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WIRE ROPE / REEVING

LOWER BLOCK & HOOK PROPER MARKING

SAFETY GUARDS 

WALKS / LADDERS / HANDRAILS

PUSHBUTTON STATION LIMIT SWITCH

HOIST TRAVEL

HOOK SAFETY LATCH REMOTE / RADIO TROLLEY TRAVEL

GENERAL APPEARANCE LEVER TYPE CONTROLLERS BRIDGE TRAVEL

START / STOP BUTTON BRAKE(S)

NO LOOSE PARTS PROPER SUPPORT FOR P / B ELECTRICAL DISCONNECT
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INSTRUCTIONS: Inspect all applicable items indicated, each shift. Suspend all operations immediately when observing an unsatisfactory condition which might create a hazard.  In addition, suspend operation when any unsafe 
condition is observed and immediately notify supervisor.  Other conditions affecting safety shall be noted under “REMARKS” and reported to supervisor.  

CRANE# CAPACITY LOCATION

WALK AROUND CONTROLS OPERATIONALS U S U S U

Remarks: Operator’s Signature

Date

Supervisor’s Signature

Date
(if found unsatisfactory)
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w
w.cranesafe.com

OVERHEAD CRANE / HOIST OPERATOR CHECKLIST
Accredited by:

United States Dept. of Labor / OSHA under 29 CFR part 1919
State of California #CA-225 • State of Washington

Telephone: (407) 869-9970 • FAX: (407) 869-8778
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Metal Mesh Sling Inspection Recommendations

INSPECTION: Sling shall be removed from service if any of the following are present:

1. A broken weld or brazed joint along sling edge.
2. Reduction in wire diameter of 25% due to abrasion or 15% due to corrosion.
3. Lack of flexibility due to distortion of the fabric in the sling body.
4. Distortion of the female handle so that the depth of the slot is increased more than 10%.
5. Distortion of either handle so that the width of the eye is decreased more than 10%.
6. A 15% reduction of the original cross sectional area of metal at any point around the handle eye.
7. Distortion of either handle out of its plane.

R
E

D
U

C
T

IO
N

 IN
 

W
IR

E
 D

IA
M

E
T

E
R

R
E

D
U

C
T

IO
N

 D
U

E
 

TO
 C

O
R

R
O

S
IO

N

L
O

S
S

 O
F

 
F

L
E

X
IB

IL
IT

Y

B
E

N
T

 O
R

 
T

W
IS

T
E

D
 B

E
LT

D
IS

TO
R

T
IO

N
 O

F
 

E
IT

H
E

R
 H

A
N

D
L

E

R
E

D
U

C
T

IO
N

 O
F

 
C

R
O

S
S

 S
E

C
T

IO
N

 
A

T
 H

A
N

D
L

E
 E

Y
E

R
A

T
E

D
 C

A
PA

C
IT

Y
 

E
M

B
O

S
S

E
D

 IN
 

H
A

N
D

L
E

R
E

T
U

R
N

 T
O

 
S

E
R

V
IC

E

R
E

M
O

V
E

  F
R

O
M

 
S

E
R

V
IC

E

SA
MP
LE

FO
RMSA

MP
LE

FO
RM

www.cranesafe.com

METAL MESH SLING
CONDITION REPORT

Accredited by:
United States Dept. of Labor / OSHA under 29 CFR part 1919

State of California #CA-225 • State of Washington

Telephone: (407) 869-9970 • FAX: (407) 869-8778
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Synthetic Sling Inspection Recommendations

INSPECTION: Slings shall be removed from service if any of the following are present:

1. Acid or caustic burn.
2. Melting or charring of any of the sling surface.
3. Snags, punctures, tears or cuts.
4. Broken or worn stitches.
5.  Distortion of fittings.
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SYNTHETIC WEB SLING
CONDITION REPORT

Accredited by:
United States Dept. of Labor / OSHA under 29 CFR part 1919

State of California #CA-225 • State of Washington

Telephone: (407) 869-9970 • FAX: (407) 869-8778

SA
MP
LE

FO
RMSA

MP
LE

FO
RM

30



Alloy Steel Chain Sling Inspection Recommendations     

INSPECTION: Sling shall be removed from service if any of the following are present:

1.  Defective welds.
2.  Chain link bending or elongation.
3.  Refer to Table N-184-2 for minimum allowable chain size.
4.  Cracked or deformed master links, coupling links or other components.
5.  If hooks are cracked, have been opened more than 15% of the normal throat opening 
     measured at the narrowest point or twisted more than 10° from the plane of the unbent hook.
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ALLOY STEEL CHAIN 
CONDITION REPORT

Accredited by:
United States Dept. of Labor / OSHA under 29 CFR part 1919

State of California #CA-225 • State of Washington

Telephone: (407) 869-9970 • FAX: (407) 869-8778

www.cranesafe.com
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INSPECTION

 one-third (1/3)

: Wire shall be removed from service if any of the following are present:

1. A.  Six (6) randomly distributed broken wires in one (1) lay or three (3) broken wires in one strand - mobile cranes.
B. Twelve (12) randomly distributed broken wires in one (1) lay or four (4) broken wires in one strand in one lay -overhead 
cranes.

2. Wear or scraping of  the original diameter of outside individual wires.

3. Kinking, crushing, birdcaging or any other damage to wire rope structure.

4. Evidence of heat damage.

5. End attachments that are cracked, deformed or worn.

6. Corrosion of the rope or end attachments

7. Hooks that have been opened more than 15% of the normal throat opening measured at the narrowest point or twisted 
more than 10° from the plane of the unbent hook.

INSPECTOR: DATE:   INSPECTION #:

CUSTOMER:

NE LOCATION:

UNIT#

CRANE MANUFACTURER: CRA

WIRE ROPE HOOK

APPLICATION

MAIN HOIST

AUX. HOIST

AUX. HOIST

PENDANTS

PENDANTS

JIB STAYS

BOOM HOIST

MEASURED
DIAMETER ROPE DAMAGE TRAM DIMENSION NDT RESULTS HOOK 

INSP.

Wire Rope & Hook Condition Inspection Recommendation

WIRE ROPE & HOOK CONDITION REPORT
Accredited by:

United States Dept. of Labor / OSHA under 29 CFR part 1919
State of California #CA-225 • State of Washington

Telephone: (407) 869-9970 • FAX: (407) 869-8778

www.cranesafe.com
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U.S. Department of Labor 

 
Occupational Safety & Health Administration 

 
www.osha.gov 
  

Search 
  Advanced Search | A-Z Index 

Standard Interpretations  
08/04/2000 - Alloy steel chain slings must not be loaded beyond 
working load limit.  

Standard Interpretations - Table of Contents 

• Standard Number: 1926.251(b)(4); 1926.251(a)(2); 1926.550(a)(19) 

 
OSHA requirements are set by statute, standards and regulations. Our interpretation 
letters explain these requirements and how they apply to particular circumstances, 

but they cannot create additional employer obligations. This letter constitutes OSHA's 
interpretation of the requirements discussed. Note that our enforcement guidance 
may be affected by changes to OSHA rules. Also, from time to time we update our 

guidance in response to new information. To keep apprised of such developments, you 
can consult OSHA's website at http://www.osha.gov. 

 

August 4, 2000  

Mr. David Miguel 
Underground Specialist 
Shoring and Supply Co., Inc. 
Accutech Instruments 
7700 Wedd Street 
Overland Park, KS 66204 

RE: 1926.251 
 
Dear Mr. Miguel: 

This is in response to your October 17, 1999, letter to the Occupational Safety and Health 
Administration (OSHA) in which you ask a question relating to the requirements of using 
alloy steel chains for material handling. We apologize for the delay in issuing a response. 

Question: Is it acceptable to use a sling of less than Grade 80 alloy chain if the load is 
lifted off the ground but never over the heads of employees? 

Answer Section 1926.251(a)(2) states that "rigging equipment shall not be loaded in excess 
of its recommended safe working load, as prescribed in Tables H-1 through H-20 . . ." (also, 
§1926.251(b)(4) states that the rated capacity for alloy steel chain slings shall conform to the 
values in Table H-1). Table H-1 prescribes rated capacities (working load limits) for alloy 
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steel chain only. Therefore, the standard mandates that only alloy steel chain be used, and 
that such chain meet the Table H-1 rated capacities. 

Section 1926.251 does not specify a particular grade of "alloy steel chain" for rigging 
material lifts. Nor does it list capacities for various grades of alloy steel chain. Rather, it lists 
capacity requirements for various sizes of alloy steel chain when used at various angles and 
configurations. So, whatever grade of alloy steel chain that is used, it must meet the capacity 
requirements listed in Table H-1. Therefore, steel alloy chain of less than Grade 80 can only 
be used if it meets the capacity requirements listed in 29 CFR 1926.251. 

Many employers choose to use Grade 80 because it will meet or exceed the Table H-1 
requirements for the various sizes, angles and configurations. A lesser grade is permitted to 
be used only if it meets the Table H-1 requirements. 

You raise the issue of whether these requirements apply if the load is not lifted over the 
employees' heads. The standard, by its terms, does not condition the application of the 
requirements to overhead loads. In fact, §1926.550(a)(19) (general requirements for cranes 
and derricks) states that "all employees shall be kept clear of loads about to be lifted and of 
suspended loads." The rigging requirements apply equally when employees are kept clear in 
accordance with this requirement. Even employees who are not directly under a load can be 
exposed to the hazard of failed rigging. When a rigging chain brakes, the material will not 
always fall straight down; it can shift and/or swing and then fall over a fairly broad area, 
depending on the height, weight, type of load, etc. There are also situations where the falling 
load can collapse a working surface. 

If you require any further assistance, please do not hesitate to contact us again by writing to: 
Directorate of Construction - OSHA, Office of Construction Standard and Compliance 
Assistance, Room N3468, 200 Constitution Avenue N.W., Washington D.C. 20210. 

Sincerely, 

Russell B. Swanson, Director 
Directorate of Construction 

Standard Interpretations - Table of Contents 

 
 

Back to Top www.osha.gov 

Contact Us | Freedom of Information Act | Customer Survey 
Privacy and Security Statement | Disclaimers   

Occupational Safety & Health Administration 
200 Constitution Avenue, NW 
Washington, DC 20210 
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The following section on sling safety and the standard interpretation letter on fall 
protection for various lifting devices were created with construction as the primary 
emphasis. However, the information contained in these sections is also pertinent to 
industry and is therefore included in this manual.  
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Construction > Construction Outreach TOC > Sling Safety 

Construction Safety and Health 
Outreach Program 

U.S. Department of Labor 
OSHA Office of Training and Education 
May 1996 

Sling Safety 

INTRODUCTION  

The ability to handle materials - to move them from one 
location to another, whether during transit or at the 
worksite - is vital to all segments of industry. Materials must 
be moved, for example, in order for industry to 
manufacture, sell, and utilize products. In short, without 
materials-handling capability, industry would cease to exist.  

All employees in numerous workplaces take part in 
materials handling, to varying degrees. As a result, some 
employees are injured. In fact, the mishandling of materials 
is the single largest cause of accidents and injuries in the 
workplace. Most of these accidents and injuries, as well as 
the pain and loss of salary and productivity that often result, 
can be readily avoided. Whenever possible, mechanical 
means should be used to move materials in order to avoid 
employee injuries such as muscle pulls, strains, and sprains. In addition, many loads 
are too heavy and/or bulky to be safely moved manually. Therefore, various types of 
equipment have been designed specifically to aid in the movement of materials. They 
include: cranes, derricks, hoists, powered industrial trucks, and conveyors.  

Because cranes, derricks, and hoists rely upon slings to hold their suspended loads, 
slings are the most commonly used piece of materials-handling apparatus. This 
discussion will offer information on the proper selection, maintenance, and use of 
slings.  

IMPORTANCE OF THE OPERATOR  

The operator must exercise intelligence, care, and common sense in the selection and 
use of slings. Slings must be selected in accordance with their intended use, based 
upon the size and type of load and the environmental conditions of the workplace. All 
slings must be visually inspected before use to ensure that there is no obvious damage. 

A well-trained operator can prolong the service life of equipment and reduce costs by 
avoiding the potentially hazardous effects of overloading equipment, operating it at 
excessive speeds, taking up slack with a sudden jerk, and suddenly accelerating or 

50



 

decelerating equipment. The operator can look for causes and seek corrections 
whenever a danger exists. He or she should cooperate with co-workers and supervisors 
and become a leader in carrying out safety measures - not merely for the good of the 
equipment and the production schedule, but, more importantly, for the safety of 
everyone concerned.  

SLING TYPES  

The dominant characteristics of a sling are determined by the components of that sling. 
For example, the strengths and weaknesses of a wire rope sling are essentially the 
same as the strengths and weaknesses of the wire rope of which it is made.  

Slings are generally one of six types: chain, wire rope, metal mesh, natural fiber rope, 
synthetic fiber rope, or synthetic web. In general, use and inspection procedures tend 
to place these slings into three groups: chain, wire rope and mesh, and fiber rope web. 
Each type has its own particular advantages and disadvantages. Factors that should be 
taken into consideration when choosing the best sling for the job include the size, 
weight, shape, temperature, and sensitivity of the material to be moved, as well as the 
environmental conditions under which the sling will be used.  

Chains  

Chains are commonly used because of their 
strength and ability to adapt to the shape of 
the load. Care should be taken, however, 
when using alloy chain slings because they are 
subject to damage by sudden shocks. Misuse of chain slings could damage the sling, 
resulting in sling failure and possible injury to an employee.  

Chain slings are your best choice for lifting materials that are very hot. They can be 
heated to temperatures of up to 1000oF; however, when alloy chain slings are 
consistently exposed to service temperatures in excess of 600oF, operators must reduce 
the working load limits in accordance with the manufacturer's recommendations.  

All sling types must be visually inspected prior to use. When inspecting alloy steel chain 
slings, pay special attention to any stretching, wear in excess of the allowances made 
by the manufacturer, and nicks and gouges. These are all indications that the sling may 
be unsafe and is to be removed from service.  

Wire Rope  

A second type of sling is made of wire rope. 
Wire rope is composed of individual wires that 
have been twisted to form strands. The 
strands are then twisted to form a wire rope. 
When wire rope has a fiber core, it is usually 
more flexible but is less resistant to 
environmental damage. Conversely, a core 
that is made of a wire rope strand tends to 
have greater strength and is more resistant to heat damage.  
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Rope Lay  

Wire rope may be further defined by the "lay." The lay of a wire rope can mean any of 
three things:  

1. One complete wrap of a strand around the core: One rope lay is one complete wrap 
of a strand around the core. See figure below.  

 

2. The direction the strands are wound around the core: Wire rope is referred to as 
right lay or left lay. A right lay rope is one in which the strands are wound in a right-
hand direction like a conventional screw thread (see figure below). A left lay rope is just 
the opposite.  

 

3. The direction the wires are wound in the strands in relation to the direction of the 
strands around the core: In regular lay rope, the wires in the strands are laid in one 
direction while the strands in the rope are laid in the opposite direction. In lang lay 
rope, the wires are twisted in the same direction as the strands. See figure below.  
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In regular lay ropes, the wires in the strands are laid in one direction, while the strands 
in the rope are laid in the opposite direction. The result is that the wire crown runs 
approximately parallel to the longitudinal axis of the rope. These ropes have good 
resistance to kinking and twisting and are easy to handle. They are also able to 
withstand considerable crushing and distortion due to the short length of exposed wires. 
This type of rope has the widest range of applications.  

Lang lay (where the wires are twisted in the same direction as the strands) is 
recommended for many excavating, construction, and mining applications, including 
draglines, hoist lines, dredgelines, and other simila r lines.  

Lang lay ropes are more flexible and have greater wearing surface per wire than regular 
lay ropes. In addition, since the outside wires in lang lay rope lie at an angle to the rope 
axis, internal stress due to bending over sheaves and drums is reduced causing lang lay 
ropes to be more resistant to bending fatigue.  

A left lay rope is one in which the strands form a left-hand helix similar to the threads 
of a left-hand screw thread. Left lay rope has its greatest usage in oil fields on rod and 
tubing lines, blast hole rigs, and spudders where rotation of right lay would loosen 
couplings. The rotation of a left lay rope tightens a standard coupling.  

Wire Rope Sling Selection  

When selecting a wire rope sling to give the best service, there are four characteristics 
to consider: strength, ability to bend without distortion, ability to withstand abrasive 
wear, and ability to withstand abuse.  

1. Strength — The strength of a wire rope is a function of its size, 
grade, and construction. It must be sufficient to accommodate the 
maximum load that will be applied. The maximum load limit is 
determined by means of an appropriate multiplier. This multiplier is 
the number by which the ultimate strength of a wire rope is divided 
to determine the working load limit. Thus a wire rope sling with a 
strength of 10,000 pounds and a total working load of 2,000 
pounds has a design factor (multiplier) of 5. New wire rope slings 
have a design factor of 5. As a sling suffers from the rigors of 
continued service, however, both the design factor and the sling's 
ultimate strength are proportionately reduced. If a sling is loaded 
beyond its ultimate strength, it will fail. For this reason, older slings 
must be more rigorously inspected to ensure that rope conditions 
adversely affecting the strength of the sling are considered in 
determining whether or not a 
wire rope sling should be 
allowed to continue in service.  

2. Fatigue — A wire rope must have 
the ability to withstand repeated 
bending without the failure of the 
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wires from fatigue. Fatigue failure of the wires in a wire rope is the result of the 
development of small cracks under repeated applications of bending loads. It 
occurs when ropes make small radius bends. The best means of preventing 
fatigue failure of wire rope slings is to use blocking or padding to increase the 
radius of the bend.  

3. Abrasive Wear — The ability of a wire rope to withstand abrasion is 
determined by the size, number of wires, and construction of the rope. Smaller 
wires bend more readily and therefore offer greater flexibility but are less able to 
withstand abrasive wear. Conversely, the larger wires of less flexible ropes are 
better able to withstand abrasion than smaller wires of the more flexible ropes.  

