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This guide provides compliance information to help the metal and
nonmetal mining industry meet current requirements of the Mine
Safety and Health Administration’s (MSHA’s) guarding standards
addressing machinery. This document is also intended to enhance
awareness of guarding compliance for miners, mine operators,
miners’ representatives, independent contractors, equipment
manufacturers, and MSHA’s Metal and Nonmetal enforcement
personnel with compliance issues related to guarding machinery.
This guide should be used to supplement existing guarding
guidance contained in "MSHA's Guide to Equipment Guarding"
published in 2004, and in MSHA'’s existing Program Policy Manual.


Presenter
Presentation Notes
This guide provides compliance information to help the metal and nonmetal mining industry meet current requirements of the Mine Safety and Health Administration’s (MSHA’s) guarding standards addressing machinery.   This document is also intended to enhance awareness of guarding compliance for miners, mine operators, miners’ representatives, independent contractors, equipment manufacturers, and MSHA’s Metal and Nonmetal enforcement personnel with compliance issues related to guarding machinery.  This guide should be used to supplement existing guarding guidance contained in "MSHA's Guide to Equipment Guarding" published in 2004, and in MSHA’s existing Program Policy Manual.


Navigating this Presentation

Most of the slides in this presentation have
explanatory notes that are critical to
understanding the content. If using the
PowerPoint® version, be sure to adjust the
display on your computer screen to be able
to read the notes, or print the slides using the
“Notes Pages” option. If using the PDF
version, the notes can be read by hovering
your cursor over or clicking on the orange
icon in the upper left corner of the slide.
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Notes - Most of the slides in this presentation have explanatory notes that are critical to understanding the content.  If using the PowerPoint® version,  be sure to adjust the display on your computer screen to be able to read the notes, or print the slides using the “Notes Pages” option.  If using the PDF version, the notes can be read by hovering your cursor over or clicking on the orange icon in the upper left corner of the slide.
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Presenter
Presentation Notes
This guide provides compliance information to help the metal and nonmetal mining industry meet current requirements of the Mine Safety and Health Administration’s (MSHA) guarding standards.  This document is also intended to enhance awareness of guarding compliance for miners, mine operators, miners’ representatives, independent contractors, equipment manufacturers, and MSHA’s Metal and Nonmetal enforcement personnel with compliance issues related to guarding machinery.  Issues related to guarding belt conveyors were addressed in a separate guide published earlier.  Some of the slides included in this resource are similar to slides in the conveyor guarding guide.  MSHA’s guarding guides should be used to supplement existing guarding guidance contained in "MSHA's Guide to Equipment Guarding" issued in 2004, and in MSHA’s existing Program Policy Manual. 
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Goals & Ob]ectwes

. Protectmg minexrs by

— Improving industry’s understandmg of
good guarding principles

— Ensuring the construction, installation and
| mamtenance of hlgh quallty, effectlve e
guards ' -

- — Improving 1nspect10n and enforcement
con51stency

. This will result in . R.E.D U CED

> Serious and fatal acc1dents
> Risk of injury to miners


Presenter
Presentation Notes
MSHA believes the publication of this resource will help save more miners’ lives, reduce the number and severity of serious accidents, reduce the level of risk in mines, improve the consistency of mine inspections and assist the mining industry comply with equipment guarding standards.
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Presenter
Presentation Notes
This graphic summarizes the distribution of injuries caused by at-risk behaviors (reaching past or around a guard, removing guards during operation or climbing on guards) vs. those caused by conditions (handling oversized and heavy guards, dropping the guards, and being injured by inherently hazardous guards).  Guards considered inadequate because of their size or position could be either behavior- or condition-related.

The following conclusions are based on an analysis of 5 years of guarding-related injuries:
Injuries caused by at-risk work practices represent approximately 30-40% of all guarding-related injuries.
Injuries caused by inadequate guard design, construction and maintenance represent approximately 60-70% of guarding-related injuries.
If one considers the muscle sprains and strains and back injuries caused by handling heavy, large or awkwardly shaped guards, and the injuries that occur when miners drop guards because they are heavy, large or are not equipped with handles, the total percentage of injuries due to poor design, construction and maintenance of guards rises to well over 50%.
12% of guard-related injuries occurred because the guard itself was a hazard to miners.  Most of these injuries were lacerations and puncture wounds caused by handling or striking against a guard that had sharp edges or points.
Mining industry injuries can be reduced by improving guard design and construction.


Guarding Citations (IVINIM)

. 0 .
Fiscal Year Toatca(l)f(;t;tsiins Cc:,tuaa::::sl%c élfa‘:?::s“;?
Orders * Orders *

2006 62,761 10,102 16.1
2007 58,529 8,668 14.8
2008 61,712 9,704 14.3
2009 68,384 9,853 14.4
2010 74,848 10,871 14.5
2011 65,137 8,031 12.3
2012%* 46,583 5140 (# 6624) 11.0

* Includes all C & O for 30 C.EF.R. §§ 56/57.141017, .14108, .14109, &.14112
**FY 2012YTD, 1/10/2012; # - Projected through end FY


Presenter
Presentation Notes
At metal and nonmetal mines, equipment guarding standards are among the most frequently cited violations.  The table shows that the attention the mining industry and MSHA have paid to guarding over the past few years has resulted in a markedly decreased percentage of guarding-related violations.  The number of citations and orders issued for guarding violations dropped 26% from 2010 to 2011 to the lowest level in recent history.  Further, the percentage of citations and orders for guarding-related violations when compared to all citations issued decreased significantly between 2006 and 2011.  The number and percentage of guarding citations and orders issued year-to-date in fiscal year 2012 are down even further.  Still, many issues remain and guard provision, placement, construction and maintenance require regular attention.




Moving Machine Parts
30 C.F.R. §§ 56/57.14107

(a) Moving machine parts shall be guarded to
protect persons from contacting geatrs,
sprockets, chains, drive, head, tail and
take-up pulleys, flywheels, couplings,
shafts, fan blades and similar moving parts
that can cause injury.

(b) Guards shall not be required where the
exposed moving parts are at least seven
feet away from walking or working
surfaces.


Presenter
Presentation Notes
The text of §§ 56/57.14107 (a),  Moving machine parts, is shown on this slide.  This part of the standard lists several types of moving machine parts.  Not all moving machine parts are listed.  The reference to “similar moving parts” indicates that the list of hazardous moving machine parts is incomplete.



Machinery
and

Components
to Guard

 Crushers and screens + Conveying equipment
* Rotating equipment  Mobile equipment
e Drive & power transmission components

Packaging and palletizing equipment

Power tools and auxiliary equipment o


Presenter
Presentation Notes
An analysis of mining industry accidents over a 5-year period showed that many injuries are related to inadequately guarded equipment.  Mine operators’ Form 7000-1 reports of accidents were analyzed for guard-related causes.
In most years, at least one fatal accident related to guarding occurs.  Further, there are many guarding-related injuries that result in permanent disability, lost time or work restrictions.
Among the equipment and machinery components that must be guarded are crushers and screens, conveying equipment, rotating equipment, mobile equipment, power tools, packaging and palletizing equipment, and drive & power transmission components.


