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INTRODUCTION
1 Scope

1.1 These requirements cover robots and robotic equipment rated 600 V or less and intended for
installation in accordance with the National Electrical Code, NFPA 70. Equipment evaluated to these
requirements is intended to meet the requirements of Robots and Robotic Devices — Safety Requirements
for Industrial Robots — Part 1, ISO 10218-1, and can be installed in accordance with ISO 10218-1, Robots
and Robotic Devices — Safety Requirements for Industrial Robots — Part 1 and ISO 10218-2, Robots and

Robotic Devices — Safety Requirements for Industrial Robots — Part 2: Robot Systems and Integration.

1.2 These

tdoor use in

applications
casting, debt

1.3 Robots
application ¢
standards, s
product equi

1.4
applicable se

1.5 Robots

requirements-cover robhoticeauinment and svstems intended for indoor-and o
< e ek g B4

such as parts assembly, parts transfer, automated material handling, inspection

and robotic equipment that contain unique features or functions- associs
r end-product equipment, and not specifically addressed in this. standard
nall also be evaluated to the applicable requirements of standards for the appli
bment.

In additjon to the requirements in this standard, robots and robetic systems shall also cq

ctions of the Electrical Standard for Industrial Machinery, NFPA 79.

and robotic systems intended for use in hazardous locations, as defined by

rring, welding, paint spraying, automated storage/retrieval systems, and the like|

loading, die-

ted with the
br referenced
cation or end-

mply with the

the National

Electrical Cofde, NFPA 70, shall also comply with the applicable safety requirements based gn the specific
end-use application, including those contained in the following standards:
a) Intfinsically Safe Apparatus and Associated Apparatus for Use in Class I, Il, and [ll, Division 1,
Hazafdous (Classified) Locations, UL 943;

b) Ex

blosion-Proof and Dust-Ignition-Proof Electrical Equipment for Use in HazardoU

Locatjons, UL 1203;

c) No
and 2

d) Elg

e) Pu

1.6 In the f

nincendive Electrical.Equipment for Use in Class | and Il, Division 2 and Class |
Hazardous (Classified) Locations, ISA 12.12.01;

ctric Motors:and Generators for Use in Hazardous (Classified) Locations, UL 67

rged and.Pressurized Enclosures for Electrical Equipment, NFPA 496.

s (Classified)

I, Divisions 1

- and

controller or

pllowing text, a requirement that applies to one type of equipment, such as 3

pendant, will be identified by a specific reference. In the absence of a specific reference or if the term robot
or robotic equipment is employed, it is to be understood that the requirement applies to all types of
equipment covered by this standard.

2 Glossary

2.1 For the purpose of this standard the following definitions apply.
2.2 AUTOMATIC OPERATION — The time when a robot is performing its programmed tasks through
continuous program execution.

2.3 AWARENESS SIGNAL — A device that warns a person of an approaching or present hazard by an
audible or visible means. A visible means could include a text message or display on a pendant or user
interface screen.
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2.4 CATEGORY - Classification of the Safety-Related Parts of a Control System (SRP/CS) in respect of
their resistance to faults and their subsequent behavior in the fault condition, and which is achieved by the
structural arrangement of the parts, fault detection and/or by their reliability.

©ISO. This material is reproduced from ISO 13849-1:2015 with permission of the American National Standards Institute (ANSI) on
behalf of the International Standardization Organization. All rights reserved.

2.5 CLASS 2- A circuit, transformer, or power source having energy- and voltage-limiting characteristics
as described in Standard for Low Voltage Transformers — Part 3: Class 2 and Class 3 Transformers, UL
5085-3.

2.6 COLLABORATIVE OPERATION — State in which a purposely designed robot system and an

operator work

©ISO. This mate
of the Internation
to change withoy

2.7 COLLAE
(including the

©ISO. This mate
of the Internation
to change withoy

2.8 DRIVE
motion.

2.9 ELECTH
and/or Electrg

NOTE — The tern

EXAMPLE: Elect
— Electr]
— Solid-

— Electr]

©IEC. This matg

within a collaborative workspace.

Fial is reproduced from ISO/TS 15066 with permission of the American National Standards(Thstitute
al Organization for Standardization. All rights reserved. ISO/TS 15066 was an ISO draft:document
t notice. It cannot be referred to as an approved ISO standard.

workpiece) and a human can perform tasks concurrently during production oper

fial is reproduced from ISO/TS 15066 with permission of the Americad National Standards Institute
al Organization for Standardization. All rights reserved. ISO/TS-45066 was an ISO draft document
t notice. It cannot be referred to as an approved ISO standard.

POWER - The source or means of supplying energy to the robot actuator

RICAL/ ELECTRONIC/ PROGRAAMMABLE ELECTRONIC E/E/PE — Based on
nic (E) and/or Programmable Electronic (PE) technology.

h is intended to cover any and all dévices or systems operating on electrical principles.

rical/electronic/programmable, electronic devices include:
b-mechanical devices (electrical);
State non-programmable electronic devices (electronic);

bnic deviges,based on computer technology (programmable electronic).

rial\is\.reproduced from IEC 61508-4 Ed. 2.0 b:2010, with permission of the American National St3

(ANSI) on behalf]

IANSI) on behalf
hat was subject

BORATIVE WORKSPACE — Space within the operating space where the fobot system

ation.

IANSI) on behalf
hat was subject

5 to produce

Electrical (E)

ndards Institute

oflnternational Electrotechnical Commission. All rights reserved.

210 EMERGENCY STOP (FUNCTION) — Function which is intended to:

a) Avert arising or reduce existing hazards to persons, damage to machinery or to work in
progress; and

b) Be initiated by a single human action.

©ISO. This material is reproduced from ISO 12100:2010 with permission of the American National Standards Institute (ANSI) on
behalf of the International Standardization Organization. All rights reserved.

2.1
motion.

ENABLING DEVICE — A manually operated device which, when continuously activated, permits
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212 END-EFFECTOR — An accessory device or tool specifically designed for attachment to the robot
wrist or tool mounting plate to enable the robot to perform its intended task. (Examples may include
gripper, spot weld gun, arc weld gun, spray paint gun, or any other application tools.)

2.13 FIELD-WIRING TERMINAL — A wiring terminal on permanently connected equipment to which
connections are made when the equipment is installed in the field.

2.14 FUNCTIONAL SAFETY (FS) — Part of the overall safety relating to the Equipment Under Control
(EUC) and the EUC control system that depends on the correct functioning of the E/E/PE safety-related

systems and

©IEC. This material i

behalf of Interng

2.15 INTER
prevents the

other risk reduction measures.

juced 08-. 0 b:2010, with permi
tional Electrotechnical Commission. All rights reserved.

LOCK — An arrangement which allows the operation of one contrél or m
operation of another.

stitute (ANSI) on

echanism, or

2.16 ISOLATED LIMITED-ENERGY SECONDARY CIRCUIT — A circuit derived from an isolated
secondary wjnding of a transformer having a maximum capacity of 100 \ol{*Amperes and ah open-circuit
secondary-voltage rating not exceeding 1000 V.
217 ISOLATED LOW-VOLTAGE LIMITED-ENERGY - A circuit involving a potential of rjot more than
42.4V (60 Vi|dc) peak supplied by one of the following:
a) An[energy-limiting Class 2 transformer;
b) A monenergy-limiting Class 2 transformer_and an overcurrent protective device. The protective
device is:

c) A
comp
isolat

d)Ag
2 tran

1) Not to be of the automatic reClosing type;

2) To be trip-free from the-reclosing mechanism; and

3) Not to be readily,interchangeable with a device of a different rating.
combination of-an’ isolated transformer secondary winding and a fixed im
bd low-voltage limited-energy power source;

ry-cell‘battery having output characteristics not greater than those of an energy-
sfarmer or a non-isolated low-voltage limited-energy power source; or

pedance that

ies with all the performance requirements for an energy-limiting Class 2 transfofmer or a non-

limiting Class

e) A combination of a rechargeable battery and a fixed impedance that complies with all of the
performance requirements for an energy-limiting Class 2 transformer or a non-isolated low-voltage
limited-energy power source.

2.18 MANUAL MODE - Control state that allows for the direct control by an operator.

©ISO. This material is reproduced from ISO 10218-1:2011 with permission of the American National Standards Institute (ANSI) on
behalf of the International Standardization Organization. All rights reserved.

2.19 NON-ISOLATED LOW-VOLTAGE LIMITED-ENERGY POWER SOURCE - A circuit derived from a
source of supply classified as line voltage by connecting impedance in series with the supply circuit as a
means of limiting the voltage and power to comply with Class 2 characteristics.
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2.20 OPEN TYPE (PRODUCT) — (Product) Intended for incorporation within enclosure or assembly
which will provide access protection.

2.21 OPERATOR - The person designated to start, monitor and stop the intended productive operation
of a robot or robot system. An operator may also interface with a robot for productive purposes.

2.22 OPPOSITE POLARITY — A difference of potential between two points, where shorting of these two
points would result in a condition involving overload, rupturing of printed-wiring board foil pattern,
components, or fuses, and the like.

2.23 PAYLOAD The rated mass of the end- effector and matenal that can be handled by arobot in a
normal and ope . Sr-mec G cte G sctpayload rating, such
as center of mass, etc

2.24 PENDANT — Hand held unit linked to the control system with which a robot canibe programmed or
moved.

©ISO. This matdrial is reproduced from ISO 10218-1:2011 with permission of the American National Standards Ingtitute (ANSI) on
behalf of the Intefnational Standardization Organization. All rights reserved.

2.25 PERFORMANCE LEVEL (PL) — Discrete level used to specify the ability of safety-related parts of
control systems to perform a safety function under foreseeable conditions.

©ISO. This matgrial is reproduced from ISO 13849-1:2015 with permissien, 0f'the American National Standards Ingtitute (ANSI) on
behalf of the Intefnational Standardization Organization. All rights reserved.

2.26 POLLUTION — Any addition of contaminants, solid, liquid or gaseous (ionized gases), aBnd moisture
that may produce a reduction of dielectric strength ar surface resistivity.

2.27 POLLUTION DEGREE - The level of pollution present at the location on or in a prodyct where the
clearance andl creepage distance measurement is made, and can be controlled by design of the product.
For example,[enclosures can be used to achieve Pollution Degree 3, heaters within enclosyres can help
achieve Pollution Degree 2, and encapsulation can be used to achieve Pollution Degree 1.

2.28 PRIMARY CIRCUIT +The wiring and components that are conductively connected {o the supply
circuit.

2.29 PROGRAM =

a) A sequence of instructions to be executed by the computer or robot controller| to control a
robot/robot DyDtUIII,

b) To furnish (a computer) with a code of instructions;

¢) To teach a robot system a specific set of movements and instructions to accomplish a task.

2.30 PROTECTIVE DEVICE- A device designed, constructed and installed to create a sensing field or
area to detect an intrusion into that field or area by personnel, robot(s), or other objects.

2.31 PROTECTIVE STOP — Type of interruption of operation that allows a cessation of motion and
related hazards for safeguarding purposes and which retains the program logic to facilitate a restart.

Adapted by UL from ISO 10218-1:2011 with permission of the American National Standards Institute (ANSI) on behalf of the
International Organization of Standardization. All rights reserved.
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2.32 QUALIFIED PERSON - One familiar with the construction and operation of the equipment and the
hazard(s) involved.

2.33 REDUNDANCY - The application of more than one device or system, or part of a device or a
system, such that if one fails to perform its function, another is available to perform that function.

2.34 RISK OF ELECTRIC SHOCK — Under normal conditions a risk of electric shock exists between any
two conductive parts or between a conductive part and earth ground if the continuous current flow
between the two points exceeds the leakage current limits determined by the Leakage Current Test,
Section 47, and if the open circuit voltage exceeds the limits in Table 2.1. Under fault or abnormal
conditions: a risk of electric shock is considered to exist at any part at the potentials in Table 2.1 and when
the continuous current flow through a 500 ohm resistor connected across the potential exceeds 5.0 mA.

Table 2.1
Risk of electric shock threshold
Waveform type ? Maximum voltage
Dry and damp locations Wet locatipns
Sinusoidal ac 30Vrms 15V rm$
Non-sinusoidal ac 42.4 V peak 21.2'V pepk
dcP° 60V 30V

& The voltage |mits for a composite AC + DC waveform (V peak) shall be perFigure 2.1 based on the Direct Voltagg component
(V DC) of the waveform. The graph line for locations where wet contact is not'likely to occur refers to Dry and Dampg locations. The
graph line for Ipcations where wet contact is likely to occur refers to wet,locations.

® If the peak-to}peak ripple voltage on a dc waveform exceeds 10 pércent of the dc voltage, the waveform shall be ¢onsidered a
composite waJeform per footnote a above.

¢ DC wavefornis interrupted at frequencies between 10 — 200'Hz shall be limited to 24.8 V in dry and damp locations, and 12.4 V in
wet locations.
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Figure 2.1

Voltage limits
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2.35 RISK OF FIRE — A risk of fire is considered to exist at any two points in a circuit where the open
circuit voltage is more than 42.4 V peak and the energy available to the circuit under any condition of load
including short circuit, results in a current of 8 A or more after 1 minute of operation.

2.36 ROBOT - Actuated mechanism programmable in two or more axes with a degree of autonomy,
moving within its environment, to perform intended tasks.

1 A robot includes the control system and interface of the control system.
2 The classification of robot into industrial robot or service robot is done according to its intended application.

©ISO. This material is reproduced from ISO 8373:2012 with permission of the American National Standards Institute (ANSI) on
behalf of the Int¢rnational Standardization Organization. All rights reserved.
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TIC SYSTEM — A system that includes the robot (hardware and software) cor
d-effector(s), any equipment, devices, or sensors required for the robot to perf
munication interface that is operating and monitoring the robot, equipment, or s
pheral devices are supervised by the robot control system.

GUARD — Guard or protective device.

erial is reproduced from ISO 12100:2010 with permission of the”American National Standards In
rnational Standardization Organization. All rights reserved.

Y CIRCUIT — A primary or secondary circuit containing a control that is relied u
electric shock, or injury to persons at the controlled equipment.

Y CONTROL — An automatic contrel”and interlock (including relays, switch
ipment used to form a system) that is intended to reduce the risk of fire, eled
ons.

Y INTEGRITY LEVEL (SIL) — Discrete level (one out of a possible four), corre
bty integrity values, where SIL 4 has the highest level of safety integrity and

sisting of the
orm its tasks;
ensors, as far

stitute (ANSI) on

bon to reduce

s, and other
tric shock, or

sponding to a
S5IL 1 has the

rial is reproduced from IEC 61508-4 Ed. 2.0 b:2010, with permission of the American Standards Irstitute (ANSI) on

tional Electrotechhical Commission. All rights reserved.

