willl be useful

, additlons to such a label., Disincentlves, such as uncomfortable

protectors, should be removed.

If machinery were labeled by the OEM, users would probably
take additional steps to ensure that the company's liabllity with
regard to future compensatlon claims is minimized. Such steps
might include a stricter enforcement policy and periodlcal screen-
ing of workers by means of audiometric testing.

3.4.3 Consideration of alternative types of source emission
regulations

The certainty of beneflts 1s greatest wilith a Section 6
regulation; leds with a mandatory labeling regulation, and least
with a voluntary labeling program. Heowever, it 1s not clear
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that the rate at which total benefits are achieved 1s proportional
to this order, because of finite limltations on regulstory

resources.

The nine machines that met the ecriteria in this study for
potential source regulatlon prebably represent conly a small
fraction of the total number of machines for which nolse c¢control
ls possilble only through new machines or retrofit kits. The
majority of these machine types vary significantly in size and
application, factors that must be considered 1ln developling
meaningful measurement procedures for any of these three
regulatory alternatives. These same factors further confound
the determinatlon of compliance with a Section & emilssion limit
regulation. Thus, for a specifled dedicatlion of regulatory
effort, we can anticipate that more machines coculd be covered
per year by a Sectlion 8 labeling apprecach than by a Section 6

emission limit approach.

Table 6 summarizes the necessary steps in developing
Sectlon 6 and Section 8 regulations. We observe that one of the
alternatlves open to EPA 1s to begln the regulation with a
voluntary Section 8 labeling program, alerting industry to the
possibllity that a Section 8§ mandatory labeling or a Section 6
not-to—-exceed emissions regulation will follow unless industry
1ls responsive to the voluntary program. This program could be
coupled with some of the alternatives discussed in the following

section.

3.5 Alternative Options

In addition to or instead of Section 6 or Sectilon 8 regu-
lations, there are other alternative options for reducing the
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TABLE 6. PROCESSES NECESSARY FOR REGULATING INDUSTRIAL MACHINERY.

Section 8
Item Section 6 |[Mandatory | Voluntary
Measurement criteria and procedures v v 4
Technology studies v
Economic studies Y
Regulatory analyses v

31
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exposure of workers to hazardous levels of nolse when Zn sgitu
controls are inapplicable. The follewing concepts will be
discussed in this section:

» (OSHA New Machine/Plant Policy
+ Economic Incentilves

+ Education and Training

« Demonstratlons

* Research and Development.

3.5.1 O0SHA new machine/piant policy

In some of the O3SHA lnvestigations of the nolse exposures
of workers in Industries that we studled in this program, the
cost of Zn situ controls was found to be above the $8,000-
per-worker-protected limit used by OSHA to determine the
acceptabillity of cost. In most of these situations, the solu-
tion was to require a hearing conservatlon program in lieu of
engilneering controls. Usually, no further action is required
on the part of the local plant or the corpcration. Thus, for
example, when a screw machine plant expands or when the cor-
poration bullds a new plant, there is no requirement to purchase
automatic screw machines that meet the OSHA nolse standard. The
opportunity presented by the ciltation and possible OSHRC hearing
could be.an ideal time to work out an agreement with the local
plant and the corpeoration that the next time a new automatlce
serew machine is purchased for the local plant or a new faclillty
is planned, the plant will purchase nolse-reduced machines -
paying the necessary premiums for the machines. Such a pollcy
would enhance the market for noilse-reduced machilnes, probably
lowering thelr relative cost, and accelerate the rate of
compllance and its protectlon of the workers.
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3.5.2 Economic incentives

One of the major reasons workers are still overexposed to
nolse in industry was found to be cost. The 1industriles using
the nine machines meeting the study eriteria could be encouraged
to comply with the standard and/or to introduce new machines
into the workplace through economic incentives or penaltles.

The followlng economic penaltles could be modlfied to accelerate
the Ilntroduction of these machines into the workplace.

+ Unions sometimes demand higher pay for hazardous exposure
to noise. A measure similar to the minimum-wage require-
ment, but desligned for hazardous work, cculd be establlished.

*+ Hearing loss claims are likely to continue to lnerease
in sige and total dollars expended. Federal and state
governments could develop consistent legislation for
compensation.

+ OSHA fines could be increased and made equal to the cost
of the nclse ccntrol treatments, and then the plant could
be requlred, to comply in addition to paying the fine. It
1s unlikely that the OSHRC would support this approach.

Economlec lncentlves could include:

« Accelerated depreciation schedules that would enable
the industry to write off the costs more quiceckly than
1s currently allowed. The limit in this approach would
be to allow the corporatlon to write off the total cost
of OSHA compliance as an expense during the year the
expendlitures occur.

« Tax credits that would be applied against the i1lncome tax

of the corporation. Such tax credits appear to be
possible 1n the area of environmental pollution control.
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» Inncovation and productivity and noilse control. During
our discussions wlth both OEMs and users of automatic
screw machines, productlvity Increases as a result cof
noilse control treatments have been reported. Innovation
centers to be funded by the Department of Commerce and
the National Academy of Scilence should be encouraged to
investigate the potentlal of productlivity increases
through noise control.

Clearly, incentlves, rather than penalties, are more likely to
produce the deslred result of more gqulet machines 1n the workplace.

3.5.3 Education and training

Many employees and employers do not understand the hazards
of exposure to noise or the means avallable to control worker
eXxposure through englneering controls or hearing conservatlon.
OSHA has made some progress with consultation programs [15]. In
these programs, industrial plants can receive a free consultation
from an OSHA contractor. The contracter lssues a report
identifying the coccupatlional safety and health hazards found
during the consultation visit. In additlion, suggestlons are
made for controlling the hazards. Contractors make follow-up
visits to ensure that the employer has made the necessary
modifications. No evaluation of the effectivensss of these

programs has been made to date.

OSHA has also attempted to communicate with workers through
various OSHA-sponscored programs. As with the consultation
programs, emphasis is placed on all of the occcupational safety
and health hazards. As a result, nolse control and hearing
conservation are often not gilven much emphasis.
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3.5.4 Research, development, and demonstration projects

When technology 1s not available to gulet new machines to
meet the OSHA nolse standard, additional effort is required,
glther to develop new ways to apply noise control engineering
principles to conventlonal machlne designs, or to develop
unconventicnal machine designs, 1ncluding appllcation of
entirely new processes. In elther event, 1t 1s unlikely that
fundamental research in acoustics 1s required to obtain an
englneering understanding of nolse source mechanisms, radiation,
and interactions.

To qulet the conventional machine (for example, semilauto-~
matle presses), redeslgns of various noilsy parts or funetions of
the machine may be required, based on sophisticated technical
analysis coupled with practical engineering know-how, so that
the new design can accomplish its funetion and incorporate the
required noise control. In instarices requiring the develépment
of new unconventlional machines (for example, looms), the nolse
control requirement should be made one of the objectlives of an
R and D program for a significant productivity breakthrough.
Both of these sltuatlons offer opportunities for innovatilve
federal R and D programs to lead to a more productive and "qulet"
industry in the Unlted States.

In earlier sections of this report, we have discussed situa-
tions where technology 1s available for designing quilet machines
but where, for variocus reasons, OEMs have net developed such
machlnes and are unllkely to develop them without outside moti-
vation and assistance. Examples of outslde assistance fto an
industry experiencing difflculty in complying wilith a noise
standard are the Bureau of Mines demonstration programs. Although
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focused on developlng retrofit techniques to control the noise,

the programs illustrate the necessary ingredients for a suc-

cessful program. The Bureau contracts with a noise control

englneering firm and the OEM and helps to arrange for close
cooperation bhetween the manufacturers and the coal milnes.

partnership in a cooperative prelationship among the machine
and the users can be

This

the nolse control englneers,

designers,
As concepts for nolse control are developed,

most effective.
the manufacturers and coal mines can comment immediately upecn

To the extent that lack of funds and

the impact of such ideas.
an EPA demon-

motivation prevent development of quiet machines,
stration program showing how avallable technology can be incor-

porated into a machine will be useful.
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APPENDIX A
STUDY CRITERIA TAKEN FROM EPA RFP WA 78-C297 (FILTERS)
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The given industry(s) and/or particular production process(s)
are in chronle viclation of present 0SHA standards.

The degree of difficulty user industries presently encounter
in meeting an eight (8) hour 90 dBA¥ environmental noilse
standard level and for which the most direct remedial actlon
on thelr part would be a request for administratlve controls,
applications for varlances, or other types of relief which
would permit to continued production of their products
without correction of the nolse vieclation.

The degree to which the noilse level of a glven work environ-
ment exceeds an elght (8) hour 90 dBA standard principally
because of the operation of a single type or class of
machine and for which insitu retrofit nocilse control 1s not
posslble or can only be achleved at extraordinary expense.

The commonality of a majJor nolse produclng plece of equip-
ment to multiple Industries or productilon processes.

The degree to which reduction of the noise level of the
identified type or class of machine would result in an
elght (8) hour environmental noise level equal to or less
than 90 dBA* as computed by the O0SHA formula.

On & national basils & minimum of 10,000 machine operators
and/or 50,000 peripheral workers are impacted by the noise
emlasion of the selected machine type of class and thus
would reallzme direct beneflt from nolse reduetion actions
on this specific device,

level of 90 dBA is intended as a screenlng tool in this

program to ascertaln the worse cases of worker exposures, It
1s not to be Interpreted as an EPA endorsement of thils level
for the future OSHA worker standard nor a prediction by EPA of
OSHA's final declslon on an appropriate level.
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The extent to which hearlng protective devices are required
while operatling or worklng In proximity to the selected
machines and the general worker response to this protectlve
measure. Of particular note should be those factors which
would lead to employee nonuse, or Intermittent use of hear-
ing protective devices because of the need to verbally
communicate wilth one another, discern audible signals in
the performance of their Jobhs, or the fact that nonneilse
environmental conditions 1.e. dust, temperatures, moisture
content, etec., result 1n physical discomfort from contlnued
use of hearing protectlve devices.

The first owner life of the identifled machlning 1is reia-
tilvely short, machine designs do not reflect currently
avallable noise contrel features, existing industry/
manufacturing process plans indicate an inerease 1in demand
for the selected machlines or other factors which might be
used as indicators of ilncreased noilse lmpact in terms of
severity and/or extensilveness through lncreases in machine

peopulation.

There are currently avallable quieted verslons of the
selected machine which are capable of meeting an elght (8)
hour 90 dBA nolse level requirement but for specific
reasons (to be determined) by contractor do not make up

& large percentage of machines currently in use or beilng
sold.

There 1is avallable approprlate nolse abatement technology
which can be applled to the selected machine but for unknown
reasons (to be determined in detail by the Contractor) has
not been applied to the selected machine.
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The promulgation of a not-to-exceed noise emission regu-~
latlon pursuant to Sectlon 6 of the Noise Control Act would
in all likelihood bring relief to the expcsed worker popu-
latlon wlthin a perilod of filve years.

The promulgatlon of nolse labeling reguirements pursuant

to Section 8 of the Act, would, for the selected machines
result in a reductlion of noise impact on a portlion of the
presently exposed work force either as a result of con-
sideration of the noilse emission properties in the selection
of the particular machlnes or in the cholce of its location
within a glven plant layout. The Contractor should deter-
mine in detaill why this information 1s not now available

to purchasers and plant layout planners.

The avallabllity of nolse level information to the operator
and peripheral workers in the form of nolse emission labels,
would result in a higher degree of awareness to the adverse
effects of nolse and thus encourage dlligent use of personal
hearing protection devices.
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APPENDIX B
SUMMARY OF NOISE-RELATED INSPECTIONS BY O0OSHA
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SUMMARY OF NOISE RELATED INSPECTIONS BY OSHA (July 1972 — April 1979).

No. ~ SIC
1 3300-3399
2 2400-2499
3 22112299
4 3400-3499
5 3000-3079
6 3110~3199
7 2600-2661
8 3200-3299
9 2010-2099

10 3710-3799
11 3612-3699

12 2911-2999

13 3911-3999

14 2500-2599

15 2800-2899

16 2710-2793

17 3511-3599

18 1011-1499

19 3811-3873

20 4910-4961

21 9199-9999

22 7620-7699

23 6311-6331

24 3910-5999

25 5611-5699

26 6510-6553

27 5110-5199

28 5010-5099

Na. Violation
Inspections Rate

3,992 41 %
4,727 36
1,456 25
8,378 25
2,633 25
677 24
2,135 24
2,658 23
4,415 22
2,860 20
2,783 18
351 17
1,708 16
2,123 16
2,032 14
1,337 13
5,773 13
334 11
712 10
262 9
14 7
434 7
16 )
168 5
43 5
44 4
1,139 4
1,781 4

B-2

Industry
Primary Metal

Lumber & Wood

Textile

Fabricated Metal

Rubber

Leather

Paper & Aliied Products
Stone, Clay, Glass & Conc.
Food & Kindred Products
Transportation Equipment
Electrical & Electronic Equip.
Petroleum

Misc. Manufaecturers Industry
Furniture

Chemicals & Allied Products
Printing, Publishing
Machinery, Except Electrical
Metal Mining

Instruments

Electric, Gas & Sanitary
Exec. Legislature & Gen. Govt.
Misc. Repair Services
Insurance

Misc. Retail

Apparel & Accessory Stores
Real Estate

Wholesale Trade (Durable)
Wholesale Trade (Non~Durable)
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SUMMARY OF NOISE RELATED INSPECTIONS BY OSHA (July 1972 — April 1879) (Cont.)

No.

29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44

45

46

sIC
7300-7399
4£000-4899
1500-1799
7510-7549
2311-2399
0000~-0913
5210-5271
8010-8999
7920-7999
5800-5813
5410-5499
5510-5590
7210-7299
5310-5399
2111-2141
5710-5733

6011-6794

7010-8111
Total

No.
Inspections

Violation

Rate

324
2,099
4,166

768

989

436

647

376

106

131

572
1,738

311

364

30

111

43

168
68,907

3

RN W oW W oW W

[ )

[
m |O

.5

4

Industry

Business Services

Railread Transportation
Construction

Auto Repair Service & Garage
Apparel

Agriculture, Forestry & Fishing
Building Materials (Retail Trade)
Health Serv., Legal Serv., etc.
Amusement & Recreatilon Serv.
Bating & Drinking

Food stores

Auto Dealers & Gas. Serv., Sta.
Personal Services

General Merchandise Stores
Tobacco

Furniture, Home Furnishings, and
Equipment Stores

Finance, Insurauce, and Real
Estate

Services
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APPENDIX C

Appendices C.1 through C.1l9 summarize the information about
each of the studled machines, 1n response to Fllters a, b, c, 4,
e, I'y 1, and j.

APPENDIX C.1
ANALYSIS OF AUTOMATIC SCREW MACHINES
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RESPONSE

FILTER b

RESPONSE

4330 Bolt Beranek and Newman Inc.

The given industry(s) and/or particular production
process(s) are in chronle violation of present OSHA
standards.

Artieles on screw machine noise date bhaclk to 1955;
vendors have been selling nolse controls ('"guiet
stock tubes'") since the 1950s (see attached biblio-
graphy).

QOSHA violation rate in principal user industry
(8IC 345, Screw Machine Products) 1s 38%, based
on 555 inspections.

Manufacturers have been working on preblem since
the early 1970s.

The degree cof difficulty user Iindustries presently
encounter Iln meeting an eight-hour 90 dBA environ-
mental noise standard level and for which the most
direct remedial actlon on thelr vart would be a
request for adminlistrative contrels, appllcatilons
for variances, or other types of relief which would
permit the continued production of their products
wlthout correction of the noise violation.

Although the user industry and the OEMs have been
working on the problems, the user industry still
experiences difficulty in complyling with the
standard.
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FILTER c.

RESPQONSE
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The degree to which the nolse level of a glven work
environment exceeds an eight {8) hour 90 dBA standard
principally because of the operatilon of a single type
or class of machiline and for which Zn situ retrofit
nolse control 1s not possible or can only be achleved
at extraordinary expense.

These machilnes are typileally lined up in rows; however,
in some smaller user companles they may be interspersed
or located in the midst ¢of other nolsy equipment such
as grinders, presses, ete.

Individual machine nolse emlsslons usually dominate
local nolse envirconments, but reverberant levels are
also important.

Operators generally tend several machines slimultaneously
{(average 18 about 3 mach/worker, but single worker may
tend up to 8 machines on occasion).

Machine noise sources are (1) stock rattling 1inslde
stock carrier, (2) cutting noise, (3) drive train
(including gearing).

Davenport, Nationazl Acme both sell retrofit klts which
reduce noise to below 90 dB(A).

Davenport has sold 1000 kits (to 4/79) at cost of
$4000/machine (45721 with oll control gonversion -
present cost 1s 360445,

-3
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* Only two cases of the more than 200 OSHRC decisions
concerned screw machines: 13490 (KLI, Inc.) which
was contested on economlec feasibility grounds
{%11,200/employee to quiet 14 machines), awalting
final ruling; 78-5910-E (IBEW Local 1031 — Stewart
Warner), for which economie and technical feasibility
for contrels were established.

+ The cost per worker can exceed the $8000/worlker OSHA
1imit and thus these treatments can be considered
extraordilnarlly expensive.

FILTER d. The commonality of a major nolse producing piece of
equipment to multiple industries of production

processes,

RESPONSE

The 12th Annual American Machinigt Inventory (AMI)
reports that the automatic screw machlines are used
in the followling industries:

SIC Code No. of Machines

25 40
33 856
34 25,641
35 17,573
36 4,778
37 7,060
38 65,186
39 598
Total 62,732
j
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The degree to which reduction of the nolse level of
the ldentifiled type or e¢lass of machine weoculd result
in an eight (8) hour environmental nolse level equal
to or less than 90 DBA¥ as computed by the OSHA

formula.

The nolse exposure of automatlc screw machlne operators
1s caused entirely by screw machlnes in most environ-
ments, particularly for large companles.

If the noise levels of the automatic screw machine
were reduced, the exposure of these operators would
be brought into compliance.

On a national baslis a minimum of 10,000 machine
operators and/or 50,000 peripheral workers are
impacted by the nolse emission of the selected
machine type or class and thus wonuld realize direct
beneflt from nolse reductlon actlons on this specific

device.

The Department of Commerce, Bureau of the Census,
Occupation by Industry {for 1970 includes screw
machine operators under category of precision
machinery operatives, for which there are 4872
workers.

According to 12th AMI, there are 62,732 screw machines
in the metalwerking industry. Assuming three machines
per worker, there should be at least 20,900 screw
machine cperators.
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Few peripheral workers should be lmpacted.
Not consldered for each machine.
See Appendix D, Industrial Machine Trends,.

There are currently avallable quieted versions of
the selected machine whilch are capable of meeting

an elght hour, 90 dBA noise level requirement but

for specific reasons (to be determined by contractor)
do not make up a large percéentage of machines
currently in use or beilng sold.

Large companies speclfy nolse emissions for new
equipment; small companies generally do not, but
QEMs report that more small companles seem to be
specifying not-te-exceed limits.

Brown and Sharp and Cone/Blanchard sell maechines with
nolse reductlon incorpcrated into the machine.

Roughly 25 to 35% of Davenport's sales are for
versions with noise control incorporated.

More of these machines are not purchased because the
user company installs the new machine in a nolsy
area; the workers cannot "hear" the new machine and
thus they leave nolse control panels open. OEMs also
report that users' management is generally lax about
enforcing operation with noise coptrols in place.

Cc~6
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QOEMs alsc report that some users have indlcated that
they accomplish a small productlvity increase as a
result of using quieter machinery.

There 1s avallable appropriate nolse abatement tech-
nology which can be applied to the selected machilne
but for unknown reasons (to be determined 1n detail
by the Contractor) has not been applied to the
selected machlne.

Currently avalilable technology has been zpplied by
the OEM.
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BIBLIOGRAPHY FOR AUTOMATIC SCREW MACHINES

Yerges, L.F., "Control the Nolse — or the Exposure?” Sound and
Vibration, Vol. 11, No. 9, Sept. 1677, pp. 12-14
(abbreviated screw machine case history involving quiet
stock tubes, room treatment, operator booths).

Sandferd, J.E., "Industry's Quiet Rush to Silence," Iron Age
12/16/71, pp. 78-78 (mentions enclesure produces 18 dBa
nolse reduction from 108 tc 80 4BA — no specifics).

Hall, A., "Plastics put the Damper on Noilse," Modern Plastica,
Vol. 49, No. 7, 7/72, pp. 42-45 (mentions stock tubes
replaced wilth proprietary plastic bought from Commercial
Plastics and Supply Co., Baltimore — reduces nolse 6-16 dB).

Schweltzer, B.J., "A Silent Stock Tube for Automatic Screw
Machines," Noige Control, March 1956, pp. 14-17 (desecribes
lab and fleld noise reduction obtalnable for single
spindle machines by using Corlett-Turner Co.,, Chicago,

CT Silent Stock Tubes; field-obtained nocise reductions
restricted to 1000 Hz and above because of nolse from

other machine sources).

Lee, G.L. gt al., "The Control of Nolse Produced by Bar Auto-
matic Lathe," Ann. Ocoupational Hygiene, Vol., 14 (1971},
Pp. 337-343 (describes exposure with and noise reduction
from 96-110 dBA to 87-92 dBA by using nylon liners. Un-
defined octave band noise reductlon for nylon lined tubes
compared with commercially avallable quiet feed stock
tubes. .

Bourne, J.C., "Noise Control Hood for the Davenport Automatilec,"
Sound and Vibration, Nov. 1974, pp. 22-27 (describes
development and features of integral machine enclosure
and its effectiveness 1in gquleting the machine).

Annon., Socund and Vibration News, Legal Briefs, KL1, Inec.,
Sound and Vibration, March 1978 (describes commission

ruling).

Hart, P.D., "Industrial Noise Control: Some Case Hilstorles,"
Vol. 1, NTIS2 NT% 19472, 1974.
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BIBLIOGRAPHY (Cont.)

Meteer, C.L., "Workable Solutions to Common Machinery Noilse
Problems," Pol. Eng., January 1974, pp. 43-45 (azpproaches
for noilse due to turret lathes. Suggests 80-90% of screw
machine problems can be solved via 5 approaches: partial
enclosure of cutting area and/or stock tubes, damp gear
housing and machine panels, damp stock tubes, vibrationally
isolate lathe).

Not reviewed:
"Nolse Reduction of an Acoustical Stock Tube for Screw Machine,"

Report No. 1, Chicago Illinols Institute of Tech., 1955
{no copy 1s available).
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APPENDIX C.2
ANALYSIS OF METAL STAMPING PRESSES
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#The figure of 78.2% is for all metalforming tcools estimated 1in
the 12th American Machinigt Inventory, McGraw-H11l Inc., 1978,

to be in
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The glven industry{s) and/cr particular production
process(s) are in chronic violaticn of present 03HA

standards.

All available informatlon on mechanlceal stamplng
presses indlicates that such machines create worker
exposures that are in chroniec violatlon of present
OSHA standards. At least 50% of the presses 1in the
metalworking industries, about 135,000 presses, are
responsible for causing OSHA violations. Most of
these machines are semlautomatlc presses for
mechanlcal stamping.

OSHA has quantitative data on chronie violatilon of
the O0SHA nolse standard. The data are in the form
of violation rates of different manufacturing
industprles. These rates are based on the number of
inspectleon visits and nolse citatlons issued for
each industry, listed by SIC code, during the past
seven years. Table 1 summarizes the data for eight
metalworking industries, which together use about
78.2% of the total of mechanical presses.® The
table shows a comnparison of the violation rates in
those industriles to the range and mean vieclation
rates for industry as a whole.

the metalworking industry. We assume the sanme

percentage appllies to presses as a category of metalferming

tool.
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TABLE 1. NOISE STANDARD VIOLATION RATES FOR EIGHT METALWORKING INDUSTRIES.

No. of Violation Rate

SIC Mechanical Presses* (%)7*

FRange for ell Manufacturing Industries 0 —41
Mean of Range 18
25 (Metal furniture) 8,804 16
33 (Primary metals) 6,851 L1
34 (Metal fabrication) 103,961 25
346 {Forgings and Stampings) 39,000 31
35 (Maehinery, except electrical) 29,100 13
36 (Electrical mechinery) k3,115 18
37 (Traensportation equipment) 2k,000 20
38 (Measuring equipment) 6,407 10
39 (Misc. mfg. industries) 8,423 16

Total for Metalworking Industries 230,661

#]12th Ameriecan Machinist Inventory, MeGraw-Hill, Inc., 1978, not including
presses in plants employing under 20 workers {roughly 5% of the total plants
end 5% of the total employees).

Noise-Related Inspections, July 1972 - April 1979, OSHA. The viclation rate
is the number of citetions divided by the number of inspections. These data
are only for industries with more than 100 inspections.

1-

These data suggest that press user industries,
especlally SICs 33, 34, and 37, do have problems i1n
c¢omplying with the QOSHA standard. However, the data
do not glve us a complete plecture of the problems in
these industrles. For example, the information tells
us nelther which machines in the industries cause the
nolse problem (because there are many categorles of
nolsy equipment used in these Ilndustries in addition
to presses), nor the real incldence of nolse problems
{O8HA inspectors do not always investigate entire
plants). Nevertheless, the consensus among all con-
sultants and industry members familiar with presses

P
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is that the nolse problem associated with mechanilcal
stamplng presses 1s pervasive and long-standing.

This conclusion is based on expert oplnlon of noise
consultants (BBN and others) and the opinion of
irdustry experts expressed at regulatory hearings,

in artiecles, and in prilvate communications. 1In
addition, there i1s a much visible activity concerning
press nolse, lncluding:

* Widespread recognition that the punch press
causes workplace nolse problems, demonstrated
by the fact that research programs specifically
addressing press nolse have been supported
worldwide (nine foreign programs, one in the
U.s.)

* Industry-sponsored research programs (QORC
plus others not made public)

« Articles on the tople (more artlcles are written
about presses that about any other single
category of tended equlpment)

+ Attempts by noilse control product vendors and
press manufacturers to market devices specil-
flcally to control press nolse,

The degree of difflculty user industries presently
encounter in meeting an elght-~hour (8) 90-dBA
environmental nolse standard level and for which the
most direct remedial action on thelr part would be a
request for administratlve controls, appllications for
varlances, or other types of relief which would permit
the continued production of their products without
correctlon of the noise violatilon.

Cc-14
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Industries that use mechanical stampling presses
encounter serious difficulties in meeting the 8-hr,
90-dB(A) OS8HA necise standard. The major difficulties
are the high implementation costs of available treat-
ments and the complexity of the treatments needed tc
correct noise problems, Assuming that no change
occeurs 1n the conditlons that might influence the
Installaticen of engineered controls, we estlmate
users willl quiet only small numbers of presses to
meet OSHA requirements.

In publie¢ statements, private sector industriles
express difficulty in bringing stamping presses 1nto
compliance with 0SHA standards. Many of these
difficulties have been expressed at DOL hearings.
The c¢laims range from complalnts that the advice
from noise controcl experts deesn't worlk to statements
that lmplementing contrels would be so expensive it
would put f£irms out of buslness. Although not all
the claims are equally valid, we conclude that many
of the Industry's fears about the effects of these
costs on thelr operations are well founded, and

that they often cannot afford the costs associated
with reducing noise.

The degree to which the nolse level of a given work
environment exceeds an eight (8) hour 90 dBA standard
principally because of the operation of a single type
or class of machine and for which irn situ retrofitc
nolse centrol 1s not possible or can only be achleved
at extraordinary expense.
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To analyze press noelse problems, we have established
three categorles of press types: These are:

+ Large hand-fed presses (300 tons and over),
which usually do not cause a violation of QSHA
nolse standards, but can cause a violation 1f
they are in disrepair and can contribute to a
violation 1f they are used in conjJunctlon with
other presses or nolsy auxlllary operations

= Small hand-fed presses (under 300 tons), which
usually do not cause a violation of OSHA noise
standards, but can contribute to a violation if
they are used 1ln conJunction with other presses
or nolsy auxiliary operaticns

+  Semiautomatic presses {of all capacities), which
often cause OSHA problems.

None of the published statistical datz on number of
presses breaks down the numbers by these press
categories. We do not have published data, for example,
on how many "gap" presses fall into the small hand-fed
class or into the semlautomatlic class. On the basis

of & general revlew of about 50 separate studies
performad by BBN invelving mechanical stamplng presses
in all kinds of plants, we estimate that the distribu-
tlon of press classes is as follows:

large hand-fed presses 10%
small hand-fed presses 30%
semiautomatic presses 60%
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Until further analysils is performed, we wlll assume
that thls distribution applies throughout the user
industries, In Table 2, we combine the assumed
distribution of press types with other information

to produce an estimate of the total number of presses
capable of causing an OSHA noilse violation.

TABLE 2. ESTIMATES OF PRESSES CAUSING OSHA NOISE PROBLEMS.

Estimated Estimated Number of
Likelihood of | Presses Capable of
Prass % of Number of |Violating OSHA | Causing OSHA Noise
Category Total! | Press Type? Standard Problems®
Large hand-fed® | 10 23,066 50%° 11,533
Small hend-fed’ 30 69,198 2543 17,300
Semtautomatic® 60 138,397 76.8%"4 106,268
Total 100 230,661 135,121 of 230,661 = 58.6%

18BY estimate.

*Total is from the 12th American Machinist Inventory, McGraw-Hill, Ine,,
1978, and is only for the metalworking industry sector; it does not
include small facilities in that sector.

% Includes either exposure to continuous noise or to impulsive noise.

“Developed from data in "Noise in Press Sheps,” A.G. Herbert, Inter-Noise
79, pp. 200-313.

51n metalworking industries.

Nolse levels attributable to semiautomatic press
operations range from 90 to 110 dB(A). Both kinds
of hand-fed presses are quleter than semlautomatic
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presses, usually ranging from 85 to 95 dB(A) when
measured lsolated from the nolise of surrcunding
equipment.¥

The best published source of data on the noise of
presses 1s a recent British survey+ of’ press nolse
in 25 different large-press facilities. This paper
presents the distribution of sound level by the

number of presses., The energy mean of the distribution

is 99 dB(A) and the arlthmetlc mean is 96 dB(A) (see
Fig. 1). The article does not identify the press
types 1nvestigated. The results reported, however,
are conglstent with our experlence 1If we assume that
the lower levels reported are measures of hand-fed
press noise and the higher levels measures of seml-

automatic press ncise.

There 15 little other published information on werker
exposure to punch press nolse, and the avallable data
do neot 1nclude all types of semlautomatic presses.