Preamble: 30 C.F.R. §§ 56/57.14107
53 Fed. Reg. 32509 (Aug. 25, 1988)

Guards are meant to protect persons from:

e “Inadvertent, careless, or accidental
contact’” or

e “deliberate or purposeful work-related

actions...” (inspection, testing, cleaning, maintenance,
troubleshooting, lubrication, adjustment, servicing, etc...)

v Work does not have to be assigned or
directed by management or supervisor

 Standard does not address deliberate or
purposeful, NON-work-related actions

11


Presenter
Presentation Notes
The preamble to the standard states that guards are meant to protect persons from inadvertent and accidental contact with moving machine parts.  The majority of machinery accidents are caused by deliberate or purposeful actions that are related to work activity, including inspection, testing, cleaning, maintenance, troubleshooting, lubrication, adjustment, servicing, etc.
Work-related actions include more than just tasks that a miner has been assigned to do, directed to or trained to do, by mine management or supervision.  They include any tasks that a miner undertakes as, or understands to be, a part of his duties, even when performed of his/her own volition.
This standard does not address deliberate or purposeful actions that are non-work related, or have no work-related purpose or reason to undertake.
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Presenter
Presentation Notes
The ball mill shown in the left photo is approximately 1 foot from the handrail.  Although there is no purposeful work-related reason for a miner to touch the rotating, bolt-studded mill when it is operating, inadvertent contact by someone standing next to the handrail is possible and must be prevented.  The handrail provides insufficient protection.  A guard, such as one fabricated from an appropriately-sized screen mesh, as wide as the mill and high enough so it cannot be inadvertently reached over, is required to prevent contact with the mill.  
If the mill were further from the handrail so that it could be considered guarded by location, a point-of-contact guard at the handrail would not be required.
The ball mill shown in the right photo is well-guarded with two compliant point-of-contact guards that protect persons from inadvertent contact with the rotating parts.  Although it may be possible for a miner to reach around the guard in order to touch the rotating mill, there is no work-related purpose for a miner to do so.  This guard is compliant.


Inadvertent or
- Work-Related Contact
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Presenter
Presentation Notes
The left photo shows three distinct crushing and shearing hazards at a remotely-controlled, pneumatically-operated valve cylinder.  The valve is shown in the open (or lowered) position.  When it closes (to the raised position), it moves rapidly and remains closed.  The valves normally cycle regularly and without warning.  Approximately two dozen such unguarded valve installations existed at this mine.
[1] – A serious shearing hazard exists on the left side of the equipment where a heavy metal plate moves upwards and passes close to and in front of the orange-colored position sensor.  A hand or finger caught between these two objects could be amputated.
[2] – Another serious shearing hazard exists at the upper and lower right side of the equipment where matching holes are provided to lock the valve in either the open or closed position.  A finger inserted in the holes could be amputated when the valve changes position.
[3] - A serious crushing hazard exists in the rectangular opening of the cylinder’s piston frame.  A hand or finger in this area could be crushed or amputated when the valve closes.
The right photo shows how the hazards are now guarded.  Four separate sections of small-mesh guards were installed around each of the cylinders to prevent persons working in the area from being injured when the valves actuated.  Two guards are located on the left and right sides.  Two more are located in the center, one on each side of the equipment.  All guards are color-coded to call attention to their presence and importance, and to prompt reinstallation if they are removed for maintenance.
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Presenter
Presentation Notes
The top photo shows a rotary kiln tire, the tire’s two support rollers and the rollers’ trunnion bearing housings.  Miners often work in close proximity to the kiln, sometimes touching the bearing housings to feel for overheating or applying lubricant to the contact surface of the rollers.  The tire and its rollers rotate in opposite directions, creating a dangerous in-running nip point where they touch.  Tire and roller rotation are shown by the yellow arrows.  The two pinch points that are created – one on each side of the kiln, one above and one below the roller - are shown by red arrows.  Entanglement in one of these serious in-running nip-points and the crushing injury that would occur are prevented in the top photo by the rectangular mesh box guard on the left and the larger yellow-colored sheet metal guard on the right.  The lower left nip point and access to the area below the center of the kiln are protected by two mesh guards that can be seen directly above the short steps in the center of the kiln pier.
The lower photo shows another example of the numerous compliant tire-roller guard configurations.  Although a small section of the side of the roller is visible, the guard is compliant because it protects miners from coming in contact with the in-running tire-roller nip point.
Note: the steps shown in the upper right photo should be equipped with a handrail.


- Inadvertentor
Work-Related Contact



Presenter
Presentation Notes
This photo shows an unguarded V-belt drive for a rock screen.  Persons walking or working on the platform shown could become entangled in or have body parts amputated by these dangerous moving machine parts, either inadvertently while passing by or while engaged in inspection, lubrication or other work-related duties.  A guard is required to protect miners from contacting the rotating components.


Inadvertent or Purposeful
Work-Related Contact
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Presenter
Presentation Notes
There are numerous reasons for miners to be in close proximity to this grinding mill when it is operating, including travel in the adjacent walkway, inspection, troubleshooting, lubrication and housekeeping duties.  Therefore, the mill must be guarded to prevent miners from being struck by the rotating mill.
At the work platform level (left, upper arrow), compliant screen mesh guards have been installed at the top of the access ladder and on both sides of the walkway to prevent inadvertent contact with the mill.
At the floor level, a cable is visible along the side of the mill (right arrow).  The cable had previously served as the only ground level protection device to prevent persons from contacting the rotating mill.  That cable by itself, even with the warning sign that hangs from it, was inadequate as a guard.  Later, heavy noise-control curtains were installed alongside the mill.  Just inside the noise-control curtains are two microphones (not visible, behind curtain at red stars) that measure the sound of the grinding balls cascading inside the mill, and provide data to the processor that controls feed to the mill.  Although the primary purpose of the curtains is to attenuate noise, they also prevent inadvertent contact by passers-by, and purposeful work-related contact by persons calibrating the microphones while the mill operates.  They also prevent entry to miners who might otherwise step over the cable to perform cleanup near or under the mill.  


Purposeful Non-Work-Related
Contact
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Presenter
Presentation Notes
The ball mill shown in this photo is near and slightly below the elevated walkway.  The only way this mill can be contacted is by purposely stepping from the main walkway onto the small offset platform and stretching to touch the mill, kneeling and reaching between the platform’s toe board and midrail.  Although the mill can be touched, there is no work-related reason for a person to do this, and there is no inadvertent action that will cause a person on the walkway or platform to contact the mill.  This configuration is compliant.


Work Related
Contact



Presenter
Presentation Notes
The motor coupling for this pump is not fully guarded.  Inadvertent contact may be unlikely, but the grease fitting represents a work-related reason for a miner to place a hand or tool near the rotating coupling.  This guard is non-compliant.  The coupling should be fully enclosed.  If visual inspection of the coupling is important, the opening could be covered with a screen.  MSHA standards do not specifically require extended grease lines, but in a situation like this an extended grease line would permit the coupling to be guarded and the shaft bearing to be lubricated from a safe location outside the guard.  Using extended grease lines are often considered to be “best practices” because they permit miners to lubricate moving machine parts without having to open, remove or dislodge guards to lubricate the equipment inside.



Types of Guarding

» Point-of-contact guarding
* Location guarding

* Area guarding

19


Presenter
Presentation Notes
There are three types of strategies for guarding moving machine parts.
1- Installing guards at the point of contact
2 - Preventing contact by locating moving machine parts out of normal reach, and
3 - Enclosing multiple moving parts in a large or single guard or preventing access to moving parts in a specific area.
The three strategies are explained and illustrated in the next several slides.


e e
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Presenter
Presentation Notes
The yellow-painted guards shown in this photo are point-of-contact guards.  They fit around the moving machine parts to prevent contact with the V-belt drive, the shafts and the coupling between the gear drive and conveyor.
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Presenter
Presentation Notes
The black mesh guard shown in this photo is a point-of-contact guard.  It encloses the rotating coupling and the keyed shaft from the motor to the gear reducer.


Guarding by

Location

The distance from the
floor to the line shaft,
sprockets and
connecting chain is
greater than 7 feet.

The drive motor must
be powered OFF and
locked out when the
elevated components
are inspected or
repaired.