Y-RELATED PART OF A CONTROL SYSTEM (SRP/CS) — Part of a contrg
safetysrelated input signals and generates safety-related output signals.

| system that

NOTE 1: The combined safety-related parts of a control system start at the point where the safety-related input signals are initiated
(including, for example, the actuating cam and the roller of the position switch) and end at the output of the power control elements
(including, for example, the main contacts of a contactor).

NOTE 2: If monitoring systems are used for diagnostics, they are also considered as SRP/CS.

©ISO. This material is reproduced from ISO 13849-1:2015 with permission of the American National Standards Institute (ANSI) on
behalf of the International Standardization Organization. All rights reserved.

2.43 SECONDARY CIRCUIT — A circuit supplied from a secondary winding of an isolating transformer.

244 SENSOR - A device that responds to physical stimuli (such as heat, light, sound, pressure,
magnetism, motion) and transmits the resulting signal or data providing a measurement, operating a
control, or both.
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2.45 SINGLE POINT OF CONTROL — The ability to operate the robot such that initiation of robot motion
from one source of control is only possible from that source and cannot be overridden from another
source.

2.46 SINGULARITY — Condition where the motion of a set of robot joints produces no net Cartesian
motion (translational or rotational) of either the robot flange or the Tool Center Point (TCP). Cartesian
motions that pass near this condition can produce unexpected high joint speeds, which can be hazardous.
A singularity can also be defined as an occurrence whenever the rank of the Jacobian matrix becomes
less than full rank — Mathematically, in a singular configuration, the joint velocity in joint space can become
infinite to maintain Cartesian velocity. In actual operation, motions defined in Cartesian space that pass
near singularities can produce high joint speeds. These high speeds can be unexpected to an operator.
Figure 2.2 below demonstrates the robot behavior as the wrist passes near the 'shoulder' singularity, as
the robot moves the tool linearly from point A (with the elbow at point C) to point B (with the glbow at point
E), Joint 1 rofates rapidly from a configuration where the elbow is at point D, finally endingl at configuration
with the elbow at point E.

Adapted by UL [from ISO 10218-1:2011 with permission of the American National Standards Institute (ANSI) qn behalf of the
International Orggnization of Standardization. All rights reserved.

Figure 2.2

Singularity diagram

su2291

This modified figure above is being used with Permission from FANUC America Corporation.

2.47 SPACE — Three dimensional volume.

©ISO. This material is reproduced from ISO 10218-1:2011 with permission of the American National Standards Institute (ANSI) on
behalf of the International Standardization Organization. All rights reserved.

2.48 SPACE, MAXIMUM — Space which can be swept by the moving parts of the robot as defined by the
manufacturer plus the space which can be swept by the end-effector and the workpiece.
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©ISO. This material is reproduced from 1ISO 10218-1:2011 with permission of the American National Standards Institute (ANSI) on
behalf of the International Standardization Organization. All rights reserved.

2.49 SPACE, OPERATING - Portion of the restricted space that is actually used while performing all
motions commanded by the task program.

©ISO. This material is reproduced from ISO 10218-1:2011 with permission of the American National Standards Institute (ANSI) on
behalf of the International Standardization Organization. All rights reserved.

2.50 SPACE, RESTRICTED - Portion of the maximum space restricted by limiting devices that establish
limits which will not be exceeded.

©ISO. This matertatisTeproduced fronT SO 102 18- 20 T With permission of the Americam Nationat-Stanaards istitute (ANSI) on

behalf of the Intg¢rnational Standardization Organization. All rights reserved.

2.51 SPACE, SAFEGUARDED - Space defined by the perimeter safeguarding.

©ISO. This matgrial is reproduced from ISO 10218-1:2011 with permission of the American Natjonal Standards Institute (ANSI) on
behalf of the Intg¢rnational Standardization Organization. All rights reserved.

2.52 STATIONARY EQUIPMENT — Hard wired or cord- and plug-connected equipment thpt is intended
to be fastendd in place, or located in a dedicated space.

2.53 TEACHER - A person who provides the robot with a specific set of instructions to perform a task.
2.54 TOOLCENTER POINT (TCP) — The origin of the.taol coordinate system.

2.55 USER SERVICING — Any form of servicing:that can be performed by personnel other than those
who are trairled to maintain the particular equipment is considered user servicing. Some examples of user
servicing are

a) The attachment of accessories-by means of attachment plugs and receptacles off by means of
other|separable connectors;

b) The changing of magnetic, electronic (USB sticks, flash memory, etc.) or optical media and the
like tHat do not involve semplicated operations;

c) The replacement of disks, or programmable logic boards. Replacement of lamps gnd fuses and
resetling of circuit breakers located in an operator-access area unless the lamps, fuses, or circuit
brea:]ers arexmarked to indicate replacement or resetting only by qualified service personnel,

d) THe“marking of routine operating adjustments necessary to adapt the unit for its different
intended functions;

d) Routine cleaning of data-handling media.

2.56 WET LOCATION — Portions of an indoor installation where occasional or continuous exposure to
water (for example: mist, spray, cutting jet) or other liquids is anticipated.

3 Components

3.1 Except as indicated in 3.2, a component of a product covered by this standard shall comply with the
requirements for that component. See Appendix A for a list of standards covering components generally
used in the products covered by this standard.

3.2 A component is not required to comply with a specific requirement that:
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a) Involves a feature or characteristic not required in the application of the component in the
product covered by this standard, or

b) Is superseded by a requirement in this standard.

3.3 A component shall be used in accordance with its rating established for the intended conditions of
use.

3.4 Specific components are incomplete in construction features or restricted in performance
capabilities. Such components are intended for use only under limited conditions, such as certain
temperatures not exceeding specified limits, and shall be used only under those specific conditions.

4 Units of I\heasurement

4.1 Values
approximate

stated without parentheses are the requirement. Values in parentheses|are e
nformation.

planatory or

4.2 Unless indicated otherwise, all voltage and current values are nominal«ms values.
5 Undated References
5.1 Any undated reference to a code or standard appearing inthe‘requirements of this stangdard shall be

interpreted as
CONSTRUC]
6 General
6.1 Robotic

and finished
factory.

referring to the latest edition of that code or standard.

[ION

equipment shall employ materials that are acceptable for the application and s
with the degree of uniformity and grade of workmanship practicable in a W

7 Frame and Enclosure

7.1 Genera

7.1.1 Robot

¢ equipment shall be constructed and assembled so that it will have the strengt

necessary to
increasing t

resistthe abuses and the environment to which it is likely or intended to be subijg

hall be made
ell-equipped

h and rigidity
cted, without
resulting in a

h; [isk”of fire, electric shock, or injury to persons due to total or partial collapse

reduction of i
environment, in addition to normal use, may include water spray, water cutting, hosedown (cleaning), oil,
noncorrosive liquids, corrosive liquids and gases, dust, and the like. See Robots Intended for Use in Water
Environments, Section 48, Enclosure Test, Section 76, and Gasket Tests, Section 78 for selected tests.

7.2 Cast metal

7.21

s of intended

A cast-metal enclosure shall be at least 3.2 mm (1/8 in) thick at every point, more than 3.2 mm (1/8

in) thick at reinforcing ribs and door edges, and at least 6.4 mm (1/4 in) thick at tapped holes for conduit.

Exception: Other than at plain or threaded conduit holes, malleable iron and die-cast or permanent mold
cast aluminum, brass, bronze, or zinc shall be:
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a) At least 2.4 mm (3/32 in) thick for an area greater than 155 cm? (24 in?) or having any dimension
more than 152 mm (6 in); and

b) At least 1.6 mm (1/16 in) thick for an area of 155 cm? (24 in?) or less having no dimension more
than 1562 mm (6 in). The area considered may be bounded by reinforcing ribs subdividing a larger

area.

7.3 Sheet metal

7.3.1

The thickness of a sheet-metal enclosure shall not be less than that specified in Table 7.1 and

Table 7.2, except that at points to which a wiring system is to be connected, uncoated steel shall be at
least 0.81 mm (0.032 in) thick, zinc-coated steel at least 0.86 mm (0.034 in) thick, and nonferrous metal at

least 1.14 min (0.045 in) thick.

Exception: B

nclosure thickness at points other than where a wiring system is to be conne

tted need not

comply with these requirements if the enclosure complies with the requirements.in.the Compression Test
and Deflection Test in the Standard for Enclosures for Electrical Equipmeént, Non-Environmental
Consideratiops, UL 50.
Table 7.1
Thickness of sheet metal for enclosures — carbon steel or stainless steel
Withou{ supporting frame? With supporting frame or equivalent Minimum thickness
reinforcing®
Maximum widith® | Maximum length® | Maximum width® Maximum length Uncoated Metal coated
cm (in) cm (in) cm (in) cm (in) mm (in) mm (in)
10.2 4.0) Not limited 15.9 (6.25) Not limited 0.51 (0.020) | o0fs8  (0.023)¢
12.1 (4)75) 14.6 (5.75) 17.1 (6.75) 21.0 (8.25)
15.2 4.0 Not limited 24.1 (9.5) Not limited 066  (0.026) | o0fr4  (0.029)
17.8 (7.0 222 (8.75) 254 (10.0) 31.8 (12.5)
20.3 (8.0) Not limited 30.5 (12.0) Not limited 0.81 (0.032) 0/86 (0.034)
22.9 (9.0) 29.2 (11.5) 33.0 (13.0) 40.6 (16.0)
31.8 (12.5) Not limjted 49.5 (19.5) Not limited 1.07 (0.042) 114 (0.045)
35.6 (14.0) 457 (18.0) 53.3 (21.0) 63.5 (25.0)
457 (18.0) Not limited 68.6 (27.0) Not limited 1.35 (0.053) 142 (0.056)
50.8 (20.0) 63.5 (25.0) 73.7 (29.0) 91.4 (36.0)
55.9 (22.0) Not limited 83.8 (33.0) Not limited 1.52 (0.060) 1)60 (0.063)
63.5 (25.0) 78.7 (31.0) 88.9 (35.0) 109.2 (43.0)
63.5 (25.0) Not limited 99.1 (39.0) Not limited 1.70 (0.067) 1.78 (0.070)
73.7 (29.0) 914 (36.0) 104.1 (41.0) 129.5 (51.0)
83.8 (33.0) Not limited 129.5 (51.0) Not limited 2.03 (0.080) 2.13 (0.084)
96.5 (38.0) 1194  (47.0) | 1372  (54.0) 167.6  (66.0)
106.7 (42.0) Not limited 162.6 (64.0) Not limited 2.36 (0.093) | 2.46 (0.097)
119.4 (47.0) 149.9 (59.0) 172.7 (68.0) 213.4 (84.0)
132.1 (52.0) Not limited 203.2 (80.0) Not limited 2.74 (0.108) 2.82 (0.111)
152.4 (60.0) 188.0 (74.0) 213.4 (84.0) 2616  (103.0)
160.0 (63.0) Not limited 246.4 (97.0) Not limited 3.12 (0.123) 3.20 (0.126)

Table 7.1 Continued on Next Page
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Table 7.1 Continued

Without supporting frame?

With supporting frame or equivalent
reinforcing?

Minimum thickness

Maximum width® | Maximum length® | Maximum width® Maximum length Uncoated Metal coated
cm (in) cm (in) cm (in) cm (in) mm (in) mm (in)
185.4 (73.0) 228.6 (90.0) 261.6 (103.0) 3226 (127.0)
@See 7.3.3.

® The width is the smaller dimension of a rectangular piece of sheet metal that is part of an enclosure. Adjacent surfaces of an
enclosure may have common supports and be made of a single sheet.

¢ Not limited applies only if the edge of the surface is flanged at least 12.7 mm (1/2 in) or fastened to adjacent surfaces not

normally removed.in use
9 Sheet steel fof an enclosure intended for outdoor use — raintight or rainproof — shall not be less than 0.86 mm.(0:034 in) thick if
zinc coated and not less than 0.81 mm (0.032 in) thick if uncoated.
Table 7.2
Thickness of sheet metal for enclosures — aluminum, copper, or brass
WitHout supporting frame? With supporting frame or equivalent
reinforcing?

Maximum width® Maximum length® Maximum width® Maximum length Minimym thickness
cm (in) cm (in) cm (in) cm (in) mm (in)
7.6 (3.0) Not limited 17.6 (7.0) Not limited
8.9 (3.5) 10.2 (4.0) 21.6 (8-5) 24 .1 (9.5) 0.58 (0.023)¢
10.2 (4.0) Not limited 254 (10.0) Not limited
12.7 (5.0) 15.2 (6.0) 26.7 (10.5) 343 (13.5) 0.74 (0.029)
15.2 (6.0) Not limited 35.6 (14.0) Not limited
16.5 (6.5) 20.3 (8.0) 38.1 (15.0) 457 (18.0) 0.91 (0.036)
20.3 (8.0) Not limited 48.3 (19.0) Not limited
241 (9.5) 29.2 (1.5) 53.3 (21.0) 63.5 (25.0) 1.14 (0.045)
30.5 12.0) Not Jimited 71.1 (28.0) Not limited
35.6 14.0) 40.6 (16.0) 76.2 (30.0) 94.0 (37.0) 1.47 (0.058)

457 18.0) Not limited 106.7 (42.0) Not limited
50.8 20.0) 63.4 (25.0) 114.3 (45.0) 139.7 (55.0) 1.91 (0.075)
63.5 25.0) Not limited 152.4 (60.0) Not limited
73.7 29.0) 91.4 (36.0) 162.6 (64.0) 198.1 (78.0) 2.41 (0.095)
94.0 (37.0) Not limited 221.0 (87.0) Not limited

106.7 (42.0) 134.6 (53.0) 236.2 (93.0) 289.6 (114.0) 3.10 (0.122)

132.1 (52.0) Not limited 3124 (123.0) Not limited

152.4 (60.0) 188.0 (74.0) 330.2 (130.0) 406.4 (160.0) 3.89 (0.153)

@See 7.3.3.

® The width is the smaller dimension of a rectangular piece of sheet metal that is part of an enclosure. Adjacent surfaces of an
enclosure may have common supports and be made of a single sheet.

¢ Not limited applies only if the edge of the surface is flanged at least 12.7 mm (1/2 in) or fastened to adjacent surfaces not
normally removed in use.

4 Sheet copper, brass, or aluminum for an enclosure intended for outdoor use — raintight or rainproof — shall not be less than 0.74
mm (0.029 in) thick.
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7.3.2 Table 7.1 and Table 7.2 are based on a uniform deflection of the enclosure surface for any given
load concentrated at the center of the surface regardless of metal thickness.

7.3.3 With reference to Table 7.1 and Table 7.2, a supporting frame is a structure of angle or channel or
folded rigid section of sheet metal that is rigidly attached to and has essentially the same outside
dimensions as the enclosure surface and that has sufficient torsional rigidity to resist the bending
moments that may be applied by the enclosure surface when it is deflected. A structure that is as rigid as
one built with a frame of angles or channels is considered to have equivalent reinforcing. Constructions
considered to be without supporting frame include:

a) A single sheet with single formed flanges — formed edges;

b) A §ngte sheetthat s corrugated or ribbed;
c) Anlenclosure surface loosely attached to a frame — for example, with spring clips; apd

d) An|enclosure surface having an unsupported edge.