4. Abuse — All other factors being 
equal, misuse or abuse of wire rope 
will cause a wire rope sling to become 
unsafe long before any other factor. 
Abusing a wire rope sling can cause 
serious structural damage to the wire 
rope, such as kinking or bird caging 
which reduces the strength of the wire 
rope. (In bird caging, the wire rope strands are forcibly untwisted and become 
spread outward.) Therefore, in order to prolong the life of the sling and protect 
the lives of employees, the manufacturer's suggestion for safe and proper use of 
wire rope slings must be strictly adhered to.  

Wire Rope Life. Many operating conditions affect wire rope life. They are bending, 
stresses, loading conditions, speed of load application (jerking), abrasion, corrosion, 
sling design, materials handled, environmental conditions, and history of previous 
usage.  

In addition to the above operating conditions, the weight, size, and shape of the loads 
to be handled also affect the service life of a wire rope sling. Flexibility is also a factor. 
Generally, more flexible ropes are selected when smaller radius bending is required. 
Less flexible ropes should be used when the rope must move through or over abrasive 
materials.  

Wire Rope Sling Inspection. Wire rope slings must be visually inspected before each 
use. The operator should check the twists or lay of the sling. If ten randomly distributed 
wires in one lay are broken, or five wires in one strand of a rope lay are damaged, the 
sling must not be used. It is not sufficient, however, to check only the condition of the 
wire rope. End fittings and other components should also be inspected for any damage 
that could make the sling unsafe.  

To ensure safe sling usage between scheduled inspections, all workers must participate 
in a safety awareness program. Each operator must keep a close watch on those slings 
he or she is using. If any accident involving the movement of materials occurs, the 
operator must immediately shut down the equipment and report the accident to a 
supervisor. The cause of the accident must be determined and corrected before 
resuming operations.  

Field Lubrication. Although every rope sling is lubricated during manufacture, to 
lengthen its useful service life it must also be lubricated "in the field." There is no set 

54



 

rule on how much or how often this should be done. It depends on the conditions under 
which the sling is used. The heavier the loads, the greater the number of bends, or the 
more adverse the conditions under which the sling operates, the more frequently 
lubrication will be required.  

Storage. Wire rope slings should be stored in a well ventilated, dry building or shed. 
Never store them on the ground or allow them to be continuously exposed to the 
elements because this will make them vulnerable to corrosion and rust. And, if it is 
necessary to store wire rope slings outside, make sure that they are set off the ground 
and protected.  

Note: Using the sling several times a week, even at a light load, is a good practice. 
Records show that slings that are used frequently or continuously give useful service far 
longer than those that are idle.  

Discarding Slings. Wire rope slings can provide a margin of safety by showing early 
signs of failure. Factors requiring that a wire sling be discarded include the following:  

• Severe corrosion,  

• Localized wear (shiny worn spots) on the outside,  
• A one-third reduction in outer wire diameter,  
• Damage or displacement of end fittings — hooks, rings, links, or collars — by 

overload or misapplication, 

• Distortion, kinking, bird caging, or other evidence of damage to the wire rope 
structure, or 

• Excessive broken wires.  

Fiber Rope and Synthetic Web  

Fiber rope and synthetic web slings are used primarily for temporary work, such as 
construction and painting jobs, and in marine operations. They are also the best choice 
for use on expensive loads, highly finished parts, fragile parts, and delicate equipment.  

Fiber Rope  

Fiber rope slings are preferred for some applications 
because they are pliant, they grip the load well and 
they do not mar the surface of the load. They should 
be used only on light loads, however, and must not 
be used on objects that have sharp edges capable of cutting the rope or in applications 
where the sling will be exposed to high temperatures, severe abrasion or acids.  

The choice of rope type and size will depend upon the application, the weight to be 
lifted and the sling angle. Before lifting any load with a fiber rope sling be sure to 
inspect the sling carefully because they deteriorate far more rapidly than wire rope 
slings and their actual strength is very difficult to estimate.  

When inspecting a fiber rope sling prior to using it, look first at its surface. Look for dry, 
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brittle, scorched, or discolored fibers. If any of these conditions are found, the 
supervisor must be notified and a determination made regarding the safety of the sling. 
If the sling is found to be unsafe, it must be discarded.  

Next, check the interior of the sling. It should be as clean as when the rope was new. A 
build-up of powder-like sawdust on the inside of the fiber rope indicates excessive 
internal wear and is an indication that the sling is unsafe.  

Finally, scratch the fibers with a fingernail. If the fibers come apart easily, the fiber 
sling has suffered some kind of chemical damage and must be discarded.  

Synthetic Web Slings  

Synthetic web slings offer a number of advantages for rigging 
purposes. The most commonly used synthetic web slings are made of 
nylon, dacron, and polyester. They have the following properties in 
common:  

• Strength — can handle load of up to 300,000 lbs.  

• Convenience — can conform to any shape.  

• Safety — will adjust to the load contour and hold it with a 
tight, non-slip grip. 

• Load protection — will not mar, deface, or scratch highly 
polished or delicate surfaces.  

• Long life — are unaffected by mildew, rot, or bacteria; resist 
some chemical action; and have excellent abrasion resistance.  

• Economy — have low initial cost plus long service life.  
• Shock absorbency — can absorb heavy shocks without damage. 

• Temperature resistance — are unaffected by temperatures up to 180oF.  

Each synthetic material has its own unique properties. Nylon must be used wherever 
alkaline or greasy conditions exist. It is also preferable when neutral conditions prevail 
and when resistance to chemicals and solvents is important. Dacron must be used 
where high concentrations of acid solutions — such as sulfuric, hydrochloric, nitric, and 
formic acids — and where high-temperature bleach solutions are prevalent. (Nylon will 
deteriorate under these conditions.) Do not use dacron in alkaline conditions because it 
will deteriorate; use nylon or polypropylene instead. Polyester must be used where 
acids or bleaching agents are present and is also ideal for applications where a 
minimum of stretching is important.  

Possible Defects. Synthetic web slings must be removed from service if any of the 
following defects exist:  

• Acid or caustic burns,  
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• Melting or charring of any part of the surface,  

• Snags, punctures, tears, or cuts,  

• Broken or worn stitches,  

• Wear or elongation exceeding the amount recommended by the manufacturer, 
or  

• Distortion of fittings.  

SAFE LIFTING PRACTICES  

Now that the sling has been selected (based upon the characteristics of the load and 
the environmental conditions surrounding the lift) and inspected prior to use, the next 
step is learning how to use it safely. There are four primary factors to take into 
consideration when safely lifting a load. They are (1) the size, weight, and center of 
gravity of the load; (2) the number of legs and the angle the sling makes with the 
horizontal line; (3) the rated capacity of the sling; and (4) the history of the care and 
usage of the sling.  

Size, Weight, and Center of Gravity of the Load  

The center of gravity of an object is that point at which the entire weight may be 
considered as concentrated. In order to make a level lift, the crane hook must be 
directly above this point. While slight variations are usually permissible, if the crane 
hook is too far to one side of the center of gravity, dangerous tilting will result causing 
unequal stresses in the different sling legs. This imbalance must be compensated for at 
once.  

Number of Legs and Angle with the Horizontal  

As the angle formed by the sling leg and the horizontal line decreases, the rated 
capacity of the sling also decreases. In other words, the smaller the angle between the 
sling leg and the horizontal, the greater the stress on the sling leg and the smaller 
(lighter) the load the sling can safely support. Larger (heavier) loads can be safely 
moved if the weight of the load is distributed among mo re sling legs.  

Rated Capacity of the Sling  

The rated capacity of a sling varies depending upon the type of sling, the size of the 
sling, and the type of hitch. Operators must know the capacity of the sling. Charts or 
tables that contain this information generally are available from sling manufacturers. 
The values given are for new slings. Older slings must be used with additional caution. 
Under no circumstances shall a sling's rated capacity be exceeded.  

History of Care and Usage  

The mishandling and misuse of slings are the leading causes of accidents involving their 
use. The majority of injuries and accidents, however, can be avoided by becoming 
familiar with the essentials of proper sling care and usage.  
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Proper care and usage are essential for maximum service and safety. Slings must be 
protected from sharp bends and cutting edges by means of cover saddles, burlap 
padding, or wood blocking, as well as from unsafe lifting procedures such as 
overloading.  

Before making a lift, check to be certain that the sling is properly secured around the 
load and that the weight and balance of the load have been accurately determined. If 
the load is on the ground, do not allow the load to drag along the ground. This could 
damage the sling. If the load is already resting on the sling, ensure that there is no 
sling damage prior to making the lift.  

Next, position the hook directly over the load and seat the sling squarely within the 
hook bowl. This gives the operator maximum lifting efficiency without bending the hook 
or overstressing the sling.  

Wire rope slings are also subject to damage resulting from contact with sharp edges of 
the loads being lifted. These edges can be blocked or padded to minimize damage to 
the sling.  

After the sling is properly attached to the load, there are a number of good lifting 
techniques that are common to all slings:  

• Make sure that the load is not lagged, clamped, or bolted to the floor.  

• Guard against shock loading by taking up the slack in the sling slowly. Apply 
power cautiously so as to prevent jerking at the beginning of the lift, and 
accelerate or decelerate slowly. 

• Check the tension on the sling. Raise the load a few inches, stop, and check for 
proper balance and that all items are clear of the path of travel. Never allow 
anyone to ride on the hood or load. 

• Keep all personnel clear while the load is being raised, moved, or lowered. Crane 
or hoist operators should watch the load at all times when it is in motion.  

• Finally, obey the following "nevers:"  

— Never allow more than one person to control a lift or give signals to a 
crane or hoist operator except to warn of a hazardous situation.  

— Never raise the load more than necessary.  

— Never leave the load suspended in the air.  

— Never work under a suspended load or allow anyone else to.  

Once the lift has been completed, clean the sling, check it for damage, and store it in a 
clean, dry airy place. It is best to hang it on a rack or wall.  

Remember, damaged slings cannot lift as much as new or well-cared for older slings. 
Safe and proper use and storage of slings will increase their service life.  
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MAINTENANCE OF SLINGS  

Chains  

Chain slings must be cleaned prior to each inspection, as dirt or oil may hide damage. 
The operator must be certain to inspect the total length of the sling, periodically looking 
for stretching, binding, wear, or nicks and gouges. If a sling has stretched so that it is 
now more than three percent longer than it was when new, it is unsafe and must be 
discarded.  

Binding is the term used to describe the condition that exists when a sling has become 
deformed to the extent that its individual links cannot move within each other freely. It 
is also an indication that the sling is unsafe. Generally, wear occurs on the load-bearing 
inside ends of the links. Pushing links together so that the inside surface becomes 
clearly visible is the best way to check for this type of wear. Wear may also occur, 
however, on the outside of links when the chain is dragged along abrasive surfaces or 
pulled out from under heavy loads. Either type of wear weakens slings and makes 
accidents more likely.  

Heavy nicks and/or gouges must be filed smooth, measured with calipers, then 
compared with the manufacturer's minimum allowable safe dimensions. When in doubt, 
or in borderline situations, do not use the sling. In addition, never attempt to repair the 
welded components on a sling. If the sling needs repair of this nature, the supervisor 
must be notified.  

Wire Rope  

Wire rope slings, like chain slings, must be cleaned prior to each inspection because 
they are also subject to damage hidden by dirt or oil. In addition, they must be 
lubricated according to manufacturer's instructions. Lubrication prevents or reduces 
corrosion and wear due to friction and abrasion. Before applying any lubricant, 
however, the sling user should make certain that the sling is dry. Applying lubricant to a 
wet or damp sling traps moisture against the metal and hastens corrosion.  

Corrosion deteriorates wire rope. It may be indicated by pitting, but it is sometimes 
hard to detect. Therefore, if a wire rope sling shows any sign of significant 
deterioration, that sling must be removed until it can be examined by a person who is 
qualified to determine the extent of the damage.  

By following the above guidelines to proper sling use and maintenance, and by the 
avoidance of kinking, it is possible to greatly extend a wire rope sling's useful service 
life.  

Fiber Ropes and Synthetic Webs  

Fiber ropes and synthetic webs are generally discarded rather than serviced or repaired. 
Operators must always follow manufacturer's recommendations.  

SUMMARY   

There are good practices to follow to protect yourself while using slings to move 
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materials. First, learn as much as you can about the materials with which you will be 
working. Slings come in many different types, one of which is right for your purpose. 
Second, analyze the load to be moved - in terms of size, weight, shape, temperature, 
and sensitivity - then choose the sling which best meets those needs. Third, always 
inspect all the equipment before and after a move. Always be sure to give equipment 
whatever "in service" maintenance it may need. Fourth, use safe lifting practices. Use 
the proper lifting technique for the type of sling and the type of load.  
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August 14, 2000  
 
Mr. Charles E. Hill 
Chairman, National Telecommunications Safety Panel 
Southwestern Bell Telephone Company 
St. Louis, Missouri 63101  
 
Dear Mr. Hill:  
 
This is in response to your letter of July 28, 1998, in which, representing the National 
Telecommunications Safety Panel and the dozen large companies it represents, you asked for 
interpretations regarding the telecommunications industry and the applicable Occupational 
Safety and Health Administration's (OSHA) standards for fall protection in bucket trucks. You 
asked four questions regarding OSHA?s construction standards for scaffolds and fall 
protection as well as our general industry standards for powered platforms, manlifts, and 
vehicle-mounted work platforms. This letter responds only to the issues you raised regarding 
construction work. While we had hoped to be able to include answers in this letter to your 
general industry questions, OSHA is continuing to work with a number of industry groups on 
resolving those issues. Therefore, OSHA will address the general industry questions 
separately once that work is completed. We apologize for long time that this process has 
taken.  
 
You ask us to describe the OSHA fall protection requirements for working from scissor lifts, 
aerial lifts and boom-type elevating work platforms. You also ask us to explain the difference 
between fall restraint systems, positioning systems, and fall arrest systems.  
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When Fall Protection On This Equipment Is Required in Construction Work  
 
Aerial lifts/ boom-type platforms 
Section 1926.453(b)(2)(v) of the Aerial Lift standard provides that workers in aerial lifts and 
boom-type platforms must be tied-off.  
 
Scissor lifts 
Workers on scissor lifts must either be tied-off or protected by guardrails. The Aerial Lift 
standard (§1926.453) applies to equipment covered in ANSI A92.2 (1969). Scissor lifts are 
not addressed in that ANSI standard; consequently, they are not covered by the Aerial Lift 
standard. Since they are a type of work platform, they are covered under the scaffold 
standard, §1926.451. Paragraph (g)(1)(vii) of §1926.451 requires that employees be 
protected by a personal fall arrest system or a guardrail system that meets the requirements 
of §1926.451(g)(4).  
 
The options for tie-off are delineated below. 
 
Restraint, Positioning and Fall Arrest Systems in Construction Work  
 
Restraint Systems 
A restraint system prevents a worker from being exposed to any fall. If the employee is 
protected by a restraint system, either a body belt or a harness may be used. When a 
restraint system is used for fall protection from an aerial lift or a boom-type elevating work 
platform, the employer must ensure that the lanyard and anchor are arranged so that the 
employee is not potentially exposed to falling any distance.  
 
Positioning Devices: Construction Work 
The only time a body belt may be used where there may be a fall is when an employee is 
using a “positioning device.” In §1926.500 of the construction standards for fall protection, a 
“positioning device system” is defined as a body belt or body harness system rigged to allow 
an employee to be supported on an elevated vertical surface, such as a wall (or a pole), and 
work with both hands free while leaning. Therefore, in construction work, a positioning device 
may be used only to protect a worker on a vertical work surface. These devices may permit a 
fall of up to 2 feet (0.6 m). They may be used in concrete form work, installation of 
reinforcing steel, and certain telecommunications work. Since construction workers in bucket 
trucks, scissor lifts and boom-type elevating work platforms are on a horizontal surface, a 
positioning device may not be used for those workers.  
 
Fall Arrest Systems Used in Construction Work 
A device that permits an arrested fall is considered a fall arrest system. In construction work 
a body harness must be used in these systems. A fall arrest system can only be used where 
the aerial lift or scaffold is designed to withstand the vertical and lateral loads caused by an 
arrested fall. Fall arrest systems used in construction must comply with §1926.502(d). That 
provision prohibits the use of a body belt in a fall arrest system, and instead requires the use 
of a body harness.  
 
Construction Work: When Does The Rescue Provision -- §1926.502(d)(20) ? Apply? 
 
You ask if employers must provide for self-rescue or prompt rescue when their employees are 
using a work positioning or restraint system. In light of the above definitions, we interpret 
your question as follows: first, must self-rescue or prompt rescue be provided where a 
harness and lanyard are set up so that the worker is not exposed to any fall (a restraint 
system)? The answer is no, since the worker would not be exposed to any fall.  
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Second, must the rescue provision be met where the worker is protected by a positioning 
system? The rescue provision applies where a fall arrest system is used while doing 
construction work. In construction work, a worker may use a positioning device only while 
working on a vertical work surface. Workers therefore may not use a positioning device while 
in a bucket truck or on a scissor lift. The only option other than a restraint system in that  
circumstance is a fall arrest system. If the lift can support the forces of an arrested fall and if 
a fall arrest system is used because the worker is exposed to a fall, the rescue provision does 
apply.  
 
What Does The Rescue Provision Require 
 
Prompt rescue, as required under §1926.502(d)(20), is not defined in the standard. The 
particular hazard that §1926.502(d)(20) addresses is being suspended by the fall arrest 
system after a fall. While an employee may be safely suspended in a body harness for a 
longer period than from a body belt, the word “prompt” requires that rescue be performed 
quickly -- in time to prevent serious injury to the worker.  
 