Presenter
Presentation Notes
Moving machine hazards that are at least 7 feet away from walking and working surfaces are not required to be guarded.  They are sometimes said to be “guarded by location”.
The photo shows a line shaft, sprockets and drive chain assembly that is more than 7 feet above the surrounding walking and working surface.  No additional guard is required unless work practices in the area require guarding to be installed and maintained.
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Presenter
Presentation Notes
This photo shows a flywheel that is 7½ feet above the work platform and is guarded by location.  However, there is equipment below the flywheel on which a miner could step up and be struck in the head by the rotating flywheel above.  The machinery below the flywheel is not a walking or working surface, and there is no foreseeable work-related reason for a miner to step up or stand on the inclined surface of the equipment.  Therefore, the arrangement is compliant.  However, the mine proactively installed a shield below the flywheel (at orange lines), thereby significantly reducing overall risk and preventing inadvertent contact and potential serious injury.


Ladder-less Work
Platforms

g -
“'\ ;

M 7

7/ ; i

i
f w,y,,

/



Presenter
Presentation Notes
This photo shows an unguarded V-belt drive at a ladder-less work platform.  Despite the lack of direct access (via a walkway or a ladder), this drive is not guarded by location because it is not seven (7) feet from the working surface.  The work platform, which is a permanent structure, is the elevation reference point for the 7-feet guarded-by-location measurement, rather than the surface of the ground below.  Therefore, a point of contact guard is required at this location to protect miners from contacting the rotating components.
If easy or direct access, such as by a permanent ladder or steps, were the only criteria for determining if moving machine parts must be guarded, then any drive or other dangerous moving machine part could be “guarded by location”.  It is not the intent of §§ 56/57.14107(b) to achieve compliance by removing the steps or walkways and requiring miners to climb up each time the equipment had to be inspected, lubricated, or repaired.  
Administrative controls alone, such as posting warning signs or training miners to shut down and lock out the equipment before going to a work platform with unguarded moving machine parts are not sufficient for compliance.  Persons who do not follow the procedure and work on the platform could become entangled in unguarded drive, or have body parts injured or amputated while engaged in inspection, maintenance, lubrication or other work-related duties.
If a work platform exists, the moving machine parts to which it provides standing access must be guarded.


- Area
Guarding

from
IMISHA'’s
2004
- “Guide to
Equipment
Guarding”
- Handbook

An area guard is a barrier which prevents entry of a miner into an
area containing moving machine parts, thus preventing contact
with the moving parts. Effective area guards may require
additional practices and provisions, such as signage, locks,
color coding, etc., in addition to the physical barrier. When
designing, installing, and/or using area guards, consider:

»Security of the area
»]s the area guard difficult to defeat?
»]s it locked or bolted?
*Does the guard prevent entry into the area and is the guard
difficult to defeat?
»How will the moving machine parts be shut down before entry?
*Will the guard be interlocked with the hazardous equipment
so entry will automatically shut down the moving parts?
*Will manual shutdown be used?
»Is the area guard easily recognized as a guard?
= Are warning signs or color coding in use?
»Frequency of entry into the guarded area
»Frequently accessed areas may not be suitable for area
guarding.
»Number of people requiring access into guarded area
»If a large number of people need access to an area, then
area guarding may not be suitable.
»Education and training in proper procedures
*Does the work force understand who may enter area guards?
»Have lock-out, tag-out procedures been addressed?



Presenter
Presentation Notes
An area guard is a barrier that:
1 - prevents contact with moving machine parts by preventing miners from entering an area that contains moving machine parts, or
2 - a guard that encloses two or more hazards.
Not all equipment is suitable for area guarding.  Effective area guards may require additional practices and provisions, such as signage, locks, color coding, etc., in addition to the physical barrier.  The following are criteria that can be used to assess the effectiveness of an area guard:
Is the equipment controlled by only one power source?
  Can the guard be secured to prevent it from being easily bypassed?
  Multiple bolts are more secure than drop-in pins or latches.  Locks are superior to bolts, pins or latches.  
  If locking is a method chosen to make it difficult to bypass a guard, keep the key in a secure or relatively inaccessible location, such as a supervisor’s office.
  Can redundant (multiple) security techniques be used to prevent contact with the moving parts?


Area Guard Best Practices

Perform risk analysis for equipment considered for
area / multiple hazard guarding

Secure the guard from being easily bypassed

Make guards easy to recognize

Include “Area Guarding” in Training Plan

Adhere to a pre-planned Safe Work Procedure when
accessing area-guarded equipment

Keep the guards, people and training up-to-date

26


Presenter
Presentation Notes
Area guards are sometimes designed and constructed differently from point-of-contact guards, in that they may not fit as closely as point-of-contact guards, and they may enclose multiple hazards.  Due to these differences, area guards may be perceived as not providing as high a degree of protection as point-of-contact guards.  
Area guards may require certain administrative controls and practices in addition to providing a physical barrier.  Below are listed practices mines have implemented to assure their area guards provide the level of protection their miners need.
  First, perform a risk analysis for equipment considered for area or multiple hazard guarding.
  Evaluate:
  The appropriateness of installing an area guard and the protection it provides given the equipment and its arrangement in the workplace.
  Is equipment controlled by only one power source?
  Secure the guard from being easily bypassed.
  Include “Area Guarding” in the mine training plan.
  Train all miners on hazards associated with area-guarded equipment.
  Restrict access to area guards to selected miners who are permitted and trained on
     area-guarded equipment procedures.
  Miners should adhere to a pre-planned, written safe work procedure when accessing area-guarded equipment.
  Make guards easy to recognize.
  Color code guards.
  Post area guards with warning and restricted entry signage.
  Keep the guards, people and training up-to-date.
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Presenter
Presentation Notes
This photo shows a compliant area guard.  Equipment occupying a large area and having numerous discrete (and sometimes small) moving machine parts, are often good applications for area guarding.  Packaging and palletizing equipment, such as is shown in this photo, can be surrounded by fencing.  Although the access doors that admit maintenance personnel are interlocked with the equipment’s power supply to shut down automatically if unauthorized entry is attempted, mine operators must not rely on the interlock system alone to protect miners.  Before repair or maintenance is performed on the machinery or equipment, the power must be off, the equipment blocked against hazardous motion, power switches locked out to prevent the equipment from being energized without the knowledge of the individuals working on it, and notices posted at the power switch.
Miners should follow area guard best practices and not try to bypass area guards to clear material jams or unsafely troubleshoot process interruptions.  Among the best practices recommended are signs identifying each area guard and communicating the special entry procedures for that equipment.


Area Guarding



Presenter
Presentation Notes
The area guard for this rotating trommel is acceptable under the guarding standard, but could be improved.  It features redundant protection and requires special procedures to enter.  The maintenance access door is locked [1], and a bottom-hinged steel grate access ramp to the rotating parts is stored across the doorway [2], providing redundant protection and preventing miners from inadvertently entering or falling inside.  The key [3] is too accessible and should be kept in a more secure location.  The area should have appropriate signage in accordance with §§ 56/57.20011 – barricades and warning signs.


Area Guarding
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Presenter
Presentation Notes
This installation is compliant but could be improved.  Specialized conveying equipment, such as this overhead chain tire fuel conveyor, are often large and have many moving machine parts and hazards that move with the machinery.  To protect miners from the hazardous moving machinery, yet provide visibility during operation, this conveyor has been totally enclosed in wire mesh.  The perimeter has a limited number of color-coded and signed entry points for maintenance and adjustment, however, this entry point is not interlocked with the conveyor’s power supply.
Although the sign warns against entry during operation, it does not require miners to lockout and tagout.  Non-specific warnings may be missed or ignored, and unlocked or non-interlocked entries may be bypassed by unauthorized and unsafe entrants.  Engineering controls, such as interlocking equipment power supplies, are far superior.  They should be installed and their use should be reinforced by a specifically-worded “Danger” sign, accompanied by posted procedures, and comprehensive workforce training.  A locking device on the door, although not required, would further reduce risk.
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Presenter
Presentation Notes
These photos show components of appropriate area guards.  The left photo shows a maintenance entry door providing access to equipment that is area-guarded.  It is electrically interlocked, the sign is prominently posted, displays the proper warning and is specific in the action required.  The entire guard is color-coded “safety yellow.”  This entry door provides a greater degree of safety and more protection than the one shown on the previous slide.
When electrical interlocks are used, mines should consider using the type that “fail safe”, so that if a circuitry error occurs, the equipment inside the protected area will shut down.
The upper right photo shows a magnetic interlock preventing unauthorized access at the entry door of an area guard.  Magnetic interlocks are generally more difficult to bypass than electrical interlocks.
The lower right photo shows a trapped-key interlock that prevents unauthorized access at the entry door of an area guard.  Trapped-key interlocks provide a high degree of safety.