7.3.4 An epclosure shall be constructed to reduce the risk of unintentional contact with enclosed
electrical devices, and to provide internal devices with protection from specified external conditions.

7.3.5 An aif filter acting as an enclosure part shall comply with-thie requirements for Clags 1 filters as
specified in the Standard for Air Filter Units, UL 900. If abnormal tests show that no eqyivalent flame
barrier existg, then an air filter is not considered to be an englosure part and may be omitt¢d from these
requirements.

7.4 Doors and covers

7.4.1 A patt of an enclosure, such as a door\or a cover, shall be provided with a meaps — such as
latches, lock$, interlocks, or screws — for firml{y_securing it in place.

Exception: Al snap-on cover that complies with the requirements in Securement of Snap-Oh Cover Test,
Section 80, need not have additional s€curing means.

74.2 An elclosure cover shall be hinged if it gives access to a fuse or any other overlgad-protective
device that r¢quires renewal-or if it is necessary to open the cover in connection with the normal operation
of the device

Exception: Alhinged:cover is not required for an enclosure:

a) Tolwhich access is required only in the event of burnout of a current element or the like on short

circuit;

b) In which the only fuse enclosed is a control-circuit fuse, if the fuse and control-circuit load — other
than a fixed control-circuit load, such as a pilot lamp — are within the same enclosure; or

¢) In which a means is provided for resetting all overload-protective devices from outside the
enclosure, or kits are available to provide a means for resetting all overload-protective devices from
outside the enclosure. (See Manufacturer's Documentation, Section 92.)

7.4.3 Other than as noted in 7.4.4, a hinged cover provided in accordance with the requirement in 7.4.2
shall be provided with a snap latch or a captive multi-turn or partial-turn fastener. Such securing means
shall be located or used in multiple so as to hold the cover closed over its entire length. A captive fastener
shall be operable by hand or by a simple hand tool such as a screwdriver.
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7.4.4 A door more than 1.2 m (48 in) long on the hinged side shall be provided with one of the following:

a) A multipoint latch operated by a single knob or handle; or

b) Two or more snap latches or captive fasteners; or

c) One knob-operated latch and one snap latch or captive fastener.

7.4.5 A hinged cover enclosure that is not required to comply with 7.4.2 may use noncaptive fasteners.

7.4.6 A door giving access to a fuse or any portion of a circuit breaker other than the operating handle
shall shut closely against a 6.4 mm (1/4 in) rabbet as illustrated in Figure 7.1 or the equivalent.

Figure 7.1
Rabbet

/,

SAO

7.4.7 A cov
shall have fla

flange and ra

Exception: TH

Test in the St

i

6.4 mm
(1/47)

L]

/702C

br giving access tola-fuse or any portion of a circuit breaker other than the ope

bbet may be used.

hges for the fulHength of the four edges. Flanges on a cover shall fit closely wit
walls of the ¢nclosure, and shall comply with Figure 7.2 and Table 7.3. An acceptable cg

e flahge width may be less than that specified if the construction complies with t
hndard for Enclosures for Electrical Equipment, Non-Environmental Consideratid

rating handle
h the outside
mbination of

he Deflection
ns, UL 50.
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Figure 7.2

Flanged cover constructions?

2 See Table 7.3
® The surfaces "

S2766A

or dimensions for sketches A — H.
5" may be in line with one another — not as shown.
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Table 7.3
Dimensions for flanged cover constructions
Dimensions
w A B c D
Sketch Minimum flange Maximum space Maximum gap Minimum overlap Minimum barrier
F__igsz width? between parts extension
7.2 mm (in) mm (in) mm (in) mm (in) mm (in)
A 12.7 (1/2) 3.2 (1/8) 3.2 (1/8) 11.1 (7/16) - -
A 19.1 (3/4) 4.8 (3/16) 4.8 (3/16) 15.9 (5/8) - -
A 25.4 ) 6.4 (1/4) 6.4 (1/4) 222 (7/8) - -
B 12.7 (1/2) 3.2 (1/8) 3.2 (1/8) 11.1 (7/16) > -
B 19.1 (3/4) 48 (3/16) 48 (3/16) 15.9 (5/8) ~ -
B 5.4 ) 6.4 (1/4) 6.4 (1/4) 222 (7/8) - -
o] 12.7 (1/2) 4.8 (3/16) 4.8 (3/16) 6.4 (1/4 - -
o] 19.1 (3/4) 6.4 (1/4) 6.4 (1/4) 1.1 (7/16) - -
D 12.7 (1/2) 24 (3/32) - - 1.1 (7/16) - -
E 12.7 (1/2) 3.2 (1/8) 3.2 (1/8) N (7/16) 6.4 (1/4)
F 12.7 (1/2) 3.2 (1/8) 6.4 (1/4) 1.1 (7/16) - -
G° 12.7 (1/2) - - 0.8 (1/32) - - (12.7) (1/2)
H 5.4 (1/4) 3.2 (1/8) - - 4.8 (3/16) - -
& Tolerance: mifus 1.6 mm (1/16 in).
b Equipment within the enclosure must be located on the side of the<batrier extension D that is opposite the gap B.
7.4.8 To determine whether a flanged cover complies with the requirement in 7.4.7 regarding width of
flange, the digtance between the flat portion efithe cover — clear of forming radii, beads, drawg, and the like
— and a straight edge placed anywhere actdss any two flanges at any points is to be measured.
7.4.9 A gasket that is required for an electrical enclosure to maintain a tight fit or to comply with the
enclosure pefformance requirements shall be secured with adhesive or by mechanical means. The gasket

and its secufing means shall not be damaged when the joint is opened. A construction involving a

gasketed joinf that provides the intended tight fit shall be investigated to determine whether it
for the application.

7.4.10 Figute 7.3.illustrates the method of determining the amount of overlap between a fla
flanged box wall;and the amount of overlap at a corner or box seam. If the radius of the fl

s acceptable

cover and a
hnge bend is

small, the flange

h the actual

construction, and shall be at least 12.7 mm (1/2 in). If the radius of the flange bend is excessive or if the
flat sheet is on the inside of the flange, the overlap, W3 or W4, is to be measured over only that portion
where the two pieces of metal are actually in contact with each other, and shall be at least 12.7 mm (1/2

in).
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Figure 7.3

Overlap between flat cover and box flange and at corner or box seam

Wi

SB0O569

7411 Tod
bench, with
along the edge of the flange. The oyerlap is the measured distance between the scribe
edges of the|box walls, noted as W4 in Figure 7.3. In scribing the marks, the cover is to be
position with| sufficient firmness:i0' prevent displacement of the cover by the scribing too
bending or distorting any portion/of the box, cover, or other part of the enclosure.

etermine the overlap of a telescoping cover, the enclosure is to be placed on
he cover in its normally closed position, and a mark is to be scribed on all w3

7.412 A flat strip used\to provide a rabbet, or an angle strip fastened to the edges of
access to a fuse or@ny portion of a circuit breaker, other than the operating handle, shall
percent of the required thickness of the metal box, but not less than 1.07 mm (0.042 in) i
tham 1.14 mm (0. 045 in) if of zinc- coated steel, and not less than 1.47 mm (0.

steel, not les|

its back on a
lls of the box

r;l:arks and the

eld in a fixed
[, but without

A door giving
be at least 60
f of uncoated
D58 in) thick if

of nonferrous

& than 38 mm

(1-1/2 in) between an end of the strlp and a pomt at WhICh |t is secured and the distance between adjacent

points at which the strip is secured shall not be more than 152 mm (6 in).

7.4.13 The continuity of a bonding means for a snap-on or fastener-attached cover shall comply with the

requirements in Bonding of Internal Parts, Section 21.
7.5 Nonmetallic — General

7.5.1 The requirements in 7.5.2 — 7.5.5 cover polymeric enclosures.

7.5.2 A nonmetallic enclosure or enclosure part shall have mechanical strength and durability and be
formed so that operating parts will be protected against damage and shall resist the abuses likely to be

encountered during installation and normal use and service.
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7.5.3 An enclosure or enclosure part shall protect persons against a risk of electric shock, and the

material shall

not create or contribute to a risk of fire, electric shock, or injury to persons.

7.5.4 Among the factors that are to be taken into consideration when judging the acceptability of a
nonmetallic enclosure are:

a) Mechanical strength;

b) Resistance to impact;

c) Moisture absorption;

d) Res
e) Die

f) Res
under

A material sh
aging. Tests
intended to b
the Standard

7.5.5 Apoly
Polymeric En|
Equipment, N
7.6 Bondin

7.6.1 Nonm
provided.

7.7 Parts of

7.71 Apart
specified for {

7.7.2 Anon
that protrudes

istance tocombustion and-tolanition-from-electrical sources.:
- H

ectric properties, insulation resistance, and resistance to arc tracking; and

stance to distortion and creeping at temperatures to which the matéerial may
conditions of normal or abnormal use.

bll not display a loss of these properties beyond the minimum+acceptable level
on nonmetallic enclosures for portable equipment, stationary equipment an
e permanently connected electrically shall be conducted in’accordance with req
for Polymeric Materials — Use in Electrical Equipment Evaluations, UL 746C.
meric enclosure intended for connection to a rigid*metal conduit system shall co

closure Rigid Metallic Conduit Connection Test in the Standard for Enclosures
on-Environmental Considerations, UL 50.

J

etallic robotic equipment shallbe'marked in accordance with 91.10 if a bonding

enclosures

he enclosurein‘7.7.2 and 7.7.3.

be subjected

as a result of
d equipment
uirements in

mply with the
for Electrical

means is not

such as a diallonnameplate, that is a part of an enclosure shall be metal or othgr material as

metallicpart, such as a reset knob, lever, or button not larger than an area of 6.
through a hole in the enclosure, shall be made of material rated V-2 or better

with the requ

}

rements in the Standard for Tests for Flammability of Plastic Materials for Parfs in Devices

cm? (1in?),

im accordance

and Appliances, UL 94.

7.7.3 A nonmetallic part that protrudes through an enclosure hole having an area larger than 6.45 cm? (1
in%) shall be made of a material that complies with the requirements in 7.5.2 — 7.5.4, and material

requirements

of 7.7.2.

7.8 Windows

7.81

readily displaced in service, and shall provide mechanical protection for the enclosed parts.

Glass covering an observation opening or the like shall be secured in place so that it cannot be

7.8.2 Glass for an opening not more than 101.6 mm (4 in) in any dimension shall not be less than 1.6 mm
(1/16 in) thick, and glass for a larger opening, but not more than 929 cm? (144 in?) in area and having no
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dimension greater than 304.8 mm (12 in), shall not be less than 3.2 mm (1/8 in) thick. Glass used to cover
a larger area shall not be less than 3.2 mm (1/8 in) thick and shall conform to one of the following:

a) The glass shall be of a non-shattering or tempered type that, when broken, shall conform to the
performance specifications in the Performance Specifications and Methods of Test for Safety
Glazing Material Used in Buildings, ANSI Z97.1; or

b) The glass shall withstand the 3.39 J (2.5 Ibf-ft) impact specified in Glass Window Impact Test,
Section 79.

7.9 Openings in enclosures — Ventilating openings

791 A ve
complies wit

a) Ho

b) Ho

7.9.2 Avern
field-wiring s

7.9.3 Aven

7.9.4 The 3
mounting su
(1in) whiche

7.9.5 A ver
not permit m
meets this re

x

tilating opening may be provided In an enclosure If the equipment requiri
7.9.2-7.9.8andis:

Lsed in a separate ventilated portion of the enclosure or compartment;-or

sed in a separate ventilated enclosure or compartment.

tilating opening shall not be provided in a compartment or, part of an enclosure
plices in a line-voltage circuit.

tilating opening shall not be located in a mounting surface of an enclosure.

hortest distance between a ventilating opening and the bottom of an enclos
face shall be at least one-quarter of the enclosure height or depth, respectivel
ver is less.

tilating opening may be provided in the bottom surface of an enclosure if the
hterials to fall directly out from theinterior of the unit. Figure 7.4 illustrates a cor
quirement.

ng ventilation

that contains

ire or a wall-

,or 25.4 mm

bpening does
struction that
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Figure 7.4

Bottom surface ventilating openings

2X BUT NEVER LESS

</THAN 25.4MM (17)
_>

BAFFLE PLATES
(MAY BE BELOW
BOTTOM OF LEQUIPMENT)

BOTTOM OF EQUIPMENTM

—Ep] X -

EC515D

7.9.6 There|shall be no emission of flame ormolten material through a ventilating opening] or other risk
of fire, during| normal tests or during abnormal tests, such as transformer burnout and burngut of a relay
with blocked armature.

7.9.7 Unles$ the construction-6f-robotic equipment provided with forced ventilation is such| that there is
no direct patt between live parts’and the outlet opening, Abnormal Tests in addition to those mentioned in
7.9.6 shall bg conducted tg determine that there is no emission of flame or molten materiall through that
opening.

7.9.8 Air from a ventilating opening, either forced or otherwise shall not be directed:

a) Intdaductorinto-aconcealed spaceinabuilding;

b) Against the mounting surface; and

c) So that a disturbance would be propagated to other equipment.
8 Mounting

8.1 Robotic equipment that is intended to be fastened in place shall have provision for mounting it
securely in position. Bolts, screws, or other parts used for mounting the equipment shall be independent of
those used to secure components of the equipment to the frame, base, or panel.

8.2 If the equipment is mounted in a manner that permits removal without the use of tools, a cord
connected means for electrical termination may be employed. A means for hanging or storage may be
provided.
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8.3 Actuating and emergency stop controls subject to rotational movement, where loosening mounting
means can result in a hazard or loss of safety function, shall be mechanically secured by a means other
than friction fit, such as through the use of a "D" shape, keyway, or the like.

9 Clearance

9.1  Where the conditions of maintenance and supervision assure that only qualified persons will service
the installation, the dimensions of the working space in the direction of access to live parts operating at not
over 150 volts — or areas of high temperature, high pressure, or moving parts which could result in the risk
of injury to persons — that are likely to require examination, adjustment, servicing, or maintenance while
energized shall be a minimum of 915 mm (3.0 ft). Where controls are enclosed in cabinets, the door(s)
shall open at least 90 degrees or be removable

10 Operating Mechanism

10.1 The r;tbotic equipment shall be investigated under conditions of actual $ervice to determine if it
complies with all applicable requirements and is otherwise acceptable for its application.

10.2 The position of an operating handle shall be marked, if necessary, as’a guide for propgr operation.

10.3 A confrol that has or is intended to have a marked off position‘or an implied off position| shall:

a) Open all ungrounded conductors of the circuit with, an air gap when the actuatdr is in the off
positipn; and

b) Beg prevented from functioning automatically when in the off position either py a positive
mechpgnical means or the equivalent.