You note that electrical utility and telecommunications workers sometimes work alone and 
that the employees? “status is maintained through normal work rules and operating 
procedures.” We recognize that there are a wide range of variables and circumstances 
between worksites. The standard requires that, to the extent feasible, a reliable system be in 
place to ensure that rescue will be prompt. Precisely what is required to comply with this 
provision in a remote location will depend on what is feasible under the particular 
circumstances. The range of feasible options available in remote locations may be more 
limited than in more populated areas.  
 
Applicability of Construction Standards to Electrical Utility and Telecommunications 
Work 
 
You ask several questions relating to the applicability of OSHA construction standards to 
electrical utility and telecommunications work. Your questions ask us to distinguish between 
construction work, to which the OSHA construction standards apply, and maintenance work, 
where they do not apply. The following principles and examples apply in distinguishing 
between construction and maintenance: 
 
(A) It is the activity to be performed, not the company?s standard industrial classification 
(SIC) code, that determines whether the construction standard applies; 
 
(B) “Maintenance” means keeping equipment or a structure in proper condition through 
routine, scheduled or anticipated measures without having to significantly alter the structure 
or equipment in the process. For equipment, this generally means keeping the equipment 
working properly by taking steps to prevent its failure or degradation. 
 
(C) Whether repairs are maintenance or construction depends on the extent of the repair and 
whether the equipment is upgraded in the process.  
 
Example No. 1: Maintenance 
Five percent of a company?s utility lines are downed in a storm and are repaired or replaced. 
In so doing, the service is restored, with the same capacity and capabilities it had before the 
damage. This is maintenance work because only a small part of the total system is repaired 
or replaced and the work returns the system to its original condition. 
 
Example No. 2: Construction 
Three quarters of a company?s lines are damaged and replaced. This is construction because 
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the work is done to a very large portion of the total system. 
 
Example No. 3: Construction 
A few lines are changed to upgrade service. This is construction work because this part of the 
system, though only a very small portion, is improved relative to its condition before the 
work was done. 
 
Example No. 4: Maintenance 
A small water shut-off valve in a large, complex chemical processing system is removed and 
replaced. Its replacement is part of the routine maintenance of the system and removing and 
replacing the valve is done without making major alterations to the rest of the system. The 
removal and replacement of the valve would be considered maintenance. 
 
Example No. 5: Construction 
A 36-inch valve that is one of three major components in a processing system is removed 
and replaced. To do the job, about half of all the parts in the system have to be cut, 
unbolted, moved, or otherwise altered or replaced. Removing and replacing this valve would 
be considered construction because the valve constitutes a major portion of the equipment it 
is in and a significant portion of the system?s parts must be moved or altered in the process 
of doing the job.  
 
Unifying Parts 1910 and 1926 
 
In your letter you suggest that the Agency unify the provisions of its parts 1910 and 1926 
standards for fall protection and vehicle-mounted aerial lifts. We appreciate the need to 
simplify standards as much as possible and will keep your suggestion in mind in our 
upcoming rulemakings.  
 
If you have additional questions, please do not hesitate to contact the Directorate of 
Construction, Office of Construction Standards and Compliance Assistance, Room N3468, 200 
Constitution Avenue, N.W., Washington D.C. 20210.  
 
Sincerely, 
 
 
 
 
Russell B. Swanson, Director 
Directorate of Construction  
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Powered Industrial Truck
29 CFR 1910.178

Final Rule

“1.5 million workers operating nearly 1 million 
powered industrial trucks.”

Roughly 100 workers killed per year
related to powered industrial truck

operations :
95,000 Injured (lost work days) per year

Lack of training is one cause of powered 
industrial truck accidents.  OSHA notes that 
many of the accidents listed could have been 

caused by improper training.
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Powered Industrial Truck
Source:  OSHA Analysis of Serious 

Accident Reports 1984-1991
• Operator inattention --------------------- 59
• Overturn ------------------------------------ 53
• Unstable load------------------------------- 45
• Operator struck by load------------------ 37
• Elevated employees ----------------------- 26
• No training --------------------------------- 19
• Overload, improper use ----------------- 15
• Accident during maintenance-----------14

Powered Industrial Truck
Source:  OSHA Analysis of Serious 

Accident Reports 1984-1991 Cont.….
• Improper equipment-----------------------10
• Obstructed view --------------------------- 10
• Falling from platform or curb ----------- 9
• Carrying excess passenger---------------- 8
• Other employee struck by load---------- 8
• Falling from trailer ------------------------ 6
• Vehicle left in gear-------------------------- 6
• Speeding -------------------------------------- 5
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Effective date:  March 1, 1999

Compliance date:  December 1, 1999

OSHA estimates that - after its 
regulations are fully effective late this 
year - the U.S. will begin saving 11 of 
those lives and avoiding 10% of the 
current toll of injuries in the U.S. 

Or, one life a month.

Development of a Training 
Program

• 1910.178 (L)(2)(ii)-Training must consist of a 
combination of formal classroom instruction, 
operator practical exercises, and evaluation of the 
operator’s performance in the workplace

• 1910.178 (L)(2)(iii)-All operator training and 
evaluation shall be conducted by persons who 
have the knowledge, training, and experience to 
train powered industrial truck operators and 
evaluate their competence
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Powered industrial truck operators shall receive 
initial training in the following topics, except in 
topics which the employer can demonstrate are 
not applicable to safe operation of the truck in the 
employer’s workplace

Training Program Content:
1910.178 (L)(3) -

Truck Related Topics Content:
1910.178 (L)(3)(i)-

• (A) All operating instructions - warnings and        
precautions for the types of trucks the operator will be 
authorized to operate

• (B) Similarities to, and differences from the automobile:

Forklift
Narrow wheel track
Short wheelbase
High structure
3-point suspension
Center of Gravity is higher and 
moves in a significant range 
w/loads
3 or 4 wheels, Steers from the 
rear

Automobile
Wide wheel track
Long wheelbase
Low structure
4- point suspension
Center of Gravity is low and 
moves in a narrow range
4 wheels , Steers from the front
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Truck Related Topics Content:
1910.178 (L)(3)(i)- Continued

• (C) Controls & Instruments - Location, What they do, 
How they operate

• (D) Engine or Motor  - operation and maintenance
• (E) Steering & Maneuvering
• (F) Visibility - including restrictions due to loading
• (G) Fork and attachments - adaptation operations and 

limitations
• (H) Vehicle capacity
• (I)  Vehicle stability

Truck Related
Content Continued:
1910.178 (L)(3)(I)

• (J) Vehicle Inspection and maintenance / that 
the operator will be required to perform

• (K) Refueling and/or charging, recharging 
batteries

• (L) Operating limitations  - and
• (M) Any other operating instructions, warnings 

or precautions listed in the operator's manual 
for the types of vehicles that the employee is 
being trained to operate
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Workplace Related Topics Content 
Continued: 1910.178 (L)(3)(ii)

• (A) Surface conditions where the vehicle will be 
operated

• (B) Composition of loads to be carried  & load 
stability

• (C) Load manipulation, stacking , unstacking
• (D) Pedestrian traffic in areas where vehicle 

will be operated
• (E) Narrow aisles and other restricted places
• (F) Hazardous classified locations

Workplace Related Content 
Continued: 1910.178 (L)(3)(ii)

• (G) Ramps and other sloped surfaces that could 
effect the vehicle’s stability

• (H) Closed environments and other areas 
where insufficient ventilation or poor 
maintenance could cause a buildup of 
carbon monoxide or diesel exhaust 

• (I) Other unique or potentially hazardous 
environmental conditions in the workplace 
that could affect safe operation
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Other Hazards
• Falling Loads
• Falling from Platforms, Curbs, Trailers, etc..
• Obstructed Views
• Inattention
• Riders
• Vehicle Not Maintained
• Carbon Monoxide
• Rough - Uneven - Unleveled floors
• Unusual  Loads
• Classified Areas
• Narrow Aisles
• Pedestrians

Training program 
implementation

• 1910.178 (L)(2)(i) - Trainees may operate a 
powered industrial truck only:

• 1910.178 (L)(2)(i)(A) - Under the direct 
supervision of a person who has the knowledge, 
training, and experience to train operators and 
evaluate their competence; and,

• 1910.178 (L)(2)(i)(B) - Where such operator 
does not endanger the trainee or other 
employees
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Refresher Training
1910.178 (L)(4)(ii)

Refresher training in relevant topics shall be 
provided to the operator when:

• A: The operator has been observed to operate 
the vehicle in an unsafe manner       

• B: When the operator has been involved in an 
accident or a near miss incident

• C: When the operator has received an 
evaluation that reveals that the operator is not 
operating the truck

Refresher Training Continued:
1910.178 (L)(4)(ii)

• D: The operator is assigned to drive a different 
type of truck; or 

• E: A condition in the workplace changes in a 
manner that could affect safe operation of the 
truck 
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Refresher Training and Evaluation
1910.178 (L) (4)(i)

Refresher training , including an evaluation of the 
effectiveness of that training, shall be 
conducted as required by paragraph (L)(4)(ii) 
to ensure the operator has the skills needed to 
operate the powered industrial truck safely

Evaluation
1910.178 (L)(4)(iii)

• An evaluation of each powered industrial 
truck operator’s performance shall be 
conducted at least every three years
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Operator Qualification

• 1910.178 (L)(1)(i) - The employer shall ensure: each 
potential operator is competent to operate a powered 
industrial truck safely, as demonstrated by the 
successful completion of the training and evaluation 
specified in this paragraph (L)

• 1910.178 (L)(1)(ii) - Prior to permitting an employee to 
operate a powered industrial truck (except for training 
purposes) the employee has successfully completed the 
training required by this paragraph (L), except as 
permitted by paragraph (L)(5)

Certification
1910.178 (L)(6)

The employer shall certify that each operator 
has :

• Has been trained and evaluated as required in 
paragraph (L) 

• The certification shall include:
Name of Trainee Operator
Date of Training
Date of the Evaluation
Identify the person(s) performing the training 
and evaluation
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PART 1910--OCCUPATIONAL SAFETY AND HEALTH STANDARDS 
 
 1.  The authority citation for subpart N of part 1910 would be revised to read as follows: 
 
 Authority: Secs. 4, 6, 8 of the Occupational Safety and Health Act of 1970 (29 U.S.C. 653, 655, 657); 
Secretary of Labor's Order No. 12-71 (36 FR 8754), 8-76 (41 FR 25059), 9-83 (48 FR 35736) or 1-90 (55 
FR 9033), as applicable. 
 Section 1910.177 also issued under 5 U.S.C. 553 and 29 CFR part 1911. 
 Sections 1910.176, 1910.178, 1910.179, 1910.183, 1910.184, 1910.189, and 1910.190 also issued 
under 29 CFR part 1911. 
 
 2.  Section 1910.178 would be amended by revising paragraph (l) and by adding appendices A and B at the 
end of the section to read as follows: 
 
 
Sec.  1910.178  Powered industrial trucks. 
 
* * * * * 
 (l) Operator training. 
 (1) Operator qualifications.  (i) The employer shall ensure that each potential operator of a powered 
industrial truck is capable of performing the duties that are required of the job. 
 (ii) In determining operator qualifications, the employer shall ensure that each potential operator has received 
the training required by this paragraph (l), that each potential operator has been evaluated by persons who have 
the knowledge, training, and experience to train powered industrial truck operators and evaluate their 
competence, while performing the required duties, and that each potential operator performs those operations 
competently. 
 (2) Training program implementation. 
 (i) The employer shall implement a training program and ensure that only trained drivers who have 
successfully completed the training program are allowed to operate powered industrial trucks.  Exception: 
Trainees under the direct supervision of persons who have the knowledge, training, and experience to train 
powered industrial truck operators and evaluate their competence, shall be allowed to operate a powered 
industrial truck provided the operation of the vehicle is conducted in an area where other employees are not 
near and the operation of the truck is under controlled conditions. 
 (ii) Training shall consist of a combination of classroom instruction (Lecture, discussion, video tapes, and/or 
conference) and practical training (demonstrations and practical exercises by the trainee). 
 (iii) All training and evaluation shall be conducted by persons who have the knowledge, training, and 
experience to train powered industrial truck operators and evaluate their competence. 
 (3) Training program content.  Powered industrial truck operator trainees shall be trained in the following 
topics unless the employer can demonstrate that some of the topics are not needed for safe operation. 
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 (i) Truck related topics. 
 (A) All operating instructions, warnings and precautions for the types of trucks the operator will be 
authorized to operate; 
 (B) Similarities to and differences from the automobile; 
 (C) Controls and instrumentation: location, what they do and how they work; 
 (D) Power plant operation and maintenance; 
 (E) Steering and maneuvering; 
 (F) Visibility (including restrictions due to loading); 
 (G) Fork and attachment adaption, operation and limitations of their utilization; 
 (H) Vehicle capacity; 
 (I) Vehicle stability; 
 (J) Vehicle inspection and maintenance; 
 (K) Refueling or charging, recharging batteries; 
 (L) Operating limitations; and 
 (M) Any other operating instruction, warning or precaution listed in the operator's manual for the type vehicle 
which the employee is being trained to operate. 
 (ii) Workplace related topics. 
 (A) Surface conditions where the vehicle will be operated; 
 (B) Composition of probable loads and load stability; 
 (C) Load manipulation, stacking, unstacking; 
 (D) Pedestrian traffic; 
 (E) Narrow aisles and other restricted places of operation; 
 (F) Operating in hazardous classified locations; 
 (G) Operating the truck on ramps and other sloped surfaces that could affect the stability of the vehicle; 
 (H) Other unique or potentially hazardous environmental conditions that exist or may exist in the workplace; 
and 
 (I) Operating the vehicle in closed environments and other areas where insufficient ventilation could cause a 
buildup of carbon monoxide or diesel exhaust. 
 (iii) The requirements of this section. 
 (4) Evaluation and refresher or remedial training. 
 (i) Sufficient evaluation and remedial training shall be conducted so that the employee retains and uses the 
knowledge, skills and ability needed to operate the powered industrial truck safely. 
 (ii) An evaluation of the performance of each powered industrial truck operator shall be conducted every 
three (3) years by  persons who have the knowledge, training, and experience to train powered industrial truck 
operators and evaluate their competence. 
 (iii) Refresher or remedial training shall be provided when there is reason to believe that there has been 
unsafe operation, when an accident or a near-miss occurs or when an evaluation indicates that the operator is 
not capable of performing the assigned duties. 
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 (5) Avoidance of Duplicative Training. 
 (i) Each current truck operator who has received training in any of the elements specified in paragraph (l)(3) 
of this section for the types of trucks the employee is authorized to operate and the type workplace that the 
trucks are being operated in need not be retrained in those elements if the employer certifies in accordance with 
paragraph (l)(5)(i) of this section that the operator has been evaluated to be competent to perform those duties. 
 (ii) Each new truck operator who has received training in any of the elements specified in paragraph (l)(3) of 
this section for the types of trucks the employee will be authorized to operate and the type of workplace in 
which the trucks will be operated need not be retrained in those elements before initial assignment in the 
workplace if the employer has written documentation of the training and if the employee is evaluated pursuant to 
paragraph (l)(4) of this section to be competent. 
 
 (6) Certification. 
 (i) The employer shall certify that each operator has received the training, has been evaluated as required by 
this paragraph, and has demonstrated competency in the performance of the operator's duties.  The certification 
shall include the name of the trainee, the date of training, and the signature of the person performing the training 
and evaluation. 
 (ii) The employer shall retain the current training materials and course outline or the name and address of the 
person who conducted the training if it was conducted by an outside trainer. 
 
 Note to paragraph (l): Appendices A and B at the end of this section provide non-mandatory guidance to 
assist employers in implementing this paragraph (l). 
 
* * * * * 
 
Appendixes to 31910.178 
 
Appendix A--Training of Powered Industrial Truck Operators 
 
(Non-mandatory appendix to paragraph (l) of this section) 
 
 
 
 
A-1.  Operator Selection 
 
 A-1.1.  Prospective operators of powered industrial trucks should be identified based upon their ability to be 
trained and accommodated to perform job functions that are essential to the operation of a powered industrial 
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truck.  Determination of the capabilities of a prospective operator to fulfill the demands of the job should be 
based upon the tasks that the job demands. 
 A-1.2.  The employer should identify all the aspects of the job that the employee must meet/perform when 
doing his or her job.  These aspects could include the level at which the employee must see and hear, the 
physical demands of the job, and the environmental extremes of the job. 
 A-1.3.  One factor to be considered is the ability of the candidate to see and hear within reasonably 
acceptable limits.  Included in the vision requirements are the ability to see at distance and peripherally.  In 
certain instances, there also is a requirement for the candidate to discern different colors, primarily red, yellow 
and green. 
 A-1.4.  The environmental extremes that might be demanded of a potential powered industrial truck operator 
include that ability of the person to work in areas of excessive cold or heat. 
 A-1.5.  After an employee has been trained and appropriate accommodations have been made, the 
employer needs to determine whether the employee can safely perform the job. 
 
A-2.  The Method(s) of Training 
 
 A-2.1.  Among the many methods of training are the lecture, conference, demonstration, test (written and/or 
oral) and the practical exercise.  In most instances, a combination of these methods have been successfully used 
to train employees in the knowledge, skills and abilities that are essential to perform the job function that the 
employee is being trained to perform.  To enhance the training and to make the training more understandable to 
the employee, employers and other trainers have used movies, slides, video tapes and other visual presentations.  
Making the presentation more understandable has several advantages including: 
 (1) The employees being trained remain more attentive during the presentation if graphical presentation are 
used, thereby increasing the effectiveness of the training; 
 (2) The use of visual presentations allows the trainer to ensure that the necessary information is covered 
during the training; 
 (3) The use of graphics makes better utilization of the training time by decreasing the need for the instructor 
to carry on long discussions about the instructional material; and 
 (4) The use of graphics during instruction provides greater retention by the trainees. 
 