Area Guard
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Presenter
Presentation Notes
This photo shows a noncompliant area guard (the chain), that was installed to keep miners away from the exposed moving machine parts (the pan conveyor) where a section of the point-of-contact guard was removed.  Miners were expected to work inside the chain to lubricate the conveyor rollers while the conveyor was in operation, risking serious injury.  This arrangement is too easily bypassed and does not provide the protection required.  This is not a valid application for an area guard.


Area Guarding
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Presenter
Presentation Notes
This photo shows a noncompliant area guard.  In this process, the mixer was manually charged with bagged material at the upper platform [1, at top left], then rotated at high speed to mix the materials, and emptied through a hand-operated valve [2].  The start-stop controls were located inside the plastic chain at [3].
Multiple persons frequently entered inside the chain, closely approached and handled the mixer.  The fall protection handrail at the upper level did not guard the rotating mixer and the floor level chain was easily bypassed.  Neither the handrail or chain were effective or recognizable as guards.
After a risk assessment was conducted several modifications were made: 1) The chain was replaced with a tall, hinged, double-door, color-coded, metal-mesh gate at floor level;  2) a new, high, color-coded, hinged metal-mesh gate was installed at the upper charging level;  3) both gates were electrically interlocked with the mixer’s drive motor to prevent mixer operation when either was open;  4) two electrical disconnect devices were installed, one at the upper level, and one at floor level, to permit easy lock-out by the person charging the mixer, and the person emptying the mixer;  5) the start-stop controls were moved outside both gates;  6) a written procedure was instituted;  7) training was provided; and  8) warning signs were posted.
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Presentation Notes
This photo shows a noncompliant area guard.  Head frame sheaves have multiple hazards and are often area-guarded.  Although the area pictured is not a regularly traveled area, entry is infrequent, approach to the sheave is protected by a locked gate and the key is secured in a safe location, this is not a compliant area guard.  Entry inside the area is easy, with or without the key.  Miners can easily get past or step over the low, open handrail and the waist-high fence.  A compliant guard would not be so easily bypassed.


Compliant Area Guards

Non-



Presenter
Presentation Notes
These photos show ineffective and non-compliant attempts to provide area guarding.
Top - Plastic construction fencing blocks the bottom of the steps leading to equipment that is not protected by point-of-contact guarding.
Lower left – This mine’s written area guard program requires locked access doors.  The lock that was provided to deny unauthorized access to this equipment was cut, but was left in place to make it appear the equipment inside the area guard was well secured.  Although MSHA does not require area guards to be locked, the mine is not following its own area guarding plan.
Lower right – The electrical interlock switch that was provided to prevent unauthorized access was bypassed electrically by a small strip of metal.  The strip of metal was not visible with the entry door closed, but it presented the appearance that the equipment inside the area guard was well guarded.
All moving parts must be guarded with adequately constructed, properly installed, functioning and well-maintained guards to provide the necessary degree of protection.


Shaft and Shaft End Guarding

e Point of contact guards are required for shafts
and shaft ends that are not guarded by location
if they have exposed.:

— Keys, keyways or couplings
— Setscrews, bolts or other protrusions
— Burrs

 Smooth shafts and shaft ends — a guard may not
necessarily be required.

e Whether a smooth shaft or shaft end requires a
guard depends on...
— Rotation speed
— Location of shaft in the workplace
— Diameter and length of exposed shaft
— Exposed shaft end’s extension into work space
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Not all rotating shafts and shaft ends must be guarded.  If a shaft is equipped with a keyway, key or coupling that is not guarded by location, it must be guarded.  Determination of whether smooth shafts and shaft ends need to be guarded depends on the size (diameter and exposed length) of the shaft, its location in the work space (height, position relative to other equipment and work-related tasks, walkways and travelways), and shaft rotation speed.


~ Shaft
Guarding
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Presentation Notes
The photo on the left shows a large motor shaft with a small portion of keyway visible beyond the left end of the guard.  The guard is closed on the end and is approximately 18 inches deep, as measured from the curved surface of the guard to the shaft.  The space between the end of the guard and the motor is approximately 
1-1/2 inches.  Extended grease pipes have been provided to lubricate the motor bearing.  The size and arrangement of the equipment prevents people from climbing over the guard, but inadvertent contact with the shaft or keyway is possible because someone lubricating the top grease pipe has to lean and stretch over the guard to reach the top extended grease fitting.  If the top grease line had been piped to a more easily accessible location, this guard would be compliant because the opening between the motor and guard is narrow, and there is no work-related purpose for a person to reach into the shaft area.

The large, high-speed, rough-surfaced shaft in the upper right photo has been guarded on the left end where it couples to the drive motor, but the rest of the shaft is exposed and someone standing next to the handrail could inadvertently contact it.  If the handrail were out of arm’s reach, the shaft would still have to be guarded because someone could enter through and work inside the handrail, perhaps to clean the area and contact the shaft. Guards that extend from near the floor could be attached to the handrail to prevent persons from getting inside the guard.

The shaft in the lower right photo has been guarded on the top and sides.  The guard extends below the rotating shaft on both sides.  There is no bottom to the guard.  This guard prevents inadvertent contact because someone has to reach under the guard and up into the guarded area to contact the shaft.  It is compliant unless there is a work-related reason for a person to reach into the guarded area.  Mine operators should assure the sides of such guards extend far enough down to prevent inadvertent contact with the rotating shaft.


®

- dShaft Guarding

SN .
Smooth shafts — guards not required due to location
and short length of smooth shaft exposed 37
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Presentation Notes
These short sections of smooth rotating shafts are compliant because the shafts are located where accidental or inadvertent contact is unlikely, and there is no work-related reason to touch them.


Shaft End Guarding

Minimal shaft protrusion,
slow rotation speed,
location near floor

Small shaft protrusion,
medium rotation speed,
location out of travelway



Presenter
Presentation Notes
These shaft ends are compliant because the shafts are smooth, have no burrs, rotate slowly, extend minimally into the work space, are located where accidental or inadvertent contact is unlikely, and there is no work-related reason to contact them.


Shaft End Guarding

-
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Grease fitting location



Presenter
Presentation Notes
The top left photo shows an inadequate guard for a 1-1/4” diameter smooth shaft that extends 1-1/2” past the edge of the bearing.  The shaft bearing is equipped with a grease fitting on its bottom side, but no extended grease line is provided.  Therefore miners must kneel or lie on the catwalk and reach under and behind the guard to access the grease fitting.  This would cause miners to place their hands, gloves, sleeves or cuffs near a rapidly rotating exposed shaft end.  Although the current expanded metal guard protects miners from inadvertent contact, its placement makes it difficult to lubricate the bearing.  This makes it more likely a miner will have to use his or her hands to guide the grease gun hose or tip onto the fitting.  Such action will increase the risk of injury.  If an extended grease line had been provided the equipment arrangement shown in the top left photo would have been acceptable. 
The lower right photo shows a compliant condition.  The guard prevents inadvertent contact with a shaft end that extends several inches into the travelway at leg level.  Note the provision of the extended grease fitting line that eliminates the need for a miner to put a hand or tool close to the rotating shaft.


Construction and

maintenance of guards
30 C.F.R. §§ 56/57.14112

(a) Guards shall be constructed and
maintained to —

(1) Withstand the vibration, shock and
wear to which they will be subjected
during normal operations; and

(2) Not create a hazard by their use
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Presentation Notes
Guards must be constructed and maintained to withstand the vibration, shock and wear to which they are subjected during normal operations.
Guards must be constructed and maintained so they do not create a hazard by their use.