10.4 When|used for isolation or as a disconnect, with reference to the requirements in 10.3, the off state
of a solid-stafe switch is not considered to.be"an open circuit.

10.5 A confponent — such as a resistor, capacitor, diode, and the like — shall not be connected across the
contacts of a|safety control or a protective or limiting device.

Exception: A component may be connected across the contacts of a safety control if investigated and
found to be dcceptable in.the end product.

11 Access|bility of-Uninsulated Live Parts, Film-Coated Wire, and Moving Parts

11.1  To reduce’ the likelihood of unintentional contact that may involve a risk of electric shock from an
uninsulated live part or film-coated wire or injury to persons from a moving part, an opening in an
enclosure shall comply with either (a) or (b).

a) For an opening that has a minor dimension (see 11.5) less than 25.4 mm (1 in), such a part or
wire shall not be contacted by the probe illustrated in Figure 11.1.

b) For an opening that has a minor dimension of 25.4 mm (1 in) or more, such a part or wire shall
be spaced from the opening as specified in Table 11.1.

Exception No. 1: A motor need not comply with these requirements if it complies with the requirements in
11.2.

Exception No. 2: Robotic equipment that has certain openings, such as openings for mechanical part
movement in the enclosure need not comply with these requirements.
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Figure 11.1
Articulated probe with web stop
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Table 11.1

Minimum acceptable distance from an opening to a part that may involve a risk of electric shock or

injury to persons

Minor dimension?® of opening Minimum distance from opening to part,
mm® (in)® mm® (in)®
19.1 (3/4)° 114.0 (4-1/2)
25.4 (1) 165.0 (6-1/2)
31.8 (1-1/4) 190.0 (7-1/2)
38.1 (1-1/2) 318.0 (12-1/2)
416 (1 7/R> 2304 0 (1‘: 1/2)
54.0 (2-1/8) 444.0 (1711/2)

(d) 762.0 (30)

2See 11.5.

b Between 19.
table.

¢ Any dimensid
4 More than 54

n less than 25.4 mm (1 in) applies to a motor only.
mm (2-1/8 in), but not more than 152.0 mm (6 in).

mm (3/4 in) and 54 mm (2-1/8 in), interpolation is to be used to determine a value between values gpecified in the

11.2 Withr
to 11.1:

a) An

b) An
is spg

pference to a part or wire in an integral enclosure of.a motor as mentioned in EX

opening that has a minor dimension (see 11,5)less than 19.1 mm (3/4 in) is acc
1) A moving part cannot be contacted by'the probe illustrated in Figure 11.2;
2) Film-coated wire cannot be contacted by the probe illustrated in Figure 11.3

3) In a directly accessible motor (see 11.6), an uninsulated live part cannot be
the probe illustrated in Figure 11.4; and

4) In an indirectly accessible motor (see 11.6), an uninsulated live part cannof
by the probe illustrated in Figure 11.2.

opening that,has’a minor dimension of 19.1 mm (3/4 in) or more is acceptable if
ced from the:opening as specified in Table 11.1.

ception No. 1

bptable if:

contacted by

be contacted

a part or wire
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Figure 11.2

Probe for moving parts and uninsulated live parts
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Figure 11.3

Probe for film-coated wire
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11.3 The probes mentioned in 11.1 and 11.2 and illustrated in Figure 11.1 — Figure 11.4 are to be applied
to any depth that the opening will permit; and are to be rotated or angled before, during, and after insertion
through the opening to any position that is necessary to examine the enclosure. The probes illustrated in
Figure 11.1 and Figure 11.4 are to be applied in any possible configuration; and, if necessary, the
configuration is to be changed after insertion through the opening.

11.4 The probes mentioned in 11.1 and 11.2 shall be used as measuring instruments to judge the
accessibility provided by an opening, and not as instruments to judge the strength of a material; they shall
be applied with the minimum force necessary to determine accessibility.

11.5 With r¢ference to the requirements in 11.1 and 11.2, the minor dimension of an-opening is the

diameter of the largest cylindrical probe having a hemispherical tip that can be inserted| through the
opening.
11.6  With rgference to the requirements in 11.2:

a) An |ndirectly accessible motor is a motor:

1) That is accessible only by opening or removing a part.of the outer enclosufe, such as a

guard or panel, that can be opened or removed witheut using a tool; or

2) That is located at such a height or is otherwise ‘guarded or enclosed so tha
to be contacted.

[ it is unlikely

rectly accessible motor is a motor:
1) That can be contacted without opehing or removing any part; or

2) That is located so as to be aceessible to contact.

11.7 During|the examination of a product to determine whether it complies with the requirements in 11.1

or 11.2, a par
an accessory

11.8  With re

I of the enclosure that may be opened or removed by the user without using a t
to make an operating-adjustment, or for other reasons) is to be opened or remo

ference to the requirements in 11.1 and 11.2, insulated brush caps are not rgq

bol (to attach
ved.

tquired to be

additionally epclosed.

12 Protectipn Against Corrosion

12.1 lron andsteetparts shaltbe protectedagaimnst corrosion by enameting, gatvanizing, ptating, or other

equivalent means.

Exception No. 1: Bearings, thermal elements, or the like, if such protection is impractical, need not be
protected.

Exception No. 2: Small minor parts of iron and steel — such as washers, screws, bolts, and the like — that
do not carry current if corrosion of such unprotected parts would not be likely to result in a risk of fire,
electric shock, or injury to persons need not be protected.

Exception No. 3: Parts made of stainless steel (properly polished or treated if necessary), aluminum,
magnesium, and nickel need not be protected.
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12.2 The requirement in 12.1 applies to all enclosing cases whether of sheet steel or cast iron, and to all
springs and other parts upon which proper mechanical operation may depend.

12.3 Enclosures exposed to corrosive elements such as salt spray shall comply with the enclosure

performance

requirements outlined in the Standard for Enclosures for Electrical

Environmental Considerations, UL 50E.

13 Polyme
13.1

13.1.1 A ba
mounting liv
temperature

13.1.2 Pol

investigation
conducted i
Evaluations,

a) Th
ignitig
resist

b) Th

c) An
consi

13.1.3 Poly
be rated V-3
Flammability

13.1.4 Poly

ric Materials

General

c O~V OT 10U U

parts, shall be moisture-resistant material that will not be
nd stresses to which it will be subjected under conditions of use.

adversely- affl

meric material is to be judged with respect to its acceptability,for the app
is necessary to determine whether a material is acceptable/\the investigg
accordance with the Standard for Polymeric Materials <~ Use in Electric
UL 746C. Consideration is to be given to:

b material's mechanical strength, resistance to hot wirglignition, resistance to hig
n, resistance to high-voltage-arc ignition, dielectric-strength, insulation resistan
ant qualities, in both the aged and unaged conditions;

b degree to which the material is enclosed; and

other feature affecting the risk of fire, electric shock, or injury to persons. All fag
Hered with respect to conditions of actual service.

meric materials used for parts involved in risk of electric shock, fire, or injury to
minimum as determined in‘~accordance with requirements in the Standard
of Plastic Materials for Rarts in Devices and Appliances, UL 94.

meric materials uségd:for parts not involved in risk of electric shock, fire, or injy

shall be rated HB minimum.

Exception: In
(such as exte
determinatio

Equipment,

a support for
ected by the

ication. If an
tion is to be
bl Equipment

jh-current-arc
ce, and heat-

tors are to be

persons, shall
for Tests for

ry to persons

ternal belts, pulleys, bumpers (such as end of travel mechanical hard stops), inppact padding

prior cushioning), and the like, can be exempted from the polymeric material re
n of exemption shall be made based on the intended application.

yuirements. A

13.2 Small

13.2.1

parts

The flammability and other requirements in 13.1.3 and 13.1.4 do not apply to small/segregated

parts. For the purposes of these requirements, a small/segregated part is defined as one that complies
with each of the following items:

a) Its volume does not exceed 2 cm?® (0.122 in®);

b) Its

maximum dimensions do not exceed 3 cm (1.18 in); and

c) Its location is such that it cannot propagate flame from one area to another or act as a bridge
between a possible source of ignition and other ignitable parts.
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13.3 Insulating material

13.3.1  When not specified otherwise in this standard, insulating materials shall meet the requirements of
Standard for Industrial Control Equipment, UL 508.

14 Field Connections

141

14.11

General

field — shall not contain rough, sharp, or moving parts that may damage conductor insulation.

Compartments, raceways, and the like — for routing and stowage of conductors connected in the

14.1.2 Fory
the connectio|

14.1.3  Wirir
conductors h
conditions wif

14.1.4 With
for currents o

14.1.5 For¢g
or aluminum
with the requi

14.1.6 A ter
so that wire d
connected wi

Exception Ng.

accessible ug

Exception Ng

to a hinged panel or covermay be flexed.

14.1.7 A fid
conductor to
5.3 mm? (10

ower-circuit connections, permanently connected robotic equipment shall have
h of a grounding-type wiring system.

g terminals or leads shall be provided and shall be acceptablefor the c
aving an ampacity not less than 125 percent of the maximum' current un
h all motors and loads in operation at the same time.

reference to 14.1.3, it is assumed that minimum 75°C,(167°F) conductors will
more than 100 A.

tonductors, the field-wiring terminals shall comply with the requirements for such
rement in 14.1.3 for a wire of each metal forwhich it is marked. See 89.10 and 8]

minal box or compartment on equipmént permanently connected electrically sh
onnections therein will be accessible for inspection, without disturbing either f3
ing, after the equipment is installed in the intended manner.

1:  Wire connections(ta*equipment intended to be mounted on an outlet
on removal of the equipment from the outlet box.

. 2: Factory-provided isolated low-voltage limited-energy, non-safety-circuit wi

Id-wiring_lead shall not be more than two standard wire sizes smaller thar
vhichtit'will be connected, and shall not be smaller than 0.82 mm? (18 AWG) fq
AWG) or larger field-wiring lead is required for connection to a 13.3 mm (6

provision for

onnection of
der full load

be employed

quipment marked to indicate that it is acceptablefor use with copper, copper-clad aluminum,

devices and
D.11.

all be located

ctory or field

box may be

re connected

the copper
r example, a
AWG) field-

provided con
lead shall be:

uctor A fretd-wirmg tead shatt ot be fess tham 1522 mm (6 1m)tfong- nsufati

a) At least 0.8 mm (1/32 in) thick thermoplastic or equivalent;

n on such a

b) At least 0.4 mm (1/64 in) thick rubber plus a braid cover for 300 V or less applications; or

c) At least 0.8 mm (1/32 in) thick rubber plus a braid cover for applications between 301 and 600 V.

Exception No. 1: A 0.82 mm? (18 AWG) size field-wiring lead may be provided for connection to a 3.3
mm? (12 AWG) size branch circuit conductor.

Exception No. 2: A lead may be more than two wire sizes smaller than the field-provided copper
conductor to which it will be connected, but not smaller than 0.82 mm? (18 AWG), if more than one factory-
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provided copper lead is intended for connection to the same field-provided load, and the construction
complies with the following conditions:

a) A wire connector for connection of the field-provided wire is provided as part of the unit of
remote-control assembly, and the wire connector is acceptable for the combination of wires that will
be spliced;

b) The factory-provided leads are bunched or otherwise arranged so that stress does not result on
an individual lead; and

c) The equipment is marked in accordance with 89.12.

14.1.8 Api

1419 Ale
binding scre
screw or con

a)Th

b)An

14110 Th
conductor sH
compartmen

14.1.11
multivoltage

14.1.12 Th
the end folde
parts in the ¢

14.1.13 Ro
be supplied {

14.1.14 An
limited-energ
mounted in
the equipme

The free end of a field-wiring lead that will not:be used on every installation — such

daal ] ol ot alaal £, £iolal H ' laallle dalal £ +lo L '™
Jlall 1ICAU MTICTIUCTU TUT TITTUTVVITTT IH CUTTTICUUUTT ol'ldil VT oUTNiauviIT TUT UTC apphioativunt

hd provided for connection to an external line-voltage circuit shall not be-conneq
v or pressure terminal connector located in the same compartment as_the spli
nector is rendered unusable for field-wiring connection or:

b |lead is insulated at the unconnected end; and

harking on the equipment clearly indicates the intended use'of the lead.

b surface of an insulated lead intended solely for the connection of an equipm
all be green with or without one or more yellow, stripes, and no other lead in
shall be so identified.

ransformer or one free lead for a singlezpole, double-throw switch — shall be ins
e free end of an equipment-grounding conductor shall be insulated — for examplg
d back and taped to the lead|= Unless the conductor is located so that it cann

vent that the conductor is notused in the field.

botic equipment that'is acceptable for use with a fitting for only one type of wiring
vith such a fitting.

opening in<a‘conductive enclosure for the entry of a conductor or conductors
y secopddry circuit shall be provided with an insulating bushing. The bus|

Nt issinstalled.

ted to a wire-
ce unless the

ent-grounding
a field-wiring

as atap for a
Ilated.

, it shall have
bt contact live

system shall

pbf an isolated
hing may be

lace in\the opening or may be within the enclosure so that it may be properly njounted when

Exception: An insulating bushing may not be required if the conductor or conductors are provided with
suitable protection against abrasion.

14.1.15 The opening mentioned in 14.1.14 may be acceptable for accommodating armored cable or
conduit.

14.1.16 A bushing of rubber or rubber-like material provided in accordance with 14.1.14 shall be 3.2 mm
(1/8 in) or more thick, except that it may be not less than 1.2 mm (3/64 in) thick if the metal around the hole
is eyeletted or similarly treated to provide smooth edges. A bushing shall be located so that it will not be
exposed to oil, grease, oily vapors, or other substances having a deleterious effect on the material of the
bushing. A hole in which such a bushing is mounted shall be free from sharp edges, burrs, projections, or
the like, that might damage the bushing.
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14.2 Terminals

14.2.1

14.2.2 — 14.2.9 so as to provide good connections even under hard usage.

Terminal parts by which supply connections are made shall comply with the requirements in

14.2.2 A wiring terminal shall acceptably hold the next larger size conductor than that required in 14.1.3 if
the terminal receives the larger size conductor, unless the equipment is marked in accordance with 89.13.

14.2.3 Soldering lugs or solderless (pressure) wire connectors shall be used.

Exception: For a 5.3 mm? (10 AWG) or smaller wire, the parts to which wiring connections are made may

consist of cla
wires in posit

14.2.4 Ano
connect terni
Terminals, UL

out, engagenent-disengagement forces of the connector and tab, and temperature rises; a

be conducted
310.

1425 Awi
(No. 8).

Exception: A
conductor.