 
A-3.  Training Program Content 
 
 A-3.1.  Because each type (make and model) powered industrial truck has different operating 
characteristics, limitations and other unique features, an optimum employee training program for powered 
industrial truck operators must be based upon the type vehicles that the employee will be trained and authorized 
to operate.  The training must also emphasize the features of the workplace which will affect the manner in which 
the vehicle must be operated.  Finally, the training must include the general safety rules applicable to the 
operation of all powered industrial trucks. 
 A-3.2.  Selection of the methods of training the operators has been left to the reasonable determination of the 
employer.  Whereas some employees can assimilate instructional material while seated in a classroom, other 
employees may learn best by observing the conduct of operations (demonstration) and/or by having to 
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personally conduct the operations (practical exercise).  In some instances, an employee can receive valuable 
instruction through the use of electronic mediums, such as the use of video tapes and movies.  In most instances, 
a combination of the different training methods may provide the mechanism for providing the best training in the 
least amount of time.  OSHA has specified at paragraph (l)(2)(ii) of this section that the training must consist of a 
combination classroom instruction and practical exercise.  The use of both these modes of instruction is the only 
way of assuring that the trainee has received and comprehended the instruction and can utilize the information to 
safely operate a powered industrial truck. 
 
A-4.  Initial Training 
 
 A-4.1.  The following is an outline of a generalized forklift operator training program: 
 (1) Characteristics of the powered industrial truck(s) the employee will be allowed to operate: 
 (a) Similarities to and differences from the automobile; 
 (b) Controls and instrumentation: location, what they do and how they work; 
 (c) Power plant operation and maintenance; 
 (d) Steering and maneuvering; 
 (e) Visibility; 
 (f) Fork and/or attachment adaption, operation and limitations of their utilization; 
 (g) Vehicle capacity; 
 (h) Vehicle stability; 
 (i) Vehicle inspection and maintenance; 
 (j) Refueling or charging, recharging batteries. 
 (k) Operating limitations. 
 (l) Any other operating instruction, warning or precaution listed in the operator's manual for the type vehicle 
which the employee is being trained to operate. 
 (2) The operating environment: 
 (a) Floor surfaces and/or ground conditions where the vehicle will be operated; 
 (b) Composition of probable loads and load stability; 
 (c) Load manipulation, stacking, unstacking; 
 (d) Pedestrian traffic; 
 (e) Narrow aisle and restricted place operation; 
 (f) Operating in classified hazardous locations; 
 (g) Operating the truck on ramps and other sloped surfaces which would affect the stability of the vehicle; 
 (h) Other unique or potentially hazardous environmental conditions which exist or may exist in the workplace. 
 (i) Operating the vehicle in closed environments and other areas where insufficient ventilation could cause a 
buildup of carbon monoxide or diesel exhaust. 
 (3) The requirements of this OSHA Standard. 
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A-5.  Trainee Evaluation 
 
 A-5.1.  The provisions of these proposed requirements specify that an employee evaluation be conducted 
both as part of the training and after completion of the training.  The initial evaluation is useful for many reasons, 
including: 
 (1) the employer can determine what methods of instruction will produce a proficient truck operator with the 
minimum of time and effort; 
 (2) the employer can gain insight into the previous training that the trainee has received; and 
 (3) a determination can be made as to whether the trainee will be able to successfully operate a powered 
industrial truck.  This initial evaluation can be completed by having the employee fill out a questionnaire, by an 
oral interview, or by a combination of these mechanisms.  In many cases, answers received by the employee 
can be substantiated by contact with other employees or previous employers. 
 
A-6.  Refresher or Remedial Training 
 
 A-6.1.  (The type information listed at paragraph A-6.2 of this appendix would be used when the training is 
more than an on-the-spot correction being made by a supervisor or when there have been multiple instances of 
on-the-spot corrections having to be made.) When an on-the-spot correction is used, the person making the 
correction should point out the incorrect manner of operation of the truck or other unsafe act being conducted, 
tell the employee how to do the operation correctly, and then ensure that the employee does the operation 
correctly. 
 A-6.2.  The following items may be used when a more general, structured retraining program is utilized to 
train employees and eliminate unsafe operation of the vehicle: 
 (1) Common unsafe situations encountered in the workplace; 
 (2) Unsafe methods of operating observed or known to be used; 
 (3) The need for constant attentiveness to the vehicle, the workplace conditions and the manner in which the 
vehicle is operated. 
 A-6.3.  Details about the above subject areas need to be expanded upon so that the operator receives all the 
information which is necessary for the safe operation of the vehicle.  Insight into some of the specifics of the 
above subject areas may be obtained from the vehicle manufacturers' literature, the national consensus 
standards [e.g. the ANSI B56 series of standards (current revisions)] and this OSHA Standard. 
 
Appendix B--Stability of Powered Industrial Trucks 
 
(Non-mandatory appendix to paragraph (l) of this section) 
 
B-1.  Definitions 
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 To understand the principle of stability, understanding definitions of the following is necessary: 
 Center of gravity is that point of an object at which all of the weight of an object can be considered to be 
concentrated. 
 Counterweight is the weight that is a part of the basic structure of a truck that is used to offset the weight of a 
load and to maximize the resistance of the vehicle to tipping over. 
 Fulcrum is the axis of rotation of the truck when it tips over. 
 Grade is the slope of any surface that is usually measured as the number of feet of rise or fall over a hundred 
foot horizontal distance (this measurement is designated as a percent). 
 Lateral stability is the resistance of a truck to tipping over sideways. 
 Line of action is an imaginary vertical line through the center of gravity of an object. 
 Load center is the horizontal distance from the edge of the load (or the vertical face of the forks or other 
attachment) to the line of action through the center of gravity of the load. 
 Longitudinal stability is the resistance of a truck to overturning forward or rearward. 
 Moment is the product of the weight of the object times the distance from a fixed point.  In the case of a 
powered industrial truck, the distance is measured from the point that the truck will tip over to the line of action 
of the object.  The distance is always measured perpendicular to the line of action. 
 Track is the distance between wheels on the same axle of a vehicle. 
 Wheelbase is the distance between the centerline of the front and rear wheels of a vehicle. 
 
B-2.  General 
 
 B-2.1.  Stability determination for a powered industrial truck is not complicated once a few basic principles 
are understood.  There are many factors that influence vehicle stability.  Vehicle wheelbase, track, height and 
weight distribution of the load, and the location of the counterweights of the vehicle (if the vehicle is so 
equipped), all contribute to the stability of the vehicle. 
 B-2.2.  The ``stability triangle'', used in most discussions of stability, is not mysterious but is used to 
demonstrate truck stability in rather simple fashion. 
 
B-3.  Basic Principles 
 
 B-3.1.  The determination of whether an object is stable is dependent on the moment of an object at one end 
of a system being greater than, equal to or smaller than the moment of an object at the other end of that system.  
This is the same principle on which a see saw or teeter-totter works, that is, if the product of the load and 
distance from the fulcrum (moment) is equal to the moment at the other end of the device, the device is balanced 
and it will not move.  However, if there is a greater moment at one end of the device, the device will try to move 
downward at the end with the greater moment. 
 B-3.2.  Longitudinal stability of a counterbalanced powered industrial truck is dependent on the moment of 
the vehicle and the moment of the load.  In other words, if the mathematic product of the load moment (the 
distance is from the front wheels, the point about which the vehicle would tip forward) the system is balanced 
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and will not tip forward.  However, if the load-moment is greater than the vehicle-moment, the greater load-
moment will force the truck to tip forward. 
 
 
 
 
B-4.  The Stability Triangle 
 
 B-4.1.  Almost all counterbalanced powered industrial trucks have a three point suspension system, that is, 
the vehicle is supported at three points.  This is true even if it has four wheels.  The steer axle of most trucks is 
attached to the truck by means of a pivot pin in the center of the axle.  This three point support forms a triangle 
called the stability triangle when the points are connected with imaginary lines.  Figure 1 depicts the stability 
triangle. 
 
                                                 BILLING CODE 4510-26-P 
 
[GRAPHIC][TIFF OMITTED]TP14MR95.000 
 
 
 
BILLING CODE 4510-26-C 
 
 B-4.2.  When the line of action of the vehicle or load-vehicle falls within the stability triangle, the vehicle is 
stable and will not tip over.  However, when the line of action of the vehicle or the vehicle/load combination falls 
outside the stability triangle, the vehicle is unstable and may tip over.  (See Figure 2.) 
 
                                                 BILLING CODE 4510-26-P 
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B-5.  Longitudinal Stability 
 
 B-5.1.  The axis of rotation when a truck tips forward is the point of contact of the front wheels of the 
vehicle with the pavement.  When a powered industrial truck tips forward, it is this line that the truck will rotate 
about.  When a truck is stable the vehicle-moment must exceed the load-moment.  As long as the vehicle-
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moment is equal to or exceeds the load-moment, the vehicle will not tip over.  On the other hand, if the load-
moment slightly exceeds the vehicle-moment, the truck will begin the tip forward, thereby causing loss of 
steering control.  If the load-moment greatly exceeds the vehicle-moment, the truck will tip forward. 
 B-5.2.  In order to determine the maximum safe load moment, the truck manufacturer normally rates the 
truck at a maximum load at a given distance from the front face of the forks.  The specified distance from the 
front face of the forks to the line of action of the load is commonly called a load center.  Because larger trucks 
normally handle loads that are physically larger, these vehicles have greater load centers.  A truck with a 
capacity of 30,000 pounds or less capacity is normally rated at a given load weight at a 24 inch load center.  
For trucks of greater than 30,000 pound capacity, the load center is normally rated at 36 or 48 inch load center 
distance.  In order to safely operate the vehicle, the operator should always check the data plate and determine 
the maximum allowable weight at the rated load center. 
 B-5.3.  Although the true load moment distance is measured from the front wheels, this distance is greater 
than the distance from the front face of the forks.  Calculation of the maximum allowable load moment using the 
load center distance always provides a lower load moment than the truck was designed to handle.  When 
handling unusual loads, such as those that are larger than 48 inches long (the center of gravity is greater than 24 
inches), with an offset center of gravity, etc., then calculation of a maximum allowable load moment should be 
undertaken and this value used to determine whether a load can be handled.  For example, if an operator is 
operating a 3,000 pound capacity truck (with a 24 inch load center), the maximum allowable load moment is 
72,000 inch-pounds (3,000 times 24).  If a probable load is 60 inches long (30 inch load center), then the 
maximum weight that this load can weigh is 2,400 pounds (72,000 divided by 30). 
 
B-6.  Lateral Stability 
 
 B-6.1.  The lateral stability of a vehicle is determined by the position of the line of action (a vertical line that 
passes through the combined center of gravity of the vehicle and the load) relative to the stability triangle.  When 
the vehicle is not loaded, the location of the center of gravity of the truck is the only factor to be considered in 
determining the stability of the truck.  As long as the line of action of the combined center of gravity of the 
vehicle and the load falls within the stability triangle, the truck is stable and will not tip over.  However, if the line 
of action falls outside the stability triangle, the truck is not stable and may tip over. 
 B-6.2.  Factors that affect the lateral stability of a vehicle include the placement of the load on the truck, the 
height of the load above the surface on which the vehicle is operating, and the degree of lean of the vehicle. 
 
B-7.  Dynamic Stability 
 
 B-7.1.  Up to this point, we have covered stability of a powered industrial truck without consideration of the 
dynamic forces that result when the vehicle and load are put into motion.  The transfer of weight and the 
resultant shift in the center of gravity due to the dynamic forces created when the machine is moving, braking, 
cornering, lifting, tilting, and lowering loads, etc., are important stability considerations. 
 B-7.2.  When determining whether a load can be safely handled, the operator should exercise extra 
caution when handling loads that cause the vehicle to approach its maximum design characteristics.  For 
example, if an operator must handle a maximum load, the load should be carried at the lowest position possible, 
the truck should be accelerated slowly and evenly, and the forks should be tilted forward cautiously.  However, 
no precise rules can be formulated to cover all of these eventualities. 
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Standard Number 1910.178

Subject Clarification of whether the OSHA general
industry powered industrial truck standard
requires forklift operators to wear seat belts.

Information Date October 09, 1996

October 9, 1996

Mr. George R. Salem, P.C.
Akin, Gump, Strauss, Hauer & Feld, L.L.P.
1333 New Hampshire Avenue, N.W.
Suite 400
Washington, D.C.  20036

Dear Mr. Salem:

Thank you for your letter dated September 5, requesting clarification of whether the
Occupational Safety and Health Administration (OSHA) general industry powered
industrial truck standard, 29 CFR 1910.178, require forklift operators to wear seat
belts while operating forklifts.

American National Standards Institute (ANSI) B56.1-1969 Safety Standard for
Powered Industrial Trucks, was adopted by OSHA under the procedures described
in section 6(a) of the Occupational Safety and Health Act (OSH Act).  OSHA's
general industry standard for powered industrial trucks does not contain any
provision which requires the use of seat belts.  However, Section 5(a)(1) of the OSH
Act requires employers to protect employees from serious and recognized hazards.
Recognition of the hazard of powered industrial truck tipper and the need for the use
of an operator restraint system is evidenced by certain requirements in the more
current versions of ANSI B56.1 consensus standards for powered industrial trucks;
ASME/ANSI B56.1a-1989 Addenda to ASME/ANSI B56.1-1988, and ASME B56.1-
1993 - Safety Standard or Low Lift and High Lift Trucks.  These consensus
standards require the use of an active operator protection device or system when
provided on a powered industrial truck.  In addition, seat belts have been supplied by
many manufacturers of counterbalanced, center control, high lift trucks which have a
sit-down nonelevating operator position.  Also, some manufacturers have instituted
retrofit programs for the installation of operator restraint systems to older trucks.

OSHA's position in regard to the use of seat belts on powered industrial trucks is that
employers are obligated to require operators of powered industrial trucks which are
equipped with operator restraint devices or seat belts to use the devices.  OSHA can
enforce the use of such devices under Section 5(a)(1) of the OSH Act.  OSHA may
also cite Section 5(a)(1) of the OSH Act if an employer has not taken advantage of a
manufacturer operator restraint system or seat belt retrofit program.
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With regard to your comments concerning 1910.178(a)(2), ANSI B56.1-1969
contains three parts:  Part I - Introduction; Part II – For the Manufacturer; and Part III
- For the User.  1910.178(a)(2) require powered industrial trucks to meet the design
and construction requirements established in Part II, ANSI B56.1-1969.  Part III of
ANSI B56.1-1969, which covers general safety practices, operating safety rules and
practices, and maintenance for powered industrial trucks, was adopted by OSHA.

Thank you for your interest in occupational safety and health.  If we can be of any
further assistance, please contact Mr. Wil Epps of my staff at (202)219-8041.

Sincerely,

John B. Miles, Jr.,
Director
Directorate of Compliance Programs
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Machine Guarding  

What is machine guarding and why is it 
necessary? 

Moving machine parts have the potential for causing 
severe workplace injuries, such as crushed fingers 
or hands, amputations, burns, blindness, just to 
name a few. Safeguards are essential for protecting 
workers from these needless and preventable 
injuries. Any machine part, function, or process 
which may cause injury must be safeguarded. When 
the operation of a machine or accidental contact 
with it can injure the operator or others in the 
vicinity, the hazards must be either eliminated or 
controlled. 

This page contains general information on the 
various hazards of mechanical motion and 
techniques for protecting workers. Compliance 
information related to machine guarding is also 
included. For material on specific types of 
equipment, go to the following links: 

• Power Presses 

What resources are available to help me 
recognize machinery-related hazards and 
implement appropriate safeguarding 
techniques in my workplace? 

• Publications  
• Training Resources  
• Other Links 

 

 

107



 

 

What OSHA standards and other compliance 
information apply to my workplace? 

Machine guarding and related machinery violations 
continuously rank among the top 10 of OSHA 
citations issued. Visit the Machine Guarding 
Compliance page for links to OSHA standards, 
interpretation letters, directives, and other 
compliance-related information. 

Revision Date: 14 November 2001 

  
 
 

This information found July 23, 2002 at 
http://www.osha-slc.gov/SLTC/machineguarding/index.html 
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Machine Guarding (continued)  

Compliance 

• OSHA Standards 
General Industry  

o 1910 Subpart O, Machinery and Machine 
Guarding (1910.211 to 1910.219). 
Includes definitions, general 
requirements, and requirements for 
different kinds of machinery.  

o 1910.262, Textiles. Paragraph (c)(3) 
contains a short statement on machine 
guarding requirements and a reference 
to 1910.219.  

o 1910.263, Bakery equipment. Paragraph 
(c) addresses general requirements for 
machine guarding.  

o 1910.268, Telecommunications. 
Paragraph (b)(1)(v) addresses some 
general requirements for machine 
guarding. 

Marine Terminals  

o 1917.151, Machine guarding. 

Longshoring  

o 1918.96, Maintenance and repair work 
in the vicinity of longshoring operations. 
Paragraph (e) contains general 
requirements for machine guarding. 

Construction  

o 1926 Subpart I, Tools - Hand and Power 
(1926.300 to 1926.307). Includes 
general machine guarding requirements 
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and specific guarding requirements for 
different kinds of tools. 

Agriculture  

o 1928.57, Guarding of farm field 
equipment, farmstead equipment, and 
cotton gins. 