Guard Construction -
Acceptable Materials

Metal - Sheet metal, expanded metal mesh, floor
grating, chain link fence, used screen deck cloth or
punched plate, etc.

Plastic - Plexiglas and custom shapes are OK.
Plastic construction mesh is not substantial,
therefore not acceptable.

Rubber — OK to be flexible; but must be substantially
constructed and well-secured. Caution: rubber is
combustible.

Wood - If used, it should be protected, well-
maintained and replaced as needed. Water can
damage wood. Caution: wood is combustible. 4


Presenter
Presentation Notes
Guards may be constructed of many different types of materials.  Sections 56/57.14107  and .14112 clarify that the standard is performance-oriented and does not specify what materials may or may not be used.  Materials are acceptable if they meet the performance objective of the standard – to withstand the vibration, shock and wear to which they are subjected during normal operations, and effectively prevent contact with hazardous moving machine parts.
For further information and images of guards constructed of different materials, please refer to MSHA’s compliance assistance presentation “Guarding Conveyor Belts at Metal and Nonmetal Mines”, slides 27 – 35, published in 2010.  The link to this guide is below: http://www.msha.gov/Accident_Prevention/EquipmentGuardingConveyorBelts2010.ppt 
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Presenter
Presentation Notes
Compare the construction of these guards.  The guard in photo on the left is not compliant.  It is not protective, constructed to withstand the vibration, shock and wear of normal operations, and may create a hazard by its use.  One side of the guard is open and allows inadvertent contact with the drive pulleys and V-belts, and the broken wires result in large openings in the guard.  It is loose and poorly maintained.  The broken and loose wires pose a puncture wound hazard to miners working nearby.
The guards in photo on the right are protective, strong, durable and securely in place, and therefore they are compliant.  In addition, although not required, the guards are color-coded to make their function easily recognizable.
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Presenter
Presentation Notes
This photo shows a small, jagged-edge guard at the motor sheave, and an unguarded fan shaft, driven sheave and V-belts.  The guard is noncompliant; it is not protective or constructed to withstand the vibration, shock and wear of normal operations.  Further, it could be considered a hazard because of the uneven, sharp, flame-cut edges of the expanded metal.  A substantial guard enclosing all moving parts is required to prevent miners from becoming entangled in the moving machine parts and provide protection from broken whipping belts.  The guard could be made compliant by stiffening, enlarging and framing it, attaching it securely and assuring it cannot be easily bypassed.


Guard a Hazard in Itself?



Presenter
Presentation Notes
Approximately 12% of guard-related injuries occur due to hazards of the guard itself.  Injuries are often lacerations or puncture wounds caused by sharp edges or points.
Compare the neatly-trimmed expanded metal guard in the photo on the left with the irregularly-shaped guard in the photo on the right.
The framed guard on the left is compliant.  It is well-designed, sturdy, securely attached and has no sharp points or edges.  It is also likely to be properly reinstalled if removed for maintenance.
The guard on the right is noncompliant and is a laceration and puncture wound hazard.  It has multiple sharp edges where it was cut with an oxy-fuel burning torch, but not trimmed, framed or ground free of burrs or slag.  In addition, it was reinstalled improperly so that it protrudes into the walkway like a sharp knife blade at stomach level.  It is poorly constructed and poorly installed.




Easily Handled?
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Presenter
Presentation Notes
Approximately 30% of guard-related injuries occur when a miner mishandles a guard and drops it on him/herself or someone else.  Many injuries could be prevented if guards were easier to pick up, hold and carry.
Compare the guards in these two photos.
The guard in the photo on the left is flat, smooth and, because it is fabricated from used punched screen plate, it is very heavy.  It has no handles, so it requires a strong pinch grip to hold or move.  Installation and removal are difficult and hazardous.  The guard may be compliant, but it is of poor design and construction.  Handles and/or a lighter material would improve it.
The guard in the photo on the right is curved and smooth, and it has handles and hinges.  It was designed to remain in place and be swung open for maintenance.  If it does have to be completely removed, the two handles provided will allow it to be safely lifted, held and carried.
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Presenter
Presentation Notes
Approximately 15% of guard-related accidents involve muscle and joint injuries sustained while handling heavy, oversized or awkwardly placed guards.
Moving heavy or unwieldy guards is a frequent cause of injury to miners, so wherever possible, make guards light and small, or use mechanical aids when handling.
The large belt conveyor tail pulley guard in the photo on the left is suspended from beams above it.  Heavy duty rollers mounted on the beam’s flanges enable miners to easily move the guard out of the way when maintenance is required, and replace it exactly in its designed location before restarting the conveyor.  The arrow points to a fastener that prevents the guard from being inadvertently dislodged from its position and keeps it securely in place during operation.
The guards in the photo on the right are small and made of wire mesh in a light frame.  The guards are set far enough away from the moving pinch point hazard created by the rail and roller contact point, but miners can safely insert their fingers through the mesh to hold and carry the guards when they must be removed.
The guards in both photos can be handled with minimal risk of injury.


Construction and

maintenance of guards
30 C.F.R. §§ 56/57.14112

(b) Guards shall be securely in place while
machinery is being operated, except
when testing or making adjustments
which cannot be performed without
removal of the guard.

Also consider 30 C.F.R. §§ 56/57.14105 -

Procedures during repairs or
maintenance
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Presentation Notes
Guards must be securely in place while machinery is being operated.
Sometimes tests or adjustments to machinery can only be performed with the guard temporarily removed.  Guards must be replaced when the machinery is returned to normal service.
Sections 56/57.14105 require that when machinery is being tested or adjusted, persons must be protected from hazardous motion.  This requirement is addressed in more detail in subsequent slides.


Securely in Place
means “not easily dislodged?”

« Attached to the equipment
 Fastened to a nearby frame or structure

 Hang, sit or otherwise remain in place by
its own size, weight, bulk or method of
attachment

* Not be easily defeated or bypassed
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Presentation Notes
Sections 56/57.14112 require guards to remain securely in place when the equipment is operating.  For a guard to be considered securely in place, it must not be easily moved aside.  Guards must be fastened in place, or hang/rest in place by their sheer size, mass or weight. The standard does not require guards to be secured on all sides, be immovable, or to be removable only with the aid of tools.  Guards must present an effective barrier to inadvertent and purposeful work-related contact.  Just because a guard can be intentionally removed by one person without the use of tools does not mean it is not securely in place.
One way this may be accomplished is by fastening the guard in place so that it cannot be easily moved out of the way or inadvertently bypassed by moving or bumping it out of its intended position.  Guards must be designed, constructed and maintained so they do not fall off, vibrate off or slip away from their intended position, and cannot be easily brushed aside.
Some guards are heavy, large or bulky enough, or designed and installed in such a way that they remain in place and are not easily moved from the position in which they were set.  For example, guards may be hinged at the top or side and hang or rest in place so they can be swung open or out of the way to maintain the equipment they are guarding when it is shut down and locked out.  Similarly, guards may be suspended from or rest on tracks so they can be slid open or out of the way to maintain the equipment they are guarding.  Guards may hang on studs, bolts or over J-hooks.  Hinged, hanging or sliding guards do not require the use of additional fasteners if they are properly maintained, remain in their intended protective place and stay closed.


Securely in Place?