14.2.6 Ater
thick for a 2.1
than 2.1 mm?

Exception: Ap isolated low-voltage limited-energy transformer may have terminal plates 0.7

in) thick for ei

14.2.7 Ater
metal extrudg

Exception: T{
not strip whe
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on.
minal 2.8-, 3.2-, 4.8-, 5.2-, or 6.4-mm (0.110-, 0.125-, 0.187-, 0.205-, or.0:250-in
inal shall comply with the requirements in the Standard for Electrical Q

310. Other sizes of quick-connect terminals shall be investigated. with respect

in accordance with the requirements of Standard for ElectricalQuick-Connect 1

3.5 mm diameter (No. 6) screw may be.used for the connection of a 2.1 mn

Mminal plate tapped for a wire-binding screw shall be of metal not less than 0.76 n
mm? (14 AWG) or smaller wire,"and not less than 1.27 mm (0.050 in) thick for
(14 AWG). There shall not bedess than two full threads in the metal.

ther primary or secefidary connections.
d at a tapped-hole for a binding screw so as to provide two full threads.

o fullthreads are not required if fewer threads make a connection in which th
it'is\subjected to a 2.3-N-m (20-in-pound) tightening torque.

t to hold the

) wide quick-
Lick-Connect
to crimp pull-
| tests are to
lerminals, UL

e-binding screw employed at a wiring terminal shalMhot be smaller than 4.0 inm diameter

h? (14 AWG)

hm (0.030 in)
a wire larger

6 mm (0.030

Mminal plate formed from stock having the required thickness specified in 14.2.6 may have the

e threads do

14.2.8 A wire-binding screw shall thread into metal.

14.2.9 To polarize the wiring of robotic equipment intended to be connected to more than one wire of a
supply circuit rated at 125 or 125 / 250 V or less and employing an Edison screwshell lampholder or a
single-pole switch or overcurrent-protective device other than an automatic control, one terminal or lead
shall be identified for connection to the grounded conductor of the supply circuit. A terminal or lead
identified for connection to the grounded supply conductor shall be electrically connected to screw shells
of lampholders and shall not be connected to a single-pole switch or a single-pole overcurrent-protective
device.
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15 CordC

15.1

onnected Robotic Equipment

decision should include consideration of whether:

a) The cord connection of the equipment facilitates frequent interchange;

b) Reduction of the transmission of noise or vibration is accomplished;

In determining the acceptability of a cord and plug connection for stationary robotic equipment, the

c) The fastening means or mechanical connections are intended to permit removal for maintenance
and repair; or

d) All
15.2 The ¢
including a d
and terminat|
comply with |

16 Strain R

16.1 Strain
terminals, sp

16.2 Astra
16.3 Surfag
contact shall
on conductof

17 Bushin

17.1 Whereg
enclosing ca

has a smoothly rounded surface’/against which the cord may bear.

17.2 A cor
other accept

17.3 A bus

yiernal connections-to the sauinment are by means of cord and attachment nlu
e ek o b4 14

prd shall be: Type S, ST, SJ, SJT, SO, STO, SJO, SJITO or suitable(for” th
rounding conductor or an equivalent hard-usage cord directly connected to t
d in a grounding attachment plug. The rating of the plug and the ampacity of
4.1.3.

elief

relief shall be provided so that mechanical stress on-alsupply cord will not be
ices, or interior wiring.

n-relief device shall be subjected to the test described in 69.1.

es against which a knot in a flexible cord that serves as strain relief may bear o
be free from projections, sharp edges; burrs, fins, and the like, that may abrade
S.

S

5e, there shall be atsubstantial bushing or the equivalent that is reliably secured

hole withha smoothly rounded surface through wood, porcelain, phenolic cg

ble nonconhductive material, is considered to be the equivalent of a bushing.

ning ‘éxposed to humidity, water, liquids, oil, grease, oily vapor, or other subst

e application
ne equipment
the cord shall

ransmitted to

- which it may
the insulation

a flexible cord passes or is intended to pass through an opening in a wall, barrier, or

in place, and

mposition, or

ance shall be

acceptable f

rthe intended apptication(s)-

18 Current-Carrying Parts

18.1

A current-carrying part shall have the necessary mechanical strength and ampacity for the intended

use and shall be of metal, or other material, that is acceptable for the application.

18.2 An uninsulated live part, including a terminal, shall be secured to its supporting surface by a method
other than friction between surfaces so that it is prevented from turning or shifting in position if such motion
may result in reduction of spacings to less than those required by this standard. The security of a contact
assembly shall provide for the continued alignment of contacts.


https://ulnorm.com/api/?name=UL 1740 2023.pdf

38

UL 1740 AUGUST 11, 2023

Exception: A pressure terminal connector need not be prevented from turning provided spacings not less
than those required result when the terminals are turned 30 degrees toward each other, toward other
uninsulated parts of opposite polarity, or toward grounded metal parts.

19 Conductors

19.1

19.1.1

General

Power and control:

a) Conductors — other than those permitted in 19.1.2 — shall conform to one of the following:

b) Corf

1) Type MTW complying with the requirements in the Standard for Machine~Jg
Cables, UL 1063;

Exception No. 1: Conductors with insulation characteristics equivalent to T)
suitable for the application, shall be permitted on individual devicés supplie
wired (such as motor starters, and the like).

Exception No. 2: If subject to temperatures, environment, voltages, or flexibil
the limits for Type MTW, conductors having suitable characteristics shall be use

2) Multiconductor flexible cords, Type SO, ST, SJ,.orSJTO, or equivalent;

3) Multiconductor control cables having individual conductors and a jacket su
purpose;

4) Mineral-insulated metal-sheathed cable, Type MI.
ductors shall not be smaller than:
1) Power circuits — 2.08 mm?(14 AWG);

Exception: If it is demonstrated by a temperature test that the insulation tempé
is not exceeded during.operation, smaller conductors may be used.

2) Lighting and ‘eontrol circuits on the robotic equipment and in raceways — 1
AWG).

Exceptiofi. 0.82 mm? (18 AWG) shall be permitted in a jacketed, multicon
assembly.

3).Control circuits on panels — 0.82 mm? (18 AWG);

ol Wires and

pe MTW, or
d completely

ty exceeding
.

itable for the

brature rating
.31 mm? (16

ductor cable

4) Electronic, precision, and static control — see 19.1.2.

¢) The continuous current carried by conductors shall not exceed the values given in Table 19.1.

Exception: The ampacity values specified in Table 19.1 may be exceeded if it is demonstrated by a
temperature test that the insulation temperature rating is not exceeded.

d) Motor circuit conductors shall have an ampacity not less than 125 percent of the maximum
current under full load conditions with all motors and loads in operation at the same time.
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Conductor ampacity

Table 19.1

Conductor size Ampacity in Conductor Ampacity in
Cable or Control (AWG or Cable or Control
mm? (AWG) raceway enclosure mm? MCM) raceway enclosure
0.05 (30) 0.5 67.43 (00) 145 225
0.08 (28) 0.8 85.1 (000) 165 260
0.13 (26) 1 107.2 (0000) 195 300
0.21 (24) 2 2 127 (250) 215 340
0.32 (22) 3 3 152 (300) 240 375
0.52 (20) 5 5 177 (350) 260 420
0.82 (18) 6 7 203 (400) 280 455
1.31 (16) 10 10 253 (500) 320 515
2.08 (14) 15 20 304 (600) 355 575
3.31 (12) 20 25 355 (700) 385 630
5.26 (10) 30 40 380 (750) 400 655
8.37 (8) 40 60 405 (800) 410 680
13.30 (6) 55 80 456 (900) 435 730
21.15 (4) 70 105 507 (1000) 455 780
26.67 (3) 85 110
33.62 ) 95 140
42.41 (1) 110 165
53.49 (0) 125 195
19.1.2 Eledtronic, precision, and static control:
a) Cgnductors used to connéct ‘electronic, precision, static control, or similar devi¢es or panels
shall pe rated VW-1, or have a suitable flame rating for the application and shall cpnform to the
follow{ing:
1) Conductor insulation shall be suitable for the purpose and voltage on thaf conductor. If
the conductors are run with, or adjacent to, other conductors, all condugtors shall be
insulated\for the maximum voltage involved,;
2)\Conductors shall be of annealed stranded copper;

Exception: Solid conductors 0.205 — 0.0507 mm? (24 — 30 AWG) are acceptable within the
control enclosure if not subject to flexing.

3) Printed-wiring boards with a minimum rating of V-2 are acceptable in place of
conventional conductor assemblies.

b) Size of conductors:

1) Conductors in raceways shall not be smaller than 0.823 mm? (18 AWG);

Exception: 0.0507 mm? (30 AWG) or smaller conductors are acceptable in a jacketed,
multiconductor cable assembly.

2) Conductors within the control enclosures shall not be smaller than 0.128 mm? (26 AWG).
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Exception: Conductors not smaller than 0.0507 mm? (30 AWG) are acceptable for short
Jjumpers and special-wiring applications. For example, solderless wrapped or wire-clip type

connections or shielded conductors.

¢) The continuous current carried by conductors shall not exceed the values given in Table 19.1.

Exception: The ampacity values specified in Table 19.1 may be exceeded if it is demonstrated by a

tempe

rature test that the insulation provided is acceptable.

19.1.3 The effects of vibration, impact, and exposure are to be considered for the risks of fire, electric
shock and personal injury — under normal and abnormal conditions — for wires smaller than 0.205 mm? (24

AWG).

19.1.4  Wirir]
installation a
terminations
of damage to
other conduc
be transmitte

Exception: W
persons, an

19.1.5 Wirin
subjected to 3

19.1.6 Impr

19.1.7 Metd
with rounded

19.1.8 Auxil

a) Ung
than 0

b) On

19.1.9 Tubing shallnot be subjected to sharp bends, tension, compression, or repeated flex

not contact s

d
13 a result of the movement. The wiring shall be routed or protected to\reduce

g that extends between moving parts of a robot that is subject to movementin-u
servicing, shall be stranded and the arrangement shall preclude twisting o

the insulation. The conductors shall be of a jacketed type — suchvas* Type SJ,

ors suitable for the application — and shall be provided with strain‘relief so that s
| to terminals or splices.

iring in Class 2 circuitry — where damage of the wire- does not result in a ris
nintended motion, dropping payload or the like — need-not be jacketed.

g that is subject to motion, and any supplementary insulation provided on the
flexing test to determine the acceptability for the application. See 70.1.

bgnated or unimpregnated cotton- or asbestos-insulated wire shall not be emplo

edges.

ary mechanical protectionjthat is not electrically conductive shall be provided:

er a clamp at which-pressure is exerted on a conductor having thermoplastic ir
.76 mm (0.030 jin)-thick and no overall braid; and

any wire or.wires that are subject to motion, as defined in 19.1.4.

narp edges, projections, or corners. Tubing may be used in dry or damp locatig

wet locations

5e other than
stressing of
he likelihood
SJO, SJT or
tress will not

i of injury to

wire, may be

bed.

| clamps and guides used for routing stationary internal wiring shall be smooth or provided

sulation less

ng, and shall
ns but is not

acceptable in

19.1.10 Rubber-insulated conductors shall not be exposed to oil, grease, oily vapor, or other substance
having a deleterious effect on rubber, unless the insulation has been investigated and found to be
acceptable for the application.

19.1.11 A wireway shall be smooth and free from sharp edges, burrs, fins, moving parts, and the like that
can abrade insulation on conductors.

19.1.12 Mounting screws and nuts shall be constructed or located so that sharp edges will not damage
wiring. A screw shall have a flat or blunt end. The end of a screw shall have no burrs, fins, or sharp edges
that might abrade wire insulation, and shall not project more than 4.8 mm (3/16 in) into a wireway.
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19.1.13 A hole in a sheet-metal wall through which insulated wires pass and on which they may bear
shall be provided with a smoothly rounded bushing or shall have smooth, rounded surfaces upon which
the wires may bear, to avoid abrasion of insulation.

19.1.14 A soldered connection shall be made mechanically secure before being soldered.

Exception No. 1: A connection for which a soldering or brazing material having a softening or melting point
greater than 454°C (849°F) is used.

Exception No. 2: A hand-soldered lead passed through a hole in a printed-wiring board and bent 90
degrees to the board to make contact with the conductor before soldering. If soldering on a printed-wiring
board is pe
automatically

formed. hy a _machine Process n which tho onldnring time and solder fnmperature are
controlled — bending over of leads is not required.

Exception N(
to hold the ¢

19.2 Interd|
19.2.1 Cab
or between

acceptable s
17.

Exception: C

19.2.2 Inse
misalignmen
operator sha
the probes o

19.2.3 If eif
more expose
is exposed o

19.24 Ani
is disconnec
compliance |
Section 53.

. 3: The lead wire is strapped in place, or the equivalent, adjacent to the solder:
ad end in place.

onnecting cords and cables

e assemblies and flexible cords used for external interconnection between sec
nits of a system shall be of a type as specified in 19:22 — 19.2.4 and shall be
frain relief and bushings in accordance with Strain/Relief, Section 16, and Busk

able assemblies used in nonsafety Class 2-circuits need not comply.

rtion of a male connector in a female, connector other than the one intended
of male and female connectors, and other manipulations of parts that are acg
I not result in a risk of fire, electric’shock, or injury to persons. Accessibility shall
Figure 11.1 and Figure 11.2.

her or each end of an-external interconnecting cable terminates in a connecitd
d contacts, a risk of.-glectric shock shall not exist between earth ground and an

nterlock cireuit in the cable to de-energize the exposed contacts whenever an en
ed maybe provided to comply with the requirement in 19.2.3. If an interlock is
s to bendetermined by means of the procedure in Interconnecting Cords and

h either the connécior or its receptacle while the connector is out of its receptaclg.

bd connection

tions of a unit
provided with
ings, Section

to receive it,
essible to the
be judged by

r with one or
y contact that

d of the cable
not provided,
Cables Test,

19.2.5 Electrical connectors that could cause hazard if they are separated, or if they break away, shall be
designed and constructed to guard against such unintended separation. Connectors that must be mated
during robot installation and could cause a hazard if mismated shall be provided with a means to prevent
mismating. See 53.1.

19.3 Interconnection of units

19.3.1 Unless acceptable cable assemblies are employed, each unit in a system shall be provided with
acceptable field-wiring terminals (see 14.2.1 — 14.2.9) to facilitate interconnection by means of
permanently installed wiring.
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19.3.2

If interconnection of units of a system involves Class 2 circuits, the Class 2 circuits may be

terminated in field-wiring connections other than specified in 14.2.1 — 14.2.9, such as wire-wrap or crimp-

on types, if:

a) The Class 2 circuits are permanently separated from all other circuits; and

b) The mating parts and constrictions for their method of attachment are provided.

20 Groundi

20.1

ng

General

20.1.1 Ther
exposed or th

likely to becoine energized through electrical malfunction. (See 68.1.)