• OSHA Directives  
o STD 1-12.1, Defining Acceptable 

Guarding of Fan Blades (1978, October 
30), 2 pages. Clarifies the applicability 
of 1910.212(a)(5) and directs answers 
to inquiries.  

o STD 1-12.4, 29 CFR 1910.213(h)(5), 
Caution Labeling of Radial Saws  (1978, 
October 30), 2 pages. Provides guidance 
in the enforcement of the subject 
provision.  

o STD 1-12.5, 29 CFR Section 
1910.212(a)(3)(ii), Acceptable Guarding 
for Circular Meat Cutting Saws (1978, 
October 30), 2 pages. Provides guidance 
on the acceptable methods for guarding 
meat cutting saws  

o STD 1-12.6, 29 CFR 1910.218, Forging 
Machines (1978, October 30), 2 pages. 
Clarifies appropriate enforcement of 29 
CFR 1910.218.  

o STD 1-12.7, 29 CFR 1910.217 and 29 
CFR 1910.212, Applicability of Platen 
Presses (1978, October 30), 2 pages. 
Provides specific clarifications on the 
applicability of 29 CFR 1910.217 and 29 
CFR 1910.212 to platen presses.  

o STD 1-12.8, 29 CFR 1910.215(a)(4), 
Abrasive Wheel Machinery Work Rests  
(1978, October 30), 2 pages. Provides 
clarification on the acceptable methods 
for the use of work rests.  

o STD 1-12.9, 29 CFR 1910.212, General 
Requirements for all Machines (1978, 
October 30), 2 pages. Clarifies the 
intent of 29 CFR 1910.212 as applied to 
blade guards for chain saws.   

o STD 1-12.10, Application of 29 CFR 
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1910.212(a)(1) to Food Waste Disposal 
Equipment (1978, October 30), 2 pages. 
Assures uniformity in the application of 
the subject standard to point of 
operation guarding on food waste 
disposal equipment.  

o STD 1-12.14, Clarification of 29 CFR 
1910.219, the Terms "Enclosed" and 
"Fully Enclosed", as applying to Power 
Transmission Belts (1978, October 30), 
2 pages. Provides clarification of the 
application of "enclosed" and "fully 
enclosed" as applying to power 
transmission belts, and guarding by 
location.  

o STD 1-12.15, 29 CFR 1910.213(a)(4), 
Woodworking Machinery Requirements 
(1978, October 30), 2 pages. Provides 
guidance to the field on the applicability 
of 29 CFR 1910.213 (a)(4) in protecting 
employees from automatic cut-off saws 
that stroke continuously without the 
operator being able to control each 
stroke.  

o STD 1-12.17, 29 CFR 1910.213(h)(1), 
Radial Saw Guards (1978, October 30), 
2 pages. Provides clarification on the 
applicability of the subject standard as it 
relates to the saw mill industries.  

o STD 1-12.18, 29 CFR 1910.213(c)(l) 
and (h)(1), Woodworking Machinery 
Guarding Requirements (1978, October 
30), 2 pages. Specifies requirements for 
hand-fed ripsaws and swing cutoff saws 
and radial saws.  

o STD 1-12.19, Application 
1910.212(a)(1) to Sewing Machines in 
the Light Apparel Manufacturing 
Industries (1978, October 30), 3 pages. 
Provides a uniform means of evaluating 
the nip point and moving belt hazard on 
light and medium duty sewing machines 
such as those used in apparel 
manufacturing and sewing of light 
weight materials.  

o STD 1-12.22, 29 CFR 
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1910.212(a)(3)(ii), Point of Operation 
Guarding for All Machines as Applied to 
the Hand-Fed Engraving Presses Used in 
the Engraved Stationery Manufacturing 
Industry (1979, January 2), 3 pages. 
Provides guidance in applying point of 
operation guarding requirements 
relative to hand-fed engraving presses 
in the engraved stationery industry, 
when using the face down method of 
printing.  

o STD 1-12.23A, Guarding of Three-Roller 
Printing Ink Mills (1994, July 12), 3 
pages. Clarifies the guarding 
requirements of the subject standard 
relative to the ingoing nip point on 
three-roller printing ink mills and to 
assure uniformity in the enforcement of 
the standard nationally.  

o STD 1-12.25A, Awareness Barriers 
Installed on Metal Cutting Shears (1994, 
July 12), 2 pages. Provides guidance for 
applying awareness barrier safeguards 
as installed on metal cutting shears.  

o STD 1-12.26A, Abrasive Operation Using 
Cutoff Wheels and Masonry Saws (1994, 
September 26), 3 pages. This 
instruction provides guidelines for 
violations related to guards for cutoff 
wheels and masonry saws. 

o STD 1-12.28, Alternative Abatement 
Methods of 29 CFR 1910.212(a)(1) and 
(a)(2) As Applied to the Oil and Gas 
Drilling Industry (1983, February 7), 3 
pages. Describes alternative techniques 
for preventing worker contact with 
rotating kelly bushings or kellys and 
exposed portions of rotary tables on oil 
and gas well drilling rigs in lieu of the 
physical guarding requirements. (STD 1-
12.28 CH-1 incorporates a typographical 
error change, 2/14/1983).  

o STD 1-13.1, Reduction of Air Pressure 
below 30 psi for Cleaning Purposes 
(1978, October 30), 2 pages. Includes 
requirements for chip guarding. 
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o STD 1-13.4, Portable Belt Sanding 
Machines as Covered by 29 CFR 
1910.243(a)(3) and 29 CFR 1926.304(f) 
(1981, August 5), 2 pages. This 
instruction provides guidance to allow 
equitable enforcement of 29 CFR 
1910.243 (a)(3) and 29 CFR 
1926.304(f) as they pertain to the 
guarding of portable belt sanders. 

o National Emphasis Program Amputation. 
CPL 2-1.33 (2001, November 09), 36 
pages. This directive describes policies 
and procedures for implementing a 
National Emphasis Program (NEP) to 
identify and reduce or eliminate the 
workplace incidence of hazards which 
are causing or are likely to cause 
amputations. 

• Review Commission and Administrative 
Law Judge Decisions  

o The Occupational Safety and Health 
Review Commission (OSHRC) is an 
independent Federal agency created to 
decide contests of citations or penalties 
resulting from OSHA inspections of 
American work places. To locate 
decisions related to this topic, search for 
keywords at the OSHRC site. 

Revision Date: 23 January 2002 

  
 
 

This information was found July 23, 2002 at 
http://www.osha-slc.gov/SLTC/machineguarding/compliance.html 
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Policies & 
Programs 
Bulletins 

 

Bulletin #23 
GUIDELINES FOR MACHINE 
SAFEGUARDING 

 

The Occupational Safety and Health Administration (OSHA) 
requires that machine guarding be provided and maintained in 
a manner sufficient to protect machine operators and other 
persons present in machine areas from hazards associated with 
the operation of machines. Such hazards include those created 
by points of operation, in-going nip points, rotating parts, flying 
chips and sparks. The following information is provided to assist 
machine operators and machine shop supervisors and 
managers in carrying out their responsibilities for assuring 
machine safety through hazard identification and evaluation, 
safeguarding, training, and safe operation. 

Types and Points of Hazardous Machine 
Operations 

Motions 
Rotating: in-running nip points, spindles, shaft 
ends, couplings 
Reciprocating: back-and-forth, up-and-down 
Transverse: movement in a straight, continuous 
line 

Operations 
Cutting: bandsaws, drills, milling machines, lathes 
Punching: punch presses, notchers 
Shearing: mechanical, pneumatic, or hydraulic 
shears 
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Bending: press brakes, tube benders, plate rolls 

Safeguarding Requirements 

Machine safeguards should be installed and maintained to 
ensure that they: 

PREVENT CONTACT 
Safeguards must minimize the possibility of 
the operator or another worker placing their 
hands into hazardous moving parts. 

REMAIN SECURE 
Workers should not be able to easily remove 
or tamper with the safeguard. 

PROTECT FROM FALLING OBJECTS 
Safeguards should ensure that no objects can 
fall into moving parts. 

CREATE NO NEW HAZARDS 
A safeguard defeats its purpose if it creates a 
hazard of its own. 

CREATE NO INTERFERENCE 
A safeguard should not create an 
unacceptable impediment for the worker. 

ALLOW SAFE MAINTENANCE AND LUBRICATION 
It should be possible to lubricate the machine 
without removing the safeguard. 

Types of Machine Safeguards 

Barriers and guards that prevent contact with machinery 
Mechanical or electronic devices that restrict contact, such as 
presence-sensing, restraining, or tripping devices, two-hand 
controls, or gates. 
Feeding and ejection methods that eliminate part handling in 
the hazard zone. 
Aids such as awareness signs that do not provide physical 
protection, but warn of a danger area. 

Training 

Training is a necessary part of any effort to provide 
safeguarding against machine-related hazards. Supervisors are 
responsible for providing training to machine operators and 
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maintenance personnel when any new safeguards are put into 
service or when workers are assigned to a new machine or 
operation. Training should involve instruction or hands-on 
training in the following areas: 
 

A description and identification of the hazards associated with 
the machine(s). 
A description of the safeguards and their functions. 
Instruction on how to use the safeguards. 
Instruction on how, and under what circumstances 
safeguards may be removed, and by whom. 
Instruction on what to do if a safeguard is missing, damaged, 
or inadequate. 

Ongoing and Planned Activities at SLAC 

The Mechanical Fabrication Department (MFD) is presently 
conducting a survey to inventory and identify machines and 
machine operators. This survey will provide the information 
necessary to determine which types of machine guards should 
be purchased or fabricated and installed throughout the site, 
and will help determine priorities for these efforts. The survey 
will also be used to identify training needs and to form the 
basis for development of machine safety training. MFD has 
already begun posting CAUTION signs and other awareness 
aids throughout the site. Specific information about the survey 
will be distributed by MFD to Department Heads and Group 
Leaders. However, a copy of the survey form is attached here 
to provide others an opportunity to respond if they choose. 

Additional Resources 

OSHA 3067 - Concepts and Techniques of Machine 
Safeguarding 
29 CFR 1910, Subpart O 
ANSI B11.6 and B11.8 
SLAC ES&H Manual Chapter 39 (in preparation) 

 

Matthew A. Allen, Associate Director for ES&H 
SLAC Environment, Safety, and Health Division 
3/6/92 
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Introduction 

 
This manual has been prepared as an aid to employers, employees, machine 
manufacturers, machine guard designers and fabricators, and all others with an 
interest in protecting workers against the hazards of moving machine parts. It 
identifies the major mechanical motions and the general principles of safeguarding 
them. Current applications of each technique are shown in accompanying 
illustrations of specific operations and machines. The methods described here may 
be transferred, with due care, to different machines with similar hazards. To 
determine whether or not safeguarding meets the requirements of the standard, any 
mechanical motion that threatens a worker's safety should not remain unguarded.  

The approaches to machine safeguarding discussed in this manual are not the only 
solutions which meet the requirements of the standard. Why? Because practical 
solutions to safeguarding moving machine parts are as numerous as the people 
working on them. No publication could keep pace with all of these solutions or 
attempt to depict them all.  

In machine safeguarding, as in other regulated areas of the American workplace, to 
a certain extent OSHA standards govern function and practice. This text, however, is 
not a substitute for the standards. It is a manual of basic technical information and 
workable ideas which the employer may use as a guide to achieve compliance. It 
offers an overview of the machine safeguarding problem in the industrial setting, an 
assortment of solutions in popular use, and a challenge to all whose work involves 
machines.  

Many readers of this manual already have the judgment, knowledge, and skill to 
develop effective answers to problems yet unsolved. Innovators are encouraged to 
find here stimulation to eliminate mechanical hazards facing America's workers 
today.  

 

Go to Chapter 1  
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Chapter 1 - Basics of Machine Safeguarding 

 

Basics of Machine Safeguarding  

Crushed hands and arms, severed fingers, blindness -- the list of possible machinery-
related injuries is as long as it is horrifying. There seem to be as many hazards created 
by moving machine parts as there are types of machines. Safeguards are essential for 
protecting workers from needless and preventable injuries.  

A good rule to remember is: Any machine part, function, or process which many cause 
injury must be safeguarded. When the operation of a machine or accidental contact with 
it can injure the operator or others in the vicinity, the hazards must be either controlled 
or eliminated.  

This manual describes the various hazards of mechanical motion and presents some 
techniques for protecting workers from these hazards. General information covered in 
this chapter includes -- where mechanical hazards occur, the hazards created by 
different kinds of motions and the requirements for effective safeguards, as well as a 
brief discussion of nonmechanical hazards.  

Where Mechanical Hazards Occur  

Dangerous moving parts in three basic areas require safeguarding:  

The point of operation: that point where work is performed on the material, such as 
cutting, shaping, boring, or forming of stock.  

Power transmission apparatus: all components of the mechanical system which transmit 
energy to the part of the machine performing the work. These components include 
flywheels, pulleys, belts, connecting rods, couplings, cams, spindles, chains, cranks, and 
gears.  

Other moving parts: all parts of the machine which move while the machine is working. 
These can include reciprocating, rotating, and transverse moving parts, as well as feed 
mechanisms and auxiliary parts of the machine.  

Hazardous Mechanical Motions and Actions  

A wide variety of mechanical motions and actions may present hazards to the worker. 
These can include the movement of rotating members, reciprocating arms, moving belts, 
meshing gears, cutting teeth, and any parts that impact or shear. These different types 
of hazardous mechanical motions and actions are basic in varying combinations to nearly 
all machines, and recognizing them is the first step toward protecting workers from the 
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danger they present.  

The basic types of hazardous mechanical motions and actions are:  

Motions  

• rotating (including in-running nip points)  
• reciprocating  
• transversing  

Actions  

• cutting  
• punching  
• shearing  
• bending  

Motions  

Rotating motion can be dangerous; even smooth, slowly rotating shafts can grip 
clothing, and through mere skin contact force an arm or hand into a dangerous position. 
Injuries due to contact with rotating parts can be severe.  

Collars, couplings, cams, clutches, flywheels, shaft ends, spindles, meshing gears, and 
horizontal or vertical shafting are some examples of common rotating mechanisms 
which may be hazardous. The danger increases when projections such as set screws, 
bolts, nicks, abrasions, and projecting keys or set screws are exposed on rotating parts, 
as shown in Figure 1.  

Figure 1. Examples of hazardous projections on rotating parts  

In-running nip point hazards are caused by the rotating parts on machinery. There are 
three main types of in-running nips.  

Parts can rotate in opposite directions while their axes are parallel to each other. These 
parts may be in contact (producing a nip point) or in close proximity. In the latter case 
the stock fed between the rolls produces the nip points. This danger is common on 
machines with intermeshing gears, rolling mills, and calenders. See Figure 2.  

Figure 2. Common nip points on rotating parts  

Nip points are also created between rotating and tangentially moving parts. Some 
examples would be: the point of contact between a power transmission belt and its 
pulley, a chain and a sprocket, and a rack and pinion. See Figure 3.  

Figure 3. Nip points between rotating elements and parts with longitudinal motions.  

Nip points can occur between rotating and fixed parts which create a shearing, crushing, 
or abrading action. Examples are: spoked handwheels or flywheels, screw conveyors, or 
the periphery of an abrasive wheel and an incorrectly adjusted work rest. See Figure 4.  
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Figure 4. Nip points between rotating machine components; (A - cover removed for 
clarity.)  

Reciprocating motions may be hazardous because, during the back-and-forth or up-and-
down motion, a worker may be struck by or caught between a moving and a stationary 
part. See Figure 5 for an example of a reciprocating motion.  

Figure 5. Hazardous reciprocating motion.  

Transverse motion (movement in a straight, continuous line) creates a hazard because a 
worker may be struck or caught in a pinch or shear point by the moving part. See Figure 
6.  

Figure 6. Example of transverse motion.  

Actions  

Cutting action may involve rotating, reciprocating, or transverse motion. The danger of 
cutting action exists at the point of operation where finger, arm and body injuries can 
occur and where flying chips or scrap material can strike the head, particularly in the 
area of the eyes or face. Such hazards are present at the point of operation in cutting 
wood, metal, or other materials.  

Examples of mechanisms involving cutting hazards include bandsaws, circular saws, 
boring or drilling machines, turning machines (lathes), or milling machines. See Figure 
7.  

Figure 7. Examples of dangerous cutting hazards.  

Punching action results when power is applied to a slide (ram) for the purpose of 
blanking, drawing, or stamping metal or other materials. The danger of this type of 
action occurs at the point of operation where stock is inserted, held, and withdrawn by 
hand.  

Typical machines used for punching operations are power presses and iron workers. See 
Figure 8.  

Figure 8. Typical punching operation.  

Shearing action involves applying power to a slide or knife in order to trim or shear 
metal or other materials. A hazard occurs at the point of operation where stock is 
actually inserted, held, and withdrawn.  

Examples of machines used for shearing operations are mechanically, hydraulically, or 
pneumatically powered shears. See Figure 9.  

Figure 9. Shearing  

Bending action results when power is applied to a slide in order to draw or stamp metal 
or other materials. A hazard occurs at the point of operation where stock is inserted, 
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held, and withdrawn.  

Equipment that uses bending action includes power presses, press brakes, and tubing 
benders. See Figure 10.  

Figure 10. Bending  

Requirements for Safeguards  

What must a safeguard do to protect workers against mechanical hazards? Safeguards 
must meet these minimum general requirements:  

Prevent contact: The safeguard must prevent hands, arms, and any other part of a 
worker's body from making contact with dangerous moving parts. A good safeguarding 
system eliminates the possibility of the operator or another worker placing parts of their 
bodies near hazardous moving parts.  

Secure: Workers should not be able to easily remove or tamper with the safeguard, 
because a safeguard that can easily be made ineffective is no safeguard at all. Guards 
and safety devices should be made of durable material that will withstand the conditions 
of normal use. They must be firmly secured to the machine.  

Protect from falling objects: The safeguard should ensure that no objects can fall into 
moving parts. A small tool which is dropped into a cyc ling machine could easily become 
a projectile that could strike and injure someone.  

Create no new hazards: A safeguard defeats its own purpose if it creates a hazard of its 
own such as a shear point, a jagged edge, or an unfinished surface which can cause a 
laceration. The edges of guards, for instance, should be rolled or bolted in such a way 
that they eliminate sharp edges.  

Create no interference: Any safeguard which impedes a worker from performing the job 
quickly and comfortably might soon be overridden or disregarded. Proper safeguarding 
can actually enhance efficiency since it can relieve the worker's apprehensions about 
injury.  

Allow safe lubrication: If possible, one should be able to lubricate the machine without 
removing the safeguards. Locating oil reservoirs outside the guard, with a line leading to 
the lubrication point, will reduce the need for the operator or maintenance worker to 
enter the hazardous area.  