Approximately 7B% of all stampling preszes are used

in plants employing more than 50 people. In these
large operations, presses are usually segregated from
other Kinds of operations and machines, so that the
only ncise present is from the presses and from

#These ranges are in terms of Losga values. Leq values for
press nolses will be higher than when measured in accordance
with OSHA, by 0 to 3 dB for semiautomatlic presses (which emit
essentlally continuous noilse), and by more than 3 d¢B for hand-
fed presses {which emit more impulsive noises),

+Herbert, A.G., "Noise in Press Shops," Inter-Noigse 73, pp. 309-

31.3.

g i
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FIG. 1. DISTRIBUTION OF PRESS NOISE LEVELS.
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peripheral support equlpment, primarily nonveyors

and occasionally HVAC equlpment. In most cases,

only the press noise is significant. Thus, we can
conclude that presses, as a single type of class of
machines, are the principal cause of the 0SHA nolse
violatlons 1n large operations. The 22% of presses
in smaller plants are 1n situations ranging from
those in whlch press noise 1s the only important
nolse to those in which it 1s only one of many nolses.

As discussed below, we estimate that only 20,295
of the total of 135,121 presses can be controlled
with Zin si#u controls. The remaining 114,826 can
be controlled only at extraordinary expense.

Follewing 1s a detalled analysis, for each press
type, of (1) the kinds of noise controls available
to the user to bring his plant into compliance with
OSHA standards, and (2) the feasibility of implementing
these controls. Cost is a key factor in determining
feasibllity of implementation of controls. In this
analysis, over 240 OSHRC decisions about contested
nolse vibrations were examined. Of these, 14 are
press nolse violations. According to the record,
economlic feasibility is apparently determined on a
case-~by-casls basis. The cases studled indicate
that controls costing bhetween $3000 and $8000% ner
benefited production woerker will probably be con-
sidered economlcally feasible in most 1nstances,

#Recent discussions with OSHA personnel indicate that the OSHA

solicitor will drop the cltation in any case where the cost 1s
greater than $8000 per benefited production worken.

c-20
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Semiautomatie Presges

Semiautomatic presses in the metalworking industry
have nolse problems because of sounds in the immedlate
vicinity of the dle/workplece polnt of interaction.
Other parts of the press or ancillary eguipment
contribute less neolse to press operations. To solve
the nolse problem, users must flrst control dle-area
nolse. However, control of the die area alone will
provide only small amounts of noise reduction,
approaching an average of 4 dB for typlcal user-
designed and instzalled die-bed enclosures.¥® Only
35,1423'l~ semlautomatic presses have a nolse level of
94 dB(A) or less, and therefore, only these could be
trought into compllance by dile-bed enclosures alone.

Regarding the presses for which dlie-bed enclosures
might solve the noise procblem, the following analysis
applies., The dile-bed enclosure 1s a treatment that
surrounds the dle area and 1s attached to the press.
Effective dle-bed enclosures have cost arcund $3,000
each.*¥ We estimate they could solve the problem

®6 dB or more 1f fully integrated with the basic press design.
Because the user must deal with the press as furnished by the
supplier, he must usually compromlse some noise contrel feature
in order to fit 1t to the press or get the press to function
with the nolse control feature in place.

TDeveloped from data in "Nolse in Press Shops," A.G. Herbert,
Inter-Noise 7%, pp. 309-313.

¥

This is a typical installed-cost figure for our cllents that have

built them, and the cost Iincludes the design work done by the user
and supervised by us. Somewhat higher costs would be incurred by
users who do not have the 1In-house capacilty to do the design work.
The cost does not include prototype development which might be
needed by facilitles unfamillar with retrofitting acoustic desligns,

U —

c-21
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for close to 100% of the cases marginally in viclation.
We also estimate that only about 10% of press ncise
problems will be solved in this way. Most press

users wlll not install dile-bed enclosures for the
following reasons:

*+ The treatment must be custom-designed to each
model of the press line. Many users, especially
smaller facilities, will probably be unable to
transfer the concept effectively from available
case histories to hardware design. They will
have to lncur the costs and uncertainties of
a treatment development program Iin addition to
the costs of lmplementation.

» Current published data are insufficlent to
provide adequate Information about the effective-
ness of such controls. Therefore, plant engineers
cannot convince thelr managers that expenditures
for these controls are worthwhlle.

: + Because of limited publiicity abocut the avalilabllity

E of noise contrels, small plants, and even scme
larger ones, may be unaware that this technology
exlsts.

« 8ilnce the dlie-bed enclosure treatment I1s usually
not sufficlent to reduce the exposure tc an
OSHA-zacceptable level, users may be unwillling
to consider it.

Regarding the presses for which a die-bed enclosure
is an inadequate neoise control, the following analysis
applies. In addition to the die-bed area nolse, there

WAt bhir 2 i A e
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will be excessive noise caused chiefly by vibratlons
of the entire press structure, imparted to the press
frame by lmpacts in the die area and aglong other parts
of' the ram drive train. Nolse of the pneumatic
exhausts or parts ejectors, or cf the eed mechanism
or clutch/brake assembly might also cause excessive
nolse. Sufficient control of remaining noise can
only be achleved by modifying the baslc press com-
ponents or by enclosing the entire press. Ruling out
modlrications as a form of control to he attempted

by the press user, estimating the difficulty of
meeting nolse standards for semiautomatice presses
entalils an evaluation of the feasibhility of total
enclosure.

Most users, we belleve, would admit to the technical
feasibllity of total enclosures, but the available
data suggest that few would be willling to admit to
the economiec feasibility of such a treatment.

Assumling that additional plant space 1s not needed,
total enclosures initially cost between $2,600 and
$19,000, depending on press size, and they average
about $10,000 each. There are addlticnal, lesser,
recurring costs from reduced productivity caused by
the presence of the enclosure. Assuming that presses
usually operate over two shilfts and one worker runs
about 2.5 presses on average,® thls works out to about
$12,500 per benefited worker. This figure is greater
than typical figures that the courts have declded

are economically feasible.

#Based on BBN data.
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On the basis of thils analysis of possible treatments
for semlautomatic presses, we conclude that no more
than 10% (10,629) of the semlautomatic presses will

be qulieted with total enclosures. OFf the 35,423
semlautomatic presses with marginal [94 dB(A)or lower]
nelse problems, no more than 10% will be guieted with
die~bed enclosures. Thus, a total of 14,171 semi-
automatiec presses will be guileted, leaving 62,117

unguleted. Table 3 summarizes our estimates for the

number cf presses that wlll be quleted.

TABLE 3. ESTIMATE OF NUMBER OF PRESSES TO BE BROUGHT INTO COMPLIANCE.

Number Number Likely
Causing to be Brought
Problem j{into Compliance

o a8 b b e et ey

Semisutomatic presses 106,288 14,171
Small hand-fed presses 17,300 5,124
Large hand-fed presses 11,533 1,000
Total 135,121 20,295

Small Hand-fed Presszes

Smali hand-fed presses cause 0SHA nolse problems
when: (1) They are used in a mass-production opera-
tion in whiech the cyelic nolse of the press ocours
often, and (2) the cyclic nolse is at a relatively
high level. We estimate that these two factors
combline in 28% of the instances of small hand-fed
press use for about 17,300 presses. The hlgh nolse
levels of these presses may be due to cluteh and
brake Impacts, die Impacts, pneumatic exhausts, or

parts ejectors.
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If the press is small, the operator 1s usually seated
in front of the machine. Exposure to die noise from
the worker's own press can be reduced by transparent
nolse barriers inserted in front of the operator's
face. If the press 1s larger, the operator usually
stands 1ln front of the machine. In thils case, a
shieldlng system is avallable that opens the dle area
during the feeding part of the press cycle and closes
the area before and during the press ram descent.
Varlous combinatlons of partitions and room treat-
ments may be needed 1f many presses in close quarters

are involved.

Pneumatic exhaust noise can be quieted with commer-
cially avallahle muiflers.

Parts ejection nolse can be attenuated by usling
commereclally available alr-release timlng mechanisms
or by uslng mechanical knockouts.

Cluteh/brake mechanism noise can be quileted by in-
stalling barriers or partial enclosures around those
mechanisms. Here, alsc, various combinaticns of
partitions and room treatments may be needed 1f many
presses in close quarters are invelved.

The difficulties in meeting OSHA requirements for
these presses lie in (1) analyzing the problem,

{2) accepting the changes in procedures or physlcal
presence of treatments, and (3) the costs.

We think the cost 1s the most signifilcant problem.

On the basls of the above analysils, total costs
should not be more than $3,000 per benefited worker —
a cost we would expect the courts to view as economi-
cally feasible.




—rmer BpR XY SV DL

Report No.

4330 Bolt Beranek and Newman Inc.

Note, however, that a portlon of these hand-fed presses
are located 1n areas where there are other nolsy
machines (including banks of semiautomatic presses,

for example). These other machines would also have

to be treated to achleve the potential beneflt of the
hand-fed press treatments. According the the American
Machinist Inventory, 78.2% of the total number of
presses are 1ln plants employlng 50 or more workers,
where press areas are likely to be segregated from
other plant areas. Silnce data do not exlst for the
distribution of types of presses across plants by
employment size, we assume that small hand~fed presses
wlll be distributed as are all presses: 78.2% in

areas where other equipment - principally semiautomatlc
presses — are also used, and 21.8% in areas where

only small hand-fed presses are used.

Thus, 1n areas where only small hand-fed presses are
used, 3,771 presses (21.8% of 17,300) can be quleted.
The remalning 13,528 small hand-fed presses are
located in areas wlth other presses. Since sound
levels around these presses are influenced by other
sources 90% of the time (102 could be cuieted with
total enclosures), only 10% (1,353) of these 13,528
small hand-fed presses can be gquieted with the mech-
anisms previously described. In summary, there are
5,124 (3,771+1,353) instances where small hand-fed
presses can be quieted, leaving 12,175 1ln violatien
of" OSHA regulations. If all semjautomatic presses
that could be guileted were quieted, 90% (12,175) of
the 13,528 small hand-fed presses could also be gquleted.
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Under these circumstances, 15,946 (3,771 + 90% of
13,528) could be gquieted, leaving 1,353 in violatlon
of OSEA regulations.

Large Hand-fed Presses

Large hand-fed presses Individuzliy cause O0SHA nolse
problems when they wear or when material-handling
noise 1s significant. When worn parts are responsible
for the nolse, the solution is usually strazightforward,
requliring component or machlne replacement. However,
this se¢lution is not always feasible, because the

part may be unavailable or the costs unjustifiable,
considering the age of the machine. Occasionally, it
may bhe cost-effective and technically feasible to
encase the offending part. Material-handllng noise

1s a more difficult problem to solve. Possible solu-
tions include automating the operation or redeslgning
the material flow so that materlal-handling nolse can
be segregated from the workers. Elther solution 1s
viewed as usually beilng a significant process change
(especially for existing plants, where labor would
obJject to automation and where the 1likelihood of
changing equipment laycut 1s small).

When the problem 1s due to the noise impulse alone,

it may be possible to shield workers with a nolse
barrier. We see thls as the only instance where the
03HA noilse problem for large hand-fed procsses has a
reallstic chance of being solved. Also, since large
hand-fed presses may be used in areas where semi-
automatic units are found, the number of large presses
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that can be made te meet OSHA requirements will be a
small portion of the 11,533 total of this class of
press — probably ne more than 1,000 Individual units.

The commonality of a major noise produclng plece of
equipment to multiple Industries or production
processes.

Mechanlcal stamping presses are used throughout
industry, and the nolse problems caused by these
machines are similar In each Ilndustry.

The latest inventory® presents the 1978 distribution
of mechanical stamping presses across major two-digit
SIC industry groupings that manufacture items made

of or with sheet metal components. These data are
summarized in Table 4. They are based on an extensive
survey of those industries, except for small plants,

employing fewer than 20 people.

In addition, Derartment of Commerce census+ data

indicate that mechanical stamping press workers are
found in lesser numbers in 19 other two-diglt SIC
industries. These workers operate the same press
models and have roughly simllar nocilse exposures, but
they process plastics, linocleum, or cother materials
instead of sheet metal.

#12th American Machinist Inventory, McGraw-Hill, Inc., 1978.

TU.S. Bureau of Census, Census of Populatien: 1970 Cecupation
by Industry, Final Report, p. c(2}-7ec.
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TABLE 4. NUMBERS (AND PERCENTAGES) OF PRESSES IN METALWORKING INDUSTRY BY PRESS TYPE AND
INDUSTRY.
St. Side
St, Side | Nouble or Adj. Multiple
Industry Gap or | Single Triple Knuckle | Red and Transfer Press | Moltiple
{By SIC Code} on! C-Frame | Action Action Jeint | Hoening [ Pulldown Auto, Plunger | liorizontal | Total
25 1" s.ao0 | 1,059 | 1,078 o | T T e | ey 1 0 88 8, G0k
;;u:tlli.:g:e and (h.5) TS (2.5) t2.0) {0,3) (6.1} (2.6} 8 0 . (3.5) (3.8}
33 3,300 1,h30 T3h 125 hé2 185 76 93 19 h1s 6,851
oy (2.8 .2 | (1 (2.8 | (a.5)] (5| (1.6) (2.6) 0.9y | (160 | (3.0)
34 sh,843 | 219,571 (10,3712 2,26) 600 2,035 2,058 1,933 96 1,389 103,961
Metal
Fabrleation (h6.3) | (ha.9) | thi.o) {50,3) (26.6) | (h9.9) 1 (ha.7) (53.0) (h3.2) {55.0) (h5.1)
35 17,014 5,033 | h,a207 516 2ok 320 Tas 531 130 3o 29,100
Maehinery
Exc. K. (th.u}| (ar.e) | {10.0) {11.5}) {9.0) (7.0} Q15.0) (14.6) {r.3) (13.5) (12.6)
36 23,732] B,070 | 7.559 hho 617 hoh [ 1,193 hod 35h 160 h3,11%
Elecltrlical
Machlnery (20.0) | (271.7) ) {17.7) (9.8) (zr.3) ] (2.a)] (2h1) (13.6) {17.1) (6.0} (18.7)
a7 h, 052 7,631 8,797 963 63 651 125 h1g a6 13 2l ,coo
Tronsportn-
tion Equlp. th.2) ] (16.7) | (20.6} (71.h) (2,08} | (16.0) (6.1) {11.5) {h.1) {h.5) {10.h)
30 h,563 3a2 515 20 1nB hs 167 h3 10h o 6,ho7
Mean.
Equlpnent (3.9)| {1.8) (1.3) {0.4) (4.6} (1.1} (1.5) (1.2) (5.0} (4] {2.8)
9 h,T18 1,162 1,375 oy 198 103 150 131 LT:1) 19 8,h23
Hisicel-
laneoun U (h.0) (2.5) {3.2) {1.9}) {8.8) {2.5) {3.1) {3.6) (23.3) {0.8) (3.7)
IGPAL 118,h30 | k5,589 | ka2 731 b, 500 2,259 % ,080 h,B21 3,647 2,073 2,524 240,661
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The major difference in the problems among the user
Industries 1s in the number of presses per plant.
Typical plants 1n the metalworking lndustries use many
presses, and one operator may tend up to four or five
individual presses, each ¢f which would have to be
quleted to beneflt that operator. Fewer presses are
used per plant in other industries, and the ratio of
gperators to presses approaches cne to one. Dif-
ferences also occur in the noise output of typilcal
presses: less nolse 1s assoclated wlth proceqsing
softer materials, and less high-fregquency nolse 1is
agsoeclated with pneumatic parts ejection and material-
handling found in metalworking plants. However, socund
levels remain dominated by the "process sound" caused
by press parts banging together. This nolse occurs
everl 1f the the press ¢perates without a preduct

being passed through it. As long as the press
operates at about 100 strokes per minute (spm), nolse
usually exceeds 90 dB(A). Highest exposures, though,
are found mainly in metalworking industries.

The degree to which reduction of the noise level of
the identlfied type of class of machine would result
in an eight (8) hour environmental noise level equal
to or less thann 90 dBA* as computed by the OSHA formuls.

Nelse controls applied to new machines can reduce
present noise exposures by a minimum of 6 4B (die-~
bed enclosures).* A realistic upper limit of the

¥Thls 1s a few dB better than the user can typlcally obtain with
the same conceptual noise contrel design, mainly because there
is an opportunity to integrate more rfully the nolse control with
the press structure.

1 B A e A e e B 5
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potential nolse exposure reduction ls 10 dB (die-bed
encleosures plus additional assorted controls). The
reductions should be applicable to all common press
types that can be run In a2 semiautomatlc mode, presses
that we think represent 60% of the in-place presses.
If we consider only the degree to which applicaticon

of these machine controls 1s made on new presses, the
potential benerfit of such controls is small. The

full potential of the noise reductions will be realized
only for completely new facllities where only new
presses are Installed, and for existing facilities
where virtuzlly all nolsler old presses are replaced
with the quleted equivalent or retrofitted.

If we consider the benefit that could bhe obtained from
the creatlion of an essentlally new nolse control
treatment (a die-bed enclosure developed by a manu-
facturer) as 1t affects exlsting presses, the benefit
for retrofit treatment analyzed in the response to
Filters b and c increases dramatically. Of the
136,288 presses that currently exceed 90 dE(A), 4L ,984
can be reduced to 90 dB(A) or less, and the balance

of these levels can be reduced by 6 dB. In additloen,
the quieting of existing semiautomatlc presses will
quiet noise environments around hand-fed presses. If
these hand-fed presses were also treated, noise
exposures of operators of those machines could be

acceptable,

c-31
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On a natlonal basls a minimum of 10,000 machine
operators and/or 50,000 peripheral workers are
impacted by the nelse emission of the selected machine
type or class and thus would reallze direct benefit
f'rom noise reduction actions on thils specific device,
within a perled of flve years.

The latest Department of Commerce (DOC)} census data¥
indicate that there were about 160,000 punch and
stamping press operators, throughout industry, in
1970, About 145,000 of these operators worked in

the whole of the metalworking industry, which includes

SICs 25 and 33 to 39. The number of production workers

in the metalworking industries has grown during the
past elght years by a weilghted average of about 12%.+
I the galn in numbers of punch and stamping press
operators in the metalworking industry was the same
as the gain in production workers, there would be
about 162,000 operators in 1678 in the metalworking
industry.

The punch and stamping press category lncludes other
operators in addition to operators of metal stamping
presses., About 20 of the 38 operator classificatlicons
are unrelated to stamplng press operations. Thus,
there are fewer than 162,000 mechanical stamping
press operators, but the DOC has no way to identify
the actual number.

*J.3. Bureau of Census, Census of Population: 1970, Occupation

by Industry, Final Report, p. c(2)=Tc,
Trhe range of growth rates was -6% (SIC 33) to 22% (SIC 34).

c-32
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Another way to estimate the number of operatcrs is
fo use the number of presses in each press category
{as presented in our response to Filter a) and to
estimate the number of presses that each operator
tends. Freom thils information, we can develop the
number of operators. The following table presents
our estimates for the number of operators for each
press category in metalworking industries.

Estimated Estimated Number of Estimated

Number of Total Total Presses Capable | Number of

Press Presses per | Number of | Number of |of Causing 0SHA | Operators

Category Operator! Presses | Operators | Noise Problems?® |Overexposed
Semiautomatic 2.5 138,396 55,358 106,288 Lz, 515
Small hand-fed 1 69,198 69,198 17,300 17,300
Large hand-fed 0.7 23,066 32,951 11,533 8,073
Total 230,661 157,507 135,121 J 67,888

'BBN estimete.
2From Filter a.

A substantlal number of operators are affected by

press noise. The number of peripheral workers impacted
by press noilse 1s even more difficult to assess because
the census does net publish data broken out by worker
categories affected by press noise, and because time
and motion data on the peripheral workers' 1lnvolvement
with the presses have not been reported to date.

On the basls of our analysis of worker categories that
might be involved, however, we conclude that the
number of perlpheral workers 1s likely to be large,
substantlally more than 50,000.

€-33
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Not addressed.
See Appendix D, Industrial Machine Trends.

There are currently availlable quieted verslons of the
selected machine which are capable of meeting an elight
hour, 90 dBA noilse level requirement but for specifilce
reasons (to be determined by contractor) do not make
up a large percentage of machilnes currently 1n use

or being sold.

No user can buy a press of under 300 tons capacilty
with bullt-in noise ¢ontrols that can replace an
exlsting unit and provide compliance with the OSHA
noise regulation. Some manufacturers sell free-
standing enclosures as an opticnal attachment, but
these are no different than enclosures marketed by
noise control product suppliers. Therefore, they
suffer frcm the same constralnts of enclosures
dlscugsed in Filter b. Many manufacturers integrate
features into thelr products that provide small
amounts of guileting, as a by-product of their use
(sueh as using cast rather than assembled frame
components) or as a direct consequence of their use
{sueh as exhaust mufflers), but because of the
dominance of die-involved nolse, none of these features
approaches solving the eoverall nolse problem.

Users can, according te a few equipment suppllers,
buy qguleted large presses. As discussed eariier,
these large (600 tons or greater) presses do not
normally cause OSHA nolse viclations, and they

Cc-34
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represent only a small fraction (under 10%) of the
total mechanical stamping press population. The
noise contrels featured in these large presses are
usually versions of dile-bed enclosures.

There 1s avallable approprlate nolse abatement tech-
nology which can be applied to the selected machine
but for unknown reasons (to be determined in detail
by the Contractor) has not been applied to the selected

machine.

Nelse control technology that can be supplied to
stamping presses and provide significant nolse reduc-
tion 1s currently available for the majority of new
presses. However, no press manufacturers sell zquip-
ment lncorporating thls technology. Nolse control
product vendors do offer machine-applied controls
though, as retrofit kits for presses. These klts

are die-berd enclosure systems, which are essentially
acoustical versions of commonly used sarety shields.

Many other kinds of technology could eventually be
used to qulet presses, but they have the following

censtraints.

+ Dile-bed cushleons and shock-absorbers are still
in the research and development stage, although
thelr potentlal has heen demonstrated experi-
mentally.

+ The appllcation cof damping materials to press
parts and mufflers toc alr exhausts for clutch
and brake press components can reduce the nolse

c-35
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from those parts, but not the overall nolse of
the press actlon (at least not until the die
nolse is reduced).

* Die modificatlons have not been developed, and
they are not the responsibllity of the press
maker.

+  Structural mediflcations tc reduce the radlatilon
efficiency of the press frame are still purely
coneeptual for presses, even though the tech~
nology for desligning such parts 1ls demonstrable.

We conclude that the only effective treatments
avallable at this time are dle-bed enclosure systems.

There are several reasons why press manufacturers do
not incorporate the avallable nolse abatement tech-
nology into their presses. Press manufacturers do
not think they can gqulet the press. Even theough this
sounds lncongruous, during the past 15 years of working
in mechanlcal stamping operatilons, we have discussed
the concept of press nolse control with numerous
manufacturers, and they have consistently responded
that the nolse problem 1s assoclated with the opera-
tion of the dlie and tQE parts ejectlon mechanisms,

and therefore, the die maker or parts-ejection system
designer (often the user) has the opportunity to quiet
the machine., Thelr conclusion 1ls erroneous for two
reasons., Flrst, of all those Iinvolved 1n making a
press gperational, the manufacturer is the only one
who could make it possible to readily adapt machine~
applied noise control features; and second, the

c-36
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manufacturer 1s the only one who could modify structural/
mechanical elements to make those parts qulet.

Another reason the technology is not applied is that
the press manufacturers do not have much incentive to
do so. There is ample demand for the exlstling press
models — customers now have to walt about 18 months
for delivery of a new press. Furthermore, manu-
facturers do not appear to bellieve they can sell a
quiet press. Indeed, the customers who buy new
presses usually plan to locate them in areas that
have many old presses, and hence, they feel that a
quliet press would not improve matters iIin that area.
In addlition, customers are unwilling to pay a premium
for a qulet deslgn. Customers are also reluctant to
be the first plant to try a new press unless 1t
improves productlion. Customers tend to buy new or
replacement presses that are compatlible with exlsting
models, parts, maintenance schedules, and operator
skills. Users of presses do not appear to see 0O3HA
penaltlies as significant encugh motivation to demand

quleter presses.
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A review of our experience with pedestal grinders suggests
that these machines do not cause chronic violation of the 0SHA
noise regulaticn. Most pedestal grinders are used only for
brief periods during the day. Thus, even though they are offen
noisy when used [causing more than 90 dB(A) at the operator
positions], nolse exposures caused by theilr operaticons are well

within compliance levels.

Some pedestal grinders are used as production machilnes.
These are princlpally in the foundry industry, where they are
used to finish castings. Typlcal noise exposures for such
operatlions are about 100% of what OSHA allows, with a range of

50 to 200% [equivalent to average sound levels of 85 to 95 &B{A)],

These grinders cause exposures 1in excess of the allowed limits

when they are not maintained properly, when large numbers of
them are ugsed in close proximity to one another, or when
they are used to grind castings that ring.

We have not investigated thls machilne in greater detall,
because the pedestal grinders that cause OSHA nclse over-
exposures appear to be the exceptlion and are found mainly in
one industry, the majority of excessively noisy siltuatlions
can bhe quieted via Zn eizu controls,¥* and there are too few
of these grinders to impact 10,000 workers.?t

#BEN opinion.

TThe American Machinist Inventory classifies pedestal grinders
as floor grinders and lumps them together with the more comnon
beneh and snag grinders. Thus, there are no avallable data
on the number of pedestal grinders in use.
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APPENDIX C.4
ANALYSIS OF TUMBLERS
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Tumblers are essentially automated pleces of eguilpment.
Manual operation is requlred only to load or unload the units.
Thus, even though these machines are noisy [nolse environments
in thedir vieinity range from 92 to 115 dB(A) and average close
to 95 dB(A)], most of them that require treatment can be quieted
to meet the OSEA standard via iZm siftu controels such as segregating
the tumbling area, providing the operator wilth a nolse refuge,
or enclosing the lndividual units. There are also toco few such
units to have much impact. The 4dmerican Machinist Inventory
estimates that there are about 19,000 barrel finishing machines
and about 12,000 vibratory finishing machines in metalworking
industries. One man may operate as many as 10 or more of
these machines. Thus, there are probably fewer than 2000 barrel
finishing operators and rewer than 1500 vibratory finlshing
machine operators. Because of these factors, we have not investi-
gated this machine in greater detall.
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APPENDIX C.5
ANALYSIS OF FURNACES (FOUNDRIES)
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The given industry(s) and/or partlcular production
process{s) are 1in chronilc violation of present OSHA

standards.

The noise exposure of furnacemen {(melters) is in
chronie violation of OSHA standa.ds.

Sound levels in excess of 110 dB(A) are measured
close to furnaces on occasion. The nolse exposure
of the operator depends on his locatlon relative to
the furnace, but a mean daily noise dose of an OSHA
equivalent sound level of 92 dB{~) has been reported
(7#%).

There are many different types of furnaces used in
the foundry industry, and each has its own character-
istics of noise generation. The following list of
furnace types glves the principal source of noise
generation (3, 6, 9).

Cupola {(material loading, blower)
Gas={ired erucible (combusticn process, blower)

Electric Inductlon (electromagnetic vibration
of colls, material loading)

Electric arc (electric arc, material loading,
ventllation equipment).

The nolse levels generated often depend on the quality
and maintenance of the machinery.

#Numbers in parentheseg refer to Annotated Bibliography for
Pneumatic Tools and Foundry Machilnery, Appendix C.9,

T e e
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The degree of difflculty user industrles presently
encounter in meeting an eight-hour 90 4BA environ-
mental noise standard level and for which the most
direct remedial action on their part would be a
request for administrative controls, applications for
variances, or other types of relilefl which would per-
mit the continued production of thelr products without
correction of the nolse violation,

None of the 282 foundries visited by BBN had solved
the nolse problem asscelated with thelr furnaces (1).

A search of OSHA contested cases revealed no instances

of furnace necise.

Mufflers can be added to blowers; combustors can be
changed; covers and hoods can be added to control
noise (BBN opinion).

The foundry industry 1s conservative and the owners

are more often concerned with productivity than with
complying with the strict letter of the OSHA regu-
lations. There 1s some disagreement over the emphasis
on englneering controls rather than with the use of
personal hearing protectlon. The American Foundrymen's
Society represents the owners and has conducted

studles and provides informatlon, but a great deal

of 1t is negative regarding the potential for extensilve
foundry noise control (8).

User industries do not have the technlically aware
englneering staff to undertake the majJor prcblems of
noilse control on furnaces necessary to reduce the
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exposure of the operators to less than the limits
of the 0SHA noilse regulations (BBN opinion). The
foundry industry contalns many small units. Over
50% of the foundries employ fewer than 50 workens (1}.

The degree to which the nolse level of a given work
envlironment exceeds an eight (8) hour 90 dBA standard
principally because of the operation of & single type
or class of machine and for which Zn gitu retrofit
nolse control is not possible or can only be achieved

at extraordinary expense.

The furnace usually stands alone, with additlonal
egquipment restricted to materlal supply services,
melted metal removal, and heat and ventilation

control systems. Some automatic furnace and pourilng
systems are Integrated intc a complete foundry system.

With the exceptlon of the electric induction furnace,
mest of the furnaces can be treated with in situ
controls.

User Iindustries experience difficulty in reducing
the noilse of furnaces, but chiefly through lack of
available information (BBN opinion).

Mufflers can be fltted to fans on cupolas and gas-
fired crucible furnaces (manufacturer's catalogs).

Guleter combustors are avallable for some gas-fired
crucible furnaces (manufacturer's catalog).
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* Nolse barriers can be comblned with ventilation to
reduce the nolse radlated (BBN files and manufacturer's
catalogs, 6).

+ Existing electric inducticn furnaces cannot readlly
be treated. Reducing the vibratlon of coils and
other electrical components requlres hasic changes
in the construction (BBN opinion).

FILTER d. The commonality of a major noise producing plece of
egulpment to multlple industries or preductilon
Processes.

RESPONSE
+  Foundry furnaces are unigue to the foundry and

metal casting industry.