Exception: R
required to be

20.1.2 To d
proximity of
endurance, a

b shall be provision for grounding the robotic equipment and all dead metal, g
at are likely to be touched by a person during a normal operation or adjustment

bbotic equipment supplied solely by an isolated, low voltage limited energy sd
grounded.

btermine whether a part is likely to become energized, Such factors as con
wiring, and a dielectric voltage-withstand test conducted after approprig
nd burnout tests are to be evaluated.

arts that are
and that are

urce are not

struction, the
te overload,

20.2 Grounding means

20.2.1 An gquipment-grounding terminal or lead-grounding point shall be connected to the frame or
enclosure by p positive means, such as by a bolted ef'screwed connection.

20.2.2 Nongonductive coatings — such as, paint, lacquer, and enamel — shall be remoyed from the

grounding su
the noncond(

20.2.3 A grqg
during norma

20.2.4 Thef

a) An
wiring

face area to assure electrical(continuity; or the grounding connection shall relia
ctive coating.

unding point shall pb&é.Jocated so that it is unlikely that the grounding means wil
servicing.

ollowing are:acceptable means for electrically grounding permanently connecte

system, for example, a nonmetallic-sheathed cable;

bly penetrate

be removed

| equipment:

equipment-grounding terminal or lead intended to be connected to a nonmegtal-enclosed

b) A

NocKoutl Or equivalent opening ma metalenciosure intendedto be connecte

enclosed wiring system.

20.3 Terminals and leads

20.3.1

green-colored head that is hexagonal, slotted, or both.

] to a metal-

A wire-binding screw intended for connection of an equipment-grounding conductor shall have a

20.3.2 A wire-binding screw or pressure wire connector intended for connection of an equipment-
grounding conductor shall be located so that it is unlikely to be removed during servicing.

20.3.3 A terminal for connection of an equipment-grounding conductor shall be capable of securing a

conductor of t

he required size and shall be constructed as specified in 14.2.1 — 14.2.9.
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20.3.4 A grounding terminal for a 5.3 mm? (10 AWG) or smaller wire may be a threaded stud welded to
the enclosure or equivalent. Such a terminal shall be of acceptable material, for example, it shall be plated
if of steel; and shall also comply with 20.3.1 — 20.3.3, and 14.2.1 — 14.2.9.

20.3.5 A soldering lug, a push-in (screwless) connector, or a quick-connect or similar friction-fit
connector shall not be used for a grounding terminal.

20.3.6 A lead intended for connection to an equipment-grounding conductor shall be of the size specified
in 21.2.8, and shall have a free length of 152 mm (6 in) or more.

20.3.7 The surface of an insulated lead intended solely for connection of an equipment-grounding

conductor sh

ible in a field

wiring compd

20.3.8 The
non-safety ci

a) Le

wherg¢ the line-voltage connections are made and connectors and“live parts are

accor

b) Le
use s

20.3.9 The
one or more

20.3.10 Th
attachment g
during ording
that an exter
or enclosure

20.3.11 Cir
enclosure, a
event of an €

Exception: A
isolated low:
Joints, may d

all he areen with or without one or more vellow strinas —and no other lead \i
J J Lad I

rtment to the installer shall be so identified.

color coding requirement in 20.3.7 does not apply to an isolated low-voltage |
rcuit under the following conditions:

ads or wiring to isolated low-voltage limited-energy terminals are remote fron

dance with 30.5 and 30.6; or

hds or isolated low-voltage limited-energy terminals arespecifically marked with
b that reference to a wiring diagram is not necessary.

surface of an insulated grounding conductar, of a flexible cord shall be green W
yellow stripes and no other lead shall be sg.identified.

b grounding conductor of a power-supply cord shall be attached to the groundin
lug and shall be connected within.the frame or enclosure by a means not likely t
ry servicing not involving the power-supply cord. A grounding conductor shall b
nal pull on a power-supply_cord will not transmit stress to the grounding connecti
before line-voltage conngéctions are broken.

cuitry shall be artanged so that an equipment-grounding connection or (
frame, a component mounting panel, and earth ground do not carry current
lectrical fault:

single-paint reference ground may be employed in an isolated low-voltage lim
voltage" limited-energy secondary circuit. An enclosure, frame, or panel, ing
aury, the current of an isolated low-voltage limited-energy circuit. Such curren

mited-energy

h the location
begregated in

the intended

ith or without

g blade of an
b be removed
e arranged so
bn on a frame

onductor, an
except in the

ted-energy or
luding bolted
{ shall not be

carried by

flefa-equiprmernt —groanding mearns, a metaliic raceway or_ other power-3up,

means, or earth ground in either case.

21

211

21.1.1

Bonding of Internal Parts

General

ly grounding

On robotic equipment that is grounded, an exposed noncurrent-carrying metal part likely to

become energized through electrical fault — see 20.1.1 and 20.1.2 — shall be reliably bonded to the point of
connection of the field-equipment grounding means.

Exception No. 1: A metal part, such as an adhesive-attached metal-foil marking, a screw, or a handle that

IS
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a) Located on the outside of an enclosure or cabinet and isolated from an electrical components
and wiring by grounded metal parts so that it is not likely to become energized, or

b) Separated from wiring and spaced from uninsulated live parts as if it were a grounded part.

Exception No. 2: A small internal assembly screw, or other small fastener, such as a rivet, a handle for a
pull-out disconnect switch, or a magnet or armature of a relay of contactor.

Exception No.

3: A metal panel or cover, that:

a) Is insulated from electrical components and wiring by an insulating barrier of vulcanized fiber,
varnished cloth, phenolic composition, or other moisture-resistant material not less than 0.71 mm

(0.02

b) Do
cover

c)ls
interp

Exception Noj

2112 Agu
whether a pg
diameter rod
baffle for a dis

21.1.3 Unin
mounting br
interconnecti
together if th
parts to which

I

in) thick and reliably secured in place;

bs not enclose uninsulated live parts, and wiring is positively separated\from
S0 that it is not likely to become energized; or

solated from live parts and wiring by grounded or bonded interposing meta
bsing metal would be subject to an electrical fault before the isolated metal pane

4: Robotic equipment supplied solely by a battery, batteries, or a battery pack.

ard, baffle, or cover that can be removed without @100l is to be removed wher
rt is exposed to contact by the user. A part that can be contacted by a 9.5
having a hemispherical end inserted through an-opening in a permanently attad
tance of 102 mm (4 in) is considered exposéed for the purposes of grounding.

ulated metal parts — such as cabinets; electrical enclosures and covers, moto
ckets, controller mounting frames; brackets, capacitors, other electrical
g tubing and piping, valves, sdnd pneumatic accessories — shall be electri
y may be contacted by a usér or service person. See 21.1.5 and Exceptions
this requirement does notapply.

21.1.4 Ope
time of instal
resetting ove

be exposed t

ations and adjustments that subject parts to contact by a user include actions
ation and during(normal use — such as seasonal adjustments, relamping, rep
load devices, ‘and oiling motors. These procedures and those specified in

the panel or

sSo that the
or cover.

determining
mm (3/8 in)
hed guard of

r frames and
components,
cally bonded
to 21.1.1 for

taken at the
lacing fuses,
Protection of

equire major
onsidered to

energized after disassembly.

equipment is

21.1.6 Uninsulated live parts and wiring shall be held away from moving parts — such as relay and
contactor magnets and armatures — by clamping, routing, or equivalent means that provide permanent

separation.

21.1.7

If a component is likely to be separated from its grounding means after installation for the

purposes of testing or adjustment while the equipment is energized, it shall be provided with a bonding
terminal or with a bonding conductor so that it is not necessary to remove it from the component for such
service.
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21.2 Construction and connection

21.2.1
with 21.2.2 —

21.2.9.

Parts shall be bonded by metal-to-metal contact or by a separate bonding jumper in accordance

21.2.2 A separate bonding conductor shall be copper, a copper alloy, or other material acceptable for
use as an electrical conductor.

21.2.3 A ferrous metal part in a grounding path shall be protected against corrosion by enameling,
galvanizing, plating, or other equivalent means.

21 24 A S palatc I‘l:IKJI Id;lly CUI Idubtul Ul otlap.

a) S

Il be protected from mechanical damage or shall be located within ancouter

framqg; and

b) Shpll not be secured by a removable fastener used for any purpose’ather than b

the b
21.2.5 The
21.26 Asp

21.2.7 Ani
installed gro
terminal proy

a)Th
b) Th

c) Th
Speci

nding conductor is unlikely to be omitted after removal and replacement of the f
ends of a bonding conductor shall be in metal-to-metal coptact with the parts to
lice shall not be employed in a wire used for bonding purposes.

nternal connection for bonding internal parts té:an enclosure for grounding, but
inding conductor or for the grounding wireZin a supply cord, may employ a
ided:

b connector is not likely to be displaced;
b terminal has the dimensions specified in Table 21.1; and

e component is limited~terUse on a circuit having a branch-circuit protecti
ied in Table 21.1.

enclosure or

bnding unless
hstener.

be bonded.

hot for a field-
jquick-connect

ve device as

Table 21.1
Quick-connect terminals for grounding internal parts
Nominal size of terminal, mm (in) Rating of bfanch-circuit
Width Thickness Length protective deyvice, amperes
4.7 (0487) 0.5(0.020) 6.35(4/4) 204 less
4.7 (0.187) 0.8 (0.032) 6.35 (1/4) 20 or less
5.2 (0.205) 0.8 (0.032) 6.35 (1/4) 20 or less
6.4 (0.250) 0.8 (0.032) 8.0 (5/16) 60 or less

21.2.8 A separate component-bonding conductor shall not be smaller than;

a) That specified in Table 21.2; or

b) The conductor supplying a motor or component, whichever is the smaller.
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Table 21.2

Bonding conductor size

over current

Rating or setting of automatic

Size of bonding conductor?

device in circuit

Rigid conduit or

Elec

trical metallic

ahead of equipment, conduit, Copper wire Aluminum wire pipe tubing

etc., not exceeding, amperes mm? (AWG) mm? (AWG) mm (in) mm (in)
20° 3.3 (12) 5.3 (10) 12.7 (1/2) 12.7 (1/2)
30 5.3 (10) 8.4 (8) 12.7 (1/2) 12.7 (1/2)
40 5.3 (10) 8.4 (8) 12.7 (1/2) 12.7 (1/2)
60 5.3 (10) 8.4 (8) 12.7 (1/2) 12.7 (1/2)
100 8.4 (8) 13.3 (6) 12.7 (1/2) 1231 (1/2)
D00 13.3 (6) 212 (4) 12.7 (1/2) 25.4 1)
100 26.7 (3) 424 (1) 19.05 (3/4) 31.76 (1-1/4)
500 42.4 (1) 67.4 (00) 19.05 (31a) 31.76 (1-1/4)
800 53.5 (1/0) 85.0 (000) 25.4 ) 50. )
000 67.4 (2/0) 107.2 (0000) 254 (1) 50. )
200 85.0 (3/0) 127.0 (250 254 ) 50. )

kemil)

@ Or equivalent
® For a cord-coff

cross-sectional area.

nected device, the grounding wire in the cord may be the same size as the current carrying conductprs.

21.2.9 If mq
conductor is ]
for the compd
circuit overcy
conductor for

protection of {he motor.

22 Motors

22.1 A motd
load without i

22.2 A motd

Exception: A

r shall be suitable-for the application and shall be capable of delivering its max
htroducing a fisk of fire, electric shock, or injury to persons.

r shallincorporate overload protection and short-circuit protection (locked-rotor

re than one size of branch-circuit overetirrent device is involved, the size of| the bonding
b be based on the rating of the overcurrent device intended to provide ground-fault protection
nent bonded by the conductor. For:example, if a motor is individually protected
rrent device smaller than other_overcurrent devices used with the equipment, a bonding
that motor is to be sized on the basis of the overcurrent device intended forl ground-fault

by a branch-

mum normal

protection).

mofor intended to move air only by means of an air-moving fan that is integrally attached,

keyed, or otherwise fixed to the motor shaft is not required to have overload protection.

22.3 The overload protection required by 22.2 shall consist of one of the following:

a) Impedance protection complying with the requirements in the Standard for Impedance Protected
Motors, UL 1004-2 and the Standard for Rotating Electrical Machines — General Requirements, UL
1004-1; or

b) Thermal protection complying with the applicable requirements in the Standard for Thermally
Protected Motors, UL 1004-3 and Standard for Rotating Electrical Machines — General
Requirements, UL 1004-1;

c) Other protection, such as electronic based components, overload relays and the like, that tests
show is equivalent to the protection mentioned in (a) or (b).
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23 Printed-Wiring Boards

23.1 A printed-wiring board shall comply with the Standard for Printed-Wiring Boards, UL 796.

23.2 A printed-wiring board containing circuits involving a risk of fire or electric shock shall be rated at
least V-2 as specified in requirements in the Standard for Tests for Flammability of Plastic Materials for
Parts in Devices and Appliances, UL 94. Printed-wiring boards not involving a risk of fire or electric shock
may be rated HB.

23.3 The laminate material in a printed-wiring board used in a circuit that involves a risk of fire or electric
shock shall:

a) Co
speci

mply with the Direct Support of current-carrying parts (DSR) performance level
ied in the Standard for Printed-Wiring Boards, UL 796; and

requirements

b) Be|marked with:

1)|lAll;Or

2) Have a unique type designation that is limited to such ‘printed-wiring boargs to indicate

compliance with the Standard for Printed-Wiring Boards{ WL 796 requirements

23.4 Acon
acceptance
Boards, UL 7

b used for the
Printed Wiring

ormal coating employed on the surface of a printed*wiring board, intended to b
pf reduced spacings, may be acceptable if it complies with the Standard for R
96.

24 Transformers

24.1 A trangformer that supplies a low-voltage-limited-energy circuit of 42.4 V peak (60 V d
isolating typg.

c) shall be an

24.2 A tran
the temperat|

sformer shall comply with the performance requirements outlined in this stand
Lire and dielectric voltage-withstand tests.

ard, including

25 Capacitors, Capristors-and Varistors

25.1 Isolatjng components

251.1 A cd

for line-by-pa

mponent — such as a capacitor, a combination capacitor and resistor, or a suq
ss,)0r metal-cabinet isolation; or between supply-circuit (line) connected parts

pressor used
and exposed

metal parts

where the component 1S continuatty Stressed) — shattcompty with the Tequir

ments in the

Standard for Fixed Capacitors for Use in Electronic Equipment — Part 14: Sectional Specification: Fixed
Capacitors for Electromagnetic Interference Suppression and Connection to the Supply Mains, UL 60384-
14.

25.2 Across-the-line components

25.21 A component — such as a capacitor, a combination capacitor and resistor, a varistor, or a
suppressor connected across the supply circuit — shall comply with the Standard for Fixed Capacitors for
Use in Electronic Equipment — Part 14: Sectional Specification: Fixed Capacitors for Electromagnetic
Interference Suppression and Connection to the Supply Mains, UL 60384-14.