Nonmechanical Hazards  

While this manual concentrates attention on concepts and techniques for safeguarding 
mechanical motion, machines obviously present a variety of other hazards which cannot 
be ignored. Full discussion of these matters is beyond the scope of this publication, but 
some nonmechanical hazards are briefly mentioned below to remind the reader of things 
other than safeguarding moving parts that can affect the safe operation of machines.  

All power sources for machines are potential sources of danger. When using electrically 
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powered or controlled machines, for instance, the equipment as well as the electrical 
system itself must be properly grounded. Replacing frayed, exposed, or old wiring will 
also help to protect the operator and others from electrical shocks or electrocution. High 
pressure systems, too, need careful inspection and maintenance to prevent possible 
failure from pulsation, vibration, or leaks. Such a failure could cause, among other 
things, explosions or flying objects.  

Machines often produce noise (unwanted sound) which can result in a number of 
hazards to workers. Noise can startle and disrupt concentration, and can interfere with 
communications, thus hindering the worker's safe job performance. Research has linked 
noise to a whole range of harmful health effects, from hearing loss and aural pain to 
nausea, fatigue, reduced muscle control, and emotional disturbance. Engineering 
controls such as the use of sound-dampening materials, and personal protective 
equipment, such as ear plugs and muffs, can help control the harmful effects of noise. 
Also, administrative controls that involve removing the worker from the noise source can 
be an effective measure when feasible.  

Because some machines require the use of cutting fluids, coolants, and other potentially 
harmful substances, operators, maintenance workers, and others in the vicinity may 
need protection. These substances can cause ailments ranging from dermatitis to serious 
illnesses and disease. Specially constructed safeguards, ventilation, and protective 
equipment and clothing are possible temporary solutions to the problem of machinery-
related chemical hazards until these hazards can be better controlled or eliminated from 
the workplace.  

Training  

Even the most elaborate safeguarding system cannot offer effective protection unless 
the worker knows how to use it and why. Specific and detailed training is therefore a 
crucial part of any effort to provide safeguarding against machine-related hazards. 
Thorough operator training should involve instruction or hands-on training in the 
following:  

1. a description and identification of the hazards associated with particular 
machines;  

2. the safeguards themselves, how they provide protection, and the hazards for 
which they are intended;  

3. how to use the safeguards and why;  
4. how and under what circumstances safeguards can be removed, and by whom (in 

most cases, repair or maintenance personnel only); and  
5. what to do (e.g., contact the supervisor) if a safeguard is damaged, missing, or 

unable to provide adequate protection.  

This kind of safety training is necessary for new operators and maintenance or setup 
personnel, when any new or altered safeguards are put in service, or when workers are 
assigned to a new machine or operation.  

Protective Clothing and Personal Protective Equipment  

Engineering controls, that eliminate the hazard at the source and do not rely on the 
worker's behavior for their effectiveness offer the best and most reliable means of 
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safeguarding. Therefore, engineering controls must be the employer's first choice for 
eliminating machine hazards. But whenever engineering controls are not available or are 
not fully capable of protecting the employee (an extra measure of protection is 
necessary), operators must wear protective clothing or personal protective equipment.  

If it is to provide adequate protection, the protective clothing and equipment selected 
must always be:  

1. appropriate for the particular hazards;  
2. maintained in good condition;  
3. properly stored when not in use, to prevent damage or loss; and  
4. kept clean, fully functional, and sanitary.  

Protective clothing is, of course, available for different parts of the body. Hard hats can 
protect the head from the impact of bumps and falling objects when the worker is 
handling stock; caps and hair nets can help keep the worker's hair from being caught in 
machinery. If machine coolants could splash or particles could fly into the operator's 
eyes or face, then face shields, safety goggles, glasses, or similar kinds of protection 
might be necessary. Hearing protection may be needed when workers operate noisy 
machines. To guard the trunk of the body from cuts or impacts from heavy or rough-
edged stock, there are certain protective coveralls, jackets, vests, aprons, and full-body 
suits. Workers can protect their hands and arms from the same kinds of injury with 
special sleeves and gloves. Safety shoes and boots, or other acceptable foot guards, can 
shield the feet against injury in case the worker needs to handle heavy stock which 
might drop.  

It is important to note that protective clothing and equipment can create hazards. A 
protective glove which can become caught between rotating parts, or a respirator 
facepiece which hinders the wearer's vision, for example, require alertness and 
continued attentiveness whenever they are used.  

Other parts of the worker's clothing may present additional safety hazards. For example, 
loose-fitting shirts might possibly become entangled in rotating spindles or other kinds 
of moving machinery. Jewelry, such as bracelets and rings, can catch on machine parts 
or stock and lead to serious injury by pulling a hand into the danger area.  

 

Go to Chapter 2  
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Chapter 2 -  
Methods of Machine Safeguarding 

 
Methods of Machine Safeguarding  

There are many ways to safeguard machines. The type of operation, the size or shape of 
stock, the method of handling, the physical layout of the work area, the type of material, 
and production requirements or limitations will help to determine the appropriate 
safeguarding method for the individual machine.  

As a general rule, power transmission apparatus is best protected by fixed guards that 
enclose the danger areas. For hazards at the point of operation, where moving parts 
actually perform work on stock, several kinds of safeguarding may be possible. One 
must always choose the most effective and practical means available.  

We can group safeguards under five general classifications.  

 

 

  1.  Guards 

      A.  Fixed 

      B.  Interlocked 

      C.  Adjustable 

      D.  Self-adjusting 

 

  2.  Devices 

      A.  Presence Sensing 

          (1)  Photoelectrical (optical) 

          (2)  Radiofrequency (capacitance) 

          (3)  Electromechanical 

      B.  Pullback 
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      C.  Restraint 

      D.  Safety Controls 

          (1)  Safety trip control 

               (a)  Pressure-sensitive body bar 

               (b)  Safety tripod 

               (c)  Safety tripwire cable 

          (2)  Two-hand control 

          (3)  Two-hand trip 

      E.  Gates 

          (1)  Interlocked 

          (2)  Other 

 

  3.  Location/Distance 

 

  4.  Potential Feeding and Ejection Methods to Improve Safety for the  

      Operator 

      A.  Automatic feed 

      B.  Semi-automatic feed 

      C.  Automatic ejection 

      D.  Semi-automatic ejection 

      E.  Robot 

 

  5.  Miscellaneous Aids 

      A.  Awareness barriers 

      B.  Miscellaneous protective shields 
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      C.  Hand-feeding tools and holding fixtures 

 

Guards  

Guards are barriers which prevent access to danger areas. There are four general types 
of guards:  

Fixed: As its name implies, a fixed guard is a permanent part of the machine. It is not 
dependent upon moving parts to perform its intended function. It may be constructed of 
sheet metal, screen, wire cloth, bars, plastic, or any other material that is substantial 
enough to withstand whatever impact it may receive and to endure prolonged use. This 
guard is usually preferable to all other types because of its relative simplicity and 
permanence.  

Examples of fixed guards...  

In Figure 11, a fixed guard on a power press completely encloses the point of operation. 
The stock is fed through the side of the guard into the die area, with the scrap stock 
exiting on the opposite side.  

Figure 11. Fixed guard on power press.  

Figure 12 shows a fixed guard that protects the operator from a mechanism that folds 
cartons. This guard would not normally be removed except to perform maintenance on 
the machine. Figure 13 shows a fixed enclosure guard shielding the belt and pulley of a 
power transmission unit. An inspection panel is provided on top in order to minimize the 
need for removing the guard. To remain effective, the inspection panel cannot be 
removed while the mechanism is in operation. In Figure 14, fixed enclosure guards are 
shown on a bandsaw. These guards protect the operator from the turning wheels and 
moving saw blade. Normally, the only time for the guards to be opened or removed 
would be for a blade change or maintenance. It is very important that they be securely 
fastened while the saw is in use.  

Figure 12. Fixed guard on egg carton folding machine.  

Figure 13. Fixed guard enclosing belt and pulleys.  

Figure 14. Fixed guards on a band saw.  

A fixed guard is shown on a veneer clipper in Figure 15. This guard acts as a barrier, 
protecting fingers from exposure to the blade. Note the side view of the curved portion 
of the guard.  

Figure 15. Fixed guards on veneer clipper.  

Figure 16 shows both a fixed blade guard and a throat and gap guard on a power 
squaring shear. These guards should be removed only for maintenance or blade 
changes.  
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Figure 16. Fixed guard on a power squaring shear.  

In Figure 17, a transparent, fixed barrier guard is being used on a press brake to protect 
the operator from the unused portions of the die. This guard is easy to install or remove. 

Figure 17. Fixed guard providing protection from unused portion of die on a press brake.  

Interlocked: When this type of guard is opened or removed, the tripping mechanism 
and/or power automatically shuts off or disengages, and the machine cannot cycle or be 
started until the guard is back in place.  

An interlocked guard may use electrical, mechanical, hydraulic, or pneumatic power or 
any combination of these. Interlocks should not prevent "inching" by remote control if 
required. Replacing the guard should not automatically restart the machine. To be 
effective, all movable guards should be interlocked to prevent occupational hazards. 
(See also Figure 13.)  

Figure 18 shows an interlocked barrier guard mounted on an automatic bread bagging 
machine. When the guard is removed, the machine will not function.  

Figure 18. Interlocked guard on automatic bread bagging machine  

In Figure 19, the beater mechanism of a picker machine (used in the textile industry) is 
covered by an interlocked barrier guard. This guard cannot be raised while the machine 
is running, nor can the machine be restarted with the guard in the raised position.  

Figure 19. Interlocked guard on picke r machine  

In Figure 20, an interlocked guard covers the rotating cylinder of the dividing head of a 
roll make-up machine used for making hamburger and hot-dog rolls.  

Figure 20. Interlocked guard on roll make-up machine  

Adjustable: Adjustable guards are useful because they allow flexibility in accommodating 
various sizes of stock.  

Figure 21 shows a bandsaw with an adjustable guard to protect the operator from the 
unused portion of the blade. This guard can be adjusted according to the size of stock.  

Figure 21. Adjustable guard on horizontal bandsaw.  

In Figure 22, the bars adjust to accommodate the size and shape of the stock. Figures 
23 and 24 show guards that can be adjusted according to the thickness of the stock.  

Figure 22. Adjustable guard on power press.  

Figure 23. Adjustable guard on router.  

Figure 24. Adjustable guard on shaper.  
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In Figure 25, the guard adjusts to provide a barrier between the operator and the blade.  

Figure 25. Adjustable guard on table saw.  

Figure 26 shows an adjustable enclosure guard on a bandsaw.  

Figure 26. Adjustable guard on bandsaw.  

Self-Adjusting: The openings of these barriers are determined by the movement of the 
stock. As the operator moves the stock into the danger area, the guard is pushed away, 
providing an opening which is only large enough to admit the stock. After the stock is 
removed, the guard returns to the rest position. This guard protects the operator by 
placing a barrier between the danger area and the operator. The guards may be 
constructed of plastic, metal, or other substantial material. Self-adjusting guards offer 
different degrees of protection.  

Examples of self-adjusting guards...  

Figure 27 shows a radial arm saw with a self-adjusting guard. As the blade is pulled 
across the stock, the guard moves up, staying in contact with the stock.  

Figure 27. Self-adjusting guard on radial arm saw.  

Figure 28 shows a twin-action, transparent, self-adjusting guard. The first guard rises as 
the stock enters, then returns to its rest position as the stock moves ahead to raise the 
second guard.  

Figure 28. Self-adjusting guard on table saw.  

A self-adjusting guard is shown in Figure 29. As the blade moves through the stock, the 
guard rises up to the stock surface.  

Figure 29. Self-adjusting guard on circular saw.  

Figure 30 shows a self-adjusting enclosure guard mounted on a jointer. This guard is 
moved from the cutting head by the stock. After the stock is removed, the guard will 
return, under spring tension, to the rest position.  

Figure 30. Self-adjusting guard on a jointer  

Another type of self-adjusting guard mounted on a jointer is illustrated in Figure 31. The 
guard moves two ways. An edging operation causes the guard to move horizontally. If 
the stock is wide enough during a surfacing operation, the stock may be fed under the 
guard, causing it to move vertically.  

Figure 31. Self-adjusting guard on a jointer  
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                                Guards 

_________________________________________________________________________ 

 

 Method       Safeguarding Action      Advantages         Limitations 

 

Fixed           Provides a barrier  Can be constructed      May interfere 

                                    to suit many            with  

                                    specific applications   visibility 

 

                                    In-plant construction   Can be limited 

                                    is often possible       to specific 

                                                            operations 

                                    Can provide maximum      

                                    protection              Machine  

                                                            adjustment and 

                                    Usually requires        repair often 

                                    minimum maintenance     require its 

           removal,  

                                    Can be suitable to      thereby  

                                    high production,        necessitating 

                                    repetitive operations   other means 

                                                            of protection 

                                                            for 

                                                            maintenance 

                                                            personnel 
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_________________________________________________________________________ 

 

Interlocked     Shuts off or        Can provide maximum     Requires  

                disengages power    protection              careful 

                and prevents                                adjustment and 

                starting of         Allows access to        maintenance 

                machine when guard  machine for 

                is open; should     removing jams           May be easy 

                require the         without time            to disengage 

                machine to be       consuming               jams 

                stopped before the  removal of 

                worker can reach    fixed guards 

                into the danger  

                area 

_________________________________________________________________________ 

 

Adjustable      Provides a barrier  Can be constructed      Hands may  

                that may be         to suit many            enter danger 

                adjusted to         specific applications   area --  

                facilitate a                                protection 

                variety of          Can be adjusted to      may not be 

                production          admit varying sizes     complete at 

                operations          of stock                all times 

 

                                                            May require  
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                                                            frequent  

                                                            maintenance 

                                                            and/or  

                                                            adjustment 

 

                                                            The guard may 

                                                            be made  

                                                            ineffective by 

                                                            the operator 

 

                                                            May interfere 

                                                            with  

                                                            visibility 

_________________________________________________________________________ 

 

Self-adjusting  Provides a barrier  Off-the-shelf guards    Does not  

                that moves          are often               always 

                according to the    commercially            provide 

                size of the stock   available               maximum 

                entering the                                protection 

                danger area    

                                                            May interfere 

                                                            with  

                                                            visibility 
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                                                            May require 

                                                            frequent 

                                                            maintenance 

                                                            and 

                                                            adjustment 

                                                             

_________________________________________________________________________ 

 

Devices  

A safety device may perform one of several functions. It may stop the machine if a hand 
or any part of the body is inadvertently placed in the danger area; restrain or withdraw 
the operator's hands from the danger area during operation; require the operator to use 
both hands on machine controls, thus keeping both hands and body out of danger; or 
provide a barrier which is synchronized with the operating cycle of the machine in order 
to prevent entry to the danger area during the hazardous part of the cycle.  

Presence-Sensing  

The photoelectric (optical) presence-sensing device uses a system of light sources and 
controls which can interrupt the machine's operating cycle. If the light field is broken, 
the machine stops and will not cycle. This device must be used only on machines which 
can be stopped before the worker can reach the danger area. The design and placement 
of the guard depends upon the time it takes to stop the mechanism and the speed at 
which the employee's hand can reach across the distance from the guard to the danger 
zone.  

Figure 32 shows a photoelectric presence-sending device on a part-revolution power 
press. When the light beam is broken, either the ram will not start to cyc le, or, if the 
cycle has begun, the stopping mechanism will be activated so that the press stops 
before the operator's hand can enter the danger zone.  

Figure 32. Photoelectric presence-sensing device on power press.  

A photoelectric presence-sending device used with a press brake is illustrated in Figure 
33. The device may be swung up or down to accommodate different production 
requirements.  

Figure 33. Photoelectric presence-sensing device on press brake  

The radiofrequency (capacitance) presence-sending device uses a radio beam that is 
part of the machine control circuit. When the capacitance field is broken, the machine 
will stop or will not activate. Like the photoelectric device, this device shall only be used 

134



Links to the figures referenced in this document can be found at http://www.OSHA-slc.gov/Publications/Mach_SafeGuard/ 

 

on machines which can be stopped before the worker can reach the danger area. This 
requires the machine to have a friction clutch or other reliable means for stopping.  

Figure 34 shows a radiofrequency presence-sensing device mounted on a part-revolution 
power press.  

Figure 34. Radiofrequency presence-sensing device on a power press  

The electromechanical sensing device has a probe or contact bar which descends to a 
predetermined distance when the operator initiates the machine cycle. If there is an 
obstruction preventing it from descending its full predetermined distance, the control 
circuit does not actuate the machine cycle.  

Figure 35 shows an electromechanical sensing device on an eyeletter. The sensing probe 
in contact with the operator's finger is also shown.  

Figure 35. Electromechanical sensing device on an eyeletter.  

Pullback  

Pullback devices utilize a series of cables attached to the operator's hands, wrists, 
and/or arms. This type of device is primarily used on machines with stroking action. 
When the slide/ram is up between cycles, the operator is allowed access to the point of 
operation. When the slide/ram begins to c ycle by starting its descent, a mechanical 
linkage automatically assures withdrawal of the hands from the point of operation.  

Figure 36 shows a pullback device on a straight-side power press. When the slide/ram is 
in the "up" position, the operator can feed material by hand into the point of operation. 
When the press cycle is actuated, the operator's hands and arms are automatically 
withdrawn. Figure 37 shows a pullback device on a smaller press.  

Figure 36. Pullback device on a power press.  

Figure 37. Pullback device on a power press.  

A pullback device on a press brake is illustrated in Figure 38.  

Figure 38. Pullback device on press brake  

Restraint  

The restraint (holdout) device in Figure 39 utilizes cables or straps that are attached to 
the operator's hands at a fixed point. The cables or straps must be adjusted to let the 
operator's hands travel within a predetermined safe area. There is no extending or 
retracting action involved. Consequently, hand-feeding tools are often necessary if the 
operation involves placing material into the danger area.  