FILTER e. The degree to which reduction of the noise level of
the identifled type or class of machine would result
in an eight (8) hour envirenmental noise level equal
to or less than 90 4BA¥ as computed by the OSHA
formula,

RESPONSE
*+ The furnace wlll usually dominate the nolse exposure

of the operators in the immediate vielnity of the
machine (BBN files, 7). If the furnace were quieted,
the exposure of many, but not alli, of the furnacemen
could be brought inte compllance. The furnace may

or may not be an important contributor to the noilse
exposure of other workers. Pourers, who have to
approach the furnace to obtain molten metal, may be
exposed to the nolse cof shakecuts and molding
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machines, depending on foundry layocut. In that case,
thelr nolse exposure may be largely a consequence of
these nolsler machines. The nolse influence of the
furnace on these workers may only be secondary.
Materlal handlers may be exposed to the noilse of
furnaces, depending on the arrangement that is used
to supply raw materials tc the furnace.

On a national basis, a minimum of 10,000 machine
operators and/or 50,000 peripheral workers are
impacted by the nolse emissilon of the selected machine
type or class and thus would reallize direct henefilt
from noise reductlon actions on thils speeific device.

More than 10,000 furnace operatoers are overexposed,

Of the total of approximately 450,000 employees 1n
the foundry Industry, 1t is estimated that about

7% of them could be classified as melters
(furnacemen) and that 53% of these workers

wlll be overexposed to nolse in excess of the limlts
of the current O3SHA regulatilons (7). The total
overexposed 1s thus approximately 16£,000 workers.

The industry is changing. Smaller foundries which
use crucible furnaces and cupolas are belng replaced
by larger and more automated foundriles., Some of the
newer furnaces,such as e&lectrile arc,are neoisler,
while others, such as electric 1nductlon, are quleter.
The number of furnacemen 1s probably decreasing

(BBN opinion).
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Not considered.
See Appendix D, Industrial Machlne Trends.

There are currently availlable quleted versions of
the selected machine which are capable of meeting

an elght hour, 90 dBA neise level reugirement but

for specifilec reasons {(to be determined by ccntractor)
de not make up a large percentage of machines
currently in use or being sold.

Quieter versions of many furnaces are avallable, and
mast new furnaces are likely to incorporate features
that reduce noise, even though the main purpcse of
these features 1s to reduce energy consunption.

Whether a furnace will meet an 8-hr, 90 dB(A) noilse
exposure limit for the operators will depend on the
installatlon and operating procedures of the furnace
system. As now produced, 1t 1s probable that very
few systems do meet the current limlts of the 0OSHA

nolse regulations.

There 1is avallable appropralte nolse abatement tech-
nology which can be applled to the selected machine
but for unknown reasons (to be determined in detaill
by the Contractor) has not been applled to the
selected machine.
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RESFONSE
* The work that has been done to produce nolse-~reduced
versions of furnaces could be extended to produce

even quleter systems.

» At the present time, the current political and
philosophical climate of the foundry and metal
casting industry provides no incentive to the
manufacturers of furnaces to produce guleter
furnaces. The competitive advantage of low nolse
will be more than offset by the additional cost of

such units.
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APPENDIX C.6
ANALYSIS OF MOLDING MACHINES
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The gilven industry(s) and/or particular production
process(s) are in chronic viclation of present 0SHA

standards.

The noise exposure of melding machine operators is
in chronlc violation of OSHA standards.

Sound levels in excess of 110 4dB(A) are measured on
occaslons close to molding machlnes, and a mean
dally nolse dose of an OSHA equivalent sound level
of 95 dB(A) has been reported (7#),

The high noilse exposure of molding machine operators
has contlnued for many years (3, 6, 9). The sources
o' noise have been ldentified as the actlon of the
machine and the associated support systems. The
machine noilse Includes the impact sources of the
metal flasks on the machline bed during the sand
Jolting sequence, the radiated sound of the vibrating
surfaces excited to ensure a clean separation of the
sand from the pattern, and the alr release rlows of
the pneumatilc plstons used to provide pressure durlng
the squeeze seqguence. System nolse includes the

sand supply system with the conveyors and hopper
vibrators, the pneumatic supply system, the alr-Jets
of the parting fluid sprays and blow-off sand c¢leaning
guns, the hydraulic motors and pumps of the hydraulic
systems, and the material and flask conveyor systems.

#Numbers in parentheses refer to Annotated Bibliocgraphy for
Pneumatic Tools and Foundry Machinery, Appendlx C.&.
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There are many diff'erent types of molding machlnes,
but often 1t is the medlum-sized machines such as
the rollover semli-automatic systems that produce
the hlighest nolse exposures (7).

Automatic molding machines can produce high noise
exposure (greater than allowed by OSHA) for the
operator who is consftantly required to maintaln the
function of the working parts of the machine with
lubriecant, parting sprays, and blow-off guns.

The degree of difficulty user industries presently
encounter 1ln meeting an eight-hour 90 dBA environmental
nelse standard level and for which the most direct
remedial action on theilr part would be a request for
administrative controls, applicatlons for varlances,

or other types of rellef which would permit the con-
tinued production of thelr products without correction
of the noise vioclation.

User industries experience difficulty in reducing
worker nolse exposures caused by molding machines.

Available noise controls for manual molding machines
are restrlcted to pneumatlc system mufflers, quilet
sand hopper vibrations, and local acoustic barriers.
These treatments are not llkely to reduce the nolse
exposure of the operators, except marginally. Only
the replacement of exlsting machines by nswer, quileter,
or alternative gutomatle systems wlll provide
significant nolse reductlons (BBN opinion).
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For the automatic molding machines, the nolse
exposure of the operators can be reduced somewhat
by application of mufflers, bumpers, reduced air
pressures, revised layout of accessories, operator
refuges, and local acoustic enclosures or barrilers

(BBN opinion, 5).

Industry 1s reluctant to use enclesures and acoustic
refuges, as operators like to be able to view opera-
tlons and have access to the machinery to prevent
Jams (BBN opinion}.

The foundry industry 1s conservative and the owners
are more often concerned with productivity than

with complying with the strilct letter of the O3HA
regulations. There 1s some disagreement over the
emphasis on engilneering controls rather than with

the use of personal hearing protection. The American
Foundrymens Soclety, which represents the owners, has
conducted studies and provides information, but a
great deal of it is negative regarding the potential
for extensive foundry noilse control (6).

User 1lndustrles do not have the technical skill to
tackle the major problems of nolse control on melding
machines. Such skill is necessary to reduce the
exposure of the operztors to less than the limits

of the O3HA noise regulaticns (BBN opinion). The
foundry Industry contains many small unlts. Over

50% of the foundries employ fewer than 50 workers

(1).
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The degree to which the nolse level of a gilven work
environment exceeds an eight (8) hour 90 dBA standard
principally because of the operation of a single type
or class of machine and for which in eitu retrofit
nolse control 1s not possible or can only be achleved
at extraordinary expense.

The nolse of the molding machlne and its assoclated
systems 1s generally responsible for the complete
nolse exposure of the operator. Reduction of the
noise of the molding machine would result in most
molders being exposed to nolse less than the allowable
limits of the OSHA nolse regulations.

Controls to reduce the noise of manual molding
machines are generally not available (6).

Controls to reduce the nolse of automatic molding
machines are avallable, not in retrofit kit form, but
suitable for installatlion under the direction of a
good acoustic englneer well versed iIn the mechanical
requirements of the machines (BBN opinion).

The commonallty of a major noilse producing pilece of
equipment to multiple industriles of production
processes,

Molding machines are unique to the foundry industry.
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The degree to whiech reduction of the noise level of
the identified type or class of machine would result
in an eight (8) hour environmental noise level equal
to or less than 90 dBA¥ as computed by the OSHA

formulsa.

The nolse exposure of the operators 1s controlled

by the sounds of the molding machine and lts associated
sand, pneumatie, and hydraulic systems (BBN files, 7).
If the noise of the molding machine were reduced,

the noise exposure of most operators would be less

than the limits of the QO3HA noilse regulations. It

may be necessary also te apply nolse econtrel to the
assoclated systems. However, this problem 1s not

as technlcally difficult as quietilng molding machines
{BBN opinion).

The molding machine can be an important coentributor

to the noise dose recelved by nearby workers, depending
upon the foundry layout znd whether thelr operatiaons
are particularly nolsy {(BBN files}.

On a national bhasis a minimum of 10,000 machine
operators and/or 50,000 peripheral workers are impacted
by the noise emlssion of the selected machine type or
¢lass and thus would realize direct beneflt from

nolse reduction actions on this specific device.

More than 10,000 operators would beneflt from nolse

reduction of molding machines.
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Of the total of approximately 450,000 employees in

the foundry industry, it 1s estimated that about 20%
could be classified as molders and that 57% of these
employees wlll be exposed to nolse in excess of

the 1imits of the current OSHA regulations (7). The
total overexpeosed is thus approximately 50,000 workers.

The industry is changing. Smaller foundries with
labor-intensive manual and semimanual molding
machines are being replaced by larger, more fully
automated foundries. The number of molders is thus
probably declining and the nolse exposure of these
workers could be decreasing also (BBN opinion).

Not considered.
See Appendix D, Industrial Machine Trends.

There are currently avallable guieted versions of the
selected machine which are capable of meeting an
elght hour, 90 dBA nolse level regulrement but for
specific reasons (to he determined by contractor) do
not make up a large percentage of machines currently
in use or beilng sold.

Por some of the smaller machines, such as the manual
Jolt~squeeze machine, the manufacturers now offer a
guieter version which, with proper installatlon,

could result 1in an operator exposure less than the
limit of the OSHA nolse regulations. In this machine,
the jolt phase of the sequence 1s typically reduced
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in magnitude, and the squeeze sequence 1ls increased

to become a more signlficant part of the process
{manufacturers' catalog). The market for new Jolt-
squeeze machlnes 1s limited., The smaller foundries
that use these machines are c¢losing with the

trend to larger, automated foundrles, In addition,
these machines do c¢ost more, and they are not suitable
for use with all sands and in maintaining guality

of molds produced for precision moldings (discussions
with manufacturers and catalogs). Careful installation
and selection of associated systems 1s necessary for
the operators' nolse exposure to be less than the
B=hr 90 dB(A) 1imilt of the OSHA regulations.

Quiet verslions of automatlc molding machines are not

avallable.

There l1ls availlable appropriate nolse abatement tech-
nology which can be applied to the selected machine
but for unknown reasons (to be determined in detail
by the Contractor) has not been applied to the
selecting machine.

Automatilec molding machines could be designed by the
original equipment manufacturers tc operate so that
the exposure of the operators is less than the limilts
of the 0SHA nolse regulations. {Note: proper atten-
tion will also be needed te¢ those parts of the system
not provided by the molding machine manufacturer.)

Manufacturers of automatlec molding machines do not
include extensive noise control features in thelir
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current designs, other than the use of simple tech-
nigues such a3 blow-off mufflers. The competition in
automatic machines is based on productivity, reli-
abllity, quallity of product, and cost. Nolse is not

a slgnificant factor, and therefore it 1s not addressed
by the manufacturers to any extent (BBN opinlon).
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APPENDIX C.7
ANALYSIS OF PNEUMATIC HAND TOOLS
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FILTER a. The glven industry(s) and/or particular production
proecess(s) are in chronle vicolation of present OSHA

standards.

RESPONSE * Pneumatic hand-held tools, which are used 1in many
industries, include: belt sanders, chilpping hammers,
drills, horizontal grinders, impact wrenches, needle
scalers, nut runners, piston scalers, recilprocating
saw/flles, rivet busters, rivet hammers, sand rammers,
serew drivers, vertical grinders, and weldflux
hammers. The pneumatiec tocls analyzed here are
chipping hammers, horlzontal grinders and vertical
grinders, which are often used by the same group of
employees 1in the metal working and metal casting
industries. Operators of this equipment hold the
tools In their hands and lean agalnst the workpilsce,
using the action of the tcol to remove surplus
material.

i + In the metal casting industry, the nolse of c¢leaning
E and casting and the resultlng consequences to the

; employees have been recognized for many years. (For
example, see 3*, "Noilse Problems in Foundries,"

i published in 1956.) Metalworking generally has been
noted as a nolsy occupation, and deafness was accep-
ted as one part of i1ts occupaticnal hazards until
quite recently. Among the many noisemakers in the
industry, the nolse contribution of portable hand
tools has not been documented generally.

¥Numbers in parentheses refer to Annotated Bibliography for
Pneymatic Tools and Foundry Machinery, Appendix C.9.
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In recent years, the preblem of chippling and grind-
ing nolgse has been studied by government (4, 9, 22),
toolmakers, users, and subcontracted research groups.
(2, 6, 8, 13, 14, 19).

OSHA nolse standard violatilon rates in the metal-
working industry are high. Typical reported values
are:

Fabricated metals — 25%
Primary metals - 417.

In this discussion of pneumatlce tools, we have selec-
ted two user industriles, foundriles and steel plate
fabrication, as representative of 1ndustries affected
by excessive nolse exposure.

It is not c¢lear how much of the OSHA nolse violatlons
reported are due to the use of pneumatic tools. How-
ever, for the foundry industry, BBN found that for
the sample of 282 foundries visited under the OSHA
consultation program, approximately 70% of all

of the workers assigned to the Job classificatilon

of eleaners were exposed to nolse 1in excess of the
OSHA standards. (l.) In the c¢leaning operations,

it could be expected that at least half the workers
would be using pneumatiec hand tools teo chlp and grind
the castings.

In the BBN study for the Steel Flate Fabrilcators
Industry (2}, 202 employees out of 4,123 surveyed
were classified as hand grinders, and their average
dally nolse exposure was 6.33 times the allowable
OSHA dose. In a noise control pricrity index, this
Job operation was then graded as second only to air
arc gouglng.
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FILTER b. The degree of diffieculty user industries presently
encounter in meeting an eight-hour (8) 90-dBA environ-
mental nolse standard level and for whileh the mest
direct remedial action on their part would be a request
for administrative controls, applications for wvarlances,
or other types of relief which would permit the con-
tinued production of their products without correction
of the noilse viclation.

RESPONSE « User industries have encountered difficulty in
quileting pneumatic tools.

+ Although quieting methods exist, such as enclosures
to lsolate operators of chipping and grinding tools,
sound~deadening treatments for workbench tops to
reduce casting "ringing,'" and pneumatic exhausts
for tools (5, part 2), how effective these treat-
ments are is not clear,

; » In foundries, for example, a BBN study shows that

where the treatments listed were used in response to

OSHA citations, a sound reductilon equivalent to 5 dB

was achieved, although the chief benefit was often

noise reductlion for nearby workers. However, some

f members of the foundry industry do not find these
nolse-control metheds effective (&), and one U.S.
government study (Y4) finds a lower rate of nolse
reductlion than the 5 dB determined by BBN.

« In the steel plate fabricating iIndustry, such treat-
ments as use of damping panels applled to the work-
plece and sand-bed supports for structural steel when
grinding and chipping tools are used have achleved
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some noilse reduction. (BBN files.) These approaches,
however, are not generally practical, because they
create other health problems (such as sand dust and
sillca exposure)} and beczuse configurations for
application of damplng panels are not readily ob-
tained.

+ In sum, the addltional problems caused by using the
avallable noise control treatments for pneumatle
tools and the uncertalnty about the effectiveness
of' these treatments have made user industries re-
luctant to use presently availlable methods to try
and achleve compliance with the 03HA standard.

FILTER c. The degree to which the nolse level of a given work
environment exceeds an eight (8) hour 90 dBA standard
prineipally because of the operation of a single type
or class of machine and for which <n situ retrofit
noise control is not pessible or can only be achleved
at extraordinary expense.

RESPONSE + In the operation of pneumatic tools, nolse levels
in excess of the OSHA standard are produced from
three sources, (1) the exhaust noise and casing
vibration of the tool i1tself, (2} noise from the
vibration of the grinding wheel or the cutting
bit, and (3) induced vibration of the workpiece.
Typical sound levels from these sources range from
90 to 105 dB{A} at the aoperator's sar for grinding
operations and 95 to 120 dB(A) for chipping opera-
tions. (BBN files, 4.)
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« To bring this type of machine into compllance with
the OSHA standard, in situ nolse control methods
must address each of the three sources listed, for
which the following problems exist:

1. Tool nolse — Add-ons (quieting devices that
can be attached to exilsting tools) to reduce
exhaust nolse are avallable for some tools,
but they are not wldely used because they can
adversely affect performance.

2. Cutfting bit vibration — Internally damped
chisels are now belng developed to reduce
the nolse from chipping hammer operatlons
(8), but they are not yet ready for general
use.,

3. Reducing the noise of the workpiece by using
bench clamps and other technlques 1s possible
ln some situatlions, but treatments are not
universally applicable, and they are often
too technlcally complex for most small metal-
working companles. (BEBN opinilon.)

! FILTER d. The commonality of a major noise producing piece of
equipment to multlple industries or production pro-

cesses.

RESPONSE Pneumatle toecls are used in all the metal working
industries (SICs 33-39), the manufacturing industries
that have maintenance and repair shops {3ICs 10-32),
the transportation, communication, electrical, gas,
and sanitary service industries that have maintenance
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and repailr shops {SICs 40-49), and 1in the service
industries for automotive repair and metal repair
and refinishing. (SICs 753, 7692, and 7699.)

FILTER e, The degree to which reduction of the nolse level of
the ddentifled type or c¢lass of machine would result
in an eight (8) hour environmental nolse level equal
to or less than 90 dBA¥ as computed by the OSHA

formula.

-

RESPONSE

For operators, the noise of pneumatie tools Iis

normally the controllling factor in determining their

nolse exposure.

+ For perlpheral sperators,

the noise of pneumatic

tools can be a majJor cause of noise exposure.

+ Therefore, rediction of the nolse level of pneumatic

tools would be the critical factor in bringing the

nolse exposure into compliance for operators, and a
significant factor for peripheral workers.

FILTER f. On a natlonal basis a minimum of 10,000 machine

operators and/or 50,000 peri
pacted by the noise emission
type or class and thus would
from noise reduction actions

RESPONSE + More than 10,000 operators

S i b i e Rkt e

pheral workers are 1im~
of the selected machlne
realize direct benefit
on thils speclfic device.

are 1Ilmpacted.
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In foundries, we estimate that nearly 50% of the
126,732 cleaners exposed to dally nolse dese in

excess of the equivalent of eight hour 90 4B(A)

could be exposed directly as the result of pneu-
matic hand tools alone (7).

In the steel plate fabrilcatling industry, the estimate
is that hand grinders are used typilcally by 50% of
the employees 1in the tetal industry, who are all
exposed to noise 1n excess of the OSHA allowable

nolse dose (2).
Not addressed.
See Industrial Machlne Trends, Appendix D.

There are currently availlable gquieted versions of the
selected machine which are capable of meeting an elight
hour, S0 dBA nolse level requirement but for specific
reercons (to be determined by contractor) do not make
up a large percentage of machines currently in use

or being sold.

To determine the avallability of guieted versions
of pneumatlc nand tools, BBEN staff interviewed
eleven major manufacturers of such tools. Table 1
1s a list of the manufacturers contacted and a
summary of their responses,
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+ Discussions indicate that the majJority of these
manufacturers offer elther quleted versions of
their tools or devices (such as mufflers) referred
to as "add-ons,'" which can be fitted to exlsting
tools to reduce neise. 0Of the 1l manufacturers
listed, 7 say that their tools have been quleted.
Two of these give dB(A) readings for the quieted
tools, and one manufacturer says the tools met
0OSHA requirements. Other manufacturers, however,
refuse to discuss the question of tool noise.
Therefore, BBN was unable to obtailn information
about the avallabllity of guleted versions of
tools from these manufacturers.

The filgures quoted by the manufacturers are measured
according to the standard developed by the Compressed
Alr and Gas Institute (CAGIL) in the U.3S. and the
European Commlttee of Manufacturers of Compressed

Alr Equipment (PNEURCP) for the measurement of ailr
tool noise - later Amerlcan Natleonal Standard (S5.1 —
1971). Although this test method gives a measure of
the sound produced by the tocl, 1t does not give an
accurate plcture of worker nolse exposure, because
the tools are not run as they are actually used, in
contact with the workpiece.

Further, the measurement 1s made at a distance of
1l m, whereas the typical working dlstance mlight be
one third of this value.

We conelude that whille there are quleted versions
of pneumatic tools available, they are not such
that the exposure of the operator is going to be
in acecordance with the eight hour 90 dBA 1imit of
the OSHA standards.
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TABLE 1. MANUFACTURERS OF PNEUMATIC HAND TOOLS (CONTACTED BY BBN).

Atlas Copeco
T0 Demarest Drive
Wayne, NI OTLTO0

Chicago Pneumatic Tool Company
Utice,
NY 13503

Clecoc Air Tools

Dresser Industries, Inc,.
300 N, Welf

Franklin Park, IL 60131

Doteco Prneumatic Tocls
P,0. Box 182
Hicksville, Ohio L3526

Ingersol-Rend Company
Tool and Hoist Division
28 Kennedy Boulevard

East Brunswick, NJ 08816

Rotor Tool

Cooper Industries
26302 Lakeland Blvd.
Eueclid, Ohio

Sioux Tools, Ine.
2802 Floyd Blvd.
Sioux City, Iowa

Stanley Alr Tools
TOO Beta Drive
Cleveland, CH

Ine.
P.0. Box 9667
Cleveland, OH Li1ko

The Ridge Tool Company
400 Clerk Street
Elyria, OH LLO3S

Thor Power Tool Co.
Stewart VYarner Corp.
175 N. State Street
Aurors, IL

Fitted with muffler

"Acoustically engineered
exhausts'" — cataleg

Retrofit kit for noige —
muffler

Retrofit muffler for some
models. Gives sound level
measurements (ANSI S5.1,
1971)

Piped away exhaust kit.
Working on gquiet bits for
chippers.

Quiet version

Superior Pneumatic and Manufacturing Quotes dBA readings for tocls.

{Seys OSHA OK.) Uses
mufflers.

Electric only?

Erpmmmre——————
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There 1s avallable appropriate nolse abatement tech-
noelogy which ecan be applied to the selected machlne
but for unknown reasons {to be determined in detail
by the Contractor) has not been applled to the
selected machine.

Exhaust nolse and casing vibration can be controlled
using available technology. (8, 23.)

Research 1s in progress to develop controls for
reduclng wheel vibration and bit noise, which may
become applicable to tool design shortly. (8.)

One potentlal area for reduction of nclse exposure
of pneumatle tool operators 1is to reduce the ring-
ing noise of the workplece whlch can bhe done with
avallable technolozy. However, the tool manufac-
turers have indilicated that they have no immediate
interest in this program and that technology for
noise control of the workpiece should be developed
by users who encounter the problem. The original
equipment manufacturer 1s not likely to pursue thils
area of nolse control until the user industry 1is
wllling to pay a premium for the control.
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APPENDIX C.8
ANALYSIS OF FOUNDRY SHAKEQUTS

C-T77
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PILTER a.

RESPONSE

PILTER b.
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The glven industry(s) and/or particular production
process{s) are in chronic violation of present OSHA

standards.

Shakeouts cause a pervasive, long-standing O3HA
compliance problem.

Sound levels in excess of 110 4B(A) are routinely
measured clese to shakeouts (3%, 6, 9).

All shakeouts make nolse by the impact of the flasks
and castlngs on the grate, the rattle of sprues and
rigsers trapped on the grate, and the vibration of
the drive machinery.

Manual shaleouts, where the cperator physically lcads
the full flasks (by hand or crane) and removes the
flasks and castings, wlll expose the operator to
hilgh-level nolse. Automatic shakeouts will expose
people nearhy, and 1f an operator 1s used to monitor
the machiline and unclog 1t as necessary, he will also
be exposed to excesslve nolse.

The degree of difficulty user industriles presently
encounter 1n meeting an eilght-hour 90 4dBA environ-
mental nolse standard level and for which the most
direct remedial action on thelr part would be a

#Numbers in parentheses refer to Annotated Bibllography for
Pneumatic Tools and Foundry Machlnery, Appendilix C.9.

i et el R i
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request for administrative controls, applications for
vartances, or other types of relief which would
permit the continued productleon of thelr products
wlthout correction of the noise violation,

The industry experiences great 4difflculty in quieting
manually operated shakeouts. This problem is difficult
because of the nature of the operatlon of the machlne
(the impacts are necessary to remove the sand and
castings) and the manual requirements that the operator
must place ltems on the grate &nd remove them from 1t
(forbldding the use of simple barriers and enclosures)
(6). HNone of the foundrles visited by BBN had solved
the manual shakeout noise problem (1).

Replacement of manual shakecuts by enclosed automatilc
systems is not always possible, primarily because of
the cost. In additlon, the foundry system may not be
compatible with an automatic system — 1t could use
indilvidual flasks, for example (BBN opinian}.

Automatiec shakeours can be enclosed to control noise
and are therefore much easler to quiet, sc¢ that it is
possible to reduce the exposure of the operators to
less than the B8-hr, 90dB(A} limlts of the 0SHA regula-
tions (13,33).
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* The foundry industry 1s conservative, and the owners
are most often concerned with productivity rather
than with complying with the strict letter of the
OSHA regulations. There 1s some dilsagreement over
the emphasis of engineerling controls rather than the
use of personal hearing protection. American Foundry-
mens Socilety, which represents the owners, has conducted
studies and provides infeormation, but a great dezl of
1t is negatlve regarding the potential for extensive
foundry nocise caontrol (6},

« User industriles do not have the technlecal skill to
undertake the major problems of noilse control on shake-
outs. Such skill 1s necessary to reduce the exposure
of the operators to less than the limits of the 0SHA
nolse regulations (BBEN opinilon). The foundry industry

! contalns many small units. Over 507 of the foundries

? employ fewer than 50 workers (1).

FILTER c. The degree to which the nolse level of a given work
environment exceeds and elilght hour, 90-dBA standard,
prinicpally because of the operation of a single type
or class of machilne and for which Zn gitu retrofit
neilse contrel 1s not possible or can only be achileved

at extraordinary expense.

= Autcomatic shakeouts can be readlly enclosed with appro-
priate inlet and outlet acoustie tunnels and conveyors
{33.34). Therefore, these machines do not pass this
filter.
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RESPONSE -

FILTER e.
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User lndustriles experilence great difficulty in
reducing the nolse of manual shakeouts.

Manual shakeouts control the nolse level exposure in
excess of the B-hr, 904B(A) limit of the OSHA regula-
tlons for the operators. Nolse exposures caused by
these machlnes can only be reduced by the constructlon
of facilitles that allow openlng the side and possibly
the top for loading. The units could then be swltched
off, the enclosures opened, and the shakeouts loaded
or unloaded as approprlate. Such a system would
necessarily add to the time and cost of operatilons

and would significantly lower the production (BBN
cpinion). No record, elther publighed or in BBN files,
1s availlable to indlcate that such an approach has
been taken. An alternative approach of replacing the
manual shakeout with an automatic one results in costs
that are extraordinarily expensive.

The commeonality of a major nolse-producing plece of
equipment to multiple industries or production
processes,

Shakeouts are unigque to the foundry industry.

The degree to which reductlon of the nolse level of
the identified type or class of machine would result
in an elght-hour environmental nolse level equal to
or less than 90 dBA¥® as computed by the OSHA formula.

The nolse exposure of the operators in the immedlage
area of the machine 1s completely controlled by the
shakeout (BBN files, 7). If the noise of the shakeout
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were reduced, the aperator's exposure would be within
the 1limits of the 03SEA noise regulations. The noilse

dose received by nearby workers can be influenced by

the shakeout, depending on the foundry layout and the
noisiness of operations of those workers (BBN files).
If the nolse of the shakeout were reduced, the nolse

exposure of the perlipheral workers would be substan-
tizlly reduced

On a natlonal basis, a minimum of 10,000 machlne
operators and/or 50,000 peripheral workers are impacted
by the ncilse emlssion of the selected machine type or
class and thus would reallze direct benefit from nolse
reduction actlions on this specific device.

BBN estimates that there are fewer than 10,000
operators of shakeouts and fewer than 50,000 periph-
eral workers affected by shakeout noise.

There are about 4000 foundries in the U.S, OQn average,
each might have one shakeout (BBN files). The total
number of operators would be about 8000 (BBN opinion).
The total number of affected nearby workers coculd be
30,000 (BBN opinion).

The industry is changlng. Smaller foundries where the
manual shakeout may be used intermitfently are belng
replaced by larger, more fully autcmated foundrles.

The nolse exposure of the operators 1s increasing
because of the newer, biligger machines that run longer,
but the total number of shakeout cperators 1s dropping

(BBN opinion).
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FILTER g.
FILTER h.

FILTER 1.

RESPONSE

FILTER J.

RESPCNSE

Not consldered.
Sge Appendlix D, Industrial Machlne Trends

There are currently avallable quieted versions of the
selected machine whlch are capable of meeting an
elght-hour, 90-dBA noise level requlrement but for
specific reasons (to be determined by contractor) do
not make up a large percentage of machines currently
in use or belng sold.

No manufacturer offers a quieted version of a shake-
out (6, BBN files) or has tried to build qulet
machines (BBN opinion).

There is avallable appropriate nolse abatement tech-
nology which can be applied te the selected machine

hut for unknown reasons (to bhe determined in detall

by the Contractor) has ncet been applied to the selected
machine,

Noise technology for manual shaleouts i1s not readdily
avallable. The only potential technlques would result
in loss of production (BEN opinion).

Although technolegy 1s available, the manufacturers of
automatic shakecuts do not offer accustic controls 1n the
form of approprizte enclesures and/or remote controls.
There 1s no competitive advantage to offering quieted
gshakeouts, and the cost of a gulet unit would be
significantly greater than the cost of unquilieted units
(BEN opinion).
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APPENDIX C.9

ANNOTATED BIBLIOGRAPHY FOR PNEUMATIC HAND TOOLS
AND FOUNDRY MACHINERY

(SHAKEQUT S, MOLDING MACHINES, AND FURNACES)
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l. Potter, R.C., Pei, H-S., Pilgrim, H.G., and Bruce, R.D.,
"Consultation Service in Industrlal Hyglene and Safety
to the Foundry Industry," BBN Report No. 3744, March 1978.

Describes Bolt Beranek and Newman Inc. program to
provide service to foundries. Notes that nolse was
the most pervasive OSHA health regulation violated,
with 46 percent of employees exposed to sound in
excess of the dailly limits of the OSHA regulations.

2. Wilby, J.F., Kugler, B.,A,, and Wilby, E.B., "Occupatlonal
Nolse and Nolse Control LIn the Steel Plate Fabricators
Industry," BBN Report No. 3700, May 1978,

Deseribes a study of nolse generatlon and control 1in
the steel plate fabrication industry. It i1s deter-
mined that chipping and grinding on welded structures
normally exposes the operators to nolse doses in
excess of the dally limits of the CSHA regulations.
The principal cause of noise iIs noted as the vibration
of the structures induced by the actlon of the tools.
Further, 1t 1s noted that only very limited success,
in the case of a number of specilalized 1tems, had

been achleved in efforts to damp this vibration.