25.2.2 A component as described in 25.2.1 is also considered to be across-the-line if it is used for line-
by-pass isolation in a product provided with a terminal or connection intended to be grounded.
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25.3 General

25.3.1 A component — such as a capacitor, a combination capacitor and resistor, varistor or a suppressor
— shall employ materials and shall be constructed so that it will not constitute a risk of fire. It shall not be
adversely affected by the temperature it reaches under the most severe conditions of use.

25.3.2 Under both normal and abnormal conditions of use, a component as described in 25.3.1,
employing a liquid dielectric medium more combustible than askarel shall not result in a risk of fire or
electric shock; and shall be constructed to reduce the risk of expelling the dielectric medium.

2533 A capacnor complylng with the reqmrements for protected 0|I-f|IIed capamtors in the Standard for
Capacitors, U 0 C dered-to-bep

26 Supply-Circuit Disconnecting Means
26.1 General

26.1.1 A digconnecting means shall be provided for each incoming supply,circuit. This means shall be
located outside the safeguarded space.

26.1.2 The dlisconnecting means shall be:
a) Manually operable and shall be a fusible or nonfusible.motor circuit switch or a circujt breaker; or

b) An attachment plug in accordance with 26.9.1.

26.1.3 Rating:

a) Thg ampacity of the disconnecting means shall not be less than 125 percent of the sum of the
full-logd currents required for all equipment that may be in operation at the same time under normal
conditlons of use. For an attachment'plug, see 26.9.1;

b) The¢ interrupting capacity’ of the disconnecting means shall not be less than the¢ sum of the
locked-rotor current of the:largest motor plus the full-load current of all other connecfed operating
equipment;

c) Fusible motor=circuit switches or circuit breakers shall be applied in accordanpce with the
Electrical Standard for Industrial Machinery, NFPA 79.

26.2 PositiTn indication

26.2.1 The disconnecting means shall plainly indicate whether it is in the open or closed position.
26.3 Supply conductors to be disconnected

26.3.1 Each disconnecting means shall disconnect all ungrounded conductors of a single supply circuit
simultaneously. Where there is more than one source, additional individual disconnecting means shall be
provided for each supply circuit, so that all supply to the robot may be interrupted.

26.4 Connections to supply lines

26.4.1 Incoming supply-line conductors shall terminate at the disconnecting means with no connection to
terminal blocks or other devices ahead of the disconnecting means.
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26.5 Exposed live parts

26.5.1 With the disconnecting means open, there shall be no exposed live parts.

26.6 Mounting

26.6.1 The disconnecting means shall be mounted within or adjacent to the control enclosure. If mounted
within the control enclosure, the disconnecting means shall be mounted at the top of the control panel with
no other equipment mounted directly above it.

26.6.2 If two or more disconnecting means are provided within the control enclosure for multiple supply

circuits, they

26.7 Electrical cabinet interlocks (Not intended for Functional Safety of a Workcell)

26.7.1 Any
interlocked in

26.8 Operadting handle

26.8.1 The
a)Th

b) Th
positi
readil
purpg

) Thg

d) WH
the di

26.9 Attachment plug and receptacle

26.9.1 An
compliance

a)Th

ballle ol l '
<01All VT 9luupcu mrouric iovativrl.

door(s) that permit(s) access to live parts operating at a risk of elegtri¢:shock or
accordance with Electrical Standard for Industrial Machinery, NFPA'79.

operating handle shall include the following charactefistics:
b operating handle of the disconnecting means shall be readily accessible;

b center of the grip of the operating handle‘of the disconnecting means, when
bn, shall not be more than 1.98 m (6-1/2 ft) above the floor. A permanent oper3
y accessible by means of a permanept-stair or ladder, shall be considered as th
se of this requirement;

e operating handle shall be capable of being locked only in the "off" position;

en the control enclosure door is closed, the operating handle shall positively ind
sconnecting means is in,the open or closed position.

attachment-plug and receptacle are acceptable as a disconnecting mean
vith all.of the following conditions:

b Motor or motors on the machine total two horsepower or less;

more shall be

in its highest
ting platform,
e floor for the

icate whether

s if there is

b) The supply voltage does not exceed 150 Volts to ground;

c)DC

is not used;

d) The ampacity of the attachment plug is not less than 125 percent of the sum of the full-load
currents required for all equipment that may be in operation at the same time under normal
conditions of use;

e) The attachment plug is single-voltage rated;

f) The attachment plug is provided with a grounding pole and so constructed that the grounding
pole is made before any current-carrying poles are made and is not broken until all current-carrying
poles of the attachment plug have been disconnected. A grounding pole shall not be used as a
current-carrying part;
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g) The attachment plug is readily accessible.
27 Overcurrent Protection, Control-Circuit Conductors

27.1 A conductor of a control circuit that is connected to the load side of the branch-circuit protective
device — common control — shall be protected against overcurrent in accordance with Table 27.1 by a
protective device located within the controller. See 27.2 and 27 4.

Exception No. 1: If the rating or setting of the intended branch-circuit protective device is not more than
the applicable value specified in Table 27.2, and the equipment is marked in accordance with 88.10 and
88.11, additional protection is not required.

Exception Ng. 2: A low-voltage limited-energy circuit of 42.4 V peak (60 V dc) control cirpuit, such as
Class 2 need|not be so protected.

Exception Na. 3: A control-circuit conductor that is the same as or larger than the niain circuit conductors
need not be grotected.

Table 27.1
Protective devices

Control-circuit wire size Maximum acceptabl¢ rating of

mm? (AWG) protective device, gmperes
0.32 (22) 3

0.52 (20) 5

0.82 (18) 7

1.3 (16) 10

21 (14) 20

3.3 (12) 25

Table 27.2

Branch-circuit protective devices

Maximum acceptable rating of branch-circujit protective
Control-circuit wire size device, amperes
Conductors within Conductofs outside

mrlp2 (AWG) enclosure enclqlsure

0.32 (22) 12 3

0.52 (20) 20 5

0.82 (18) 25 7

1.3 (16) 40 10

2.1 (14) 100 45

3.3 (12) 120 60

27.2 The protective device specified in 27.1 shall be either a supplementary or a branch-circuit
overcurrent-protective device. A fuse shall be factory installed in a supplementary fuseholder but may be
omitted if a branch-circuit-type fuseholder is provided. The equipment shall be marked in accordance with
88.11.
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27.3

Internal conductors of control circuits that are connected to a remote source of supply — not a

common control — shall be provided with overcurrent protection in accordance with Table 27.2 or the
device shall be marked in accordance with 88.12. The internal conductors shall not be smaller than 0.52
mm? (20 AWG).

27.4 With reference to 27.1 and 27.3:

a) A short, direct lead — generally 305 mm (12 in) long, such as transformer leads or a printed-
wiring assembly having no connection external to the controller — need not be so protected.

b) Short, direct leads from contacts of a switching device, or the like for connection within the
enclosure to field wiring need not be protected in addition to the remote protective device that will

be pr

27.5 Acon
The device
transformer.

Exception N(
NFPA 70 neq

Exception N¢. 2: A low-voltage limited-energy circuit of 42.4 V peak (60 V dc) transformer, ¢

2, need not Y

28 Spacings

28.1 Gene

28.1.1 Spa
Industrial Co
General Rulg

28.1.2 For
transient vol
working voltg

Exception:
known and @
Suitable surd
(MLV) of the

vided Tor the Tield wiring. cee 14.1.7.

rol-circuit transformer shall be protected by an overcurrent device in each-secq
Ehall be rated or set at not more than 200 percent of the rated secondary

. 1: A transformer protected by other means in accordance with/the National El
d not be so protected.

e so protected.

al

Cings in primary circuits shall notbe less than the applicable values specified in
htrol Equipment, UL 508, or.Standard for Low-Voltage Switchgear and Control
s, IEC 60947-1, 5th Edition,

the Voltage Surge Testin Section 65, the measured peak voltage for the test
ages are knownrand controlled, shall not exceed 300 percent of the instant
ge for that circdit, or 300 Volts, whichever is greater.

oltages_do-not need to be measured for robotic equipment where transient|
ontrolled_by a Surge Protective Device (SPD), installed at the input side of the
e handling capability and VPR (Voltage Protection Rating) or Measured Lin
SPD < 300 percent of the instantaneous peak working voltage for that circuit,

ndary circuit.
urrent of the

ectrical Code,

buch as Class

Standard for
jear — Part 1:

circuit, where
aneous peak

voltages are
circuit, with a
hiting Voltage
or 300 Volts,

whichever is greater.The Surge Protective Device (SPD) shall be a Type 1, 2, 3, TCA, 2CA or 3CA. If the
Surge Protective Device (SPD) is a Type 4CA or Type 5, the Nominal Current Discharge Rating (In) shall
be equal or greater to the available current in Table 65.1 or voltages do need to be measured.

28.2 Clearance and creepage distances

28.2.1 As an alternative approach to the spacing requirements specified in 28.1, and other than as noted
in 28.1, clearances and creepage distances are able to be evaluated in accordance with the requirements
in the Standard for Insulation Coordination Including Clearance and Creepage Distances for Electrical
Equipment, UL 840, as described in 28.2.4.

28.2.2 Clearances between an uninsulated live part and the walls of a metal enclosure, including fittings
for conduit or armored cable, shall be as noted in the Standard for Industrial Control Equipment, UL 508,
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or Standard for Low-Voltage Switchgear and Controlgear, Part 1: General Rules, IEC 60947-1. The
clearances shall be determined by physical measurement.

28.2.3 The clearance and creepage distance at field-wiring terminals shall be in accordance with the
requirements in Spacings in the Standard for Industrial Control Equipment, UL 508 or Standard for Low-
Voltage Switchgear and Controlgear, Part 1: General Rules, IEC 60947-1.

Exception: If the design of the field-wiring terminals is such that it will preclude the possibility of reduced
spacing due to stray strands or improper wiring installation, clearances and creepage distances at the
field-wiring terminal may be evaluated in accordance with the Standard for Insulation Coordination
Including Clearances and Creepage Distances for Electrical Equipment, UL 840.

28.2.4 In cq
Coordination
guidelines sh

a) Unl
on thg
Degre

nducting evaluations in accordance with the requirements in the Standardf
ncluding Clearance and Creepage Distances for Electrical Equipment, U840,
bll be used:

ess specified elsewhere in this standard, the Pollution Degree forrobotic equif
presence of contaminants and possibility of condensation or moisture, shall
e 2 — Normal;

b) Rolpbotic equipment intended for specific macro- environments, attainable by the u

condif

c) The
Polluti

ons or housings may alternatively be tested to one ofthe following macro envirg

1) Pollution Degree 1 — No pollution or only dry;snonconductive pollution. The
no influence;

2) Pollution Degree 2 — Normal nonconductive pollution. However, a temporary
caused by condensation may be expetted;

3) Pollution Degree 3 — Conductive pollution, or dry, nonconductive pollution t
conductive due to condensation-that is expected;

4) Pollution Degree 4 +Pollution that generates persistent conductivity throug
dust or rain and snow:

macro-environment where the robotic equipment may be installed to achieve
pn Degree, shall be identified by the installation instructions provided with

or Insulation
the following

ment, based
be Pollution

e of specific

nments:

pollution has

conductivity

hat becomes

h conductive

the required
the robotic

equipment. Means-to obtain such an environment if not inherent to the robotic equipment itself shall

be pro

d) Pol
is cov

vided;

ution Degree 2 exists on a printed wiring board between adjacent conductive m
bred by any coating which provides an uninterrupted covering over at least one

aterial which
side and the

complete distance up to the other side of conductive material;

e) Any printed wiring board which complies with the requirements in the Standard for Printed-
Wiring Boards, UL 796, shall be considered to provide a Comparative Tracking Index (CTI) of 100,
and if it further complies with the requirements for Direct Support in UL 796 then it provides a CTI of

175;

f) For the purposes of compliance with the requirements for coatings of printed wiring boards used
to achieve Pollution Degree 1 in accordance with the Standard for Insulation Coordination Including
Clearances and Creepage Distances for Electrical Equipment, UL 840, a coating which complies
with the requirements for Conformal Coatings in the Standard for Polymeric Materials — Use in

Electri

cal Equipment Evaluations, UL 746C, complies with the requirements;
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g) Pollution Degree 1 is also achievable at a specific printed wiring board location by application of
at least a 0.79 mm (1/32 in) thick layer of silicone rubber or for a group of printed wiring boards
through potting, without air bubbles, in epoxy or potting material;

h) Evaluation of clearances, only, to determine equivalence with current through air spacings
requirements are able to be conducted in accordance with the requirements for Clearance A
(Equivalency) of the Standard for Insulation Coordination Including Clearances and Creepage
Distances for Electrical Equipment, UL 840. An impulse test potential having a value as determined
in UL 840 is to be applied across the same points of the device as would be required for the
Dielectric Voltage-Withstand Test;

i) For permanently connected robotic equipment the overvoltage category shall be OVC Il except

foro
be O

29 Field Wjring Space

29.1 Excep
room for the

+lo <l £ ry £, l H laiala 4o Iy
urc o LUl |ua|_y Ul a trariosiurricT Ur PUWTIT cupply, mrwinoeirTodotT UIrc UvVTl VUILGBC

CllL.

t as noted in 29.2 and 29.3, the field wiring space within an enclosure shall
Histribution of wires and cables as specified in Table 29.1.

Table 29.1
Field wiring space

category shall

rovide ample

Conductor size Minimum usable volume per conductor

mjm? (AWG) cm?® (ih®)

2.1 and smaller (14 and smaller) 33 ®)
33 (12) 37 (2125)
5.3 (10) 41 @5)
g4 (8) 49 B)
1.3 (6) 82 b)

29.2 As anjalternative to the yolume specified in Table 29.1, a trial installation may be made to determine

that ample r
robotic equip

29.3 To det
and in doing
is to be exerq

pbom is provided-for'the distribution of wires and cables required for the proper
ment. However, wire-bending space shall be provided in accordance with 29.4 a

ermine if the robotic equipment complies with 29.2, it is to be wired as it would
S0,.a feasonable amount of slack is to be left in each conductor. No more than
ised'in stowing this slack into the wiring compartment. The wiring shall not bear

wiring of the
nd 29.5.

be in service,
average care
against sharp

projections o

edges thatmay damage the mnsutation:

29.4 The wire-bending space within the enclosure of a controller shall be in accordance with Table 29.2.
Bending space is to be measured in a straight line from the end of the lug, connector, or terminal to the

wall or barrie

r, in the direction the wire leaves the terminal.
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Table 29.2
Minimum wire-bending space at terminals of enclosed controllers

Conductors size Bending space, mm (in) wires per terminal
mm? (AWG or MCM) 1 2
21-53 (14-10) Not specified -
84-13.3 (8-16) 38 (1-1/2) -
21.2-26.7 (4-3) 51 (2) -
33.6 (2) 64 (2-1/2) -
42.4 (1) 76 (3) -
53.5 (1707 27 (5) 27 (5)
67.4 (2/0) 152 (6) 52 (6)
85.0-107.2 (3/0 — 4/0) 178 (7) 78 (7)
127 (250) 203 (8) 203 (8)
152 (300) 254 (10) 264 (10)
177 -253 (350 — 500) 305 (12) 305 (12)
304 - 355 (600 —700) 356 (14) 406 (16)
380 - 456 (750 — 900) 457 (18) 483 (19)
NOTE - If provision for three or more wires per terminal exists, the minimum wire-bending space shall be in accordgnce with the
National Electrig Code, NFPA 70.