Figure 39. Restraint device on power press  
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Chapter 3  

Guard Construction  

Today many builders of single-purpose machines provide point-of-operation and power 
transmission safeguards as standard equipment. However, not all machines in use have 
built-in safeguards provided by the manufacturer.  

Guards designed and installed by the builder offer two main advantages:  

• They usually conform to the design and function of the machine.  
• They can be designed to strengthen the machine in some way or to serve some 

additional functional purposes.  

User-built guards are sometimes necessary for a variety of reasons. They have these 
advantages:  

• Often, with older machinery, they are the only practical safeguarding solution.  
• They may be the only choice for mechanical power transmission apparatus in 

older plants, where machinery is not powered by individual motor drives.  
• They permit options for point-of-operation safeguards when skilled personnel 

design and make them.  
• They can be designed and built to fit unique and even changing situations.  
• They can be installed on individual dies and feeding mechanisms.  
• Design and installation of machine safeguards by plant personnel can help to 

promote safety consciousness in the workplace.  

However, they also have disadvantages:  

• User-built guards may not conform well to the configuration and function of the 
machine.  

• There is a risk that user-built guards may be poorly designed or built.  

Point-of-Operation Guards  

Point-of-operation safeguarding is complicated by the number and complexity of 
machines and also by the different uses for individual machines. For these reasons, not 
all machine builders provide point-of-operation guards on their products. In many cases 
a point-of-operation guard can only be made and installed by the user after a thorough 
hazard analysis of the work requirements. Poorly designed, built or installed guards may 
create a hazard rather than eliminate one. To be effective they must safeguard the 

137



Links to the figures referenced in this document can be found at http://www.OSHA-slc.gov/Publications/Mach_SafeGuard/ 
 

employee while allowing the work to continue with minimum disruption to the production 
process.  

Mechanical Power Transmission Apparatus Guarding  

A significant difference between power transmission guards and point-of-operation 
guards is that the former type needs no opening for feeding stock. The only openings 
necessary for power transmission guards are those for lubrication, adjustment, repair, 
and inspection. These openings should be provided with interlocked covers that cannot 
be removed except by using tools for service or adjustment.  

To be effective, power transmission guards should cover all moving parts in such a 
manner that no part of the operator's body can come in contact with them.  

Guard Material  

Under many circumstances, metal is the best material for guards. Guard framework is 
usually made from structural shapes, pipe, bar, or rod stock. Filler material generally is 
expanded or perforated or solid sheet metal or wire mesh. It may be feasible to use 
plastic or safety glass where visibility is required.  

Guards made of wood generally are not recommended because of their flammability and 
lack of durability and strength. However, in areas where corrosive materials are present, 
wooden guards may be the better choice.  

 

Go to Chapter 4  
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Machinery Maintenance and Repair  

Good maintenance and repair procedures contribute significantly to the safety of the 
maintenance crew as well as that of machine operators. The variety and complexity of 
machines to be serviced, the hazards associated with their power sources, the special 
dangers that may be present during machine breakdown, and the severe time 
constraints often placed on maintenance personnel all make safe maintenance and 
repair work difficult.  

Training and aptitude of people assigned to these jobs should make them alert for the 
intermittent electrical failure, the worn part, the inappropriate noise, the cracks or other 
signs that warn of impending breakage or that a safeguard has been damaged, altered, 
or removed. By observing machine operators at their tasks and listening to their 
comments, maintenance personnel may learn where potential trouble spots are and give 
them early attention before they develop into sources of accidents and injury. 
Sometimes all that is needed to keep things running smoothly and safely is machine 
lubrication or adjustment. Any damage observed or suspected should be reported to the 
supervisor; if the condition impairs safe operation, the machine should be out of service 
for repair. Safeguards that are missing, altered, or damaged also should be reported so 
appropriate action can be taken to insure against worker injury.  

If possible, machine design should permit routine lubrication and adjustment without 
removal of safeguards. But when safeguards must be removed, and the machine 
serviced, the lockout procedure of 29 CFR 1910.147 must be adhered to. The 
maintenance and repair crew must never fail to replace the guards before the job is 
considered finished and the machine released from lockout..  

Is it necessary to oil machine parts while a machine is running? If so, special 
safeguarding equipment may be needed solely to protect the oiler from exposure to 
hazardous moving parts. Maintenance personnel must know which machines can be 
serviced while running and which cannot. "If in doubt, lock it out." Obviously, the danger 
of accident or injury is reduced by shutting off and locking out all sources of energy.  

In situations where the maintenance or repair worker would necessarily be exposed to 
electrical elements or hazardous moving machine parts in the performance of the job, 
there is no question that all power sources must be shut off and locked out before work 
begins. Warning signs or tags are inadequate insurance against the untimely energizing 
of mechanical equipment.  

Thus, one of the first procedures for the maintenance person is to disconnect and lock 
out the machine from all of its power sources, whether the source is electrical, 
mechanical, pneumatic, hydraulic, or a combination of these. Energy accumulation 
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devices must be "bled down."  

Electrical: Unexpected energizing of any electrical equipment that can be started by 
automatic or manual remote control may cause electric shock or other serious injuries to 
the machine operator, the maintenance worker, or others operating adjacent machines 
controlled by the same circuit. For this reason, when maintenance personnel must repair 
electrically powered equipment, they should open the circuit at the switch box and 
padlock the switch (lock it out) in the "off" position. This switch should be tagged with a 
description of the work being done, the name of the maintenance person, and the 
department involved. When more than one worker is to be engaged in the 
servicing/maintenance function a typical lockout hasp to which each may affix a personal 
lock is shown in Figure 69.  

Figure 69. Lockout hasp  

Mechanical: Figure 70 shows safety blocks being used as an additional safeguard on a 
mechanical power press, even though the machine has been locked out. The safety 
blocks prevent the ram from coming down under its own weight.  

Figure 70. Safety blocks installed on power press  

Pneumatic and hydraulic: Figure 71 shows a lockout valve. The lever-operated air valve 
used during repair or shutdown to keep a pneumatic -powered machine or its 
components from operating can be locked open or shut. Before the valve can be opened, 
everyone working on the machine must use his or her own key to release the lockout. A 
sliding-sleeve valve exhausts line pressure at the same time it cuts off the air supply. 
Valves used to lock out pneumatic or hydraulic -powered machines should be designed to 
accept locks or lockout adapters and should be capable of "bleeding off" pressure 
residues that could cause any part of the machine to move.  

Figure 71. Lockout valve  

In shops where several maintenance persons might be working on the same machine, 
multiple lockout devices accommodating several padlocks are used. The machine cannot 
be reactivated until each person removes his or her lock. As a matter of general policy, 
lockout control is gained by the procedure of issuing personal padlocks to each 
maintenance or repair person; no one but that person can remove the padlock, thereby 
each worker controls the power systems.  

Whenever machines or equipment are serviced, there are hazards encountered by the 
employees performing the servicing or maintenance which are unique to the repair or 
maintenance procedures being conducted. These hazards may exist due to the failure of 
the employees doing the servicing or maintenance to stop the machine being worked on. 
Even if the machine has been stopped, the machine can still be hazardous due to the 
possibility of the machine becoming reenergized or restarting.  

In order to prevent these hazards, each machine or piece of equipment should be 
safeguarded during the conduct of servicing or maintenance by: (1) notifying all affected 
employees (usually machine or equipment operators or users) that the machine or 
equipment must be shut down to perform some maintenance or servicing; (2) stopping 
the machine; (3) isolating the machine or piece of equipment from its energy source; 

140



Links to the figures referenced in this document can be found at http://www.OSHA-slc.gov/Publications/Mach_SafeGuard/ 

 

(4) locking out or tagging out the energy source; (5) relieving any stored or residual 
energy; and (6) verifying that the machine or equipment is isolated from the energy 
source. Although this is the general rule, there are exceptions when the servicing or 
maintenance is not hazardous for an employee, when the servicing which is conducted is 
minor in nature, done as an integral part of production, and the employer utilizes 
alternative safeguards which provide effective protection as is required by 29 CFR 
1910.212 or other specific OSHA standards.  

When the servicing or maintenance is completed, there are specific steps which must be 
taken to return the machine or piece of equipment to service. These steps include (1) 
inspection of the machine or equipment to ensure that all guards and other safety 
devices are in place and functional, (2) checking the area to ensure that energization 
and start up of the machine or equipment will not endanger employees, (3) removal of 
the lockout devices, (4) reenergization of the machine or equipment, and (5) notification 
of affected employees that the machine or equipment may be returned to service.  

The steps to lockout described above are only a part of the total energy control program 
which must exist in the workplace. In addition, the employee should have written 
procedures for all machines and equipment, employees must be trained in their duties 
and responsibilities under the energy control program and periodic inspections must be 
conducted to maintain the effectiveness of the program.  

Figure 72 provides a functional flow diagram of the functions necessary during the 
conduct of a viable servicing/maintenance operation during which the equipment must 
be isolated and locked out.  

Figure 72. Functional flow diagram for implementation of lockout/tagout requirements  

The maintenance and repair facility in the plant deserves consideration here. Are all the 
right tools on hand and in good repair? Are lubricating oils and other common supplies 
readily available and safely stored? Are commonly used machine parts and hardware 
kept in stock so that the crews are not encouraged (even obliged) to improvise, at the 
risk of doing an unsafe repair, or to postpone a repair job? And don't overlook the 
possibility that maintenance equipment itself may need guarding of some sort. The same 
precaution applies to tools and machines used in the repair shop. Certainly, the 
maintenance and repair crew are entitled to the same protection that their service 
provides to the machine operators in the plant.  
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The Utilization of Industry Consensus Standards  

OSHA uses industry consensus standards, related to the safe operation of equipment, as 
guidance of the industry accepted practice for safe operations. Industry consensus 
standards which describe equipment configuration or design but which do not describe 
safe and/or healthful use and operation of the equipment are of limited assistance to 
OSHA. In any event, even when an industry consensus standard addresses safety/health 
considerations, OSHA may determine that the safety/health practices described by that 
industry consensus standard are deficient when related to the requirement(s) set forth 
by the pertinent OSHA regulation(s). However, many of the various ANSI safety 
standards devoted to the safe use of equipment and machines are pertinent and provide 
valuable guidance as they relate to the multitude of safe operating procedures regularly 
discussed in ANSI safety standards.  

All of the requirements of 29 CFR 1910.212, are applicable to machines found in 
industry. Paragraph (a)(1), requires that employees be protected from the hazards 
created by the point of operation, ingoing nip points, and rotating parts. Paragraph 
(a)(2), describes the manner in which guards shall be affixed. The proper application of 
devices are not described; therefore, other similar OSHA or pertinent industry standards 
must be referred to for guidance. Paragraph (a)(3) describes, with particularity, the 
requirements for safeguarding the point of operation.  

The OSHA standard specifically requires that at the point of operation, "the guarding 
device shall be in conformity with any appropriate standards therefore, or in the absence 
of applicable specific standards, shall be so designed and constructed as to prevent the 
operator from having any part of his body in the danger zone during the operating cycle. 
"Applicable standards include any similar OSHA standard or any OSHA adopted industry 
consensus standard(s) which provide for the safety of the operator during the operating 
cycle. However, any specific industry consensus standard, such as an ANSI standard for 
the particular machine or equipment, should be used for guidance relative to the 
accepted procedures for safeguarding workers and operators from the recognized 
hazards of the equipment.  

Employers who comply with the requirements of an industry consensus standard rather 
than a specific OSHA standard, where such compliance deviates from the OSHA 
requirements but provides for a more conservative safeguarding concept, are 
categorized as having created a de minimis violation of the specific OSHA standard. (A 
de minimis violation is a violation of an OSHA standard that has no direct or immediate 
relationship to safety or health. Such de minimis violations require no correction and 
result in no penalty.)  

OSHA encourages employers to abide by the more current industry consensus standards 
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since those standards are more likely to be abreast of the state of the art than an 
applicable OSHA standard may be. Furthermore, the industry consensus standards will 
usually discuss a variety of techniques for averting exposure to the identified hazards of 
the machine or process.  

 
Listing of Specific ANSI Safety Standards 

 

ANSI B11.1-1982              Mechanical Power Presses 

ANSI B11.2-1982              Hydraulic Power Presses 

ANSI B11.3-1982              Power Press Brakes 

ANSI B11.4-1983              Shears 

ANSI B11.5-1988              Iron Workers 

ANSI B11.6-1984              Lathes 

ANSI B11.7-1985              Cold Headers and Cold Formers 

ANSI B11.8-1983              Drilling, Milling, and Boring Machines 

ANSI B11.9-1975              Grinding Machines 

ANSI B11.10-1983             Metal Sawing Machines 

ANSI B11.11-1985             Gear Cutting Machines 

ANSI B11.12-1983             Roll Forming and Roll Bending Machines 

ANSI B11.13-1983             Single- and Multiple-Spindle Automatic  

                             Screw/Bar and Chucking Machines 

ANSI B11.14-1983             Coil Slitting Machines/Equipment 

ANSI B11.15-1984             Pipe, Tube, and Shape Bending Machines 

ANSI B11.17-1982             Horizontal Hydraulic Extrusion Presses 

ANSI B11.18-1985             Machinery and Machine Systems for the 

                             Processing of Coiled Strip, Sheet, and Plate 

ANSI B11.19-1990             Machine Tools, Safeguarding 

ANSI B11.20-1991             Manufacturing Systems/Cells 
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(ANSI B15.1-1994/6)          Power Transmission Apparatus 

ANSI B19.1-1990              Air Compressor Systems 

ANSI B19.3-1986/90           Compressors for Process Industries 

ANSI B20.1-1990              Conveyors and Related Equipment 

ANSI B24.1-1985              Forging Machinery 

ANSI B28.6-1983              Rubber Machinery, Hose 

ANSI B28.7-1983              Rubber Machinery, Hose 

ANSI B28.8-1983              Rubber Machinery, Hose 

ANSI B28.9-1983              Rubber Machinery, Hose 

ANSI B28.10-1986             Rubber Machinery, Endless Belt 

ANSI B30.16-1987             Overhead Hoists 

ANSI B151.1-1990             Plastics Injection Molding Machinery,  

                             Horizontal 

ANSI B151.2-1982/88          Plastics Machinery, Film Casting 

ANSI B151.3-1982/88          Plastics Machinery, Screen Changers 

ANSI B151.4-1982/88          Plastics Machinery, Blown Film Takeoff & 

                             Auxiliary Equipment 

ANSI B151.5-1982/88          Plastics Machinery, Film & Sheet Winding 

ANSI B151.6-1982/88          Plastics Machinery, Slit Tape & Monofilament 

                             Postextrusion Equipment 

ANSI B151.7-1982/88          Plastics & Rubber Extrusion Machinery 

ANSI B151.11-1982            Plastics Machinery, Granulators, Pelletizers,  

                             & Dicers 

ANSI B151.15-1985            Plastics Machinery, Extrusion Blow Molding 

ANSI B151.21-1986            Plastics Machinery, Injection Blow Molding 
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ANSI B151.25-1988            Plastics Machinery, Injection Molding 

ANSI B152.2-1982             Permanent-Mold Casting Machines 

                             (Other than Gray Iron) 

ANSI B153.1-1990             Automotive Lifts 

ANSI B155.1-1986             Packaging Machinery 

ANSI B169.1-1990             Envelope Manufacturing Machinery 

ANSI B176-1985               Copper-Alloy Diecasting 

ANSI B177.2-1977/82          Printing Ink Vertical Post Mixers 

ANSI/NEMA ICS2:225.95-1983   Interlocking Control Circuits for Personnel  

                             Protection 

ANSI/NFPA 79-1991            Electrical Standard for Industrial Machinery 

ANSI/RIA R15.06-1986         Industrial Robots and Robot Systems 

ANSI Z8.1-1972               Commercial Laundry & Dry-Cleaning Equipment 

ANSI Z241.1-1989             Foundry, Sand Prep., Molding, & Core-Making 

ANSI Z241.2-1989             Foundry, Melting & Pouring of Metals 

ANSI Z241.3-1989             Foundry, Cleaning & Finishing of Castings 

ANSI Z245.1-1984             Refuse Collecting & Compacting Equipment 

ANSI Z245.3-1977/83          Stability of Refuse Bins 

ANSI Z245.5-1982             Bailing Equipment 

ANSI Z268.1-1082             Metal Scrap Processing Equipment 
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Robotics in the Workplace  

Robot Applications  

Robots are machines that load and unload stock, assemble parts, transfer objects, or 
perform other tasks.  

Robots are used for replacing humans who were performing unsafe, hazardous, highly 
repetitive, and unpleasant tasks. They are utilized to accomplish many different types of 
application functions such as material handling, assembly, arc welding, resistance 
welding, machine tool load/unload functions, painting/spraying, etc.  

Studies in Sweden and Japan indicate that many robot accidents have not occurred 
under normal operating conditions but rather during programming, program touch-up, 
maintenance, repair, testing, setup, or adjustment. During many of these operations, 
the operator, programmer or corrective maintenance worker may temporarily be within 
the robot's working envelope where unintended operations could result in injuries.  

All industrial robots are either servo or non-servo controlled. Servo robots are controlled 
through the use of sensors which are employed to continually monitor the robot's axes 
for positional and velocity feedback information. This feedback information is compared 
on an on-going basis to pre-taught information which has been programmed and stored 
in the robot's memory.  

Non-servo robots do not have the feedback capability of monitoring the robot's axes and 
velocity and comparing with a pre-taught program. Their axes are controlled through a 
system of mechanical stops and limit switches to control the robot's movement.  

Type of Potential Hazards  

The use of robotics in the workplace also can pose potential mechanical and human 
hazards.  

Mechanical hazards might include workers colliding with equipment, being crushed, or 
trapped by equipment, or being injured by falling equipment components. For example, 
a worker could collide with the robot's arm or peripheral equipment as a result of 
unpredicted movements, component malfunctions, or unpredicted program changes.  