3. "The Noise Problem in Foundries,” Modern Castings, 29:37-52,
1958,

Describes the problems of high nolse levels caused by
foundry operations.
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b,

5.

NIOSH, "An Evaluatlon of QOccupational Health Hazard Control
Technology for the Foundry Industry," DEEW (NIOSH) Publi-
cation No. 79-11Y4, October 1978.

This review of practices in a number of foundries notes
the problem of nolse exposure and reports limited
success In quleting tumblers. Indlicates that most
success 1s achlieved by substituting quliet machinery

for nolsy items, The concluslcons indicate that listle
Immediate nolse reduction can be expected and suggest
the need for further work.

Heine, H.J., "Nolse Control Review and Outlcok," Foundry
M & T: Part I, Qctober 1978; Part II, November 1978,
Addendum, December 1978,

These articles descrdibe the mechanisms of noilse

generation and control specifically for foundry machinery.
The tone 1s very optimlstic, and several successful
programs are described to reduce the nolse of machinery

by application of vibration control, acoustic wrapping

of hydraulic systems, vibration isolation, balancing,
ellminating impact, reducing alr pressures and velocities,
replacement of machines by gquleter versions, and using
damping to control casting vibratlon.

Amerlcan Foundrymens Soclety, "State-of-the-Art Nolse
Control for Chipping and Grinding, Combustion, Electriec Arc
Furnaces, Shakeout, Molding Operations,”™ Current Information
Report, 1978,

This pamphlet describes the mechanisms of nolse genera-
tion by foundry machinery. It presents a dlsmal view

of the potential for reducing the noise of cleaning
operations, where the workplece noilse is identified as the

c-87




SEVERE FymW el dnfud bl

e

Repart No. 4330 Bolt Beranek and Newman Inc.

U L i kb o = A s

principal nolse source; the shakeout, where the action
of the vibrating grate on the flasks and castings 1s
ldentified as the principal neise source; and the

arc furnace, where the electrle arc 1s ldentified as
the principal nolse source.

Potter, R.C., Potter, J.F., and Jokel, C,R., "The Extent,
Causes and Control of Noise Exposure in the Foundry and
Metal Casting Industry." Paper to be presented. (Based
on papers given to Nolse Expo 1979 and 6th National Con-
ference on Energy and the Environment, Pittsburgh, May

1979.)

This paper presents a statistlcal breakdown of the
nolse exposure of foundry workers by Job classification.
Cleaners 1n particular are noted as being exposed to
high ievels of sound. It 1s noted that workers in
larger facilities tend o be exposed to more nolse

than are workers in smaller facilities. This exposure
is belleved to be the result of the greater mechani-
zation of larger facllitiles, which also tend to be

newer , more modern, and more productive.

Auerbach, E.I., "Percussive Tool Noise and Vibratilon

Control." Paper glven at the Symposium on Occupational

Health Hazard Control Technology in the PFoundry and Secon-

dary Non-Ferrous Smelting Industrial, sponsored by U.S.

Dept. of Health, Education and Welfare, Chicago, IL,

December 1979. :

Thils oral presentation described the Ingersol-Rand
program to reduce the nolse generated by the tocls and
the cutting bits. Exhaust mufflers and lead-filled
chippling tools are used to reduce the nolse of the
tool 1fselrl.
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10.

1.

12.

13.

L o ittt T

"Noise in Foundries," Jolnt Standing Committee of Health

Safety and Welfare in Foundrles, HM30, London, 1978.

Reviews exposure and methods of nolse control in
foundries. Notes that control of nolse In existing plants
1s difficult. Suggests control of neise by design

1s the most promising approach.

Willoughby, R.A., "Noise Measurement Technlques for Power
Tools," ASME Paper 73-DE-11, 1973.

Reviews ANSI S$5.1-1971 methed of rating noise of air
tools; dndicates on-the-Job evaluation needed.

"Industry's Quiet Rush to Silence," Iron Age, December 16,
1971, 73-78, ;

Indlcates that OSHA requirements are causing industry
to examine and apply noise control, However, BBN now
considers that this article reflects only the lmmedlate

response to the first OSHA regulations that had then Just
been issued,

Auerbach, E.I., "Evaluation of Nolse from Portable Ailr
Tools," Sound and Vibration, May 1979,

Reviews ANSI S55.1-1971 method of rating nolse of
alr tools.

"Contrelling Nelse in Foundries,!" OSHA, Unilversity of -
Wisconsin-Extenslon, September 1G675.

Reviews available centrols, such as mufflers and damped
tables for pneumatic hand tools, enclesures for exhaust
mufflers for molding machines, care in loading furnaces,

and other controls.

[
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15.

16.

17.

13.

19.
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Cudworth, A.L., et al., "Pneumatlc Muffled Noilse," INTER-
NOISE 78, May 1978.

Reviews reduction in nolse and test methods for pneu-

matliec mufflers.

Cralg, H.D., "Nolse from Compressors and Pneumatic Tools,"
INTERNOISE 78, May 1978.

Reviews nolse control of road breaker — tool ringing
noise, and suggests solution 1s to use damplng.

Cudworth, A.L. and Hansen, W.J., "Nolse Generation in
Prneumatic Blow-Off Guns," NOISE~CCN 75, 1975.

Review of available nozzles to reduce nolse and their

performance,

Elvhammar, HE. and Moss, H., "S8ilenced Compressed Alr
Blowlng," INTERNGISE 738, May 1978.

Deslgn and cholce of blow-off alr nozzles for reduced
noise is discussed.

Lopatowa, H., "Examinatlon of Acoustlc Fleld Generated by
the Use of Vibotamper for Moulding Sands," INTERNOISE 79,
September 1979.

Describes patented exhaust muffler,

Diehl, G.M., "Sound Power Levels of Small Hand-Held Toolsz,"
Compreased Air Magaszine, October 1977.

Discusses noise of tools including pneumatilc items,
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20. Potter, R.C., "OSHA and the Nolse of Pneumatic Systems,"
ASME T7-DE-49, 1977.

Reviews mechanisms of nolse generation by pneumatiec
systems.
21, Redwood, R.A. et al., "Measurement of Hand-Arm Vibratilon

Levels Caused by Chippling Hammers of Two Deslgns," 4dnn.
Oceup. Hyg., Vol, 20, pp. 369-373, 1977.

Quotes nolse results, notes that "most of the nolse was
radlated by the workplece rather than the hammer.”

22, Chester, J.W., "Nolse from Pneumatic Rock Drills,'" U.S.
Department of the Interior, Bureau of Mines Reports 6345

and 6450, 1lg64,

Reviews effects of muffler and gives nolse measurements.

a

23. '"Deslgn Cuts Chipping Hammer Vibration," Foundry M & T,
April 1977, pp. 154-159,

Describes a redesigned impact pilston and the tool
sleeve to 1solate the lmpact mechanism from the tool
casing. Thils reduces the vibration felt by the opera-
tor and also reduces the casing-radiated nolse-.as a
side effect,
24, Pombe, J.L. et al., "Inexpensive and Efficilent Elastic
Mount for a Bench Grinder," 9th International Congress on
Acoustics, 1677.

Uses wvilbration isclation to reduce induced vibration,
prinelipally to reduce grinding wheel wear.
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25.

26,

27.

28.

29.

30.

Martin, A.W. et agl., "Recurrent Impact Noilse from Pneumatic
Hammers," Ann, Oeccup. Hyg., Vol. 13, 1970, pp. 59-67.

Reviews difficulties of assessing high sounds of
phneumatic hammers for hearing loss criterila,

Willoughby, R.A, and Parker, E,, "Reducing Pneumatic Tool
Nolse," Plant Engineering, Sept. 6, 1973, pp. 109-111,

Reviews exhaust muffler, adding damping and absorption
retroflt kits to reduce tool nolse - notes problem of
workpleece noise,

Jensen, J.W. and Vishapun, A., "Pneumatic Rock Drill Noise
Can be Reduced," ¥oise Control Engineering, March/April

1975: pp- 5“‘63 .

Describes modifications, including specilal drill
covering case with mufflers and bit dampers to reduce
operator nolse exposure.

Soderholm, L., "Metal-Fllled Epoxy Cecllar Cuts Nolse?"

Describes deflector for drill to direct exhaust air
Into muffler,

Berg, P.A. and Lagerberg, G., "Are Pneumatic Tool Noilse
Data Useful for Predicting Working Nolse in Shell Struc-
tures?" INTERNOISE 79, September 13979.

Dlscusses use of standard workpleces to obtain more
relevant nelse exposure of pneumatiec tocl operators.

Clarke, J.B, et al,, "Noilse and Vibratilion in an Electric Arc
Melting Shop," 8th International Congress on Acousties,
London, 1974.

Indicates hilgh neolse levels near arec furnaces.
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31.

32.

33.

34,

35.

36.
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Cudworth, A.L. et al., "Noilise Generation in Pneumatie
Blow-0ff Guns," Am. Ind. Hyg. Assoe. J., Vol. 38, December

1977, pp. 670-688.

Descrlbes system to rate and select alr blow-off guns
for noise and efflciency.

Cudworth, A.L. et ai., "Pneumatic Muffler Noise," 4m. Ind.
Hyg. Agsoe. J., Vol, 39, November 1978, pp. 904-913.

Reviews noilse reductlon produced by 65 commercially
available mufflers.

Volante, J., "Noilsy Foundry Operations Quleted by Careful
Engineering," Pollution Engineering, Vol. 9, No. 4, April
1977, pp. 36-37.

Describes booths for grinding and enclosures for auto-
matlc shakeouts,

Knight, J., "Reducing Shakeout Noilse at Midwest Foundry,"
Modern Casting, February 1973, p. 43.

Describes enclosure to reduce shakecut nolse from peak
112 dBA to 87 dBA.

"Wolve Installs Cleaning Room Work Stations," Foundry # & T,
November 1977, pp. 50-52.

Describes completely self-contained bocths for casting
finishing to control dust and noise.

Proux, L.J,, Jr.,, "Pneumatic Hammer on Plate with Resilient
Support,® Ind. Hyg. 4., October 1958, pp. 415-416.

Describes how a sponge rubber sandwich l1s used beneath
the mold plate to reduce neolse when cylinders are in-
serted to make mattress molds by using pneumatlc
hammer.
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Pressman, W., "An Approach to the Noise Problem in a Large
Machine Shop," Ind. KFyg. Quart., March 1956, pp. 37-40.

Describes probklems of chipping hammers and fallure of
using damplng blankets to reduce workpiece noise
radiation.

Dindinger, P., "Evaluatlon of Some Foundry Nolse Control
Techniques," Paper to Symposium on Occupatlonal Health
Hazard Control Technology in the Foundry and Secondary Non-
Ferrous Smelting Industries, Sponsored by U.S. Dept. of
Health, Educatlon and Welfare, Chicago, IL, December 1979,

This oral presentation described the use of tight-
fitting enclosures to control the nolse of tumblers,
blow-off gun nozzles that generated less noise, and
modilfications to a squeeze-Jolt molder to reduce the
noise exposure by 8 dB. The molding machine modifica-
tlons included lining the sand hopper, placing
elastomeric pads {(which did not last), under the Jolt
mechanism, adding rotary vibrators instead of piston-
type, and placing mufflers on the pneumatic exhausts.
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APPENDIX C.10
ANALYSIS OF DRAW FRAMES
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FILTER a. The given industry{s) and/or particular production
process(s) are in chronic violatilion of present OSHA

standards.

RESPONSE + Draw frame operators are exposed to high sound
levels 1In excess of 90 dB(A) (6%, 14, BEBN [iles).

« A search of a limited number of OSHA-contested
cases dees not reveal any specifilc cases referring
to draw frames. However, one of BBN's e¢llents
has been clted for draw frame nolse and has come
to agreement with OSHA f£o have the ciltatlions vaca-
ted on the basis of promised engineering work
{(BBN files).

+ While OSHA recognizes the high nolse levels
preoduced by drawing machines, they appear reluc-—
tant to cite, hecause of the lack of generally
avallable controls. Rather, OSHA has emphasized
the personal protectlon program to ensure that
employees are protected (BBN opinion). The
violation rats for the textile industry 1s 25%,
making 1t one of the leading industries for chronic
violation of the nolse standards (Appendix B).

FILTER b. The degree of difficulty user industries presently
encounter in meeting an elght-hour 90 4BA environ-
mental nolse standard level and for which the most
direct remedial action on theilr part would be a request

¥Numbers 1n parentheses refer to the aAnnotated Blbllicgraphy for
Spinning Frames, Twisters, and Draw Frames, Appendix C.13.
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RESPONSE

FILTER c.

RESPONSE

for administrative controlis, applications for
varlances, or other types of rellef which would
permit the continued production of theilr products
wlthout correction of the nolse violation.

User companiles do not generally have an englneering
staff that is capable of tackling draw frame noise
problems (BBN oninion).

-

The degree to whlch the nolse level of a glven wark
environment exceeds an eight (8) hour dBA standard
princlpally because of the cperation of a slngle

type of class of machine and for which in gitu retro-
fit nolse control is not possible or can only be
achieved at extraordinary expense.

Draw frames generate noise prinecipally from the
drawlng mechanism, where the llnkages and drive
pulleys cause lmpact noilse and induced mechanical
vibration of the machine structure. Drive mechan-
isms can also be significant noilse generators.

+ The noise levels generated often depend on the
condition and maintenance of the machine (6).

* The draw frame can be a major contributcr to the
nolse exposure of the cperator. However, aoften the
dutles of the operator willl require him to go to
other nolsler areas, such as the carding room.

(BBN files).

¢+ In aitu retroflt nolse control is generally not
avallable, However, some manufacturers are now
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offering retrofit covers Tor some of their older
machlnes based on the designs of their newenr

machines. However, the user industry 1s generally

not aware of these ltems (perhaps because the sales
representatives are more concerned with selling

newer machines), and the user Iindustries prefer to
purchase new, more productive machines rather than
costly ltems added to older, less productive machines)

{BBN opinion).

The commonality of a major ncilse produclng plece of
equlpment to multiple industries or production pro-

ceEsses.

Draw frames are particular to the textile industry —
although the applications are widespread.

The degree to which reduction of the noilse level of

the 1dentified type or class of machine would result
in an eight (8) hour environmenteal noise level equal
to less than 90 dBA* as computed by the O0SHA formula.

The draw frame 1s a single independent machine
(although complicated and containing many moving
parts). The machine is generally responsible for
the nolse exposure of an operator in the viecinity
of the machine.

* Draw frames are now being incorporated into complete
carding systems (20). In such systems, the draw
frame is only one compenent of a continucus arrange-
ment of machlnes. The operators will be subjected
to the noise of 21l the components,
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« Reduction in draw frame nolse alone will not ensure
a nolse exposure equal to or less than the limits of
the current OSHA regulatlons.

FILTER f'. On a national basis a minimum of 10,000 machine ocpera-
tors and/or 50,000 peripheral workers are lmpacted by
the nolse emission of the selected machine type or
class and thus would realize dlrect benefit from nolse
reducticon actilons on this specific device.

Approximately 10,000 machine operators are currently
impacted by draw frames, on the basils of 20,000 machines
in place in June 1978 (U.S. Dept. of Commerce, Bureau

of the Census, 1977 Census of Manufacturers, Textlle
Machinery i1n Place, MC77-SR-3 {(P) and BBEN observa-

tions of the number of machines per operatcor).*

RESPONSE

! FILTER g. Not consildered.
FILTER h. See Appendix D, Industrial Machlne Trends,

FILTER 1. There are currently avallable guleted versions of the
selected machine which are capable of meeting an elght
hour, 90 dBA noilse level requirement but for speclflc
reasons (to be determined by contractor) do not make
up & large percentage of machines currently in use or

belng sold.

1l operator
* .
(20,000 machines x EHEEEEEHEE x 4 shifts x .50 utilizaticn)
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Machlnes now avallable from the manufacturers in-
corporate some nolse control, but generally they are
not sufflclently quleted to ensure that the nolse
exposure of the operators wlll meet OSHA require-
ments when several machines are set together (BBN
files, discussions with manufacturers).

There 1s available approprlate nolse abatement tech-
nology which can be applled to the selected machlne
but for unknown reasons {(to be determined in detall
by the Contractor) has not been applied tc the selec-
ted machine.

+ Machines offered today lncorporate some nolse

control.

+ Technology is availlable for the original equipment

manufacturers to develeop draw frames that will not

cause operator nolse exposures in excess of that

allowed under QSHA. This product development will

reqguire sufflecient funds and 2 time pericd long

enough for design and testing to assure that pro-

duction and performance requirements are met (BBN i

opinion).
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APPENDIX C.11
ANALYSIS OF SPINNING FRAMES
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FILTER a. The given industry(s) and/or particular prcduction
process(s) are in chronic violatilion of present OSHA

standards.

RESPQNSE
« Spinning frame operators are noted as suffering from

nolse-induced deafness, second only to weavers 1n
the textile trade. (2%, 1G.)

+ Spinning frame operators are exposed to high scund
levels in excess of 90 dB{(A) and reaching 105 dB{A)

on cceaslon. (5, 6, 13, 14.)

*+ A search of a limited number of OSHA-contested
cases reveals only a single case relating to splnning
frames, and 1n that case, the cltatlion was concerned
with an inadequate hearlng protection program rather
than lack of application of englneering controls.

* While OSHA recognilzes the high nolse levels produced
by spinning frames, they appear reluctant to cite,
because controls are not avallable. Rather, OSHA
has emphasized the perscnal protectlon program to
to ensure that employees are protected. (BBN opinlon.)
The violation rate for the textlle industry 1s 25%,
making 1t one of the leading lndustrles for employee
exposure. (Appendix B.)

*Numbers in parentheses refer to the Annotated Bibliography for
Spinning Prames, Twlsters, and Draw Frames, Appendix C.13.
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The degree of diffilculty user Industries presently
encounter 1n meeting an eight-hour 90 dBA environ-
mental nolse standard level and for which the .most
direct remedial actlon on their part would be a
request for administrative controls, applicatlons
for varliances, or other types of relief whieh would
permlt the continued production of thelr products
wlthout correction of the nolse violation.

In several textlle mills that BEN has visited and
consulted with, programs to reduce spinning frame
noise have been undertaken., These have mostly
concentrated on mulfling the vacuum system and uslng
administrative controls to limit employee exposure.
Only limited work to reduce splndle nolse has been
observed on the mill floors. (BBN files.)

A sear-h of QSHA-contested cases revealed no in-
stances where application of noise control was
recommended for spinning frames. Rather, the cases
were concerned with the adequacy of heatling protec-
tion programs.

User companies do not generally have an engineerilng
staff that 1s capable of solving splnning frame
noise problems. (BBEN opinion.)

The degree to which the noise level of a gilven work
environment exceeds an eight (8) hour 90 dBA standard
principally because of the operation of a single type
or class of machine and for whlech #n gitu retrofit
noise control is not possible or can only be aschleved
at extraordinapry expense,
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Spinning frames generate noise principally from

the high-speed rotating spindles, the ring-
travellers, the vacuum system, and by the drive
mechanisms (tapes, pulleys, etc.). The bearings
cause vibraticn of the frame, and the eccentricity
of rotating parts causes aerodynamic noise. (3, 10,
12, 13, 24.)

The nolse levels generated often depend on the
condition and malintenance of the machine. (6, 7.

The spinning frame controls the nolise exposure of
the operator.

Retrofit contrels are not generally avallable from
the manufacturer to control the noilse of the spindle.
The manufacturer of the vacuum system has experi-
mented with acoustic contrels (27), and it may be
possible to retrofit selected medels of machines

for limited nolse reducticn.

Controls developed by researchers and universities
could be applied. (10, 13, 21, 26, 27, 28.) However,
they will require extenslve development work, which
wlll be expensive and also probably beyond the
ecapabillities of the user industries. (BEN opinion.)

The textile industry has reported that efforts by
textile equipment manufacturers to reduce nolse,
while considerable, have been "almost entirely

fruitless." (17.)
In conclusion, Zin situ controls are too expensive to

apply to spinning frames.
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The commonality of a major noise produclng piece of
equipment to multiple industries or preductilon
processes.

Spinning frames are unlque te the textile lndustry -
although the applications are widespread, including
cloth, carpets, ropes, and tilres.

The degree to which reduction of the noise level of
the identlfied type or class of machine would result
in an eight (8) hour envircnmental noise level equal
to or less than S0 dBA¥® as computed by the OSHA
formula.

The spinning frame 1s a single independent machine
(although complicated and containing many moving
parts). The spinning frame 1s usually set 1n a room
contalning several banks of machines. Thus, it 1s
generally responsible for the total nolse exposure
of the operators. The only other source of nolse
could be the alr-conditioning eguipment, which
maintalns the necessary atmospheric conditions.

(6, 12, 13, 14, BBN files.)

On a national basis a minimum of 10,000 machine
operators and/or 50,000 peripheral workers are
impacted by the nolse emissicn of the selected
machine type of class and thus weuld realize dilrect
benefit rom nolse reduction actlons on this specific
device.
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More than 10,000 machlne operators are impacted by
spinning frames.

First estimate 1s made on the basis of a reported
17,400,000 spindles in place in June 1978 (U.S.
Department of Commerce, Bureau of the Census, 1977
Census of Manufacturers, Textile Machinery in Place,
MC77~8R-3(P)] and BEN ocbservations of the number

of splndles per operator.#

In 1977, it 1s stated that there are 75,000 employees
involved in spinning and 19 million spindles. (26.)

In 1979, 1t is stated that 50,000 workers in the U.3.
are exposed to spinning frame nolse of 90 to 100
dB(A). (28.)

Not considered.
See Appendix D, Industrial Machine Trends.

There are currently available quleted verslons of the
selected machine which are capable of meeting an eight
hour, 90 dBA nolse level requirement but for specific
reasons (to be determined by contractor) do not make
up a large percentage of machines currently 1in use

or being sold.

* 17,400,000 spindles 1 operator | :
( 200 splncles/machine * “T machines 4 sh. res x .50 utilization
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Quieted versions are now avallable by the application
of nolse centrol by the equipment manufacturer, but
nolse 1s generally not sufficiently reduced to ensure
that noise exposure of operators wlll meet OSHA
regulrements., (BBN filles, discussions with the
manufacturers.)

U.S5. manufacturers report work on guleted machines
but suggest that the expense means that they will
not be competlitive. Also, strict malntenance is
necessary to keep the machinery qulet. Thils will
increase user lndustry operatlng expenses, and 1t

1s 1llkely that maintenance for nolse control will

be neglected in the efforts to maintain productivity.
(Discussions with manufacturers.)

BEN has heard that one forelgn manufacturer produces

a machine that meets 0OSHA regulations when new, but
thls has not been substantiated, and neither publlished
data nor measurements of the nolse have been cbtailned.
(BBN files.)

There is avallable appropriate nolse abatement tech-
nology which can be applied to the selected machlne
but for unknown reasons (tec be determined in detaill
by the Contractor) has not been applied to the
selected machlne.

The OEMs say nolse control 1Is not generally available
and disparages zll wbrk completed prior to 1973. (17.)

PRI TR FRS QP TEIW N g S b [ 2 )

e e

e o i S PR
S el




TT TR N RINY MW A

Report No. 4330

e et a

A e b e e b b T

Bolt Beranek and Newman Inc.

Recently researching researchers have reported results
and gilven oplnions that quieter spinning frames could
be constructed using pelyurethane and rubber bushes
(10), intake mufflers on vacuum system (21, 27),
elastomeric ring holders (27, 28), spindle mount
isolation (27), tighter fitting hobbins (27,28), and
tighter machine covers (28}.

Exposure can be further reduced by use of room
absorption (6, 7).

There are differences in the estimated costs for
providing noise control. In Ref, 26, Emerson
estimates that noise control to comply with the O0SHA
regulations can be provided for $6.55 per spindle.
BBN used a figure of $31.0C per spindle in 1ts
economic impact analysis of the regulatlon. The
textile industyry implied that the BBN filgure was

teo low, 1f lndeed the noise control could be
achieved at all {(25).

Suffleient noise control technology 1s available

to enable the development of quleter spinning frames
that would result in OSHA compllznce. However, the
product development wlll require conslderable effort
and time. (BBN opinion.)
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APPENDIX (.12
ANALYSIS OF TWISTERS (TWISTING MACHINES)
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FILTER a.

RESPONSE

The given industry{s) and/or particular production
process(s) are in chroniec violation of present CSHA
standards.

Twisting machlne operators are exposed to high sound
levels in excess of 90 4B(A} (6,% 10, 11, 14, 15,
BBN files) and in general are overexposed to noise
according to the current CSHA standard.

& search of a limited number of 0SHA-contested cases
does not reveal any particular cases relating

directly to twisters. However, several of BBN clients
have been clted for twister noise and have come to
agreement with OSHA to have the citatlons vacated
glther on the basls of promised engineering work

or OSHA acceptance of the clalm that contrels were not
avallable. (BBN riles.)

While OSHA recognizes the high nolse levels produced
by twisting machines, they appear reluctant to clte,
because of the lack of generally available controls.
Rather, CSHA has emphaslized the personzl protectlon
program to ensure that employees are protected. (BBN
cpinlion.) The violation rate for the textile
industry 1s 25%, malking it one of the leading indus-
tries in vielatlon rate (Appendix B).

¥Numbers 1n parentheses refer to the Annotated Bibliography for
Spinning Frames, Twisters, and Draw Frames, Appendlx C.13.
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FILTER b. The degree of difficulty user industries presently
encounter in meeting an elght-hour 90 dBA environ-
mental nolse standard level and for which the most
direct remedlial action on their part weould be a
request for administrative controls, applications
for variances, or other types of relief which would
vermit the continued productlion cof their products
without correction of the nolse violaticon.

RESPONSE
+ In only one textile mill visited by BBN 1n the
last five years has the company modifled the
machinery or the facillty to reduce the nolse,
cther than by adding avallable better quality
spindle bearings (BBN files).

» A search of 0OSHA-contested cases revealed no instances
where application of noise control was recommended
for twlsters; rather,the cases were concerned with

! the adequacy of hearing protection programs.

! FILTER c. The degree to whilich the nolse level of a glven work

{ environment exceeds an elght (8) hour 90 dBA standard
! prineipally because of the operatlon of a single type
or class of machine and for whilch in aitu retrofit
nelse control 1s not possible or can only be achleved
at extraordinary expense.

RESPONSE

* The twister controls the noise exposure of the
operator.
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Twisters generate nolse principally from the high-
speed rotating splndles and bobblns, and by the
drive mechanisms (tapes, pulleys, etc.). The
bearings cause vibratlon of the frame, and the
eccentricity of rotating parts causes azerodynamic
nolse. (3, 6, 18.)

The noise levels generated often depend on the con-

dition and maintenance of the machine. {6, 7, 11, 18.)

Maintenance to reduce spindle vibration 1ls expensive
and can put a user company in an uncompetitive posi-
tion. Maintenance is performed only to keep
machines operational. (BBN opinion.)

User companles do not generally have the techno-
logically aware englneering staff to tackle twister
noise problems. (BBN opinion.)

Retroflit controls are not generally avallable from
the manufacturer to controcl the most serious noise
source — the spindle. The use of narrower drive
belts, changes in idler pulley confiliguration, and
better maintenance are offered as one solutilon for
reducing the nolse, (Discussions with manufacturers.)

No modifications are generally avallable Cor the
newer, larger, faster, and foreign manufactured
machines. (BBN opinion.)

The textlle industry asscclation has reported that
efforts by textile equipment manufacturers to reduce
noise, while considerable, have been "almost entirely
fruitless." (17.)
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RESPONSE
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The commenality of a majoer nolse producing plece of
equipment te multiple industries or preoduction
processes.

Twisters are unique to the textile industry — although
its applications are widespread, including cloth,
carpets, ropes, and tires.

The degree to which reductlon of the noise level of
the ldentifled type or class of machlne would result
ir an elght (&) hour environmental noise level equal
to or less than 90 dBA* as computed by the OSHA
formula.

The twister is a single independent machine (although
complicated and contalning many moving parts). The
twister 1s usually set 1ln a room ceontainlng several
banks of machines. Thus, it 1s generally responsible
for the total exposure of the operators. The only
other source of nolse could be the alr-conditioning
equipment, which maintains the necessary atmospheric
conditions. (6, 11, 13, 14, BBN files.)

On a national basis.a minimum of 10,000 machine
operators and/or 50,000 peripheral workers are
Impacted by the noise emission of the selected
machine type or c¢lass and thus would realize direct

heneflt from nolse reduction actions on this specific
device.
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More than 10,000 machine operators are impacted,
This estimate 1s made on the basis of a reported
3,500,000 twisting spindles in place in June 1978
[U.8. Department of Commerce, Bureau of the Census,
1977 Census of Manufacturers, Textlle Machinery in
Place, MC77-SHE-3(P)] and BBN observations of the
number of spindles per operator,#

Not consildered.
See Appendix D, Industrial Machine Trends.

There are currently avallabhle guleted versicns of

the selected machine which are capable of meeting

an eight hour, %0 dBA nolse level requirement but

for specific reasons (to be determined by contractor)
do not make up a large percentage of machines cur-
rently in use or belng sold.

Quieter verslons are now avallable by the application
of nolse control by the egqulpment manufacturer, but
noilse is generally not sufficiently reduced to

ensure that the nolse exposure of operators will

meet OSHA requirements. (BBN files, discussions

1 machine x 1 _operatorn . 4 spifts x

(3,500,000 spindles x 1&g Spindies U machines

L dad b

0.70 utilization)
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with manufacturers.) Noise produced is increased
somewhat by the increase 1n size and speed of the
current machilnes.

U.3. manufacturers report working on quieted machines
but suggest that the expense means they wlill not be
competitive. Also, strict malntenance 1s necessary
to keep the machinery quiet. Thls will increase

user industry operations expenses, and 1t 1s likely
that careful maintenance willl be neglected in the
efforts to malntain productivity.
with manufacturers.)

(Discussions

Cne quiet twister was reported, offered in 1871,
but 1t appears to have disappeared slnce that date.
No reported noilse results for this machine are
available (9).

There 1s avallable appropriate nolise abatement tech~
nology whilch can be applied to the selected machine
but for unknown reasons (to be determined in detail
by the Contractor) has not been applied to the
selected machine.

The 1lndustry says that noilse control is not generally
avalilable and disparages all work completed prior
to 1973 (17).