Presenter
Presentation Notes
The noncompliant guard in the top photo has two bolts to secure it, but neither is attached because the nuts have been lost.  The small, relatively lightweight and unsecured guard was either improperly replaced or has been kicked out of its intended position.  As a result, it is obviously loose in the walkway, poses a trip hazard and does not protect miners from the hazard it is meant to guard against.  If bolting the guard in position is ineffective, a different method of attachment might hold the guard more securely and in place.
The compliant guard in the lower photo is secured with bolts.  Fasteners other than bolts are acceptable.  There is no minimum number of bolts or other fasteners that must be used or must be in place.  The guard must be securely in place.
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Presentation Notes
In the photo on the left, flexible metal covers protect a belt conveyor from the weather and from contact.  Such covers are not required, but the mine operator has chosen to install them to protect their product from the weather.  An emergency stop cord (thin red line, shown with an arrow) has also been provided along this conveyor.  If a cover is removed or dislodged, compliance and protection remain as long as the emergency stop cord is positioned so someone falling on or against the belt could readily disconnect the conveyor drive motor. 
A metal drag conveyor is different from a rubber belt conveyor because it represents moving machine parts.  Drag conveyors do not have to be enclosed, but miners must be protected from inadvertent and purposeful work-related contact with their moving machine parts.
In the photo on the right, flexible metal covers similar to the ones used over the belt conveyor in the left photo have been partially dislodged from a metal drag chain conveyor.  This noncompliant condition cannot be made compliant by providing an emergency stop cord along the drag conveyor’s adjacent walkway because it would not protect miners from inadvertent or purposeful work-related contact with the exposed moving machine parts.
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Presenter
Presentation Notes
The guard for the rotating mill in the photo above is custom fitted around the feed pipe and suspended by metal rods that slide in a track formed by two pieces of steel angle iron arranged back-to-back [1].  The guard covers all moving parts, is not easily knocked aside or out of place, and cannot be knocked off of the equipment.  A retaining clip at the bottom of the guard [2] assures it remains securely in place and cannot be swung away from the machine during operation.  The two sections of the guard can be slid apart intentionally to provide access for maintenance, but they remain securely in place during operation because their weight and method of suspension prevent inadvertent movement.  Although a latch is provided to hold the two sections of the guard together, because the guard’s sections cannot be easily or inadvertently dislodged from their normal position, the guard would still be compliant if the two sections were in place and mated together, but unlatched.


Securely in Place?
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Presentation Notes
This photo shows a coupling guard with a hinged inspection door on top.  The ends through which the rotating shafts pass are constructed of thin punched plate to promote ventilation and cooling, and completely enclose the coupling and shaft.  The door is shown open for illustration purposes.  When the door is in its normally closed position, the guard prevents inadvertent contact from miners using the travelway.  A sign on the top outside of the hinged door (not visible) warns of the rotating equipment inside.  Although the opening is large enough for a miner to insert a hand or tool, the guard is compliant because there is no work-related reason for a miner to purposely open the hinged door, reach inside and contact the coupling while the equipment is in operation.  The guard is secure because the door will not open accidentally, but it could be improved by adding a latch.  If frequent observation of the moving parts inside is important, the guard could be improved by increasing the amount of metal mesh.
Hinged guards, like all guards, must be designed and constructed to function properly and then be maintained in an effective state throughout their life cycle.  If the hinge is damaged, becomes bent or rusts, it may not operate properly or may prevent the guard from fully closing or remaining in its intended protective position.  A once-compliant but improperly maintained guard may be deemed noncompliant.


Guard Attachment
Examples of Acceptable Fasteners

e Bolts

— With nuts / wing nuts
— In some cases nuts may not be required

* Clamps, bars, wedges

» Cotter pins, pins and sleeves
 Hooks, hinges, J-bolts

 Wire ties — heavy duty plastic or wire

It 1s not necessary to use fasteners that can
only be removed with tools 53
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Presentation Notes
Guards may be attached in many different ways and with different devices and fasteners.  The preamble for standards §§ 56/57.14107 and .14112 clarify that the standard is performance-oriented and does not specify what fasteners may or may not be used.  Fasteners are acceptable if they meet the performance objective of the standard, that is, to withstand the vibration, shock and wear to which they are subjected during normal operations, and are effectively secured in place while machinery is being operated.
For further information and images of guards constructed of different materials, please refer to MSHA’s compliance assistance presentation “Guarding Conveyor Belts at Metal and Nonmetal Mines”, slides 51 – 62, published in 2010.


Procedures during repairs

or maintenance
30 C.F.R. §§ 56/57.14105

Repairs or maintenance of machinery or
equipment shall be performed only after the
power is off and the machinery or equipment
blocked against hazardous motion. Machinery
or equipment motion or activation is permitted
to the extent that adjustments or testing cannot
be performed without motion or activation,
provided that persons are effectively
protected from hazardous motion.
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Presentation Notes
When guards have been removed for maintenance, the power to machinery must be OFF and the equipment blocked against hazardous motion.   If testing or adjustment is required that can only be performed when the equipment is operating, persons must be effectively protected from hazardous motion.


Preamble: 30 C.F.R. §§ 56/57.14105
53 Fed. Reg. 32508 (Aug. 25, 1988)

e Y. ..permits machinery and equipment
motion or activation to the extent
necessary for adjustment or testing, as
long as persons are not exposed to
hazardous motion.”

* Does not address power “lockout”
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Presentation Notes
The preamble to the standard clarifies that the standard was intended to protect persons from exposure to hazardous motion, not provide for the convenience of testing and adjustment.
The preamble also clarifies that the standard does not address power lockout because some machinery cannot be locked out practically, and other MSHA standards address lockout of electrically-powered equipment.


Equipment Testing

Guard shown removed for
illustration purposes



Presenter
Presentation Notes
Temporarily guarding moving machine parts is one way to prevent persons from being exposed to hazardous motion.
This photo shows equipment that required periodic 3-axis vibration testing of fan bearings, testing that could only be performed while the equipment was in operation.  To properly contact the bearing housings with the testing apparatus required removing the one-piece guard that completely covered the shaft and bearings.
Although §§ 56/57.14105 permit guard removal to test equipment while it is in operation, persons must be effectively protected from hazardous motion.  Because the technician’s hand would have been particularly close to the rotating shaft while measuring axial vibration (see red arrow), the mine designed and used temporary L- and U-shaped guards with handles to shield the rotating shaft while testing.  The location of one of the upside down, U-shaped temporary guards is shown by the dotted red line.  The mine later redesigned the permanent guard to permit vibration testing without having to remove the guard.


Mmmg and Off-Road Vehlcles.
- Engine Drive Belts
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Presentation Notes
The engine drive belts are exposed in this photo.  Hoods and engine housing shields must be in place to protect miners from injury.  If checking a fluid level requires reaching near an unguarded pulley in a normally- covered engine compartment, the pulley must be guarded.
The preamble to the standard clarifies that moving machine parts under the hoods of small vehicles are considered guarded by the engine hood.  No additional guard is required.
Moving machine parts on larger vehicles, such as those that operate off-road, present special hazards because the moving parts are more easily accessible.  Guards provided by the manufacturer must remain in place.


Overhead drive belts
30 C.F.R. §§56/57.14108

Overhead drive belts shall be guarded to
contain the whipping action of a broken
belt if the action could be hazardous to

persons
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Presentation Notes
This standard requires that persons be protected from the whipping action of broken drive belts.
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Presenter
Presentation Notes
The V-belts and drive pulley pinch points for the conveyor in this photo are more than 7 feet above the surrounding walkways and working surface.  As a result, the drive components are considered guarded by location.  The yellow guard (see arrow) below the belt drive has been installed to protect miners working below the drive from being struck by whipping V-belts, if they were to break.
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Presenter
Presentation Notes
This compliant crusher drive guard measures over 8 feet from the travelway to the top of its frame.  It is substantial and securely fastened in place.  The open top permits easy disassembly for maintenance and is well above the travelway or work platform.  The guard adequately protects miners against the hazard of broken whipping V-belts.