A worker could be injured by being trapped between the robot's arm and other 
peripheral equipment or being crushed by peripheral equipment as a result of being 
impacted by the robot into this equipment.  
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Mechanical hazards also can result from the mechanical failure of components associated 
with the robot or its power source, drive components, tooling or end-effector, and/or 
peripheral equipment. The failure of gripper mechanisms with resultant release of parts, 
or the failure of end-effector power tools such as grinding wheels, buffing wheels, 
deburring tools, power screwdrivers, and nut runners to name a few.  

Human errors can result in hazards both to personnel and equipment. Errors in 
programming, interfacing peripheral equipment, connecting input/output sensors, can all 
result in unpredicted movement or action by the robot which can result in personnel 
injury or equipment breakage.  

Human errors in judgment result frequently from incorrectly activating the teach 
pendant or control panel. The greatest human judgment error results from becoming so 
familiar with the robot's redundant motions that personnel are too trusting in assuming 
the nature of these motions and place themselves in hazardous positions while 
programming or performing maintenance within the robot's work envelope.  

Robots in the workplace are generally associated with the machine tools or process 
equipment. Robots are machines, and as such must be safeguarded in ways similar to 
those presented for any hazardous remotely controlled machine.  

Various techniques are available to prevent employee exposure to the hazards which can 
be imposed by robots. The most common technique is through the installation of 
perimeter guarding with interlocked gates. A critical parameter relates to the manner in 
which the interlocks function. Of major concern is whether the computer program, 
control circuit, or the primary power circuit, is interrupted when an interlock is activated. 
The various industry standards should be investigated for guidance; however, it is 
generally accepted that the primary motive power to the robot should be interrupted by 
the interlock.  

The ANSI safety standard for industrial robots, ANSI/RIA R15.06-1986, is very 
informative and presents certain basic requirements for protecting the worker. However, 
when a robot is to be used in a workplace, the employer should accomplish a 
comprehensive operational safety/health hazard analysis and then devise and implement 
an effective safeguarding system which is fully responsive to the situation. (Various 
effective safeguarding techniques are described in ANSI B11.19-1990.)  
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Cellular Manufacturing Systems  

A recent development in manufacturing technology has given rise to a manufacturing 
concept known as Manufacturing Systems/Cells, or Cellular Manufacturing Systems. 
These systems of integrated industrial machines, linked by a material handling system 
and operated by (controlled by) a programmable electronic system (computer) are 
capable of manufacturing discrete parts or assemblies. The safety of employees exposed 
to these systems is of first order importance.  

Because a system is to be safeguarded it is logical that a system hazard analysis will 
yield the parameters of the safeguarding system required. Figures 73 through 75 depict 
typical cellular system concepts and safeguarding considerations.  

ANSI B11.20-1991, should be referred to for assistance when a cellular manufacturing 
system is envisioned.  

Figure 73. Typical manufacturing system/cell using a robot as the material handling 
system showing perimeter marking/barrier, fixed barriers with interlocked gates, 
presence sensing devices, warning devices, and additional system emergency stop 
devices.  

Figure 74. Manufacturing system composed of several cells.  

Figure 75. Areas to be considered for safeguarding.  
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Chapter 8  

Ergonomic Considerations of Machine Safeguarding  

The ergonomic considerations of machine safeguarding are as significant to the safety 
and health of the worker as are the multitude of techniques to accomplish safety and 
health in the workplace. Worker stress and fatigue can be averted by creditable work 
setups and well integrated safeguarding. The various industry consensus standards are 
only now beginning to address this issue. Future evaluations of safeguarding are likely to 
devote more attention to this aspect.  
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Chapter 9 -  
Cooperation and Assistance 

 
Cooperation and Assistance  

Safety in the workplace demands cooperation and alertness on everyone's part. 
Supervisors, operators, and other workers who notice hazards in need of safeguarding, 
or existing systems that need repair or improvement, should notify the proper authority 
immediately.  

Supervisors have these additional, special responsibilities with regard to safety in the 
workplace; encouraging safe work habits and correcting unsafe ones; explaining to the 
worker all the potential hazards associated with the machines and processes in the work 
area; and being responsive to employer requests for action or information regarding 
machine hazards. The first-line supervisor plays a pivotal role in communicating the 
safety needs of the worker to management and the employer's safety rules and policies 
to the worker.  

Sometimes the solution to a machine safeguarding problem may require expertise that 
is not available in a given establishment. The readers of this manual are encouraged to 
find out where help is available and, when necessary, to request it.  

The machine's manufacturer is often a good place to start when looking for assistance 
with a safeguarding problem. Manufacturers can often supply the necessary literature or 
advice. Insurance carriers, too, will often make their safety specialists available to the 
establishments whose assets they insure. Union safety specialists can also lend 
significant assistance.  

Some government agencies offer consultation services, providing for on-site evaluation 
of workplaces and the recommendation of possible hazard controls. OSHA funds one 
such program, which is offered free of charge to employers in every state. Delivered by 
state governments or private contractors, the consultation program is completely 
separate from the OSHA inspection effort; no citations are issued and no penalties are 
proposed. The trained professional consultants can help employers recognize hazards in 
the workplace and can suggest general approaches for solving safety and health 
problems. In addition, the consultant can identify sources of other available help, if 
necessary.  

Anyone with questions about Federal standards, about the requirements for machine 
safeguarding, or about available consultation services should contact OSHA. (See the list 
of OSHA Regional Offices in the back of this publication.)  
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Machine Guarding Checklist 

 
Machine Guarding Checklist 

Answers to the following questions should help the interested reader determine the 
safeguarding needs of his or her own workplace, by drawing attention to hazardous 
conditions or practices requiring correction.  

 
                  Requirements for all Safeguards 

 

                                                           Yes     No 

 

1.  Do the safeguards provided meet the minimum OSHA  

    requirements?                                          ____   ____  

2.  Do the safeguards prevent workers' hands, arms,  

    and other body parts for making contact with  

    dangerous moving parts?                                ____   ____ 

3.  Are the safeguards firmly secured and not easily  

    removable?                                             ____   ____ 

4.  Do the safeguards ensure that no object will fall  

    into the moving parts?                                 ____   ____ 

5.  Do the safeguards permit safe, comfortable, and  

    relatively easy operation of the machine?              ____   ____ 

6.  Can the machine be oiled without removing the  

    safeguard?                                             ____   ____ 
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7.  Is there a system for shutting down the  

    machinery before safeguards are removed?               ____   ____ 

8.  Can the existing safeguards be improved?               ____   ____ 

 

 

                              Mechanical Hazards 

 

The point of operation: 

 

1.  Is there a point-of-operation safeguard provided 

    for the machine?                                       ____   ____ 

2.  Does it keep the operator's hands, fingers, body 

    out of the danger area?                                ____   ____ 

3.  Is there evidence that the safeguards have been  

    tampered with or removed?                              ____   ____ 

4.  Could you suggest a more practical, effective 

    safeguard?                                             ____   ____ 

5.  Could changes be made on the machine to eliminate 

    the point-of-operation hazard entirely?                ____   ____ 

 

 

Power transmission apparatus: 

 

1.  Are there any unguarded gears, sprockets, pulleys,      

    or flywheels on the apparatus?                         ____   ____ 
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2.  Are there any exposed belts or chain drives?           ____   ____ 

3.  Are there any exposed set screws, key ways, collars, 

    etc.?                                                  ____   ____ 

4.  Are starting and stopping controls within easy reach 

    of the operator?                                       ____   ____ 

5.  If there is more than one operator, are separate  

    controls provided?                                     ____   ____ 

 

 

Other moving parts: 

 

1.  Are safeguards provided for all hazardous moving  

    parts of the machine including auxiliary parts?        ____   ____ 

 

 

                     Nonmechanical Hazards 

 

1.  Have appropriate measures been taken to safeguard   

    workers against noise hazards?                         ____   ____ 

2.  Have special guards, enclosures, or personal  

    protective equipment been provided, where necessary, 

    to protect workers from exposure to harmful  

    substances used in machine operation?                  ____   ____  
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                        Electric Hazards 

 

1.  Is the machine installed in accordance with National 

    Fire Protection Association and National Electrical  

    Code requirements?                                     ____   ____ 

2.  Are there loose conduit fittings?                      ____   ____ 

3.  Is the machine properly grounded?                      ____   ____ 

4.  Is the power supply correctly fused and protected?     ____   ____  

5.  Do workers occasionally receive minor shocks while  

    operating any of the machines?                         ____   ____ 

 

 

                         Training 

 

1.  Do operators and maintenance workers have the  

    necessary training in how to use the safeguards and 

    why?                                                   ____   ____ 

2.  Have operators and maintenance workers been trained  

    in where the safeguards are located, how they provide  

    protection, and what hazards they protect against?     ____   ____ 

3.  Have operators and maintenance workers been trained  

    in how and under what circumstances guards can be  

    removed?                                               ____   ____ 

4.  Have workers been trained in the procedures to  

    follow if they notice guards that are damaged,  
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    missing, or inadequate?                                ____   ____ 

 

 

                Protective Equipment and Proper Clothing 

 

1.  Is protective equipment required?                      ____   ____ 

2.  If protective equipment is required, is it  

    appropriate for the job, in good condition, kept  

    clean and sanitary, and stored carefully when not  

    in use?                                                ____   ____ 

3.  Is the operator dressed safely for the job  

    (i.e., no loose-fitting clothing or jewelry)?          ____   ____ 

 

 

                  Machinery Maintenance and Repair 

 

1.  Have maintenance workers received up-to-date  

    instruction on the machines they service?              ____   ____ 

2.  Do maintenance workers lock out the machine from  

    its power sources before beginning repairs?            ____   ____ 

3.  Where several maintenance persons work on the same 

    machine, are multiple lockout devices used?            ____   ____ 

4.  Do maintenance persons use appropriate and safe  

    equipment in their repair work?                        ____   ____ 

5.  Is the maintenance equipment itself properly  
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    guarded?                                               ____   ____ 

6.  Are maintenance and servicing workers trained in  

    the requirements of 29 CFR 1910.147, lockout/tagout 

    hazard, and do the procedures for lockout/tagout  

    exist before they attempt their tasks?                 ____   ____ 

 

 

Go to Worker Rights and Responsibilities  
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Related Publications 

 
Related Publications  
 
ANSI/ASME Standards 

 

B11.2    Hydraulic Presses 1982 

B11.3    Power Press Brakes 1982 

B11.10   Metal Sawing Machines 1990 

B11.11   Gear Cutting Machines 1985 

B11.12   Roll-forming and Roll-bending Machines 1983 

B11.14   Coil Slitting Machines 1983 

B11.15   Pipe, Tube, and Shape Bending Machines 1984 

B11.16   Metal Powder Compacting Presses 1988 

B11.17   Horizontal Hydraulic Extrusion Presses 1982 

B11.18   Coiled Steel Sheet & Plate Processing Machines 1985 

 

 

 

Copies of the above can be obtained from the American National Standards  

Institute, 7 West 42nd Street, New York, NY 10036, 13th Floor. 

 

 

OSHA Publications 
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  OSHA 2056 All About OSHA 
 

  OSHA 2019 Catalogue 
 

  OSHA 3000 Employer Rights & Responsibilities Following an OSHA 
Inspection 
 

  OSHA 3074 Hearing Conservation 
 

  OSHA 3021 OSHA: Employee Workplace Rights 
 

 

 

A single free copy of the above materials can be obtained from OSHA field  

offices or OSHA Publications Office, Room N3101, Washington, DC 20210,  

(202) 523-9667.  Please send a self-addressed label with your request. 

 

 

 
  "SafeWorks." A one page periodic news sheet that provides a  
  brief summary of the results of a small business employer's  
  request for workplace safety and health assistance from  
  OSHA-funded consultation services in all of the states and  
  U.S. territories. 

 

  "ErgoFacts." A one page news sheet that provides a brief  
  summary of ergonomic hazards and the need for workplace  
  safety and health assistance. 

 

 

 

The above publications can be obtained from the U.S. Department of Labor,  
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• 1910.211  Definitions
• 1910.212  General Requirements for 

all Machines.
• 1910.213  Woodworking Machinery

• 1910.215  Abrasive Wheel Machinery
• 1910.216  Mills and Calendars
• 1910.217  Mechanical Power Presses
• 1910.218  Forging Machinery
• 1910.219  Mechanical Power-

Transmission  

1910.212 General Requirements

1910.212 Machine Guarding
• Types of guarding. One or more methods of 

machine guarding shall be provided to protect 
the operator and other employees in the 
machine area from hazards such as those created 
by point of operation, ingoing nip points, 
rotating parts, flying chips and sparks. 
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1910.212(a)(2)
• General requirements for machine guards. 

Guards shall be affixed to the machine
where possible and secured elsewhere if for 
any reason attachment to the machine is not 
possible. The guard shall be such that it 
does not offer an accident hazard in itself.

1910.212 General Requirements

1910.212 General Requirements

1910.212(a)(3)(i)
• Point of operation is the area on a machine where work is 

actually performed upon the material being processed

1910.212(a)(3)(ii)
• The point of operation of machines whose operation 

exposes an employee to injury, shall be guarded. The 
guarding device shall be in conformity with any 
appropriate standards therefore, or, in the absence of 
applicable specific standards, shall be so designed and 
constructed as to prevent the operator from having any 
part of his body in the danger zone during the operating 
cycle.

1910.212(a)(3)(iii)
• Special hand tools for placing and removing 

material shall be such as to permit easy 
handling of material without the operator 
placing a hand in the danger zone. Such 
tools shall not be in lieu of other guarding
required by this section, but can only be 
used to supplement protection provided.

1910.212 General Requirements
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The following are some of the machines 
which usually require point of operation 

guarding:
• Guillotine Cutters. � Jointers.
• Shears. � Power Saws.
• Alligator Shears. � Power Presses.
• Milling Machines.
• Portable Power Tools.
• Forming Rolls and Calendars.

1910.212 General Requirements

1910.212(a)(4)
• Barrels, containers, and drums. Revolving 

drums, barrels, and containers shall be 
guarded by an enclosure which is 
interlocked with the drive mechanism, so 
that the barrel, drum, or container cannot 
revolve unless the guard enclosure is in 
place.

• i.e. Paint can mixer @ Hardware Store

1910.212 General Requirements

1910.212(a)(5)
• Exposure of blades. When the periphery of the 

blades of a fan is less than seven (7) feet above 
the floor or working level, the blades shall be 
guarded. The guard shall have openings no larger 
than one-half (1/2) inch.

1910.212(b)
• Anchoring fixed machinery. Machines designed 

for a fixed location shall be securely anchored to 
prevent walking or moving.

1910.212 General Requirements
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Safety Color Code 1910.144
Red shall be the basic color for the identification of:

iii) Stop. Emergency stop bars on hazardous 
machines such as rubber mills, wire blocks, 

iron workers, etc. shall be red. Stop buttons or 
electrical switches which letters or other markings 
appear, used for emergency stopping of machinery 
shall be red.

ANSI – red mushroom button with yellow 
background

• The point of operation
• Power transmission apparatus
• Other moving parts 

(reciprocating, transverse, or 
rotating)
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• Motions
1)  Rotating (including in-running nip 

points.
2)  Reciprocating
3)  Transverse

Safety Distance

Nip Points
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• Use of SO Cord Grips – No Romex

Drill Press Guarding

•Unguarded belt �Cracked pulley
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•Not Grounded �Not Listed for Portable Use
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•Over, Under or Through Guard
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1910.216   Rolls and Calendars

Safety Triprodon a Rubber Mill
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Nip Points
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• No E-Stop � No Kick Plate � No Trip Wire

�Guard not Secured � Need Interlock � Glove Size

(Guards cannot be secured with wing nuts)
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• Correct E-Stop
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Rotating Hazards
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• Need to Maintain Guard � No 7 ft Rule

• Guard Shaft with Collapsible Tube Guard 

Guarding Table Pinch Points

• 28 inch Minimum
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Transverse Motion Of A Belt
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• 3” Deflection �Wire not Straight (over & under)
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• Cutting
• Punching
• Shearing
• Bending
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• Brake with Light Curtains

• Fixed
• Interlocked
• Adjustable
• Self-adjusting
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•Easily Defeated Interlock

• Back of Press Guarding
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� Gate Height (12”) � Hinged Guard
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•Ends and Unused Portions of Press Brake Guarded
• Light Curtains

• Minimum  for Back Guarding
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� Auger Not Guarded � Lockout Concerns

Pedestal Grinder

Work Rest – 1/8”

Tongue Guard – 1/4”
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29CFR 1910.215

Work rests must be 
1/8” from wheel

Tongue guard must 
be 1/4” from wheel
All guards must be 
present

� Bulb Unguarded �Wheel Unguarded
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Portable Grinders

�Self Adjusting Guard               � Auto Return
� Table Edge      �Magnetic Starter

• Need to Cover Unused Outlets
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Self-Adjusting Guard On Jointer
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• Presence Sensing
1)  Photo-electrical 
2)  Radio-frequency
3)  Electromechanical

• Pullback
• Restraint

•Light Curtain on Ball Sizer

• Light Curtain & Fixed Guard
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•Electromechanical Sensing Device on a Riveter

•Radio Frequency Device on a Power Press

• Improper Repair – Duct Tape
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Restraints/Holdouts

Restraints & Two Hand Controls
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• Safety Controls
1)  Safety trip control

(a)  Pressure-sensitive body bar
(b)  Safety triprod
(c)  Safety tripwire cable

• Two-hand control
• Two-hand trip  

• Two Hand Controls
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• Gates
1)  Interlocked
2)  Other

• Location/Distance

Gate Guard

Guarding by Location
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• Robot Cell (ANSI R15.06)

• Interlocked Gate
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•Size Requirements
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Potential Feeding and Ejection 
Methods to Improve Safety for the 

Operator

• Automatic feed
• Semi-automatic feed
• Automatic ejection
• Semi-automatic ejection

•Hand Tools
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Pushing Devices
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OSHA

National Emphasis Program on Amputations

3 S’s and a P
• Shears
• Saws

• Slicers
• Presses
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