Recently engineering researchers have reported results
and given oplnions that quleter twisters could be
eonstructed using polyurethane and rubber bushes (10),
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spindle isolation (1, 18), plastic pulleys {1l1),
added welghts for balancing (13), and quality

bearings (18).

= Exposure can be further reduced by use of room
absorption (6, 7).

+ The technology 1is available to design, test, and
produce production twisters that are quiet enough to
meet the current OSHA regulations. Such an effort
wlll require substantial funds and considerable time.
Neoise control 1is not generally applied because of
cost. (BBN opinion, discussions with manufacturers,
25). Manufacturers say it would be uncompetltive.
Providing capital for new designs could cause
financial difficultles for U.S. manufacturers
{BBN opinion).
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APPENDIX C.13

ANNOTATED BIBLIOGRAPHY FOR
SPINNING FRAMES, TWISTERS, AND DRAW FRAMES
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Higgs, E.R., "Vibraticn Behavior of the Textlle Spindle,”
ASME Paper 63-TEX-1, 1663 — ST#,
Review of spindle eccentric rotation that 1s caused by
unbalanced masses. Includes a discusslon of spindle
i1solation. Work 1s relevant to later nolse studiles.

Burns, W. et al., "An Exploratory Study of Hearing and Noise
Exposure in Textile Workers," 4Ann. Ocecup. Hyg. 71, 1964,
Pp. 323-333 - 3.
Notes the high noilse levels in weaving and spinning
operatlons and the corresponding loss of hearing.
Finds that workers at splnning machines averaged
hearing losses of about half that of weavers. At
4000 Hz, the mean hearing impalrment of spinners
1s 24.7 dB, while it 1s 4¢.7 4B for weavers.
Finds a further decrease of the group over a three-
year period of 2.1 dB for spinners and 6.1 dB fer

weavers.

Crawford, R., "Nolse of Rotating Spindles and Bobblns in a
Textlile Machilne," J. Sound Vik. 5(2), 1967, pp. 317-329 — ST.

Describes the nolse produced by a rotating spindle
and identifies the eccentriclty of the bobbin
itself and the bearing zs the principal noise
sources.

Crawford, R., "IV Noise Control of Factory Plant — Noise
Control on Textile Machinery," Phil. Twana. Roy. Sce. 20634,
1968, pp. 347-367 — sS. ‘
Descrihbes noilse generation mechanism of textile
splndles — discrete tones result from eccentricity
of bobbins displacing ailr, and broadband noise is
associated with surface roughness and bearings.
Shows needle bearings gquleter. Belt nolse,

¥Flatters refer to particular application, viz., S = Spinning
Frames; T = Twlsters; D = Draw Frames.
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which 1s caused by vibration of guilde and tensioning

pulleys, 1s also significant. (The study was principally

aimed at draw twlst machines used in the synthetic
fiber industry.) Notes alsc the importance of drive
mechanisms in spinning machines.

Walker, R.P. et al., "Preliminary Report on Noise in the
Textlle Industry," Instiltute of Textile Technolcgy Report,
Project 82, 1968 — 8,
Notes that sound levels as high as 105 dB(A) were
recorded In spinning rcoms. The range of sound
overlapped the low end of the results for weave
rooms.

Hoover, R.J. and Bruce, R.D., '"Noise Problems in the Textile
Industry," paper to the 1969 Textlile Engineering Conference,

May 1969, Raleigh, N¢ — TSD.

Shows noise levels for twilsting, spinning, and
drawing in the 90 to 100 dB{A) range. Describes

the reduction that might be achieved by use of roon
absorption — up to 3 dB when away from the machlnes —
and notes that greater reductlons can be achleved

by wcok on the machines.

Textile Werld, "How to Get Started con Noilse Control," June
1970 ~ 3D,
Descrihes programs to measure exposure and require-~
ments to reduce machinery nolse. Indicates acoustic
absorption 1n room may lower sound levels by only
2 dB. Suggestions for machinery noise reductlon
include replacing worn parts on splnning machines
and acoustle absorptlon in drawing area.

Stout, H.F., "WHolse Reductlon in the Textille Industry,'
Textile Institute and Industry, May 1971, pp. 129-130 - 5.

Indicates that nolse in spinning frame areas is
85 to 100 dE(A).

Modern Textiles, "6th International Exhibiticn of Textlle
Machinery Opens 1n Paris Next Month," May 1971, pp. 20-26,
50 - T,

Says U.Z. Textile Machine will exhibit & ring twister
with soundprecofing kit. DNo details given.
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10.

11l.

12.

13-

"Textlile Machinery Nolse Control,” Textile Industries,
September 1971, pp. 167-170 — 3ST.

Describes work completed to identlfy sources of
noise in spinning frames and twisters, and rates
speed as the "bilggest enemy" because faster machlnes
produce mere neoise. Describes the reported use

o' polyurethane and rubber bushings to reduce

the induced vibratlon, and notes spindle lsolation
15 not new. Particularly references a paper hy
John D, Page of Saco Lowell Maremont to IEEE in
1971 (we have not obtailned or %£raced a copy).

Farmer, B.R., "Ring Twister Noise Level Cantrol," Textile
Induatriecs, October 1972, pp. 117-119 — T.

Says noise in ring twister rooms 1s from 90 to
95 dB(A) and nolse is the result of rotation and
vibration of moving parts. Suggests use of
plastic pulleys, baffles, and curtains to reduce
noise. Also recommends balanced shafts and
pulleys and choice of bobbins.

Cudworth, A.L. and Stahl, J.E., "Noise Control in the Textille
Industry," Inter-Noiase ?2 Proceedings, October 1872, pp.
177-181 — s.
Notes that neoise is assoclated with the machinery and
net the thread. Refers to previously reported studles
ldentifying spindles, drives, and belts as sources.
Gives typical levels for spinning at 90 dB(A) plus.

Emerson, P.D. and Overmann, H.3. III., "Reduection of Hoise

from Rotating Textile Spindles," Amer. Ind. Hyg. Assoe. J.,

April 1972, pp. 252-257 — 3T.
Notes that sound levels in spinnihg and twisting rcoms
can reach 105 dB(A) and spindles are responsible for
80% of the total noise. Describes program to reduce
the vibration of spindles by use of added weights, but
ne corresponding reduction in noise 1s observed. Con-
cludes that noise originating from spindle vibration
can only be reduced by better lseolatlon from a frame
that radiates nolse, and that nolse caused by eccentric
rotatlion can only be reduced by better quallty of com-
ponents.
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1y,

15,

16.

l?l

18.

Emerson, P.D., "Some Aspects of Nolse Contrel in the Textille
Industry," paper to AATCC Symposium on "The Textile
Industry and the Environment -- 1973," — STD.

Pescribes the way to set up and conduct a nolse
control program. Says spinning, twisting, and
drawling areas are typically %0 to 95 dB{(A). Says
source control is best but gives no exanmples.

Royster, L.H. et al., "Characteristles of North Carclina
Industrlal Noise Environments,'" North Carolina State Uni-
versity, April 1973.

Notes that sound levels 1ln most textlle industry
facilities are in excess of CHABA B85-dB(4) criterion.

Evans, J.D. et al., "An Investigation of Nolse Radlated by
an Eccentrically Rotating Bobbin," Proe. Noise-Con 73, 1973,
pp. 423-427 - ST,

Describes a theoretical model of the noilse produced
by a rotating bobbin In terms of an acoustic dipole
source, and compares the result to measurements,
This refers to the aerodynamiec nolse of the rotating
element. Recommends the use of a stabilizer inside
the bobbin to provide a snug it on the spindle.

Prince, P., "Statement of ATMI to Members of the Advisory
Committee on Noise," August 9, 1973, Colby College, Water-
ville, Maine.

Reviews problems and requlrements of reducing textlle
machinery nolse. Says most of the effort by textile
equipment manufacturers and acoustlcal engineers,

while considerable, has "been almost entirely fruitless.'

Timbie, R.W. and Howe, F.J., "Drawtwister Spindle Noise
Reductlon," ASME Paper 73-Tex-8, 1973 — T.

Notes that on drawtwisters the spindle is the dominant
source of noise and that vibration is important. Noise
reductions of 11 4B are achieved on experimental
machines using qualilty bearings and scoft mounts.
Reports experiments using electric drive to individual
spindles were underway.
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19. Bailey, J.R. and Brown, C.M., "Guidelines for Textile Industyy
Noise Control," J. Engineering for Industry, February 1974,
pp. 241-246,

Notes that spinners and weavers have significantly

greater hearing loss than other workers not noise

exposed. Descrlbes progress in textile machlnery

nolse control as limited, and suggests this may be

due to fragmentatlon of industry. Describes mechanisms
of nolse generation and difficultles of enclosing sources.

20. ATMI Tax Committee, "Technological Obsolescence in the
Textile Industry," August 1975,

Reviews the costs of industry to meet government
regulation.

Notes that there have been rapid changes 1n drawing
machines since 1966,

Notes that since 1966, a new generation of spinning
frame has been marketed and costs on the order of

$90 per spindle. Four and one half million new
spindles have been sold in recent years and 315,000,000
have been fitted with automatic doffer which increases
production expenses at a cost of $25 per spindle,
Estimates replacement rate at 560,000 annually.

Notes newer twisters are being produced at costs
of %350 per spindle and are coming onto the market

slowly.
2l. "Case Hilstories of Nolse Control in the Textile Industry,"
presented at North Carolina State University, September 19,
1374 — 5,

Fred C. Craft, Jr. of Cheraw Yarn Mills Inc. describes
the use of foam to cut the intake noise of the Pneuma-
11 motor collection end on a Roberts spinning frame.
One-inch-thick acoustic foam 1s used to achieve a
reduction of 2.5 dB. The foam needs periodic cleaning.

Up to 5 dB reduction of nolse to the side of a H and
B spinning frame 1s reported by use of ball bearing
spindles rather than oill base spindles.

A test on a Roberts spinning frame involving an
insulated Pneumafil box and shroud faziled because

of reduced suction initially, but modifications to
allow ailrflow produced up to & dB reduction eventually.

Regreasing spindle bearings on a Saco-Lowell Spino-
matic spinning frame produces a noise reduction of
12 dB.
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22.

23.

24.

25.

Hudson, R.S., "Neoise Reduction in the Pin Drafting Area of
a Spinning ML111," Proc. WNoise Expo 1975, pp. 54-57 — D,

The use of room absorption produces nolse reductions
of up to 3 dB in the area of pin and servo drafting
machines.

A hinged cover over the faller bar area of a Warner
and Swasey pin drafter with damped enclosure panels
at the side of the machine produces a drop in sound
level near the machine of 6 dB. In an area of such
machines, the sound level would be 92 d4BA, if all
machines so treated.

Stewart, N.D., et aql., "Spinning Frame Noise Sources,'" ASME
Paper 75-Tex-T7, 1975 — S.

The major nolse sources of spinning frames are identlfied
as the ring traveler and the spindle-bebbin system.

Qther sources are the drive ecylinder, drive tapes, i1dler
pulleys, vacuum system, and gears, Several suggestlons
to reduce the nolse are offered as part of an ongoing
progran.

Stewart, N.D. et al., "Identiflication of Textile Spinning
Neise Sources,'" Proe. Inter-Noise 7?5, 1975, pp. 71-73 — 3.

Identifies ring traveler system, spindle-bobbin
combination, spindle drive system, and vacuum
system as nolse sources 1ln spinning machines.

Kemp, F.B., "Statement Before Publie Hearilng Concerning the
Change in OSHA Noise Standard (CFR 1910.95 — Occupational
Noise Exposure Regulations and Procedures) 1576.

Says that even 1f BBN [lgures are right, industry
canneoet afford what could be a 70% increase 1n debt.

Emerson, P.D. et al., "Economic Impact of a 90 4BA Nolse
Standard on Textlle Spinning Operations," ASME Paper 77-RC-
15, 1977.

Says spinning frame machine nolse can be reduced below
90 dB(A), 8-hr equivalent exposure lavel, There are
75,000 employees 1Involved in spilnning and 19 million
spindles. Says cost of replacement of machines is

$80 per spindle, and that noise control can be
provided for $6.55 per spindle as opposed to the BBN
figure of $31 per spindle used in the Economic Impact
Analysis. (Note: this 1is opposite to textile industry,
which says BBEN estimates are low.}

c-123




ST RERE el e el

Report HNo.

4330 Bolt Beranek and Newman Inc.

27. Emerscn, P.D, ez al., "Manual of Textile Industry Noilse Con-
trol," North Carclina State University, 1978 — DS.

References the hearing loss of workers in the textile
industry.

Includes references to mest reported work to control
textile noise.

The case histories clted include & study on a Whitin
Model M7BS short staple draw frame where the
prinecipal ncilse scurces were identifled as the first
and second bottom draft rolls, the sliver coller,
and the head gear drive. (The processing elements —
the drafting system 1tself — were not studlied under
thls first phase program.) A redesigned unit
(except for the drafting system) was designated
Model DW 2000 and included a top cover, head end,
and pin enclosure treated with accustical foam.

A reduction in nolse of up to 5 dB was achleved.

Another case history involved modifications to a
Roberts splnning frame to ineclude Flatt Saco-
Lowell elastomeric ring holders, tighter fitting
bobbins, and reduction 1in spindle rail panel areas.
The nolse was reduced by 4 dB wilth this treatment.

With a Whitin Model F2 sgpinning frame, 1t is reported
that 1nstallation of Platt Saco-Lowell elastomeric
ring holders, Lord Kinematlcs spindle mounts, and
modifications to the idler pulleys reduced the
predlcted room nolse level by 4 dB.

Finally the Pneumafll Corporatlon reported as
another case history the development of retrofit
kits for their vacuum systems used on spinning
frames, whereby the nolse of this particular unit
was reduced by up to 17 dB.

28. Stewart, N.D. and Bailey, J.R., "Noise Reduction on Textile
Ring-Spinning Frames," ASME Paper 79-DET-33, 1579 - S.

Indicates that 50,000 workers in the U.S. are exposed
to spinning frame noise of 90 to 100 dB{(A). Notes
that the nolse sources on spinning frames are the
splindle-bobbin system, the ring traveler system,

the vacuum end-collection system, and the overhead
traveling vacuum cleaners. Also notes that idler
pulleys, gearboxes, drive cylinders, motor, and

drive tapes can be important noise sources.
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Experiments on four spinning machines to I1nc¢lude the
use of elastomerlc holders for the spindle mounts,
narrower drive tapes, nylen gears, bearings, and

ring holders set on elastomerlic mounts, quleted
vacuum fan exhausts, idler pulley dust ring removal,
better and tighter fltting bobbins, and tighter
machine covers produced up to 7 dB of sound reduction
to give predlceted alsle levels for many machines of
near 50 4B(A).
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APPENDIX C.14
ANALYSIS OF LOOMS
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FILTER a. The given industry(s} and/or particular production
process(s) are 1in chronic violation of present OSHA

standards.

RESPONSE
+ Weavers' deafness has been identified since before

19060 (9%, 13, 18, 20, 30).

+ Deafness 1n weavers was responsible for many basic
standards of industry-induced nolse, in U.S.A.
(10, 18) and abroad (8, 9, 13, 15, 16).

+ (OSHA has had little success 1in controlling exposures
to loom nolse. In the one case that went through
the OSHA process, the Review Commission effectively
ignored the expert oplnion that looms could be
quleted and accepted the user industry statementcs
that lcoem nolse could not be controlled through
engineering techniques (1),

+ Industry has generally resisted the application of
neise contrel to looms (12, 17}.

* As a result, OSHA enforcement has been limlted in
the weaving operations of the textile industry
(BBN Cpindiocn).

FILTER b. The degree of difficulty user industries presently
encounter in meeting an eight-hour 90 dBA environ-
mental noilse standard level and for which the most
direct remedial action on their part would be a request
for administrative controls, appllcations for vari-
ances, or other types of relilef which would permit
the continued producticn of their products without
correction of the noilse violation.

#References in Bilbliography.
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Weaving operatlons, like many other aspects of the
textile mllls, are in a period of major change (1l2).
Older fly-shuttle looms are being replaced by newer
shuttleless looms. These newer looms replace the
parts of the mechanism that are generally agreed

to be the major nolse sources of the fly-shuttle
loom — the pilcking stick and shuttle catcher and
Jauncher mechanisms.

Industry preograms {(in the U.S3.A.) to provide retrofit
kits for looms have ceased for economic and political

reascns (BBN Opinion).

Manufacturers (24, 30, 36) and Universlty personnel
(2, 6} have achlieved 5 dB reduction in noise for

shuttle looms.

Because shuttleless looms are relatlvely new, no

nolse reduction has been serlously attempted on

them. Instead, effort has been concentrated on maklng
these machines work better. Water jet and alr Jet
looms are limited by the width of ¢loth they can
produce, but advances in design continue to occur.
Forelgn manufacturers offer serious competiticn to
domestic loom manufacturers.

Users have tried to quiet fly-shuttle looms, but with
no success (28). Shuttleless looms are so new and

so technologleally advanced that users have not
attempted to reduce the noise of these looms (BBN
Opinion).

Users do not usually have the technical capacity to
solve locm noise problems (BBN Opinion).
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FILTER ¢. The degree to which the noise level of a given work
environment exceeds an eight (8) hour 90 dBA standard
princlipally because of the operation of a single type
or c¢lass of machine and for which Zn situ retrofit
nelse contraol is net possible or can only be achileved
at extraordinary expense.

RESFONSE
*+ Modifications such as retrofit kits for source control

on fly-shuttle looms have been discontinued, probably
because of industry Indlfference and because the cost
of nolse control could be high compared to that for

a fully depreclated fly-shuttle loom (1).

* No modifications are available for newer shuttleless
looms (BBN Opinion).

* Many of the items in response to Filter b apply
here (BEN Opinion).

' FILTER d. The commecnality of & major nolse produclng plece of
equipment to multiple industries of production
processes.

RESPONSE

*+ Looms are unigue to the weaving operations of the
textile industry.
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FILTER e.

RESPONSE

FILTER f.

RESPONSE

4330 Bolt Beranek and Newman Inc.

The degree to which reduection of the nelse level of
the 1dentified type cor class of machline would result
in an elgnht (8) hour environmental nolse level equal
to or less than 90 dBA* as computed by the OSHA
formula.

The loom 1s a simple independent machine, usually

set 1n a room containing cnly looms and atmospheric
conditlon control equipment; 1t l1ls responsible for the
total noise exposure of the operator (2, 18, 20).

On a natlonal basis a minimum of 10,300 machilne
operators and/or 50,000 peripheral workers are
impacted by the noise emilssion of the selected
machine type or class and tnus would reallize direct
bhenefit from nolse reduction actions on this specific
device.

The numbers of exposed workers are affected by the
changing nature of the machine and the industry. The
less efficient fly-shuttle machines are being replaced
by the shuttleless looms where mechanically possible.
In such situatlons, productivity 1s resulting in a
smaller work force (BBN Cpindion).

In 1973, there were 313,111 fly-shuttle looms and
18,818 shuttleless looms in operation in the U.3. (4).
Assuming one worker for 30 looms (BBN Opinion and

BBN Files) and four shifts, the approximate number
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FILTER g.

FILTER h.

FILTER 1.

RESPONSE
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of loom operators is 44,000 for 1973. By 1978, there
were 263,256 fly-shuttle looms in operation (4), a
16% reduction in fly-shuttle looms and a 77% lnecreass
in shuttleless leoms. On the basls of the previous
assumptions, the number of loom operators is 39,500
for 1978. This is a 9% reduction in operators.

Not considered.
See Appendix D, Industrial Machlne Trends.

There are currently avallable quleted versions of the
selected machine which are capable of meetling an
elght hour, 90 dBA noise level requirement but for
specific reasons (to be determined by contractor) do
not make up a large percentage of machines currently
in use or being sold.

Manufacturers appear to have stopped all efforts to
reduce noise of fly-shuttle looms (BBN Opinion).
Programs of references 24, 30, and 36 appear to
have stopped (1).

Shuttleless looms represent a new technology, and
manuffacturers are more concerned with making the
macnines work efficilently and handle wlder cloth
than with providing them with nolse control (BEN
Opinion).
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FILTER j. There is available appropriate nolse abatement tech-
nology which can be applied to the selected machine
but for unknewn reasons (to be determined 1in detail
by the Contractor) has not been applied to the
selecting machine.

RESPONSE

*» Desplte OSHRC rulings (1), oplnicn among nolse con-
sultants 1s that nolse of fly-shuttle looms could be
reduced (6, 2, 29, 24, and 30).

« Work will be needed to ildentify relevant sources of
nolse operations — air Jets, water Jets, pneumatlc
systems, and drivers for shuttleless looms, before
programs can be begun to produce nelse contrel for
these machines, which are already quieter than fly-
shuttle looms (BBN Opinion).
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BIBLIOGRAPHY FOR LOOMS

1. 5 0SHR 1257, "West Point Pepperell, Inc." Review Commlssion
Decision; OSAERC Docket No. 8255, April 2977.

X2 and X3, Draper Fly Shuttle Looms.

Heview Commission reversed judge and disallowed
cltation because there was no feaslble method of
quieting, desplte expert opinion that a reduction
could be achieved. Justlce Cleary dissented noting
that expert opinions were not countered and no
alternative gualilified expert was offered.

2. Balley, J.R. and C.M. Brown, "Guidelines {or Textile Industry
Nolse Control," J. of Engineering for Industry, Feb. 2974,
pp. 241-246.

Reports on problems of loom noise; reports on Draper
Division of NA Rockwell Study using nylcn parts and
other treatments, which eventually were discarded
because of wear problems.

3. Emerson, P.D. et al., "Manual of Textlile Industry Noise
Control,"” North Carolina State University, 1978.

References hearing loss Iin textlile Industry; includes
references to most report werk to control textile
neoise. No looms 1n case histories. Describes
mechanisms of loom noise generation,

4. 1977 Census of Manufacturers, "Textile Machines in Place,"
U.S. Department of Commerce MC T7-8R-3(P), May 1977.

On June 30, 1978: Broad Fabric Weaving Looms;
Shuttle looms — 263,256. Shuttleless — 33,439,
By Deec. 21, 1973: Bread Fabric Weaving Looms;
Shuttle looms — 313,111. Shuttleless — 18,818,
Change in 4-1/2 years, Shuttle ~16%, Shuttleless

+77%.

5. Amerlecan Textlle Machlinery Assoclatlon, "ATMA Nolse Measure-~
ment Technlque for Textile Machinery," July 1973.

Measures of dB(A), octave-band sound pressure level,
average nolse level dB(A), impulsive noize (dB), at
typlical operator locatlons in typical mill setup.
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11.
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Crawford, R., "IV, Noise Control of Factory Plant — Noilse
Control of Textile Machinery," Richard, E.J., ed., Phil.
Trans. R. Scec. 263A, 1968, pp. 347-367.

Revlews nolse In textlle industry and discusses
replacing metal parts of loom wlth nylon and
synthetics to reduce nolse somewhat.

"Modern Developments in Weaving Machinery," Duxbury, V.
and G.R. Wray, eds., Columbine Press 1962, reprinted 1971.

Describes loom types and mechanisms.

Atherly, G.R.C., "Monday Morning Auditory Threshold in
Weavers," J. Brit. Industries Med., Vol. 21, 1964, pp.
150-153.

Recovery of weaving loom personnel not complete
after weekend in comparison with 16-~day break.

Taylcor, W. et al., "Study of Nolse and Hearing in Jute
Weaving," J. deousgt. Soe. dmer., Vol. 38, 1965, pp. 113-120.

Hearing loss of weavers ls documented.

NoweZr, M.H. et al., "Exposure to Noise in the Textlle
Industry of the UAR," J. 4m. Ind. Hyg. Assoo., Nov.-Dec,
1668, pp. 541-5486,

Documents hearing loss of weavers and sound levels
for looms, typlcally 58 dB.

Lyons, D.W., "How to Get Started on Nolse Control," Texiile
Horld, June 1970, pp. 51-55.

Revlews nolse problems and how to tackle them. Says
gilfficult to reduce nolse 1In looms; 2 dB reduction
for room absorptlon.

ATMI Tax Committee, "Technological Obsoclescence in the
Textile Industry," August 1975.

Revlews costs of iIindustry to meet government regulations.

Notes: 1960 65% cotton 29% manmade 6% wool
1973 29% cotton 70% manmade 1% wool
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Notes changes in technology of looms since mid-
1950s and suggest nolse contrel will follow in response
to government regulations.

13. Atherley, G.R.C. znd W.G. MNobkle, "A Review of Studles of
Weaver's Deafness," Applied Acousties, Vol. 1, 1968,

pp. 3-14.

Reviews published studies of deafness in weavers
and Indlcates extent of problems. Dates back to
1896, Maljutin (Russia). At least 10% reach
threshold of disablement,

14, Bailey, J.R. and C.M. Brown, "Guldelines for Textile Industry
Noise Control," ASME Paper 73-TEX-2, 1573.

Describes approach to sclving noise centrol preblems,

15. Burns, W. et al., "An Exploratery Study of Hearing and Noilse
Exposure 1in Textlie Workers," Ann. Occup. Hyg., Vol. T,
1964, pp. 323-333.

Study determined that the hearing of textlle workers
was worse than that of rural workers.

16, Taylor, W. et al., "A Pilot Study of Hearing Loss and Socilal
Handicap in Female Jute Weavers," Proc. R. Soc. Med., Vol.
60, Nov. 1967, pp. 1117-1121.

Nolse levels of 92 to 10l 4B, reviews study to reduce
nolse of plastic parts by 2 dB; new looms lncreased
levels. Hearing dlsabilities qualified in terms of
threshold shift, conversation, and telephone usage.

17. Kemp, F.B., "Statement before Publlec Hearing Concerning the
Change in OSHA Nolse Standard,'" (CFR 1910.95 - Occupational
Noise Exposure Regulations and Procedures), 1976.

Says even 1 BBN filgure is right, industry can't
afford what could be a 70% inecrease in debt.

18. Royster, L.H. et al., "Characteristics of North Carclina
Industrial Noise Environments," North Carolina State
University, April 1973.

Most of textile industry 1s 1n excess of CHABA 85
dBE(4) eriterion.
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19.

20.

21.

22,

23.

25,

¢ e

Fitzgerald, L.K., Letter to R.D. Bruce, BBN, August 1976.

Lists numbers and manufacturers of looms.

327,018 shuttle looms
36,583 shuttleless looms

Walker, R.P., "Preliminary Report on Noilse 1n the Textile
Industry," Institute of Textile Technology, Charlcttesville,
Virginlia, Project B2, Feb. 1968.

Reports on nolse in weave rooms — typically 101-111

dB{A). Also glves contributions to loudness (sones)
of components of a loom. The picking stick produced
67.9 senes of =& total of 176.1. Shaft rotation

was the second largest contributor to loudness.

Hoover, R.M. and R.D. Bruce, "Noise Problems in the Textile
Industry,”" Paper to 1969 Textile Engineering Conference,
Raleigh, North Carolina, May 1969,

Noise levels in weaving rooms, 100 dBA.
Illustrates methods of noise control,

Bolleter, V., "On the Sound Fropagation in Large Flat
Weaving Sheds," Inter-Noise 77, March 1977.

Describes how sound propagates and discusses
influence of hard floor, celling treatment {(no
large reduction can be exipected), scattering
of machines (not important).

Ho, M.T., "Noise in Weaving Mllls, Results of a Survey
of Twenty Two Factories — Reductlon Possibilities,”
9th International Congress on Acoustics, Madrid, July 1977.

Recommends quleted looms, new treatment and spaclng.
Finds 6 to 7 dB difference for same loom in
different plants.

Cudworth, A.L. and J.E. 3tahl, "Noise Control 1n the Textile
Industry," Inter-Noise 72, Oct. 1972.

Noilse of looms presented. Relates sound to the
discontinuous motion of looms. Recommends using
resilient materilals at 1mpact points; 10 to 15 4B
reductilon possible. Also recommends partial
enclosures.
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25

26.

27.

28.

28,

30,
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Cudworth, A.L., '"Cutting Out Noise from Whole Cloth, Noise
Contrﬁl in the Textlle Industry," Vol. 1, Summer 1973,
pp. 24-30.

Recommendatlons simlilar to those in Ref. 24, above.

Stout, H.P., "Noise Reduction in the Textile Industry,"
Textile Institute and Industry, May 1971, pp. 129-130.

Weaving rooms — 90 to 105 dBA. Notes that speed
increases nolse; new looms (shuttleless) are
guieter than clder types.

Prince, P., "Statement of ATMI to Members of the Advisory
Commlttee on Nolse," August 9, 1973, Colby College,
Waterville, Malne.

Reviews problems and acoustic energy requirements
for shuttle looms. Indicates degree of problem
and scope of effort (in general terms) by industry.

"Plugging Away at Loom Nolse Control," Textile Industries,
Sept., 1975, pp. 34-37, 90.

Reports on survey of 36 mills, Some tried noilse
control but most had no knowledge of capabllitles.
Consensus that quieted looms are needed.

"How to Quiet the Noise Issue," Textile Worid, May 1972,
pp. 37-44.

Deseribes shuttle loom enclosure for narrow fabric
looms four door openings and two acoustlical wlindows.
Enclosure reduces noise significantly. Curtalns
for loom areas gilve up to 25 dB reduction.

Cudworth, A.L., "Textile Loom Nolse 3tudy," Draft Working
Paper, PFebruary 1966.

Nolse levels In weave rooms 1s high., Shuttle

loom has four sources: shuttle deceleratilon,
shuttle acceleration, temple roll slap, and

drives.

Describes attempt to mecdlify shuttle looms, enclose
shuttle box, replace link parallel asssmbly, enclose
1l pa, replace steel pick ball with nylen pick ball.
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31.

3a.

33.

34,

35.

e

Gets reduction of about a factor of four (6 dB).
Also calls for changes 1n basle function., Recom-
mends: partial enclosure, nylon pick ball,
resillient stops, simple converslon, and box surface
investigation.

Pierce, A.D. and G.E. Johnson, "Sound Radiated from FPicking
Sticks in Looms," Werking Paper, 1976,

Analysis suggests test vibrations of pleking
stick generates gsound waves.

Johnson, G.E. and A.D. Pierce, "The Relationshlp Between
Picking Noise and Component Vibrations in Automatlce Textile
Looms," ASME Paper 75-DET-45, Sept. 1875.

Relates nolse produced by shuttle looms to accelera-
tlon measurements on loom surfaces. Two plcking
stlcks appear to be "overwhelmlngly the greatest
source of nolse."

Eckert, W.L. et al., "Fly Shuttle Loom Noise," Mechanical
Engineering, April 1977, pp. H40-43.