Flying or falling materials
30 C.F.R. §§ 56/57.14110

In areas where flying or falling materials
generated from the operation of screens,
crushers or conveyors, guards, shields or
other devices that provide protection
against such flying or falling materials
shall be provided to protect persons.
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Presentation Notes
This standard applies only to screens, crushers and conveyors.  The standard requires that guards or shields be installed to protect persons from being struck by flying or falling materials ejected from or falling out of or off screens, crushers or conveyors.  
The preamble to the standard clarifies that this is a performance standard.  Protection of persons is key.  Guards, shields or equivalent methods of protection are acceptable.




Flying and Falling M aterials

FALLING
MATERIAL



Presenter
Presentation Notes
Persons must be protected from being struck by material falling or flying from belts, screens or crushers.  In the photo on the left, material discharged from the conveyor bounces out and is ejected out of the mouth of the cone crusher.  This is a noncompliant condition.
The photo on the right shows a “Danger – Falling Material” sign below an apron conveyor that feeds a crusher.  The apron conveyor is approximately 20 feet above the ground where the sign is posted.  Using a sign to only warn of the hazard does not comply with the standard.  A guard or shield must be provided to protect persons from being struck by falling or flying material.  In this case, metal plates were installed around the crusher’s throat to prevent materials from spilling or bouncing out and falling to below.



Flying
IMaterials



Presenter
Presentation Notes
These photos show two compliant conditions.  The photo on the left shows a screen installed around the crusher’s throat to prevent persons from being struck by ejected rock.  The screen also prevents material from accumulating in the travelway.  
The photo on the right shows rubber completely enclosing the mouth of the cone crusher.  Note also the clean travelway around the crusher.


Slusher, backlash guards

and securing
30 C.F.R. §§ 56/57.14111

(a) When persons are exposed to
slushing operations, the slushers shall
be equipped with rollers and drum
covers and anchored securely before
slushing operations are started.
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Presentation Notes
Slushers must be equipped with rollers and drum covers, and must be anchored securely.
Slushers rated at over 10 HP must be equipped with backlash guards, or the operator must be otherwise protected from backlash.
The standard does not apply to air tuggers rated at 10 HP or less that have only one cable and drum.
The standard applies only when persons are exposed to slushing operations.





Presenter
Presentation Notes
This slide shows two images of guarded slushing operations.


Stationary grinding machines
30 C.F.R. §§ 56/57.14115

Stationary grinding machines, other than
special bit grinders, shall be equipped
with -

(a) Peripheral hoods capable of
withstanding the force of a bursting
wheel and enclosing not less than 270° of
the peripheral of the wheel,;
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Presentation Notes
Sections 56/57.14115 requires stationary grinding machines to be equipped with peripheral hoods that enclose at least three-quarters (270 degrees) of the periphery of the wheel.  The hoods must be designed and constructed to contain the force of a bursting grinding wheel.




Presenter
Presentation Notes
This photo shows a grinding wheel hood that is compliant with the requirement to enclose 270 degrees of the grinding wheel.  The 270-degree enclosure helps contain pieces of a wheel if it breaks while rotating and protects persons from contacting or becoming engaged in the spinning abrasive wheel.




Presenter
Presentation Notes
These photos show grinding wheel hoods that do not comply with the standard that requires hoods to enclose 270 degrees of the wheel.
The photo on the left encloses 180 degrees of the hood.  The photo on the right has no end on the hood.
Neither hood would contain the pieces of a wheel bursting inside them.
Note: In addition to the grinder’s deficiencies, the electric light bulb in the right photo is not guarded to protect against a shock or burn hazard, a violation of §§ 56/57.12034 – Guarding around lights.
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Guards
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Presentation Notes
Tongue guards are not mentioned specifically in the MSHA standards, but modern grinder manufacturers provide them as integral portions of the wheel guard system on bench and pedestal grinders with abrasive wheels over five (5) inches in diameter.  The tongue guard, or peripheral member of the wheel enclosure, is constructed and/or attached at the top of the enclosure and meets the strength requirements for the wheel enclosure.  Should a grinding wheel burst or break, the tongue guard plays an important safety role because it helps retain broken pieces inside the enclosure.  Tongue guards may also help prevent sparks from being discharged toward the operator while grinding, and are sometimes referred to as spark arrestors or spark guards.
Manufacturers specify that the maximum gap from the tip of a tongue guard to the surface of the grinding wheel be no more than ¼ inch.
The photo on the left shows grinding wheels with the tongue guards installed (green arrow).
The photo on the right shows the same grinding wheels before the tongue guards were reinstalled (red arrows).
Tongue guards that were provided by the manufacturer as part of the original equipment must be maintained in place and adjusted according to the manufacturer’s specifications.
If a bench grinder was manufactured without tongue guards, the mine operator may continue to operate the grinder.  This is not a violation of the standard.  However, to lower the risk of serious injury, MSHA recommends mine operators consider replacing old-style grinders with modern ones equipped with tongue guards.  It may be feasible to retrofit some older models of grinders to add tongue guards.


Stationary grinding machines
30 C.F.R. §§ 56/57.14115

(b) Adjustable tool rests set so that the
distance between the grinding surface
of the wheel and the tool rest is not
more than 1/8 inch; and

(c) A safety washer on each side of the
wheel.
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This section requires that adjustable tool rests be set so the gap between the tool rest and the surface of the grinding wheel is no more than 1/8 inch.  A tool rest set close to the grinding wheel helps prevent miners holding tools and other materials from sustaining injury to their hands.  A wide gap between the tool rest and grinding wheel surface is a hazard because a miner’s hand and the object being ground can be pulled into the gap and down and against the grinding wheel.
This standard also requires that a safety washer be installed on each side of the grinding wheel.


h

Tool rest: 1/8 inch gap
maximum
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This photo illustrates that the maximum gap of 1/8 inch between the tool rest and the surface of the grinding wheel.  As the wheel wears, the tool rest must be adjusted to maintain the maximum 1/8 inch gap.
The rotation of the wheel is down as it passes the tool rest.  Limiting the width of the gap will help prevent miners holding tools and other materials from sustaining injury to their hands by being drawn down into the gap and against the wheel.


Safety washer
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Note: use of a face shield or
goggles is required when
operating a grinder.
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This photo shows the required safety washer on the side of a grinding wheel.  Safety washers are paper or fiber discs between the grinding wheel and the wheel mounting flanges that cushion and distribute the flange clamping forces.  Omitting the discs may put uneven stress on the wheel, possibly causing the grinding wheel to crack and shatter.  Install safety washers on both sides of the wheel according to the manufacturer’s guideline; over-tightening the locking nut can exert hazardous forces on the wheel.
Note: the person operating this grinder is not wearing the required face shield or goggles.  MSHA personal protective standards §§ 56/57.15014 require persons operating a grinding wheel to wear a face shield or goggles in good condition, not just safety glasses.


Ring Testing

* Ring testing an abrasive wheel before
installing it on a grinder is considered a
best safety practice.
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Ring testing is not mentioned specifically in MSHA’s standards, but the preamble to MSHA’s Machinery and Equipment standards addresses the importance of following this strongly recommended safe work practice.
Grinding wheel manufacturers recommend users “ring test” new grinding wheels before installing them on a grinder.  To ring test a new wheel, pass a wire or string through the hole in the center of the grinding wheel and suspend it solely by the wire or string.  To conduct the test properly the wheel cannot be held in one’s hands or between the fingers.  Tap the suspended wheel lightly in its four quadrants with a nonmetallic tool such as a wooden mallet or the handle of a screwdriver.  Wheels that are well-manufactured and have no defects will ring like a crystal glass.  Wheels that have defects, such as a void, crack, or other hidden flaw or damage, will emit a dull “thud” and will not ring.  Wheels that do not ring must not be installed; they should be returned to the manufacturer for examination and disposal.  If defective wheels are installed and spun at operating RPMs, they may break apart or shatter into pieces and injure or kill someone.  Preventing such violent failure and protecting miners against the risk of serious injury are the reasons ring testing and maintaining tongue guards in place and assuring they are properly adjusted are considered important safe work practices.
Failure to ring test a grinding wheel before installation is a not a violation of MSHA’s standards.  However, MSHA recommends that miners who operate grinding machines be trained to ring test, and do ring test new abrasive wheels before installing them.