Identifles sources of nolse 1iIn shuttle pilcking
mechanisms lug strap and pick ball.

Hart, F.D. et al., "Mechanical Separatlon Phenomena in
Picking Mechanisms of Fly-Shuttle Looms," ASME Paper 75-
Tex-6, Oct. 1975.

Reviews separation between cam and pick ball,
which glves rise to impact and vibration, source
of noise.

Zacharia, D. and E. Holpart, "Nolse Level Prediction in
Weaving Mills," 1976 Nolse Control Conference, Warsaw,
Oct. 1975.

Provides formula for estimating sound levels 1in
weaving mills. Based on acoustical power output
of machines and acoustilec characteristics of room
(ne real contribution).
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36.

37.

38.

39.

Bolt Beranek and Newman Inc.

"Proceadings of the Symposium on Neise in Weaving Machinery,’
Instlitute of Mechaniecal Engineers (UK), March 1963,

Papers on productlon and potentlal metheds of
control, including enclosures and the effects on
humans of noise from locms, Also includes
reducticon methods. Representatives of industry,
government, and research indicate 1n the future
there should be a lower nolse environment for
mills. For exampie, Sulzer Bros., Switzerland,
said, "Exhaustive lnvestlgations on a test machine
show that the noilse can be reduced hbelow this
injurlious level, so that 1t 1s now rossible to
eliminate the particular occcupational dlsablllity
of the weaver - loss of hearing in the highest

frequency range."
For {ly shuttle loom, treatment involved appllca-
tion of damping, mostly to reduge sound radlated

from vibrating surfaces.

Pierce, A.D. and G.E. Johnson, "A Fundamental Appreach to
Textile Loom Nolse Reducticn."

Identifies the pilcking stlck as the principal source
of nolse for a fly shuttle loom,

Mills, R.0., "Noise Reduction in a Textile Weaving Mill,"
J. Amer, Ind. Hyg. Assce., Jan.~Feb. 1969, pp. T71-76.

Recommends use of ceiling absorption, plastic
picking balls, and plastic drive wheels to

obtalin 5 dB reduction.
Springston, J.A., Sr., "Designing Noise Out of Draper Fly
Shuttle Looms," Appendix B (testimony at OSHA DOL hearing),
presanted Feb. 18, 1975.

Describes progress starting in 1966; plastic

picking ball, cushion lug strap, damped pilcking
stick, damped covers and surfaces reduced nolse
by 5 dB; drive mechanism dominant noise source.

Says parts to be released.
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4o,

41,

42,

Plerce, A.D., "Vibrations and Noise of Textile Loom Plcking
Sticks," Paper presented at 89th Meeting of the Acoustical
Soclety of America,

Picking stick 1s principal radiator of sound.

duPre, W.C., "Nolse Reductlon of Weavlng Looms," Inter-Noise
79, Warsaw, Sept. 1979.

Recommends replacing shuttle looms by other types
because of cost. Picking stick damping d4i1d not
work. Use of damping to slow a mechanism after
the shuttle was accelerated gave 5 dB reductilon;
now working on arresting mechanisms.

"Textile Machinery Nolse Control," Textile Industries,
Sept. 1971.

Notes that range of 10 dB is sound level for
simlilar machlnes. Standardized measurements for
test machines., Describes possible noise reduc-
tlon, mostly for draw twlst and splnning.
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APPENDIX C.15
ANALYSIS OF KNITTING MACHINES
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FILTER a

RESPONSE

FILTER b

RESPONSE
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The gilven industry(s) and/or particular production
process{(s) are in chronlc viclation of present OSEA

standards.

Knitting machines produce sound levels ranging
from 84 dB(A) to 96 dB{A) at the operator locatlon
{1,#* 2, 3, BBN files).

The higher figure 96 dB{A)} was ane single recorded
result over 62 dB{(A), and it referred to a limited
process. It 1s probable that only a small percentage
of the knitting machines currently in use exceed

90 4B(A) at the operator position.

A search of 2 limited number of OSHA contested cases
revealed no recorded cases concerning knitting

machines.

The degree of difficulty user industrles presently
entcounter in meeting an eight-hour 90 dBA environ-
mental noilse standard level and for which the most
direct remedial action on thelr part would be a
request for administrative controls, applications
for variances, or other types of relief which would
permlt the continued preduction of their products
wilthout corrsction of the noise viclatilon.

Reported noise control for knitting machines has
been by use of shields (3).

#Numbers in parentheses refer to the references for knltting

machines.
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» Dilscusslons with user Industries indicate that whille
there 1s an awareness of potentlal exposure in excess
of ‘the B-hr, 90 dB(A) limit of the OSHA regulations,
1t 1s not ceonsidered a major problem in comparison
wlth other textile industry nolse problems.

NOTE:

Further analysls was nct completed. The study of knitting
machlnes was terminated because of llmited available data, low
nolse, and little activity by manufacturers and users.
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ANNOTATED BIBLIQGRAPHY FOR KNITTING MACHINES

1. Cudworth, A.L. and Stahl, J.E., "Noise Control in the
Textile Industry," Proe. Inter-foige 7%, October 1972,
pp. 177-181.

Ruotes sound levels for knitting workers as
follows: tricot knitting, 96 4B(A); knitting,
85 dB(A); and knitting with waste vacuum
operating, 91 dE(A).

2. Emerson, P.D. and Overman, H.3. III, "Reduction of HNoise
from Rotating Textile Spindles," Amer. Ind. Hyg. Asgoce.
J., April 1972, pp. 252-257.

Reports noilse of knitting is 85 dB(A)}.

3. Coles, G.M., "The Reductlon of Noise from Knitting Machines,"

Abstracts of 9th Int. Congress on Acousties, Madrid,
July 1977, p. 22%4.
Nolse of hose knltting machlnes is quoted as

92 dB(A) and 1s controlled by ailr jet noise.
Shields are used to reduce exposure.

4, BEN files — Sock knitting machines have nolse levels of
to 84/85 AB(A) at operator position, Clrcular knitting

machines, lncluding Morat and Meyer machilnes, recorded
B85 ta 87 dB(A) at operator positions,
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APPENDIX C.16
ANALYSIS OF WOOD CHIPPERS AND WOOD HOGS
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FILTER a. The given industry(s) and/or particular production
process(s) are in chronic vioclation of present 0SHA
standards.

RESPONSE
* Chippers are listed as machines needing neise control

effort in wood, lumber, and paper industries,
according to EPA's Noise Techncilogy Researech Needs.
Hogs are not so listed.

* Chippers, which make sized pulpwood chips from wecod
slabs and edglngs, are nolsy, but noise emissions
depend con the unit size and the materlal processed,
and noise exposures depend on operations. The
largest units may idle at more than 110 dB(A) and
process at more than 120 4dB{A) near the machine
(1—=7#%). All emit more than $0 dB(A) during operation
(BBN opinion). Detaills of noilse emissions and noilse
gxposures caused by the emissions for both machine

: types are not reported Iin the literature, BBN files

E indicate, however, that typical chipper operator

nolse exposures are in the 85 to 95 dB(A) range.
These exposures are so low mainly because the machines
normally run without much operator attention (8,9).

+ BBN bhelleves the greatest impact of chlpper nolse 1s '
on the general neoilse environment In the viecinity of '
the units, since the machines are generally located
within the mill confines.

*Numbers in parentheses refer fto the bibllography for wood
chippers and wood hogs.
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Hogs, whilch reduce bark and wood edgings to material
sultable for fuel or mulch, are also nolsy. BEBN

has found that hogs are usually tended machines, run
indcors. Typical operator exposures are in the range
of 85 to 93 dB(A).

The degree of difflculty user industries presently
encounter in meeting an eight-hour 90 dBA environ-
mental noise standard level and for whlch the most
direct remedial action on thelr part would be a
request for adminlstratlve contrecls, applicatilons
for variances, or other types of relief which would
permit the continued production of their products
without correction of the neise violation.

User industrles experience some diffieculty in com-
plying with the OSHA nolse standard. Users are
reluctant to install i»n siftu nelse controls hecause
the treatments make the process more difficult to
attend to 1f problems arise and because the treatment
may necessltate production changes, such as relocating
the operation or making it automated.

The difficulties experlenced are nelther technlieally
nor economically insurmountable (BBN opinlon). The
one contested case on chippers found in the OSHA
contested citation revlew indicates that th:s opinion
is correct (Case 10639, Louisiana Pacifilc).
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The degree to which the nolse level of a glven work
environment exceeds an eilght (8) hour 90 dBA standard
princlpally because of the operation of a single type
or class of machine and for whileh in situ retrefit
noise control is not possible or can only be achieved
at extracrdinary expense.

There are no off-the-shelf nolse controls for chipper
or heg problems. That 1s, no user can purchase a
gquiet unit or a nolse suppresslon system for any of
the machlnes considered here,

Standard noilse controls (enclosures, acoustleally
treated infeed tunnels, double walls for casings,
damping treatments, operator booths) can solve all
the chipper/hog nolse problems (BBN opinieon). The
major difficulty 1s in the cost for the treatments.
Controls for the larger units may be in the $10,000
to $12,000 range, which 1s roughly 25% of the cost
of the basle unit. The smaller unlts may be gquieted
for 35000 to $6000. Only minor productivity losses,
if any, would result from the treatments.

The commonaliity of a major noise producing plecs
of equipment to multiple industries or productilon

processes.,

Chippers and hogs are mostly used 1ln SIC 2421 (saw-
mills and planing mills). The Woodworking and
Furniture Digest estimates that there are 7788 of
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these machlnes in use (no breakdown is given for
chippers vs hogs), 5662 (or 72.7%) of which are in
SIC 2421. The balance are in 13 other 4-digit SICs
ln the wocodworking industry.

Since the Digest 1s oriented toward secondary wood
operations, the actual number of unilts in SIC 2421

is probably understated. Industry representatives
estimate that there are 1.5 chipper/hogs per plant

in SIC 2421, on average {(6). Since there are an
estimated B071 plants in SIC 2421 (1972 DOC data),
there should be at least 12,000 chippers/hogs in

that industry. We wlll assume the number of chipper/
hogs given by the Digest for SIC 2421 1s not included
in the plants the Department of Commerce (DCC) says
are in SIC 2421 (see response to FILTER f).

The degree to which reduction of the nolse level

of the identified type or class of machine would result
in an eight (8) hour environmental noise level equal
to or less than 90 dBA* as computed for the OSHA
formula.

Quleting of chippers and hogs will produce little
improvement 1n the number of workers exposed to more
nolse than allowed by 03HA, since most of the workers
who are 1impacted by these machines have thelr noise
expeosures controlled by nolse emlssions from other
machines. The main benefilt ¢of guleting chippers

and hogs would be in reduction of the sound level in
the general environment (producing immediate small

C~-151




SETEREY SREN W whieted b

Report No.

FILTER T

RESPONSE

4330 Bolt BeranekX and Newman Inc.

improvements in overall ncise exposures and makling
1t easier to reduce the residual nolse exposures).

On & naticnal basils a minimum of 10,000 operators
and/or 50,000 peripheral workers are lmpacted by
the noise emission of the selected machine type or
class and thus would realilze direct benefit from
nolse reduction actions on this specifie device.

The Department of Commerce includes hog and chipper
operators under the category of "machine operatives,
miscellaneous specifled," a categery that includes
27,044 workers in the wood industry exclusive of
furniture cperations, and another 19,620 workers in
furniture operatlons. Only a fraction of these are

hog or chipper cperators.

Assuming one operator per machlne, and using data
from the response to FILTER d, above, there may be
7800 operators 1n secondary wood facilities and
12,000 in primary wood facllitles who are elther
chipper or hog operaters. Wnen multiple workshilfts
are employed in the industry, these numbers under-
estimate the actual number of operators involved.

When the machines are untended, however, these
numbers overestimate the number of operators involved,

Assuming five peripheral workers per machine, and
agaln using data from the response to FILTER 4, above,
there may e 39,000 peripherzl workers 1ln secondary
wood operations and 60,000 peripheral workers in
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primary wood operations impacted by chipper/hog noise.
When multiple workshifts are employed in the industry,

LR TN ATV C I L A TY]

these numbers underestimate the actual number of
peripheral workers lnvolved. When these machlnes

are run ocutdeoors, where fewer than five workers would
be impacted, these numbers overestlmate the actual
number of peripheral workers involved,

FILTER g. Not conaldered.

FILTER h. See Appendix D, Industrial Machine Trends.

FPILTER 1. There are currently avallable quieted versions of
the selected machine which are capable of meeting
an elght (8) hour, 90 dBA nelse level requirement
but for specific reasons (to be determlned by
contractor) do not make up a large percentage of
machines currently in use or being sold.

RESPONSE

PR

To our KkKnowledge, no manufacturer sells quleted
chippers or hogs. The manufacturers have found it
posslble to avold any nonproduction-oriented machine
changes that would make their products uncompetitive
simply by referring users to cutside firms who
provide custom retrofilt designs for guletling the

machines.
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There is avallable appropriate noise abatement tech-
nelogy which can be applied to the selected machine
but for unknown reasons (to be determined in detall
by the Contractor) has not been applied to the
selected machine.

Manufacturers could provide units that are somewhat
guleter, as bullt (through better design of the
equipment casings), and qulet enough to meet OSHA
requlrements when fitted with accessory components
such as infeed tunnels, which can be made available
as options according to individual customer need.

Manufacturers do not now see a market for these

features.
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ANNOTATED BIBLIOGRAPHY FOR WOOD CHIPPERS AND WOOD HOGS

NIOSH, Health and Safety Cuide for Sawmills and FPlaning
Mille, U.S, Department of Health, Educaticon and Welfare,
Clneinnatli, July 1977.

Gives typical chipper sound levels and mentlions
typlcal noise contrels.

Hagglund, 6., "Controlling Nelse In Woodworking," pamphlet,
University of Wisceonsin Extension, School for Workers,
Madison, Wisconsin.

Gives typical nolse controls for chippers.

Hoover, R. and Miller, L., "Nolse and Nolse Control in the

Wood Processing Industry," speech presented at the Northern
Californla Sectlon of the Forest Products Research Soclety,
Berkeley, California, May 1965.

Provides spectra of an 1dling and processing wood
chipper.

Schwartz, A., "Noilse Survey and Control 1In a FPlywood
Factory," Noilse Control Conference, Warsaw, Poland, October

1976.
Deseribes sound level and treatment {enclosure)
for a chipper.
Vizzard, J.G., "Abating Dangers to Life and Limb," Job
Sarety and Health, January 1978.
Gives typilcal chipper sound levels and mentlons
typical nolse controls.
Patrick, K. Private communication.

Describes typical sound levels, operations, and
posslible treatments of chippers and hoegs 1n saw-
mills, planer mills, and plywood mills.

Cook, W.A. and Giever, P.M., "Noilise Exposures in Pulp and
Paper Preoduction," J. Amer. Ind. Hyg. Agsoe., September/
Cctober 1969, pp. 484-486.

Gives chipper sound pressure levels.
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8. Kugler, B.A. and Niemlec, XK., Sawmill Noise Control En-
gineering Guide, Bolt Beranek and Newman Inc. Report 3285,
July 1976. Available from Western Wood Preoducts, Assoc.,
Portland, Oregon.

9. Kugler, B.A. et al., Noise Control Design Guide for Moulding
and Mililwork Plants, Bolt Beranek and Newman Ine. Report
2436, August 1673. Availlable from Western Wood Moulding
and Millwork Producers, Portland, Oregon.
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APPENDIX C.17
ANALYSIS OF WOOD PLANERS
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FILTER a. The given industry(s)} and/or particular productilcn
process(s) are in chronic violation of present OSHA

standards.

RE3PONSE Nolse exposures of planer operators are in chronic
violation of OSHA standards.

The standard stralght-knife planer, as furnlshed by the
original equipment manufacturer, operates with average sound
levels of between 95 and 115 dB(A) at the operator position,
depending on the size of the unit and the materilal processed.
The emisslons cause OSHA noise vioclations in virtually every
instance of planer use.¥® This opinion is based on analysis of
the available literature (see Bibliography for Planers) and on
direct fleld experience, and is supported by statements made
by both user and supplier industries at the DOL hearings and in
private communications made during the performance of this
contract,

Standard planers are sometimes treated to reduce their
noise levels. Enclosures, for example, have been installed on
planers since the 1950s. Enclosures remain the mest common kind
of nolse control retrofitted to existing planers. As they are
used, enclosures provide noise insulation for peripheral

#We estlimate that typical planer operator nolse exposure in
nlaning mills caused by these emlssions, and taking the time of
exposure into account, range between 150 and 2300% of that
allowed by OSHA. Such exposures average about #00%. These are
equivalent to continuous exposure to between 93 and 113 dB(A},
averaging 100 dB(A). Typlcal planer operator nolse &xposures
in operations other than planing mills are normally lower than
in planing mills, becazuse the machine duty ecycle 1s usually
lower. However, dally varilation in machine duty cycle can make
these other planing operation noise exposures on cccasion as

high as in planing mills.
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personnel working away from the machine, but — because of poor
acoustlcal design — they provide little beneflt for the planer
operator. (BBN and equipment supplier opilnlon.)

Also, cutterheads and gquiet platen designs are avallable
for retrofit. These can provide enough nolse reduction to
produce compliance in many lnstallatlons, but the number of
users who have installed the treatment 1s small. (Equipment
suppller information.)

FILTER b. The degree of difficulty user industries presently
encounter in meeting an elght-hour 90 dBA environ-
mental nolse standard level and for whlch the most
direct remedial action on their part would be a
request for administrative controls, appllications
for varlances, or other types of relief which wcould
permit the continued production of their products
without correction of the nolse violatilon.

RESPONSE

Users have difficulty in quileting planers. As the respense
to FILTER ¢ explains 1n detall, the major difficulties for the
users in dealing with planer noilse problems are (1) costs of the
available controls, (2) integration of the avallable controls
into normal operations, and (3) solution of the acoustical
aspects of the problem. These difflcultles are especlally
serious for the smaller user plants whose resources — financlal,
technical, and physlical — are more limlted. Consequently, the
user 1lndustry as a whole has not sclved the planer nelse problem,
even though some progrets 1s being made.
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FILTER ¢. The degree to which the nolse level of a given work
environment exceeds an eight (8) hour 90 dBA standard
principally because ol the operation of a silngle type
or class of machine and for which Zn gitu retrofit
noilse control is not posslble or can only be achleved

at extraordinary expense.

RESPONSE

Planer operators are most exposed teo nolse only from their
own machlnes. Thus, planers are generally fully responsible for
causlng planer operator noise violations. I»n situ holsgse controls,
which include enclosures, speclally designed cutterheads, and
platens, are feaslible solutions for at least 702 of the planer
OBHA noise problems., Utllizatlon of the avallable treatments
is, and will probably continue to be, slgniflcantly compromised
by several factors discussed below.

Enelosures

Enclosures are a recognlzed means of quieting the large
planers used for rough-~surfacing wood (1, E)f Equipment manu-
facturers and trade assocliations estimate that 50 to 90% of
these planers are, in fact, enclosed. Enclosures seldam provide
complliance wilth OSHA for the operator, however, hecause of the
way they are designed or used.

Companies have the following problems with use of -
enclosures:

»+ (Cost of the enclosures

+ Reluctance to provide the necessary acoustical treatment
at the feed openings into the enclosure (because any

¥ilumbers in parentheses refer to the bibliography ror planers.

’ 0-160

gt e e ra e g ch bt o it STt




- rmew FFRIAY SVRIWIWT EdodD

Report No. 4330 Bolt Beranek and Newman Inc.

treatment that complicates the simple wall opening causes
operational problems when jams occur)

+ Getting operators to keep enclosure access doers and
panels shut

- Exposure to noise when the operator works inside the
enclosure (to adjust the machine),

These difficulties are accepted by the user industry as
legitimate reasons for the status quo. However, 1t 1s our
opinlon that these diffilculties would be relatlively quickly
overcome 1f some new form of incentlve to produce attitudinal
changes on the part of workers, managers, and plant owners were
Introduced in the marketplace.

Ruiet Cutterheads and Platens

Few enclosures are used on small finlshing planers, mainly
because enclosures interfere with the need for frequent set-up
changes, and also because enclosures con these machines are less
gffective than on the larger ones, slnce the feed opening is
closer to the source of nolse {(original equlpment manufacturers
and trade association communications).

Instead, users are retrofitting the small {inishing planers
with commereially available quilet cutterheads. These are reported
to provide'ls to 25 dB noilse reducticon. Planer users alse employ
speclally designed platens (table lips placed near the culbterhead)
that are claimed to provide 10 to 25 @B noilse reduction.?*

¥These performance rlaims by the suppliers may be exaggerated
for the general case, but they have been shown to provide that
beneflt in at least some clrcumstances.
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Users encounter the following problems wlth quliet cutter-

deslgns:

Initial cost 1s high (about 2-1/2 to 4 times as expensive
ag standard cutterheads).

The qulet cutterheads are more difficult to maintain (they
are more complex than standard straight knives).

Surface finish problems cccur when cutterheads are used

in processing unseasoned wood (or wood with a moisture
content exceeding 20%).

The unit does neot provide much nolse reduction when narrow
(3-1/2-1in.) boards are processed.

Quilet cutterhead suppllers estimate that 15% of the

machines fittable with the device cannot be made sufl-
ficlently quiet to meet the OSHA standard.

Many of the machines are 0ld, and users are reluctant
to spend any money for replacement parts on old equipment.

There are some machines for whlch no qulet cutterheads
are avallable., These are mainly the smalliest surfaces.

In summary, the unavailability of quiet cutterheads for

certaln machine designs, the surface finish difficulties in

some cases, and the lack of benefit provided in certain opera-
tions are problems with which the user Industry has difficulty.
Research and development by the equipment manufacturer will be
needed to solve these problems., Although we think the other
user difficulties could be overcome 1f the proper incentives
were provided, we recognize that these controls are aften extra-
ordinarily expensilve and represent the major impediment to noise

control.
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FILTER d. The commonallty of a major noise produclng plece
of equipment to multiple industriles or production

processes.,

RESPONSE

Planers are used in 12 different 3-diglt Industries in the
woodworking industry. The dlstribution of planers within the
woecdworking industry 1s shown in Table 1. (Woodworking and

Furniture Digest):

TABLE 1. DISTRIBUTION OF PLANERS IN WOODWORKING INDUSTRY.

Planers in Use

Industry (%)#

SIC 242 39.4
SIC 243 1.2
SIC 245 1.6
SIC 249 B.7
Total for SIC 24 69.8
SIC 251 1b.7
8IC 252 0.5
SIC 253 1.5
8IC 254 3.3
gIC 259 0.4
Totel for SIC 25 20.4
3IC 393 1.4
SIC 39k L.7
SIC 399 L.k
Total for SIC 39 10.5

*0ut of a population of 24,076 knife planers.
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FILTER e. The degree to which reduction of the noise level of
the ldentified type or class of machine would result
in an eight (8) hour environmental nolse level equal
to or less than 90 dBA¥ as computed for the OSHA
formula.

RESPONSE

Reduction of planer noise could reduce the exposure of the
planer operator to a level that compllies with the 0SHA standard.

In secondary cperations, planers are usuzally operated in
separate rooms from other machinery. In such cases, reductilon
of planer noise could achieve compliance wilth the nolse standard.
In primary operatlons, such as planling mills, other nolse sources
in the planing area include conveyors and cutoiffs. The other
sources might affect the operator's noise exposure even though
rplaner nolse was reduced. However, planer noise generally
dominates the planer operator's exposure, so reduction of planer
nolse would probably preduce an acceptable nolse level even 1in
planing mills,

FILTER f. On a natlional hasls a mindimum of 10,000 operators
and/or 50,000 peripheral workers are ilmpacted by
the nolse emission of the selected machine type or
class and thus would reallze direct benefit from
nolse reductleon actlons on this specific device.

RESPONSE

There are no data avallable on the exact number of workers
who tend to work near planers. Therefore, the number of workers
impacted by planer nolse must be estimated. Our best estimate

=164




———— . B i g e

FEREES

Report No. 4330 Bolt Beranek and Newman Inc.

1s that there are close to 20,000 workers directly 1mpacted
and close to 80,000 peripheral workers impacted by planer noise.

According to DOC, Classified Index of Indusiries and
Oecupations, planer operators are counted under "machine opera-
tives, miscellanecus specified," a grouplng with hundreds of
other worker categories. The number of these operatives given
In the 1872 Cceupation by Industry 1s shown In Table 2. Also
presented are the number of workers assisting with planer
operations, aggregated by "echeckers, examiners, and ilnspectors"
and "graders and sorters." These data suggest that fewer than
46,000 workers are planer operators and fewer than 14,000 workers
help out with planer operations.

The followlng operating scenarlo can be used to generate
a second estimate of the number of operators and peripheral
workers exposed to planer nolse.

« Assume that 50% of planers "in use" are tended on a glven
day.

« Assume that the 8,801 in SIC 242 operate with only one
worker tending the machine,

» Assume that planers 1in the remaining secondary operations
(24,076 ~ 8,801 = 15,275) operate with two workers tending
the machine. Therefore,

0.50 x 8,801% x 1= 4,401 workers tend planers in SIC 2421

0.50 % 15,275 x 2= 15,275 workers tend planers in other SICs

19,676 workers are directly involved wilth
planers.

¥See FILTER d.




TABLE 2. MAXIMUM NUMBER OF WORKERS EXPOSED TO PLANER NOISE.
Number of Machine Number of Checkers, Number of
Operatives, Miscel- Examiners, and Graders and
Industry SIC Code laneous Specified Inspectors Sorters
Lumber snd Wood | SIC 2h21 19,895 1,632 1,061
Products and 2431
Furniture s1c 2% 19,620 8,602 195
Miscellaneous 8IC 3931, 7,1h9 1,599 1,000
39hh, 3949,
and 3993
TOTALS hé,62h 11,833 2,256
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To the extent that plants operate more than one shift, the
total understates the number of workers dlrectly impacted by
planer noise. To the extent that the redundancy of plant equlp-
ment 1s under- or overestimated, the number of workers directly
impacted 1s incorrect. From this and other scenarios, we conclude
that more than 10,000 operators are impacted.

As far as peripheral workers are concerned, the fellowing
assumptions apply:

= 10% of the 21,970 to 22,750 plants outslde SIC 2421 using
planers (estimates on the number of plants given by DOC
and by the Weodworking and Furniture Digest, respectively)
place thelr planers in the same area as other plant
equlpment.

- There are 21 workers per plant (BBN data).

» 95% of the 6,836 to 8,071 plants in SIC 2421 place thelr
planers 1in the same area as other plant equipment, specl-
fically stackers and cuteff saws.

*+ There are filve workers per plant in SIC 2421 lmpacted by

planer nolse.
Using Woodworking and

Using DOC Estimates Furniture Digest Estimate

.10%21,970%21 = 46,137 .10%x22,750x21 = 47,775

.95%x 6,836x 5 = 32,471 .95x 8,071x 5 = 38,337
86,112 86,112

Thus, about 78,000 to 86,000 peripheral workers are potentially
impacted by planer nelse.

FILTER g. Not considered.
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FILTER h. See Appendix D, Industprial Machine Trends.

FILTER i. There are currently avallable qguleted versions of

the selected machine which are capable of meetlng
an elght (8) hour, 90 dBA nolse level reguirement
but for speclfic reasons (to be determined by
contractor) do not make up a large percentage of
machines currently in use or being sold.

RESPONSE

Two different kinds of products are sold that can gquiet

planers; the gulet cutterhead and the modified platen. The
amount of quleting claimed by the suppliers is signifilcant.
This noise reduction would solve most of the planer noise
problems, even 1f the claims are only partially true. These
products are described below,

Newman-Whitney sells a hellecal cutterhead that is sup-
posed to gquilet planers by 12 to 25 dB(4A) and is suffi-
clent, according to the supplier, to qulet about 85% of
the planers for which the unit fits. They have sold

1981 such neads fonr roeughing planers and 176 for other
planers in the past 5 to 6 years. Although no additional
informaticon 1s available, we anticipate that the qulet
cutterhead 1s not sufficlent to solve the noise problenm
for the nolsiler planers,

Ollver sells a segmented cutterhead for which they claim

5 to 10 dB nolse reductions on straight-bladed cutterheads,
of which they say about 90% can be quieted. They only

sell new planers fitted with the qulet cutterhead.
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+ Yates sells a modified platen for which they claim 10 to
20 dB nolse reduction over standard units. They say
larger companles always buy the option.

The equipment supplliers indicate to us that demand for these
products Is slowly inereasing, as the products are gradually ac-
cepted by thils conservative industry. It is our guess that the
contlnued avallablllty of neclsler but initlzally cheaper standard
components that have proven production capabllity and a long history
of satlsfactory usefulness, plus the absence of any lincentives to
try newer products, probably accounts for most of the reasons why
more qulet machlnes are not being sold. In addition, users are
reluctant to purchase the avallable noise controls because they
have no reliable method of ensuring that the use of these avall-
able products wilill achleve compliance with 0SHA standards,

FILTER J. There 1s avallable appropriate noise abatement tech-
nology which can be applied to the selected machine
but for unknown reasons (to be determined in detail
by the Contractor) has not been applied to the
selected machine.

RESPONSE

Other equipment manufacturers who do not manufacturer noise-
reduced machines say thelr products are already in demand, sc
there 1s no need for them to research means for abating noise.
Thelr customers are loyal, and the suppllers thus do not fear
competition, for example, from foreign suppliers who are more
aggressively pursulng quieting of wood planers. Because thelr
customers do not pressure them to make a quieted product, they
are net motlvated to do so.
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ANNOTATED BIBLIOQGRAPHY FOR PLANERS

Anon., "Northern California Lumber Industry Leads Vay in
Noise Control,” California Safety News, December 1968,

pp. 3=4.
Describes success of enclosure treatments for

sawmill operations.

1.

2. Ibild., "Planing Mills Control High Noilse Levels," April

1569,
Desc¢ribes enclosures in greater detail.

3. Brocks, T.F. and Balley, J.R., "Mechanilsm of Aerodynamic
Noise Generator in Idling Woodworking lMachines," ASME 75
DET 47.
Elaborates on next article.

4, Brooks, T.F. and Bailey, J.R., "Reduction of Aerodynamic
Noise in Idling Woodworking Machines," Inter-Noise TH,
pp. 369-372.
Describes efrfect of table lip '"design" on noilse
emissions, concludes important parameter is
clearance; monopole radiation evident for close
clearances, dipoie for large clearance., Slotted

platens minimize output.