Side Grinding

« Avoiding grinding on the side of an
abrasive wheel 1s considered a best
safety practice.
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Avoiding grinding on the side of an abrasive wheel is not mentioned specifically in MSHA’s standards, but the preamble to MSHA’s Machinery and Equipment standards addresses the importance of following this safe work practice.
Most grinding wheels have limited side strength and are not supported to withstand high side pressure; therefore grinding on the flat sides of wheels designed for peripheral grinding may be dangerous and cause broken wheels.
Abrasive wheel manufacturers permit limited light side grinding on certain types of wheels, but warns that high side wear or repeated side dressing that reduces the wheel width and weakens the wheel must be avoided.  Weakened wheels may break apart or shatter into pieces and injure or kill someone.  Preventing such violent failure and protecting miners against the risk of serious injury are the reasons for avoiding side grinding and maintaining tongue guards in place and assuring they are properly adjusted are considered important safe work practices.  Follow abrasive wheel manufacturers’ directions.
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This photo shows a grinding wheel with compliant and noncompliant elements.
Compliant:
   1 - The hoods enclose 270 degrees of the grinding wheels.
   2 - The tool rest on the left side is properly adjusted to a 1/8-inch gap. 
   3 - Safety washers are visible on the sides of both grinding wheels.
   4 - Tongue guards are in place and are properly adjusted to the ¼-inch maximum manufacturer-recommended gap.
Noncompliant:
   5 - The tool rest on the right side is not properly adjusted.
Other manufacturer-provided equipment:
6 – Eye shields are often provided by grinder manufacturers but are not mandatory.  MSHA standards §§ 56/57.15014 require persons operating a grinding wheel to wear a face shield or goggles in good condition.  The presence of eye shields on grinders does not remove the requirement for wearing face shields or goggles.


Safety defects
30 C.F.R. §§56/51.14100

* (b) Defects on any equipment, machinery and tools
that affect safety shall be corrected in a timely
manner to prevent the creation of a hazard to
persons.

* (c) When defects make continued operation
hazardous to persons, the defective items,
including self-propelled mobile equipment, shall
be taken out of service and placed in a designated
area posted for that purpose, or a tag or other
effective method of marking that defective item
shall be used to prohibit further use until the
defects are corrected. 76
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Guards that equipment manufacturers provide as safety devices on equipment, machinery and tools must be maintained securely in place per 30 C.F.R. §§ 14112 (b).  Other missing or defective original equipment safety devices and features are a violation of 30 C.F.R. §§ 14100 (b).


Administrative Controls

Are Not Guards
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Warning signs are not guards and are the least effective way to reduce risk.  Inadvertent contact with these drive belts may seem to be improbable, but they are close and could be contacted by a miner on the travelway, either inadvertently or for a purposeful work-related reason.  If one were entangled in the drive, a serious injury could occur.  Although signage is encouraged to warn miners about hazards and to reinforce safe work practices, guarding is required, not just a sign.
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The photos show guards that have not been properly maintained.  Workplace examinations, periodic risk assessments and maintenance will assure the protection level of guards is not compromised.
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Plexiglas shields protect persons from materials ejected from presses.  Shields are not required by MSHA regulations, but a they are a good risk reduction and injury prevention strategy.
The 100-ton press in the photo on the left was the scene of a serious injury.  The materials in the press were not perfectly aligned when the pressure was applied, and parts flew out violently in several directions.  The miner operating the press was struck and suffered a disabling injury.  The thick Plexiglas shield that now surrounds the press was erected after the accident as part of the actions to prevent recurrence of such an injury.
The photo on the right shows another press that was guarded using Plexiglas.
Both guards are securely latched in place after the material to be pressed has been inserted, but before the press is operated.  Both presses are equipped with remote controls.
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High speed fans can become unbalanced, disintegrate, and literally throw a fan wheel out of an exhaust duct.
Although the likelihood of such an event might be considered remote, the potential harm to persons and property could be enormous if it happened.
The fan shown in the photo was involved in just such an event.  The out-of-balance fan wheel broke off its shaft and was launched through an exhaust duct 90 feet high [1], crashing nearly 100 feet away onto a concrete parking pad in a bomb-like shower of shrapnel.  Fortunately no one was injured, but debris covered an area of approximately 40,000 square feet.  To prevent recurrence, the mine installed vibration sensors to monitor fan balance [2].  They also welded a grid of steel bars across all fan exhaust ducts as secondary safeguards to prevent a similar ejection.  The weld marks for this fan are visible in the photo [3].
Shields are not required by MSHA regulations, but they are a good risk reduction and injury prevention strategy.
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The guard for this pan conveyor tail traction is substantial, securely in place and color-coded.  It is fixed in place by the slots that position it [1], and held there by its own weight.  However, the guard is not compliant.  The 4-inch square openings [2] are large, and the nip point between the moving carriage rollers and the support rail inside is close [3].  There is a work-related reason (lubrication) to reach through the guard.  Compliance could be achieved by narrowing the bar spacing and lubricating when the conveyor is shut down and locked out. 
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This pan conveyor’s side guard with 1-inch mesh openings is well framed and securely bolted in place.  It is appropriately constructed to prevent miners from contacting the pinch points between the carriage wheels and the rail.  Note the redundant red emergency stop cord along the upper portion of the conveyor.  This cord would not be sufficient by itself to guard the conveyor and its numerous moving machine parts and pinch points.
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MSHA’s guarding standards do not specify a maximum opening size in guards.  Some proactive operators use a guard-opening scale such as the one shown in the photo on the left.  Although MSHA does not endorse the tool or require its use, using this kind of scale can help mine operators decide the appropriate opening size in guard material depending on the distance from the surface of the guard to the hazard inside.
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After testing metal screens of various sized openings, one mining company decided to use a standardized 2-3/4” grid for fabricated guards.  The company determined that 4 inches was the maximum distance a person’s hand could extend through the metal screen.  An opening of this size allows most material that falls from a conveyor to pass through the screen without causing a buildup problem.  Guards fabricated of this size screen were installed more than 4 inches from any moving machine parts. 
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Presentation Notes
These photos show the steps one mining company took to achieve guarding compliance and minimize the risk of injury to miners working near a newly installed stone drag conveyor.  The conveyor is part of a stacker-reclaimer system and rotates to the left, continually conveying stone reclaimed from a pile of stone, also on the left.  When in operation the left side of the drag conveyor is guarded by the pile of stone, except at the tail traction.
The drag conveyor’s manufacturer provided only an emergency stop cord along the far side of the conveyor.  It can be seen as a thin red line about three feet above the surface [1].  The stop cord by itself is noncompliant with the guarding standard and only minimally reduces the risk of injury to miners, as represented by the Number 1 in the bar graph on the right side of the slide.
During new equipment installation, the company’s construction team recognized that, because miners would be walking near conveyor on its far side, additional protection was needed there to assure no one tripped and fell into the moving conveyor.  The construction team fabricated and installed the orange screen guard.  It extends from near ground level to the frame structure above, and along the total length of the conveyor [2].  Although addition of the screen did not achieve guarding compliance, it further reduced risk, as represented by the Number 2 on the graph.
A team of miners performing a formal pre-startup risk analysis recognized the hazard posed by the unguarded tail traction.  They recommended an L-shaped guard that extended behind the tail traction and up to the toe of the stone pile [3].  Although addition of the rear screen did not fully achieve guarding compliance, it further reduced risk, as represented by the Number 3 on the bar chart.  The mine operator requested an MSHA Compliance Assistance Visit (CAV).
During the CAV the MSHA inspector observed an area where moving drag paddles were exposed on the top side of the conveyor.  The mine installed the triangular-shaped guard [4], which achieved guarding compliance and further reduced the risk of injury, as shown by the Number 4 on the bar graph.
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