5. Christman, R.F. et al., "Sound Pressure Lavels in the
Wood Products Industry,' Noise Control, September 1959,
pp. 33-386.
SPL's only.

6. Dost, W.A., "Molse Levels in Software Lumber Mills,"
Forest Products J. 24:8, August 197L4.
working vs 1dling nolse for various eqguipment.

7. Edmondson, A.J. et al., "Wood Planer Noise," ASME 75-WA/

PID-6.
Analyses parameters influencing planer nolse.
Experimental results show 10 to 15 dB nolse
reductlons are possible with flexlibly mounted

knives or segmented cutterheads.

Cc=1'10
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10,

11.

lz.

13c

14,

Hagglund, G., "Controlling Noise in Woodworking," pamphlet
put out by Universlty of Wisconsin Extension, School for
Workers, 432 North Lake Street, Madison, Wisconsin 53706,

Levels and possible engilneering controls for
several kinds of eguipment.

Hart, F.D. et al., Final Report to the Woodworking Machinery
Manufacturers of America, Southern Furniture Manufacturers
Association on the Noise Control Research Program on
Woodworking Machinery, January 1974.

Discusses enclosure, damping of boards, and
cutterhead deslign.

Lamb, F.M., "Industrlal Nolse and Nolse Exposure," Forest
Products J. 21:9, September 1971, pp. 84-87.

Commentary, using Christman data.

Lamb, F.M., "Industrial Nolse Control Guidellne," Forest
Products J. 21:11, November 1971, pp. 12-15.

More commentary, converts Christman data to d4BA,
presents generalized approaches to nolse control.

NIQSH, Health and Safety Guide for Sawmills and Planing
Mills ve. HEW Cincinnati, July 1877.

Typlcal sound levels for machine categories and
some control means.

Ruedy, T.C. et al.,, "Noise Survey of a Small Wood Products
Company," Porest Products J., August 1976.

Provides informatlion on scund levels of specific
equlpment with and wilthout nearest adjacent
machine running, data on percent running time
for varlcus machines, nolse control priorizatlion
process and recommendations.

Smith, J.H., "Noise 1n the Woodworking Industry — A Review
of the Literature," Forest Products J. 21:9, September
1971, pp. 82-83.

Literature review.
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15, Stewart, J.S5. and Hart, F.D., "Analysis and Control of
Wood Planer Nolse," Sound and Vibration, November 1872,
pp. 24-27.
Describes relationships between nolse emissions
and varicus parameters influencing board nolse
radiation, sources of planer noise, control
mechanisms.

16. Stewart, J.35. and Hart, F.D., ""Control of Industrial Wood
Planer Nolse Through Improved Cutterhead Design," Neize
Control Engineering 7, November 1976, pp. 4-9.

Provides acoustlic emission equation, design
relationships, and experimental results for
helical cutterhead.

17. Stewart, J.3. and Hart, F.D., "Workplece Vibration Control
in Wood Planers," ASME 73 DET 79.
Assesasment of nolse suppression system that Includes
means to prevent workplece vibratlon from propagating
along entire length of stock.

18. Sugihara, H. et al., Noise of Woodworking Machinery,"
Wood Reaearch 39, 1966, pp. 35-40.

Idle and running sound levels for some equlpment
in flve different woodworiking plants.

19. Sulocki, J.K. et al., "An Example of Complex Noise Level
Reduction Accompanled with a Medernization Process 1n a
Factory," Inter-Nolse 79, pp. U417-420.

Spectrum for planers with and without enclosure.

20. Walker, T.L. and Feldman, K.T., "Low-Cost Acoustical
Enclosure for a Wood Planer," Sound and Vibraticn,

November 1973, pp. 34-38.

Describes development and success of planer
enclosures for lumber mill.
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Additional References not Obtained by BBN

Bramer, T.P.C., "Nolse Generation in Wood Planing and Moulding
Machines," Contract No. KJ/4M/107/CB 78A, Technical Report Nos.
C/C. 311 and C/C. 311/3 for the Ministry of Techneology, Sound
Research Laboratoriles, Bastgates Colchester, Essex, 1969,

Brooks, T.G., “Aerodynamic Noise in Idling Woodworking Machines,"
Ph.D. thesis, Mechanical and Aerospace Engineerling Department,
North Carolina State University, Raleigh, NC., 1974,

Cezevski], M.P. and Skalenko, I.G., "Experiments on Noilse
Reducgion in Planers," Woodworking Industries, January 1968,
pp. 26-27.

Cox, J.R., "Quieting Wood Planers," Liberty Mutual Insurance
Company, Research Center, Boston, Mass., 1955.

Deaner, F.R., "&n Investigation of Necise Reductlon in Single
Surface Planers by Means of a Directlonal Alr Flow Dust Col-
lection," Thesis. S.U.N.Y. College of Forestry, Syracuse, NY,

1971,

Greenwood, J.H.F., "Neise Reducing Enclosures for a Planer and
a Moulder," Woodworking Machinery, November 1968, pp. 19-20.

Kitayama, S. and Suglhara, H., "On Nolse Analysis of Single
Sugface Planers," Japan Wood Research Soclety, Veol, 15, April
1966.

Kuleskov, L. and Grirkov, V., "Influence of Knife Form on the
Level of Noise While Planilng," Woodworking Induetry, 1966, pp.
ir-12.

Liegman, E., "Noise Research of & Planer," Holz als Roh-und
Werkstoff, April 1956, pp. 121~135.

Pahlitwsch, G., "Research on Noilse Formation in Wood Planing
Machines," Holz als Roh-und Werkstefr, 1956, pp. 90-95,

Trégen, J., "Uber den Mechanismus der Schallentstchung beilm
Spanen,™ 1. Mitterlung: Untersuchungen iiber den Leerlaufl&rm.
Holztochnologie, Vol. 10, No. 4, 1969.
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Foreign Research Projects Involving Planers

France. Noise from Flaning Machines, INRS, 30, Rue Olivier Noyer,
75680 Paris Cedex 14 France. M.T. Ho et al., 1977.

The noise emltted by an empty planing machine is
essentially due to the rotation of the tool in the air
and the passage of the knives In front of the working
tables. When the machine is loaded, the noilse of the
machining of the wood 1s added to this aerodynamlc nolse.

Various systems have been proposed to reduce nolse
emisslon:

« use of perforated or toothed rim
- use of specially shaped alr-gulde
- use of spiral knives,

The last are difficult to manufacture and sharpen.

The study consists of verifying the acoustle effliciency
and effectiveness of toothed rims and the alr guldes.

4 theoretical study on the aerodynamic noise of the tool
will be done to effect a better understanding of the
emlssion mechanism and to optimlze f£he usable reduction
devices., DNo device willl be recommended by the INRS if
1t is not certain that 1ts use will involve no supple-
mentary risk of accident or injury.

Sweden. "Sound Dampened Helical Cutter Head," AB Nora-Gomex,
Kvarnvagen, S-713 00 NCRA, Sweden. J. Danielsen, 1975-1977.
Type: Development (Component)}.

Reduces nolse in machines for planing and thilcknessing.

The products have been exhiblted at the Ligna fair in
May 1977 and tests in different applications and machines

are carriled out.

Sweden. "Reductlon of Noise Generated in Sawmlill Machinery,"
Swedish Forest Products, Research Laboratory, Box 5604 S-114,
86 Stockholm 5, Sweden. Mareh 1973-February 1977.

The alm of this preoject 1s to ascertain how noise is
generated and what machinery conditlons can be in-
fluenced with a vlew to reducing the noise level.
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West Germany. "Possibilities of Reducing Neilse Emission by
Lumber Processing Machinery," Inst. for the Physles & Behavioral
Tech. of Wood, Fed, Research Inst. for Forestry and Lumber
Economy, Hamburg 80, Leuschnerstr. 91C West Germany. Prof. Dr.
Noaclk.
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APPENDIX C.18
ANALYSIS OF WOOD AND METAL SAWS
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The glven industry(s) and/or particular production
process(s) are in chreonic viclatlon of present OSHA

standards.

Users and manufacturers acknowledge that saw nolse
is a significant, 1f not the predominant, noise
problem in the woodworking industry (testimony at
DOL neoilse hearings). Saw nolse is alsc a problem

in the metal industry, but 1t 1s restricted to more
speciflc operatlons such as cutting aluminum extru-
slons, structural steel members, or cast metal parts.

Saws are listed as the highest prilority machine
needing nolse control effort in the metal 1ndustry
and as an important machlne needing effort in wood,
lumber, and paper industries, according to EPA's
Noise Technology Research Needs,

Extensive industry and government-sponsored work
has been initlated or completed on saw nolse,
inceluding fundamental research projects, "design"
gulde documents, and demonstration programs.

Over 70 artlcles on saw nolse have appeared since
the 1950s (see Saw Biblicgraphy).

Very few published data are avallable cn nolse
exposures caused by saw operation, although there

1s a lot of scattered information on nolse emissions
of certain kinds of saws. The best available data
on exposures are contained in two BBN projects -
the Sawmill Nolse Control Engineering Gulde and

the Noise Control Design Gulide for Moulding and
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Millwork Plants. These contain statlstical assess-
ments of nolise exposure ranges for much of the
equipment considered here. These data, supplemented
with data from other studies in our filles, indicate
that nolse exposures for the saw types consldered
can exceed OSHA limits. However, the data also show
that there 1s a great deal of variability in noise
exposures for any single kind of saw. Variability
in nolige exposure iz attributable to how and where
the saw is used and the kind of materdial processed.

There are 13 maJor categories of saws consldered in
this analysls. Each saw 1s 1n essence a different
machine. The groupings are:

Headrigs, quadsaws, and resaws
used in primary lumber Iindustries

Resaws used 1in secondary lumber
Industries

Bandsaws

Friection saws

Varlety saws

Ripsaws

Edgers

Radlal arm saws

Chop saws

Cuteff saws

Trim saws

Panel saws

Abrasive wheel saws.

Detalls about the nolse exposure problem caused by

the various kinds of saws considered in this analysis
are provided in Fllter . A brief description of each
of the saw categories is provided at the end of this

analysis.
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The degree of difflculty user industrles presently
encounter 1ln meeting an eilght-hour 90 dBA environ-
mental nolse standard level and for whilch the most
direct remedial actlon on thelr part would be a
request for adminlstrative controls, appllications
for varlances, or other types of rellef which would
permit the continued production of thelr products
without correction of the nolse violation.

User 1ndustries experience significant difficulty
in complying with the 0OSHA standard.

The user industries have sought ways of reducing

saw nolse. They have sponsored research and
applications-criented studles on noise, and they
continue to sponsor such studles. Because of this
work, a "quiet" circular saw blade is manufactured
that free-turns (idles) 8 to 10 dB more guietly than
the typilcal standard blade. Many blade manufacturers
now use these design techniques in thelr productilon.
Deslgn guides are alsc an cutcome of this work.
These are avallable to help users deslign practical
nolse controls.

A workable nolse emisslons measurement standard for wood-
working tools, including saws, has been developed by the
Wocdworking Machinery Manufacturers of America (WMMA).

Notwilithstanding these developments, throughout many
of the user industries nolse environments assoclated
wlth saws remaln substantially unchanged from what
they were before QSHA (BBN and equlpment manufacturer

opinion).
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Users are reluctant to 1install im g7ztzu noise controls
{see Filter c¢), preferring to purchase gulet eguipment
when and where possible. Fellowling 1s a quotatlon
from exhilbit 1504 of the DOL nolse hearings:

The users of woodworking machinery look
to the manufacturers to supply machlnery
that will not cause levels of nolse ex-
posure in excess of values prescribved in
the Act (OSHA Aet of 1870).

According to at least one manufacturer, this 1is an
outcome of the conservative nature of the industry;
customers prefer to have new concepts proven to
them before they wlll consider adopting the concept
themselves. Since nc one wants to take the first

step, progress 1s slow.

The degree to whlch the nolse level of a glven work
environment exceeds an eight (8) hour 90 dBA standard
principally because of the operation of a single type
or class of machine and for which Zn situ retrofit
noise control is not possible or can only be achleved
at extraordinary expense.

There are no off-the-shelf noise controls for saw
noilse problems.* That is, no user can purchase a

#Except, perhaps, for the atyplcal problem, such as the reson-
ating or "screaming" saw blade. Several technigues that might
be considered off-the-shelf controls are discussed in the liter-
ature for this problem (various damping technigues, replacement
of the blade, retensioning the blade, slitting the blade, etec.).
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nolse~suppression package for any of the saws
consldered here.

"Standard" nolse controls (enclosures, barriers,
room treatments, ete.,) can solve virtually all the
saw nolse problems. Affected Industries can obtain
information about the speclfie kinds of treatments
they could use from the available literature. Users
are faced, however, with the following problems in
making use of the avallable information: (1) The
available Iinformation 1s of varying quallty, and
the users may be easily confused, mlsled, . or

put off by some of 1t; {(2) Successful case histories
are lacking for most of the treatment concepts, so
users can ascribe little confldence to the designs
given; (3) Users are aware of the unsuecessful
attempts at nolse contreol. However, they may not
fully understand or apprecliate why these attempts
failed, and thus they may draw improper conclusions
about the noise control ceoncept. Thils misunder-
standing fosters a natural reluctance to pursue such
work, even though 1t might be constructilve.

BEN's assessment of the likelihood of 1nstallation
of the technlcally possible <n situ controls is

that very little will be done, mainly because of

the costs involved. Table 1 summarizes the possible
in aitu controls and the reasons why installations of
in situ controls are not likely to be accomplished.
Note that use of quiet saw blades is not listed in
the above analysis. This treatment 1s omltted
because 1dling saw nolse seldom dominates & nolse
exposure. HNolse duridng cutting is most critical.
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TABLE 1. POSSIBLE IN SITv TREATMENTS AND LIKELIHOOD OF IMPLEMENTATION.
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The gulet blades do not reduce cutting noise.
Quieting blades alone would reduce many of the
neilse exposures by only a few dB at most. The
treatments listed above include both idling and
cutting noise.

Our sampling of contested OSHA citatlon cases shows
nine involving saws or sawmill equipment. O0Of these,
only two discuss the feasibility of nolse controls,
and these seem to Indicate that economics 1s of
concern to the cited parties. The cases reviewed
are given in Table 2.

The commonality of a maJor nolse producing plece of
equipment to multiple industries or production
processes.

Accordlng to DOC data, sawyers are found in every
two-diglt SIC industry. There are no details
avallable about the kinds of saws these workers
operate in the DOC publications. We assume that
most of the sawyers outslde SICs 1In the wood and
metal industries tend carpentry saws, such as
portable electric saws, small table saws, and radlal
arms saws, even though a small number of saws are
also used for production in these other SICs (e.g.,
for cutting plastic sheeting). Because of the
apparently small numbers of people invelved and the
difficulties in obtalning data for these other
Industries, our analysis 1s limited to saw eaquipment
used only in the wood and metal industry.
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CONTESTED OSHA CITATION CASES INVOLVING SAWS OR SAWMILL EQUIPMENT.

Case Number

Cited Company

Cited Table
Equipment

Comment

78-L39

635
6832

1134

1231, 1758
2200
3905

LT3k

6277

Masonite Corp.

Bonners Ferry Lunber

Union Timber

Idaho Travertine

Weyerhauser
B.¥W. Harrison Lumber

Union Camp
J.W. Bleck Lumber

Louisiana Pacific

Cuteff saw

Sawmill

Trimsawv

Sawmill
Sawmill

{Planer mill)
and saws

Sawvmill

Sawmill

Fallure to comply deter-
mined to be beyond employers
control, abatement period
extension granted.

Legal technicality.

Vacated because actual
exposure wes not assessed.
Also employers could find

no feasible eontrol due to
uniqueness of design and
necessity to adapt machinery
to meet competition.

Violation for lack of use
of hearing protection.

Legal technicality.
Legel technlicality.
Legel technicality,

Hesring conservation program
issue.

Controls not shown to be
economically feasible, sec-—
retary did not prove levels
would be substantiaslly re-
duced, even though he did
show controls are avail-
able.

§ T e L R o e -
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According to the edltors of the Woodworking and
Furniture Digesat, thelr inventory of woodwerking
machines appllies malnly to woodworking facillties
outside of 8IC 242 (sawmllls and planning mills).
Thelr data show that resaws, bandsaws, varlety saws,
ripsaws, radiasl arm saws, chop saws, cutoff saws,
trim saws, and panel saws are found throughout the
22 four-digit woodworking industries in SICs 24,

25, and 39.

According to the dmerican Machinist'a Inventory,
bandsaws, frictlion saws, cutoff saws, and abrasive
wheel saws are found throughout the varlous sub-
grouplngs of metalworking industrles in SICs 33 to

39.

The remalning saws - headrigs, quadsaws, large resaws,
edgers, large cutoffs, and large trimmers — are u:ed
prineipally 1n SIC 242.

The degree to which reductlon of the nolse level of

the identified type or c¢lass of machine would result

in an eight (8) hour environmental nolse level equal

to or less than 90 dBA¥ as computed by the 0SHA formula.

The complexlty of noilse problems assoclated wilth saw
equipment 1s described in more detail at the end of

thls analysis. From this material, 1t appears that some
saws, principally the larger productilon units, are
clearly the dominant nolse source in the plants 1n

which they are used. If these were quleted, some noilse
exposure reductlions could be antlecipated for peripheral

C-187
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workers as well as for the pecple assoclated with

the big machines themselves. However, most of the
peripheral workers overexposed to nolse would probably
remain overexposed, because their own machineg are
also neisy. If the noilse of all saws was sufficlently
reduced, the nolse exposure of these operators would
be In compliance with the O0SHA standards.

On a national basis a minimum of 10,000 machine
operators and/or 50,000 peripheral workers are
lmpacted by the nolse emission of the selected
machine type or class and thus would reallze dlrect
beneflt from noise reduction actions on this gpecific
device.

More than 10,000 coperators are impacted.

According to DOC data, the number of sawyers in the
manufacturing lndustries 1s as {fcllows:

Industry No, of Sawyers
SiCs 24, 25, and part of 39 60,206
SICs 33~38, and part of 39 16,795
All other 2-digit SICs in 5,531
manufacturing

Agaln, the sawyer category is not broken down by
saw type in the DOC publication. These sawyers

are people who are speclilfically assigned to operate
particular machines. Many of the saws can, however,
be operated by other classificaticns of workers
besldes sawyers, and thus the number of workers
impacted is consilderably larger than indicated by
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the above filgures. In addition, many of the saws
are sufficlently nolsy to contribute to the general
nolse environment in the plants 1n which they are
used. OQur assessment of the number of workers
impacted by each type of saw 1Is glven in Table 3.
The assessment ls primarily based on the BBN work
deseribed in FILTER a.

Not consldered.

See Appendix D, Industrial Machine Trends.

There are currently avallable quleted versions of the
selected machine which are capable of meeting an eight
hour, 90 dBA noilse level reguirement but for specific
reasons (to be determined by contractor) do not make
up a large percentage of machines currently in use

or being sold.

Manufacturers currently do little to provide noilse
control for saws. Irvington-Moore and Stetscon Ross
sall trimmer saws that are acoustlically treated
{partially enclesed) and quleter than thelr unsilenced

c~189
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MAJOR CATEGORIES OF SAWS ANALYZED, NUMBER IN

USE, AND NUMBER OF

Saw

Number in Use

Approximata
Number of Operators
Impacted [QSHA Noise

Exposure dB(A)]

Approximate Nember of
Peripheral Workers
Impacted [ OSHA
Nofse Exposure, dB{A)
Attributable Only To
Machine in Question]

Headrigs, quadsaws,
and resaws in pri-
zary lunber

Resawa ip second-
ary lumber

Band saws

Frictien savs
Variety saws

Dipsaws

Zdgars

Andial arm saws

10,235
(BEN f{les)

5,059 (W)t

60,277 in
metals (A!-!Iﬁ
31,316 in
wocd (WFD)
7,242 {AMT)8
17,334 {WFD)

39,702 (WFD)

13,042 (330)
35,786 {weD)

5,100 at 93-1032
1,000 at 39-1:2°

12,100 st 90-95°

L]
27,500 at 50-200°"

10,500 at §o-z00?**

1i,ne

5,400 at 30-5%5

39,700 ac 3843103
39,700 at 90-55

13,200 ac 92-38°
5,200 at §0~35-""*

o, 40

81,000 at 50-100"*°

16,100 at 85-56"'F

119,160 at 85-a0" "’

1

41,300 ap 39-35 "

Chop 2aws 11,518 (WFD) {1,300 at 3035
Quearfs 25,723 in
sacondary e
wood (WFD) 12,500 at $0.327'*
5,588 in
primary . .2
wood {BBN) 5,600 at 98-100 16,300 ag 92-34 *
15,944 in .0
metals (AMI) | 17,000 at 30-105 51,000 at 3L-38
Trirmers 20,82 in L,100 at 96-106°
prizary wood | 20,400 at h-1ok £1,100 at 38-38#+7
{BBlt)
T.422 in 7,400 at 90-35
secondary
wood (WFD)
Panel sawa 7,351 (WFD) Yo data
Abtasive wheel el
save 23,607 (AMI) 23,600 at 90-10% 70,800 at 8h-y9 °*
Totala Wood aawa = 226,506 aawas, 183,004 operators

Matal, savs — 108,070, saws, 69,601 operators

g=150
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Notes to Table 3.

tWoodworking and Furniture Digest.
*American Machinists’' Imventory.
*Peripheral workers also lncur noise exposure from their own mechines.

##411 workers who use the machine lneur at least some partial noise exposure
from its operation, since sound levels exceed 90 dB(A) at least part of the
time. The quoted figure is the number of workers who would be noise over-
exposed Just from operation of the saw being considered.

8Assumes half the cperators of these machines are already in nolse-insulated
hooths.

Assumes 10% of the machines in use employ %tsil-of'f operators,

Assumes 6 distant peripheral workers impacted per machine.

Assumes average of 1.5 men per machine.

Agssumes 2 nearby peripheral workers impacted per machine.

Assumes 10% of the operations expcse workers tc 90 to 100 aB(A)} Logga on a

given day, and that an average of 3 workers per plant may use the saw on a

given day.

€4MT includes friction saws in the category of "other" saws, and the quoted

figure is & totel for the "other saw" category. It is thus an upperbound
estimate.

hAssumes 75% of the operaticons last a full day and that there are 2 people

per plant specifically trained to operate the saw.

*Agsumes 10% of the operations expose workers to 90 to 95 dB(A)} LosHA on a

glven day and that an aversge of 3 workers per plant may use the saw on &
given dey.

JAssumes 3 nearby peripherel workers impacted per machine.

. A 0 O

H

kAssumes 5% of the machines are egquipped with noise insulated bootls.
lAsaumes 3 distant peripheral workers impacted per machine.

®agsumes 52 of the operations expose workers to 90 to 95 dB(A) Loggy on &
given day and that an sverage of 3 workers per plant may use the saw on
a given day.

MAssumes 50% of operetions exceed 90 dB(A).
CAssumes 3 distant peripherel workers impmcted per machine.

Ppssumes 20% of operations have a feed operator.
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models. These sell well in planing mills, where
trimmer saws are located 1n areas that are not
impacted by other equipment noilse. They do not sell
well in saw mllls, because buyers are reluctant to
purchase quilet equipment for use 1ln areas that are
nolsy because of other operations. OQliver sells
cutoff’ saws with acoustiecally treated guards that
quiet i1dling blade noise.

Manufacturers generally refer customers to contractors
who could builld enclesures. They admit, however, that
none of their customers are actually planning to take

such steps.

Foreign manufacturers are actlvely pursulng means of
guleting theilr products, and they sell more quieted
machines than do American manufacturers. The foreign
companies are generally bligger. They serve a world-
wide clientele and have greater pressure on them to
produce quieted equipment. They also have a more
ready market for gqulet products. According to some
domestic manufacturers, forelgn producers are also
more eager for markets and so are more wlilling to do
the necessary research and development o qulet their

products.

There 1s avallable appropriate noise abatement tech-
nology which ecan be applied to the selected machine
but for unknown reasons (to be determined in detall
by the Contractor} has not been applied to the
selected machine.

c-19z
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Most American manufacturers of saw equlpment are
gmall firms; research and development for qulet
medels 1s difficult for them.

Users put 1little pressure on the manufacturer to
supply them with quieted eguipment.

Users are generally loyal to a particular equlpment
supplier; if only one offers a noilse control (or
other) innovation, the users willl walt until their
own supplier sells 1t.

Even when forelgn manufacturers provide quieter
machinery, domestlc manufacturers believe that the
introduction of gquieter products will not have much
impact here, because of the loyalty of American
customers teo their traditional suppliers.

The posslbility for nolse reductlion through manu-
facturer-zpplied nolse control 1s significant. More
or less standard nolse control principles can be
applied to new designs to provide built-in quiet.
The major problem is in integrating operational and
acoustical requirements for the machine; some re-
luctance to make the deslgn changes can be anticipated,
because the manufacturers are used to traditlonal
features (such as "openness"), and this reluctance
would have to be overcome. Our assessment 1s that
the desiligns can be made to work acoustiezlly and
funetionally. The kinds of control that we belleve
could be developed include the followling:
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Enclosures for headrigs, quadsaws, resaws,
ripsaws, edgers, trimmers, and abrasilve

wheel saws

Damped feed systems and blade tensioning
devices, aleong with noilse barrlers for
band and friction saws

Improved safety guarding systems and partial
enclosures for variety saws

Improved guarding systems and damped stock
hold-down systems for cutoff saws.

+ In addition to standard nolse control principles,
there 1s significant promise for machlne features
that damp saw blade vibration during idling and
cutting. Devices that could accompllish this damping
have been designed and tested in prototype form
here and abroad. These devices alone could signi-
ficantly reduce overall nolse emissions of saws
for which stock vibration 1s of secondary consequence.
Further research should be directed to this area.

C-194
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TYPES QF SAWS ANALYZED

Aeadrigs, Quadesaws, and Resaws (primary Lumber). These
are large, baslic sawmlll processing machines used for
raw timber breakdown (converting logs to lumber). They
are semi-automated and operate continuously. The operator
generally works from a console and 1s sometimes furnished
with a nolise-~insulated cabin. However, the emlssilons
from these machines impact the general nolse environment
in most mills, and 1n particular, they impact off-bearers
who may assist in the material-~-handling at the machine.
Typlcal unprotected operator nolse exposures are in the
93 to 103 dB{A) LOSHA range. Typlcal off-bearer nolse
exposures are in the 9% to 112 dB(A) LOSHA range. Nolse
from both the cutting tools {(usually bandsaws, but
occasionally circular saws, and often chipping heads)

and from wood belng processed appear to be important.

Resaws (secondary lumber}., These are essentially large
bandsaws. Generally, a feeder and a sorter work the
machine. Typlcally, the resaw is run continuously for
several hours followed by a period of nonuse. The
machine operation may impact nearby operations and may
alsc be dimpacted by them. Typlcecal nelse exposures for
both feed and sorter workers are in the 90 to 95 dB(A)

range.

Band Sawa. These are useful to both wood and metal
processing industries because they are c¢apable of
machining lrregular shapes and they have a narrow kerf
{width of cut). They are seldom a contilnuous production
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machine, but they may run for many hours when processing
guantlties of special items. Idling noise is generally
of secondary importance. Both blade and stock vibration
contribute to cuttlng noise. Most cutting operations
generate 90 to 95 dB(A) at the operator position, but
work with some sheet metals can generate 95 te 1056 dB(A)
at the operator position. Nolse exposures thus vary
from well below 90 dB(A) Logps te as much as 100 dB{A)
LOSHA' Usually, the bandsaw or bandsaw noilse 1s of
minor significance to the general nolse environment.

Friction Saws. These are used only In the metal
industries., Heat generated by the blade/work interaction
causes the work to become locally plastic. The blade
pulls the sof'tened metal away, maklng a cut. Because of
higher blade speed, 1dling noise is more significant,
but here again, the machline 1s used only part-time.

The sound level at the operator position is in the 98

to 103 dB(A) range durlng processing. Nolse exposure
depends on the duty cycle of the machine. Usually the
friction saw 1s of minor significance to the general
plant nolse environment.

Variety Saws. Thls is essentlally a table saw., Once
agaln, operator nolse exposures will depend on how the
machine is used. Idling nolse is typileally 85 to 90
dB(A), cutting noise in the 95 to 105 dB(4)} range.
Jdling time is often long in comparison to cutting time;
hence, exposures are generally low., Usually table saws
are minor contributors to the general nolse envircnment.

C-196

ot g v




- T MTIAT AU O30

Report No. 4330 Boit Beranek and Newman Inc.

Ripegaws. These are used specifically to cut lumber along
the board length. Ripsaw machines may have an automatic
feed or may be manually fed. Generally, fthere 1s a
sorter who also works with the machine, at a greater
distance from the machine than the operator. These are
usually contlnuous production machines and are thus used
f'ull time and have assigned personnel., Nolse emissions
vary considerably, depending on the number of blades
used, the type of wood processed, and the feed speeds.
Generally, nolse exposures for the operator are 1ln the
98 to 103 4dB(A) range, and the 90 to 95 dB(A) range for
the sorter. The machine noise also impacts nearby
personnel.

Edgers. These are essentlally multibladed and may be
seml-automated or manually fed. There i1s usually only
one operator per machine, Occasicnally operators are
provided with nolse-insulated booths., Typlcal operator
nolse exposures are in the 92 to 98 dB(A) range LOSHA'

Chop Saweg. These saws are used for quick production of
lumber rough-cut to length. They work through plunging
off the saw into the workplece. Their operation 1s
generally intermittent, and although many workers may
use the saw, few are overexposed because of ict.

Cutoffe. In the cutoff operation, a saw blade moves
across the width of the material being processed, cut-
ting 1t to length. There are many configurations; some
are small, hand=-tended, single-bladed units (used 1in
metals and secondary wood operaticns); some are large,
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semi-~automated, multibladed machlnes. Cutting noilse pre-
dominates wlth these machines, the most significant
cutting noise occurring for metzl cutoffs, where the cut
duration 1s longest. Idle nolse may be high and of
relatively long duration for these machines. Typical
nolse exposures are:

in secondary wood operations 88 to 92 dB(4) Losha
in primary wood operaticns 98 to 100 dB{A) Losua
in metal operations 90 to 105 dB(A) LosHa®

The latter two types may be signiflicant contrlbutors to
the overall noise environment. The first twe are
generally nolse-inpacted by other eguipment,

Trim Saws (trimmers). Trimmers are used to cut wood to
length., They differ from cutoffs in that the wood moves
into the blade rather than the blade ftraversing the wood.
In primary wood processing, the trimmers are equipped
with many blades and the btlades are axlally adjustable

by the operator working from a conscle. A feeder may
also be present. In secondary wood processing, trimmers
generally have one or two blades, and the operator hand
feeds the machine. Typlcal noise exposures are 90 to

95 dB(A) LOSHA for the smaller units, and $4 to 104 dB(A)
Losua for operators of the larger ones [96 to 106 dB(A)
LOSHA for the feeder, 1if present].

Panel Saws. These are similar to the saws used 1n lumber
yards to cut plywocd sheets, but they are larger and

work automatically ornce set up. We have no direct
experlence wlth panel saws.

Cc-198
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Abragsive Wheel Sawe. These saws are used In the metals
industry; they are essentlally grinders, which cut by
wearing away metal. They function much like cutoff saws,
and nolse exposures caused by these machines are about
the same as those caused by cutoffs used 1n the metal

industry.

c-199
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APPENDIX C.19

ANALYSIS OF CRAWLER TRACTORS
GREATER THAN 150 HORSEPOWER
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The given industry(s) and/or particular production
process(s) are in chronic violation of present
OSHA standards.

Although the construction Industry has a violatilon
rate of only 3% (mining industry violatlon rate is
unknown), there is evidence to suggest that cperators
of crawler tractors (bulldozers) greater than 150
horsepower are chronieally exposed to nolise levels

in excess of the B8-hr, 90 dB(A) standard (i, 4)#,

The degree of difficulty user industries presently
encounter in meetlng an elght-hour 90 dBA environmen-~
tal noise standard level and for which the most
direct remedial action on thelr part would be a
raguest for administratlive controls, applications

for variances, or other types of relief which would
permit the contlnued production of their products
without correction of the nolse violatiocn,

Users of these crawler tractors often do net have
the technlcal skills to develop the required noise
control treztments to reduce exposure of the worker
to wilthin the standard. Therefore, they have 4diffi-
culty complying with OSHA and MSHA {(Mine Safeby and
Health Administration) standards.

#¥Numbers in parentheses refer to the references for crawler

tractors.
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FILTER c.
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The degree to which the nelse level of a given work
environment exceeds an eight (8) hour 90 dBA standard
principally because of the operaticn cof a single type
or class of machine and for which in situ retrofit
noelse contreol is not possible or can only be achieved

at extraordinary expense.

The nolse exposure of the operator i1s controlled by
the nolse from his machline. The majeor sources of
nelse on the crawler tractor are the engine exhaust,
engine casing, and fan. In situ noilse control
treatments 1ineclude: muffler for the exhaust, wind-
shield (if the machine does not have a cab)}, absorp-
tive material on the FOPS (falling object protective
structure), and sealing holes (floor, dash, battery
cover, control levers, and seat) for a crawler
tractor with a cab. The treatments reduce typlcal
working noise levels for a machine without a cab
from about 105 dB(A) to about 94 dB(A}, under high
1dle condiltlons. For operators exposed to this
level for more than about 4.5 hours, the exposures
are stlll in excess of the OSHA/MSHA standards.

For crawler tractors with cabs, typical reductions are

from 100 4B(A) to 90 dB(A), with doors closed and

under high idle conditions. Depending on the type of |
actlvity, operation of the blade can increase the i
nolse levels and the exposure of the operator. No '
guantified exposure data for typlcal coperators are

avallable.
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The commonality of a major nolse producing plece of
equipment to multiple industries or production

processes.

Crawler tractors are used 1n many industries, including

agrlculture, forestry, mining, construction (both
durable and non-durable), and manufacturing.

The degree to which reduction of the noise level of
the 1dentified type or class of machine would result
in an eight (8) hour environmental noise level egual
to or less than 90 dBA* as computed by the OSHA
formula.

The nolise exposure of a crawler tractor operator is
primarily controlled by the noise of hils own machilne.
If the nolse of the crawler tractor 1s reduced
sufficlently, the operator's exposure can be brought
into compliance with the OSHA regulation.

On a natlonal basis a minimum of 10,000 machine
operators and/or 50,000 peripheral workers are
impacted by the nolse emlssion of the selected
machine type of class and thus would realize direct
beneflt from nolse reductlon actlions on this specific

device.
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More than 10,000 operators are impacted by crawler

tractor nocise.

In surface coal mines alone, more than 13,000 opera-
tors are exposed to noise in excess of the 90 dB(A}
standard (1). If the noclse of these machlnes were
sufflclently reduced, the exposure of the operators
would be in compliance with the OSHA regulations.

Although there are no estimates of the number of
operators who are cverexposed in the other industriles,
it 1s not unreascnable to thlink that these crawler
tractor operators are also overéxposed when they work
for more than four or five hours per day. Of the
57,385 crawler tractors used in construction {3),
8,125 are greater than 200 horsepower anc¢ are thus
likely to cause overexposure of the operzcor. At

1 to 1.5 operatoers per machine (1}, we eutimate that
8,000 to 12,000 operators in construction work could
be overexposed to nolse, according to the OSHA
standard.

Not considered.

See Appendix D, Industrial Machine Trends.
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There are currently avallable gquleted versions of the
selected machine which are capable ef meeting an
eight hour, 90 dBA nolse level requirement but for
specific reasons (to be determined by contractor) do
not make up a large percentage of machines currently
in use or being sold.

Mos%t manufacturers will supply a gquieted verslon of the
crawler tractor (»150 horsepowsr). In general, the
manufacturers of these machines have elected to expand
the ROPS/FOPS concept 1into & totally enclosed cab

with suffilcient nolse c¢ontrol in the cab to meet the
regulation. The primary reasons more of these units
are not purchased are the additlonal cost of the

cab (about 10% of purchase price), the reliabllity of
the required air conditioning, and the reluctance to
set a precedent of buying the first alr-conditioned
cab for thelr fleet.

There ls avallable appropriate noise abatement tech-
nology which can be applled to the selected machine

but for unknown reasons (to be determined in detaill

by the Contractor) has not been applied to the selected

machine.

Nolse abatement can be deslgned into all crawler
tractors using available technology. In those
instances where thils has net been done, the primary
reason 1s the lack of demand whleh 1s caused by
increased cost and potential problems assoclated
wlth alr-conditioned cabs.

c-212

T e el




P S S L e

Report No. 4330

TR e e

Bolt Beranek and Newman Inc,

REFERENCES FOR CRAWLER TRACTORS

Bolt Beranek and Newman Inc., "The Noise of Mobille Machines
Used in Surface Coal Mines: Operator Exposure, Source
Disgnosis, Potential Noise Control Treatments," Prepared
for U.S. Bureau of Mines, August 1978,

Energy Resources Co. Inc., "The Economic Impacts of Environ-
mental Nolse Emission Regulations on Construction Loaders
and Tractors, Volume I."

Energy Rescurces Co. Inc., "The Economic Impacts of Environ-
mental Nolse Emission Regulatlons on Constructlon Loaders
and Tractors, Volume II."

U.3. Environmental Protecticn Agency, 0ffice of Nolse
Abatement and Control, "Noise Emisslon Standards for
Construction Equlpment, Proposed Wheel and Crawler Tractor
Nolse Emissilon Regulation, Part 1. Draft Environmental
Impact Statement, Part 2. Background Document," EPA 550/9-
77-250, June 1977.

C-213

B T T T e e m s s e

T e L b s et b




ST VY HTERE SR i

LT

e e

Report No. 4330

APPENDIX D
INDUSTRIAL MACHINE TRENDS

Prepared by

Research Triangle Institute

D=1

T e feabrts

Bolt Beranek and Newman Inc.



!
I
|
|
|
!
i
}
}
i
|
{
|

b L e

Contract No. 68-01-5036 February 25, 1980
RTI Prpject No. 41U-1726

Industrial Machine Trends

prepared by
Theodore 5. Black

prepared for

Dr. Kurt Askin
0ffice of Noise Abatement and Control
Standards and Regulations Division
Environmental Protection Agency

RESEARCH TRIANGLE PARK, NORTH CAROLINA 27705




e vemn w v wt e

O,

Industrial Machine Trends

1. Intreduction
This paper provides trend projections in several industrial machines
inctuding:

i A o N b bl M R

metalworking machinery group
automatic screw machines
pedestal grinders
mechanical presses
maechanical shears
metal saws
tumblers

taxtile machinery group
twisting frames
spinning frames
Tooms
knitting machines
draw frames

woodworking machinery group
chippers and hogs
wood saws
planers

foundry machinery group
moldmaking machines
shakeouts
furnaces

miscellaneous machinery group
handtools

bulldozers
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The four variables that are projected for each of the machines are: capital
stock (the number of machines in place), domestic capital flow (the pumber of
machines produced each year less exports), depreciation (the number of machines
retired from service each year), and imports. The relevant projections are shown
on the attached tables.

The methodology used to make the projections differs slightly for each of
the industry groups due to differences in data availability. In general, the
prejected values are calculated by using an algorithim based on parametric values
derived from historical datum. That is, historical retationships between the
variables of interest and other economic variables are estimated., Then, given
projections of the related economic variables, the historically generated
parameters are used fn the functional relations describing the determinants of
the four basic variables to project their future values.

There are three variants of the methodology for providing the projections.
One method is used for the metalworking machinery, a second different method is
used for textile machinery and a third method is used for woodworking machinery,
The foundry machinery group and the miscellaneous machinery group both use
roughly the same method as is applied to woodworking. Each of these methods
provides projections of the four variables of interest. The methods are
discussed below for each of the industry groups. The final section provides a
discussion of the limitations of the analysis.

2. Metalworking

The estimates of the four econemic variables for the metalwaorking machinery
jndustry includes the industry group for metal cutting machinery (SIC 3541, auto-
matic screw machines, metal saws and pedestal grinders are the specific types of
capital equipment), and the group metal forming macﬁfnery (SIC 3542, mechanical

pressas and mechanical shears are the specific capital equipment types). The
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projections for tumblers, which are included in metal cleaning and finishing
equipment (SIC 3548), are calculated differently as is discussed below.

The estimates of the capital flows are the basis of the projections. A
historical relationship is estimated between the production (capital flow) levels
of the specific types of capital equipment and the constant dollar sales volumes

of the major consuming jndustries,
%, = f(tQij) ¢ = 1958, ..., 1976

where tKi = putput of capital equipment type (e.g., 1367 pedestal grinders
produced in 1976)
i=1,...,4
tQij = dollar value of sales revenue for major industries consuming capital

equipment type i (e.g. the $70M sales in 1976 of the motor vehicles
industry which is the largest consumer of pedestal grinders)
j=1, ...,5b

This relationship is estimated in an ordinary least squares econcmetric
model. Then using projections of constant dollar sales (Qij) from t?e u. s,
Bureau ¢f Economic Analysis for the 1985-1990 period, capital flow (K}, is
projected over the period.

The next step is to obtain the projections for the depreciation of the
capital stock and the Tevel of the stock. This is based on a conventional
economic procedure where the survival probability of a machine of a given age
or vintage is empirically determined based on historical data. This survival
probability assumes the form of & logistic function and the specific probabilities
for each vintage of machine are estimated using the probit econometric estimation
technique.

The flow of machines, or the annual production: is then used in a simple

muiltiplicative step tc establish the expected number of surviving machines of
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a given vintage for the period 1985-1990. Thus, for one of these years the
summation of the survival probability times annual production over all machine
age vintages yields the surviving capital stock. Differences in this sum
between years less the projected year's production (or capital flow)} yields the
depreciation over that projected year. This process is repeated for each year
from 1985 to 1990 to obtain the capital stock and the level of depreciation
over the period.

The level of imports and exports is calculated based on an observed trend
in the relationship of imports and exports to total domestic usage of the capital
equipment type. This relation is projected for the period 1985-1990 using a
regression equation. Imports and exports are calculated as a function of the
annual projected capital flows for the same period.

The estimation of the projections for tumblers departs from the methods
used for other metalworking machinery. In fact, the third method, discussed
below, is what is employed to project the four economic variables for tumblers.
B8riefly stated, an industry source provided an inventory of tumbler machines in
place in a recent year. It is assumed that the stock of tumblers will grow at a
constant rate over the perjod. The growth rate is that observed for all matal-
working machinery in recent years according to Predicasts Basebook. The output
and depreciation of tumblers is estimated as a constant proportion of the capital
stock. The ratios used are those observed for other metalworking machines., The
export and import data are also estimated as a constant ratio of exports and
imports to output. The ratio used are those for all metalworking machinery.

3. Textile Machinery

The estimates of the four economic variables for textile machinery are
discussed below. The textile machinery industry (SiC 3552) is included in

the special industrial machinery group (SIC 355}, The specific types of
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textile machines examined are looms, knitting machines, draw frames, spinning
frames, and twisting frames,

The textile equipment projections are largely based on ad hoc procedures.
The shortage of published statistics on this industry precludes a more refined
analysis. There was only one complete annual time series available, for only one
type of machinery. Thus, it was necessary to rely on data for the benchmark

years of the Census of Mapufactures for the other equipment types. In addition,

the depreciation rate schedule was simply borrowed from the depreciation analysis
used in the metal working machinery case. The methodoleogy used for each type
of industrial machinery will be reviewed in turn.

The time series was for the number of looms in place, and it was used to
develop a regression equation which showed looms in place to be a function of
the five largest consuming industries sales. Then, using data from the Bureau
of Labor Statistics (BLS) on projected future sales in the consuming industries,
it was possible to project the number of looms in place through 1990. The
estimates of the capital stock for looms and the other textile equipment types
used a relationship observed for knitting machines in 1972, i.e., that
approximately eight percent of the stock of machines in place were provided by
the annual production of this type of textile machinery. This same percentage was
then applied to all textile equipment types.

The estimates of the foreign sector used the observed ratio of the value of
all exports and all imports of textile machinery to the value of domestic
textile machinery production over the iast ten years. The average percentage of
foreign to domestic commerce for all textile machinery was then applied to the
domestic capital flow for each type of eguipment. Therefore, the estimates of
the foreign sector assumes that the ratio of foreigﬁ to domestic commerce is
the same in the selected capital equipment types as is observed in the entire

textile equipment industry.
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The estimates of the number of knitting machines, draw frames, twisting
frames, and spinning frames produced per year are derived from regressions of the
annual production in bench mark years as a function of constant dollar sales in
the two largest consuming industries. However, since only four observations were
available from the benchmark years, the projections using this regression model
are subject to sizable variance. Unite sales of textile machinery were projected
based on the BLS data for the future value of constant dollar sales in the major
consuming industries. The machinery sales projections were then used to estimate
the capital stock assuming that a constant percentage of the stock is accounted
for by the capital flow or the annual production. The same depreciation schedule
was used for thase types of textile machinery as was estimated for specific metal-
working machinery. The foreign sector was projected assuming a constant percen-
tage of exports and imports to total sales, as was observed in the entire textile
equipment industry,

4, Woodworking Machinery

The estimatas of the four economic variables for the woodworking machinery
industry are discussed below. The woodworking industry (SIC 3553) is also
classified within special industrial machinery (SIC 355}. The specific types
of woodworking machinery which are evaluated below are planers, chippers and
hogs, and wood saws.

The estimates for the projected number of woodworking machines are subject
to the largest error. The limited information available showed only the steck
of each machine in place in 1978. This stock figure was projected through 1930
using the estimated annual rate of growth in the entire woodworking industry from
Predicast, Inc. Thus, the stock of machines was projected asstming the growth
rate of the entire industry was representative of t%e growth in the stock of each

machine.




TR FYRSAE S W el ol b

The flow of each type of woodwerking machines or the annual production was
assumed to be the same eight percent of the capital stock as was observed for the
textile machinery group. The depreciation rate used for these machines was the
same as that for metaiworking. Finally, the foreign sector was estimated using
an average ratio of the value of exports and imports to the value of domestic pro-
duction for all woodworking machinery. The average ratio of foreign to domestic
commerce was calculated using Predicast data for the three years from 1974 to 1976.

5. Foundry Equipment

The estimates of the four economic variables for foundry equipment are now
discussed. The foundry equipment industry (SIC 3559) {s another member of the
special industrial machinery group (SIC 355). The specific types of capital
equipment are molding machines, shakeouts, and furnaces. However, furnaces
are actually classified in a separate industry industry (SIC 3567).

The estimates of the projected number of units of foundry equipment are
provided using a method similar to that for woodworking. The conventional
published data sources from the U.5. Commerce Department did not provide any
indication of the number of units produced or in place for the Toundry equipment
industry., Since foundry equipment has a substantial variability in its
technological specification, the compilation of data on the guaniities of units
is not available. That is, a molding machine is a label used to describe both a
machine used to produce molds for, say, ashtrays, and it also describes a machine
producing industrial molds which may weigh several tons used for heavy machinery
production. Hence, comparing machines of these types in the same category of
data is suspect, and thus published government documents deleted it. However, ;
industry sources did provide some data.

The data sources used for the foundry machiner& industry originate in

a survey of foundry equipment conducted by the foundry equipment industry's
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trade publication. The survey provides some data on the standing stock of
foundry equipment in current use. This data was then used to calculate the
projections using seme simplifying assumptions about the other variables.

The capital stock was projected using an assumption that the recent
growth rate observed in the foundry equipment industry would continue through

1990, The growth rate was that provided by the U.S. Industrial Qutlook.

These projected values of the capital stock were then used to derive the remain-
ing variables. The annual production of foundry equipment was assumed to be a
constant percentage of the stock hased on information from jndustry sources.
Simiiarly, exports and imports were assumed to be a constant percentage of annual
production. These percentages were based on recent cbservations of the value of
exports and imports to the value of all shipments in the entire foundry egquipment
industry, Finally, depreciation was estimated by assuming that the useful

1ife of a piece of equipment corresponded to it's life for tax purposes. That
is, according to industry sources, an eleven year depreciation peried may

be used in determining federal corporate tax liabilities. Hence, it is

assumed that approximately one ninth of the standing stock of machines are
retired each year.

6. Hiscellaneous Machinery Group

The purpose af this section is to discuss the projections of the remaining
two types of industrial machinery of miscellaneous characteristics, These two
machinery types are power driven handtools and mabile earthmoving eguipment
{bulldozers). The handteol group is classified in SIC 3546. The bulldozer
group is in SIC.3530.

The methodology used to estimate the projections of the four economic
variables for handtools is nearly the same as used %n woodworking due to the

Timitations of data avajlability. The number of handtools produced was listed
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in the recent Census of Manufacturers. This figure was expanded to reflect an

approximate measure of the quantity of units produced but not disclosed in the
Census. This output figure was used to project the future output levels assuming
the output of the handteols industry continues to grow at the rate observed in
recent years, as listed in Predicasts Baseboak. The capital stock and the
retirement data were obtained by assuming the observed ratic of the value of
exports and imports to the value of shipments over the recent period would
reflect the relation of the domestic versus foreign market in the future.
That is, exports and imports are assumed to be a constant proportion of output.
The data for bulldozers is estimated in roughly the same fashion. The
available data indicates the current levels of output, stock in place, the
proportion af output exported and imported, and the approximate length of
useful life for a bulldozer. The growth rate in construction machinery
observed over the recent years, according to Predicasts Bac2book, was used
to project the basic figures for the relevant period. That is, it is assumed
that the production and stock of bulldozers will grow at the same constant rate
as was observed for ail construction machinery in recent years. The export
and import figures were calcuiated using the observation of the ratico of output
to exports and imports cited above. The depreciation figures were obtained from
the data which indicated the useful 1ife of a bulldozer is approximately ten
years. Hence, about one tenth of the stock will be replaced each year.

7. Conclusions and Limitations of the Analvsis

The purpose of this section is to reiterate the essentials of the
methodology used to estimate the projections. Each of the three methods will
be briefly reviewed. In addition, the limitations of the data and methods

will be discussed.




- pwa T 2 TLAY ANV ADOD

The projected values of the four economic variables were estimated for five
industry groups. The five industry groups are metalworking machinery, textile
machinery, woodworking machinery, foundry equipment machinery, and miscellaneous
machinery. Several specific types of industrial machinery were identified and
examined separately within each group. Three basic methods were used to estimate
the projections. The first method was used for metalworking machinery. This
method included a multiple regression analysis of industrial machinery production
and the sales of the consuming industries, as well as a regression model for the
foreign sector. It also used a probit econometric model of depreciation. It
required the most information, and probably is the most reliahle.

The second method was used for textile machinery. It includes a regression
model for the capital stock of one of the industrial machines and regression
models for the output of the others. The data for the regression models was,
unfortunately, largely inadequate. The projections for the remaining variables
were made using assumptions about constant proportions of exports and imports
relative to sales. The projections of depreciation and output similarly
assume that these variables are a constant proportion of the stock.

The third method was used for woodworking, foundry equipment machinery, and

miscellanecus machinery. This approach usually uses only information about the
current standing stock of machines in place, due to the lack of other data.
Using a constant growth rate these stock values are projected over the reievant
period, The other economic variables were then estimated using the assumptions
that the foreign section was a constant proportion of oufput, and the output and
depreciation were constant proportions of the stock.

The ahove analysis has a substantial variance in the reliability of the
rasults, The first method used the most information and hence reducas the

degree of uncertainty. The second and third methods use progressively less

10
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information and increasingly rely on assumptions about the models used to project
the variables and about the data itself. There are serious problems in the
conceptual models which were implicitly employed in making these projections.
Several of these limitations are particutarly troublesome. First, many of

the types of industrial equipment are too complex to be readily classified as

a single machine type (e.g. molding machines). Second, the methods make an
excessive number of simplifying assumptions about the contancy of observed
relations between variables, Third, no provision is made to account for
technological change. This is especially important because most of the newest
types of machines are automated or computerized, meaning there is a trend toward
fewer, more productive machines. As a result, the accuracy of these projections
is open to question. In fact, it is our subjective conclusion that the standard
deviation of some of these estimates are probably as large as the estimates

themselves. Further study would be nesded to impraove the projections.

11
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Revised Projections for Metalworking Machinery (Units)

Metal Cutting

Metal Cleaning

& Finishing Metal Forming

Shears Metal Mechanical Tumblers Pedestal Screw

Year Saws Presses Grinders Machines
Exports
1985 196 2,904 24 1,346 385 121
1986 207 3,534 25 1,494 385 120
1947 219 4,299 29 1,658 385 119
1938 232 4,232 25 1,840 385 118
1989 246 6,366 26 2,043 385 116
1990 260 7,746 26 2,267 386 115
Imparts
1985 616 2,320 539 718 133 326
1986 662 2,323 545 797 132 347
1987 711 3,435 551 884 131 369
1988 762 4,179 557 981 130 391
1989 816 5,085 563 1,089 129 415
1990 873 6,188 470 1,209 128 440
U.5. Consumption
1985 5,129 17,124 9,300 3,857 897 2,432
1986 5,386 20,837 9,866 4,281 861 2,546
1987 5,657 25,355 10,463 4,752 827 2,667
1988 5,979 30,850 11,096 5,275 795 2,795
1989 6,294 37,539 11,766 5,855 764 2,928
1590 6,626 45,665 12,474 6,499 736 3,069
Stock of Machines in Place
1985 46,219 124,342 117,425 64,079 27,001 32,842
1986 47,766 135,048 117,900 71,127 25,640 33,730
1987 49,448 148,330 118,819 78,951 24,378 34,701
1988 51,300 165,385 120,448 87,636 23,212 35,783
1989 53,130 187,072 123,157 97,278 22,18% 37,040
1990 55,272 213,738 126,201 107,976 20,745 38,256
Machines Retired

14885 --- 11,442 = 4,133 - el
1986 3,839 12,937 9,391 4,588 2,222 1,658
1987 3,975 14,847 9,444 5,092 2,089 1,696
1988 4,127, 17,134 8,567 5,626 1,961 1,743
1989 4,464 20,557 9,057 6,274 1,787 1,641
14580 4,484 24,112 9,430

6,965 2,180 1,853
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Projections for Textile Machinery (Units)

High Speed
Year Knitters Looms Draw frames
U.S. Production
1985 1,096 12,915 2,809
1986 971 12,089 3,100
1987 860 11,316 3,421
1988 762 10,593 3,775
1989 675 9,518 4,166
1990 598 9,283 4,598
Exports
1985 299 3,526 767
1986 265 3,300 846
1987 235 3,089 934
1988 208 2,892 1,031
1589 184 2,707 1,138
1990 163 2,534 1,256
Imports
1985 397 4,675 1,017
1986 352 4,376 1,122
1987 31z 4,096 1,239
1988 276 3,835 1,367
1989 244 3,590 1,509
1990 217 3,360 1,665
U.S. Consumption
1985 1,194 14,064 3,059
1986 1,058 13,165 3,376
1987 937 12,323 3,726
1988 830 11,536 4,111
1989 735 10,799 4,537
1990 652 10,109 5,007
Stock of Machines in Place
1985 14,197 167,282 36,386
1986 12,576 156,592 40,156
1987 11,140 146,586 44,316
1988 9,867 137,218 38,907
1989 8,741 128,451 53,874
1990 7,742 120,243 59,565
Machines Retired
1985 916 10,7390 2,347
1986 811 10,100 2,580
1987 718 9,455 2,858
1888 636 2,851 3,154
1%89 564 8,285 3,421
1840 47% 7,756 3,842

vt 4 P T i b e At
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Projecticns for Textiles Machinery (Units)

Year Twisting Frames Spinning Frames
U.%. Production
1985 3,077 4,674
1986 3,413 4, BBO
1987 3,786 5,004
1988 4,199 5,319
1989 4,657 5,553
1990 5,166 5,797
Exports
1985 840 1,276
1986 932 1,332
1987 1,033 1,391
1988 1,146 1,452
1988 1,272 1,516
1990 1,410 1,583
Imports
1985 1,114 1,692
1986 1,236 1,766
19387 1,371 1,844
1988 1,520 1,925
1989 1,686 2,010
1990 1,870 2,098
U.S, Censumption
1985 3,351 5,080
1986 3,717 5,314
1987 4,225 5,548
1988 4.573 5,792
1989 5,072 6,047
1990 5,626 5,313
Stock of Machines in Place
1985 39,858 60,544
1986 44 210 63,208
1987 49,038 65,989
1988 54,393 68,893
1989 60,333 71,924
1990 " 66,921 75,089
Machines Retired
1985 2,571 3,905
1988 2,852 4,077
1987 3,183 4,256
1982 3,509 4,444
1485 3,892 4,634
19975 4,317 4,843
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Projections for Woodworking Machinery {Units)

Year Planners Woodsaws Chippers and Hogs
U.S. Production
1585 5,225 31,699 1,204
1986 5,775 34,615 1,314
1987 6,347 37,800 1,435
1988 6,976 41,278 1,567
1989 7,666 45,075 1,712
1990 8,425 49,022 1,869
Exports
1985 a7 5,706 217
1586 403 5,231 237
1987 443 6,804 258
1983 487 7,430 282
1989 535 8,114 308
1890 588 8,860 337
Imports
1685 946 2,219 84
1986 1,040 2,423 92
1987 1,142 2,646 101
1988 1,256 2,890 110
1989 1,380 3,155 120
1390 1,516 3,446 131
U.S. Consumption
1985 5,834 28,212 1,071
1988 6,412 30,808 1,169
1987 7,046 33,642 1,277
1988 7,745 36,737 1,395
1989 8,511 40,117 1,523
1990 9,353 43,807 1,663
Stock of Machines in Place
1985 30,868 432,839 17,196
1586 33,924 494,500 18,778
1987 37,282 539,994 20,506
1988 40,973 589,674 22,392
1989 45,030 634,924 24,452
19990 49,487 703,165 26,702
Machines Retired
1685 1,891 51,080 1,939
1883 2,188 55,779 2,118
1587 2,405 60,911 2,313
1283 2,643 66,515 2,526
1z:: 2,904 72,635 2,758
155¢ 3,192 79,317 3,012
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Projections for Foundry Equipment {(Units)

Molding Machines Shakeouts Furnaces

U.S. Production
1985 5,808 1,215 4,727
1986 6,295 1,317 5,124
1987 6,824 1,428 5,585
1988 7,397 1,548 6,021
1989 8,019 1,678 6,527
1990 8,692 1,819 7,075

Exports
1985 1,859 389 1,513
1986 2,015 421 1,640
1387 2,184 457 1,777
1988 2,367 4495 1,927
1989 2,566 537 2,089
19390 2,782 582 2,264
Imports

1985 482 101 392
1986 522 109 425
1987 566 119 461
1988 614 129 499
1989 566 139 541
1390 722 151 587

U.S. Consumption
1985 4,431 927 3,606
1986 4.803 1,005 3,909
1987 5,207 1,089 4,237
1988 5,644 1,181 4,593
1889 6,118 1,280 4,979
1990 6,632 1,387 5,397

Stock of Machines in Place

1985 38,717 §,101 31,515
1986 41,750 §,781 34,162
1987 45,257 9,519 37,032
1988 49,059 10,318 40,143
1989 53,180 11,186 43,515
1990 57,647 12,125 47,170

Machines Retired.
1985 3,523 737 2,808
1636 3,818 789 3,199
1887 4,140 866 3,370
19g8 4,488 429 3,653
1589 4 865 2,018 3,860
19490 5,273 1,103 4,292
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Projections for Miscellaneous Machinery (Units)

Year Hand Tools Bulidozers
U.S. Production
1985 71,310 224,887
1986 77,3711 249,625
1987 83,948 227,084
1988 91,084 307,563
1989 98,826 341,395
1990 107,226 378,948
Exports
1985 12,600 93,328
1986 13,671 103,594
1987 14,834 114,990
1988 16,095 127,639
1989 17,463 141,679
1990 18,947 157,264
Impaorts
1985 5,897 8,141
; 1988 6,399 9,038
; 1987 6,942 10,031
, 1988 7,533 11,134
: 1989 8,173 12,358
f 1930 8,868 13,718
3 1.5, Consumption
: 1685 64,607 139,700
¢ 1986 70,098 155,067
: 1987 76,056 172,124
i 1988 82,521 191,058
: 19849 89,535 212,074
i 1990 97,145 235,403
|
i Stock of Machines in Piace
1985 648,273 1,285,189
1986 703,373 1,426,560
? 1987 763,164 1.583.481
1988 828,036 1,757,664
1989 898,418 1,951,007
! 1890 974,782 2,165,618
i Hachines Retir?d
| 1985 4,952 128,519
1888 5,416 142,656
| 1987 5,876 158,348
. 1cs8 5,376 175,766
! =l 6,918 195,101
e 7,506 215,562
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