29.5 Any suipplementary terminal supplied with the_.gontroller shall be of a type identified by the
manufacturer|for use with the product, and shall not reduce the minimum wire-bending space.

30 Separation of Circuits

30.1 Insulated conductors shall be segregated or separated by barriers from:
a) Eagh other if used in different.internal wiring circuits; and

Excepltion: Conductors previded with insulation acceptable for the highest voltage involved need
not be| separated or seégregated.

b) Unipsulated live'parts connected to different circuits.

30.2 Segregation~of insulated conductors may be accomplished by clamping, routing, ¢r equivalent
means if perrTanent separation from insulated or uninsulated live parts of a different circuit is provided.

30.3 Field-installed conductors of any circuit shall be segregated or separated by barriers from:

a) Field-installed and factory-installed conductors connected to any other circuit, unless the
conductors of both circuits are insulated for the maximum voltage of either circuit.

b) Uninsulated live parts of any other circuit of the equipment, and from any uninsulated live parts
the short-circuiting of which may result in a risk of fire or electric shock.

30.4 In accordance with 30.3(a), if the intended uses of the equipment are such that in some applications
a barrier is required while in some other applications no barrier is required, a removable barrier or one
having openings for the passage of conductors may be employed. Instructions for the use of such a barrier
shall be a permanent part of the equipment. Complete instructions in conjunction with a wiring diagram
may be acceptable in place of a barrier if, upon investigation, the combination is found to be acceptable.
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30.5 Field-installed conductors may be segregated from each other and from uninsulated live parts of the
device connected to different circuits by arranging the location of openings in an enclosure for the various
conductors — with respect to the terminals or other uninsulated live parts — so that there is no likelihood
that intermingling of the conductors or parts of different circuits can occur.

30.6 With reference to 30.5, if the number of openings in the enclosure does not exceed the minimum
required for the intended wiring of the robotic equipment, and if each opening is located opposite a set of
terminals, it is to be assumed that a conductor entering an opening will be connected to the terminal
opposite that opening. If more than the minimum number of openings are provided, the possibility of a
conductor entering an opening other than the one opposite the terminal to which it is intended to be
connected and the likelihood of it contacting insulated conductors or uninsulated current-carrying parts

connected to

30.7 To de
with a reaso
care is to be

31 Use wit|

31.1 Equip
radiation soy
requirements
Radiological
Health and K
subject the ¢
accordance

e
rl\able amount of slack left in each conductor within the enclosure and né6t more

a different circuit is to be investigated.

rmine if the robotic equipment complies with 30.3, it is to be wired as intend

exercised in stowing the slack into the wiring compartment.

h lasers or X-Radiation

rces) shall be provided with documentation of compliance, as applicable, wit

21 CFR Part 1040 (Lasers) with or without the use of the Center for
Health (CDRH) laser notice 50; or 21 CFR 1020 {lonizing Radiation) of the L
luman Services (DHHS). In addition to these.Federal requirements, it may be
nd use equipment/system to supplemental eyaluations to determine acceptab
vith Functional Safety Analysis, Section 83

bd for service
than average

ment which employs laser or X-radiation (such as cathode-ray tube monitors or other x-

h the Federal
Devices and
epartment of
necessary to
lity of risks in

PROTECTION AGAINST INJURY TO PERSONS
32 Genera
32.1 The rgquirements in Sections 33/— 39 apply to the normal operation of robotic equipment which may

involve a risk

32.2 There
eliminated, v
reduce such

32.3 Robot

of injury to persons.

are risks of injury to persons inherent in some robotic equipment that,
ould defeat-the utility of the equipment. The requirements in this section arj
risks, while retaining the intended function of the equipment.

¢ systems, robotic applications and robot cells shall comply with the app
of 4SO 10218-2

requirementsg

if completely
e intended to

icable safety

33 Sharp Corners and Edges

33.1

risk of injury to persons in normal maintenance and use.

An enclosure, a frame, a guard, a handle, or the like, shall not be sufficiently sharp to constitute a

Exception: A part or portion of a part needed to perform a working function need not comply if a warning
statement is located in proximity to the affected part.
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34 Moving Parts — Other Than the Robot

34.1 A hinged or pivoted panel or cover shall be positioned or arranged such that it is not subject to
falling or swinging due to gravity or normal vibration that can cause injury to persons by the panel or cover,
by other moving parts capable of causing injury to persons, or by uninsulated live parts.

34.2 The rotor of a motor, a pulley, a belt, gears, a chain, a fan, or other moving part that could cause
injury to persons shall be enclosed or guarded to reduce the risk of unintentional contact with the moving

part.

34.3 A moving part within an integral enclosure that may involve a risk of injury to persons shall comply
with the requi aments snacified in Tahla 11 1 _and shall he cansidered with resnect ta the-
L LA g T

a) Degree of exposure;

b) Sharpness of the moving part;

c) Likglihood of unintentional contact with it;
d) Spged of the moving part; and

e) Likelihood that fingers, arms, or clothing would be endangéred by the moving part.
35 Moving Parts — Drive Power Indicator
35.1 General

35.1.1 Arohot shall be provided with the capability,for a Drive Power Indicator, as well as injstructions for
implementing| this capability. Optionally, the robot*may be provided with a visual indicator indicating that
drive power [s available. When such a visual indicator is provided, it shall comply with the following
requirements

a) The visual indicator color ‘'shall follow the guidance of the Electrical Standard ffor Industrial
Machipery, NFPA 79. Yellow (Amber) is considered the default color for this indicator;

b) The visual indicater may be mounted to the robot arm or it may be integrated info a workcell
where]it would be visible from various likely approaches or entry points to the system workcell;

c) If the visuatlindicator is mounted to the robot arm, or a structural part subject to the effects of
vibratipn (thatmay adversely affect the life of the visual indicator):

)t shall not be a screw-in type, which may loosen as a result of the effectg of vibration;
and

2) It shall not be a filament-type due to the likely effects of vibration that may cause
premature filament failure.

d) When a robot is intended to be used in areas that are subject to high levels of process
contaminants that could substantially reduce the visibility of the visual indicator, or if a
supplemental covering is applied to protect the visual indicator against process contaminants, the
visual indicator may be mounted outside the workcell.

35.2 Limiting robot motion

35.2.1 A means, such as mechanical, electrical, or the like, shall be provided to limit the motion of the
robot arm in accordance with the Standard for Robots and Robotic Devices — Safety Requirements for
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Industrial Robots — Part 1: Robots, ISO 10218-1. When mechanical stops are provided, they shall be
capable of stopping the motion of the robot under rated load, maximum speed conditions and at maximum
extension. See End of Travel Hardstop Test, Section 58, and Functional Safety Analysis, Section 86, for

the evaluation of electronic components.

35.3 Robot control system

35.3.1

Where required by the risk assessment the robot control system shall be provided with user-

connected inputs, outputs, or both, that reliably function to automatically stop the robot when safety gates,
guards or the like are activated during robot operation.

35.3.2 The

with dropping

robot control eyefnm shall he prn\/ldnd with a2 raliahle means to prn\lnnf hazards associated

payloads, unintended movement and the like caused by:

a) Acftivation of the emergency stop;

b) Ld
demo
shall
or

c) Fai

35.3.3 Con
Restoration
Distance or A

ss of drive power (hydraulic, electrical, pneumatic, and the’\like). Unles
nstrated that a risk of fire, electric shock and injury to persons is unlikely, the ¢
blso be provided with a means not to restart (automatically) therobot when pow

ure to complete an intended motion.

pliance with 35.3.2 shall be verified by the tests specified in Power Los
Test, Section 59, and Emergency Stop Operation Test and Maximum Stopp
ngle Verification, Section 60, and Abnormal.Operation Test — General, Section §

35.4 Emergency movement without drive power and brake release

35.4.1 The
using drive

Manufacture
like, without

balancing, m
exist.

3542 AN
shall be read
warnings shd

robot shall be designed and constructed so that each axis is capable of being n
bower. See Emergency Moevement of Robot Without Drive Power Test, Se
's Documentation, Section\92. Manual release of power actuated brakes, soler
irive power for emergency movement of robot axes, may be employed where w
echanical stops (such as blocks, chocks, securement pins, supports), or equi

rake releaseshall be protected against unintentional actuation. The brake re

s it can be
ontrol system
br is restored;

h

5 and Power
ng Time and

b4

hoved without
ction 62, and
oids, and the
eight counter-
valent means

lease means

ily accessible without the use of a key or special tools. Symbols shall identify gach axis and

Il beprovided concerning hazards of dropping the robot arm.

3543 Ro

S H 1M ol 1 A A | A aff, $ Lf idad) hiak ey £,
vt daiftio Willt TatCu payivduo daiiu TIUTCITICUtUT o (I pTUVIUTU ) WITTUIT TATTU a T1U

ce of greater

than 156 N (35 Ibf) during emergency movement without drive power, shall be provided with weight
counter-balancing, mechanical stops or equivalent means. The risk of injury to persons associated with
the payload and end-effectors (if provided) due to sharp edges, crush points, puncture points, and the like,
are to be considered.

35A End Effectors

35A.1 End-effectors and their integrations shall comply with the applicable requirements in ISO 10218-2,
Robotics — Safety Design for Industrial Robot Systems. Further guidance is available in ISO TR 20218-1.
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36 Temperature

36.1

During the normal Temperature Test, Section 45, the maximum temperature of an enclosure

surface, handle, lever, button, or knob that is contacted by a user during normal operation shall not exceed
the temperatures specified in Table 45.1.

37 Mountin

371

g Devices

Equipment having a mass of more than 2.3 kg (5 Ib.) and relying on a mounting means other than

its own enclosure, if malfunction of the mounting means will result in a risk of injury to persons, shall be
subjected to the test described in Mounting Devices Test, Section 73.

38 Parts Su

38.1 A pres
more than 1(
Vessel Inspe
symbol of the
pressure dets

38.2 Anpres
of the ASME

38.3 A part
vessel conta
applicable, pg

38.4 A vesg
generated or

39 Pressur

39.1
generated by

39.2 A pres
pressure-relig

39.3 Apres

bject to Pressure

sure vessel having an inside diameter more than 152 mm (6 in), subjecCted t
2 kPa (15 psig), and eligible to be covered by the National Board| of Boiler 3
ctors shall be marked in accordance with the appropriate boiler~and pressure
American Society of Mechanical Engineers (ASME) for a working pressure not
rmined in accordance with 38.3.

sure vessel, because of its application, not covered by.the scope of the inspecti
code shall be constructed so that it complies with requifements in 38.3.

ning only a superheated fluid, during normal or abnormal operation, shall
r Parts Subject to Pressure Tests, Section'74.

el having an inside diameter of more than 76 mm (3 in) and subject to air or stsg

b-Relief Devices

A megns for safely relieving pressure shall be provided for a part in which press

an external source-of heat.

sure-relief device, a fusible plug, a soldered joint, nonmetallic tubing, or oth
f means may be employed to comply with the requirements in 39.1.

sure-relief device is considered to be a pressure-actuated valve or rupture mem

stored within the robotic equipment shall be protected by a pressure-relief devicg.

b a pressure
nd Pressure
vessel code
less than the

bn procedure

or an assembly that is subject to air or vapor. pressure, including the vapor pressure in a

be tested as

am pressure

ire might be

br equivalent

ber designed

to relieve exc

ESSIVE pressure automaticatty.

39.4 There shall be no shut-off valve between the pressure-relief means and the parts that it is intended

to protect.

39.5 The start-to-discharge pressure setting of a pressure-relief device shall not be higher than the
working pressure marked on the vessel. The discharge rate of the device shall be adequate to relieve the

pressure.

39.6 A pressure relief device shall:

a) Be connected as close as possible to the pressure vessel or part of the system that it is intended
to protect;
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b) Be installed so that it is readily accessible for inspection and repair, and cannot be readily
rendered inoperative so that it will not perform its intended function; and

c) Have its discharge opening located and directed so that:

1) Operation of the device will not deposit moisture on bare live parts or on insulation or
components detrimentally affected by moisture; and

2) The likelihood of scalding persons is reduced.

39.7 A pressure-relief device having an adjustable setting is judged on the basis of the maximum setting
unless the adjusting means is reliably sealed at a lower setting.

39.8 A con
subjected to

trol that limits the pressure in a vessel required to have a pressure-relief, dgvice shall be

the test described in Pressure-Relief Devices Test, Section 75.

40 Protectjon of Users and Service Personnel

40.1 General
4011 The

circuits as dsg

requirements in this section do not apply to live parts/in‘isolated low-voltage |
fined in 2.17.

mited-energy

40.1.2 Live
risk of electri

parts shall be arranged and covers located so.that persons are not likely to be
C shock while removing and replacing a cover.

exposed to a

40.1.3 Live|parts shall be:

a) Refressed at least 3.2 mm (1/8 in) fromthe plane of the front of the fixed portion of an enclosure;

b) Reicessed at least 3.2 mm (1/8"in) from the front edge of a wiring compartment, In the case of
equipment mounted to the face of-a wiring compartment; or
c¢) Prqvided with equivalentprotection by projections or guards.
40.1.4 To determine whether live parts that are recessed or protected in accordance with 40.1.3 comply
with the reqdirement in 40.1.2, the cover is to be removed and replaced to determine if livegl parts can be
contacted.
40.1.5 Unlgss.a cover comphes W|th the requirements for hinged covers in 7.4.2 — , and unless all

live parts arg ] ] L J perating means shall be
arranged so that it can be operated from outS|de the enclosure The posmon of such an operatlng means
shall be marked, if necessary, as a guide for proper operation. See 88.13.

Exception: Robotic equipment that involves manual operations that may be performed by a user only at
the time of installation, during a servicing procedure, or seasonally, need not comply if it complies with the
requirements in 40.1.6, 40.2.2, 40.4.4, and 40.5.4. The requirements in Current-Carrying Parts, Section
18, apply in any case.

40.1.6 An uninsulated live part or a moving part capable of causing injury to persons shall be located,
guarded, or enclosed so as to reduce the likelihood of contact with such part by a person while changing a
lamp or fuse, lubricating a motor, adjusting a control, or during other normal operations, including those
performed only at the time of installation, during a servicing procedure, or seasonally.
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40.1.7 A live heat sink for a solid-state component, a live relay frame, and the like, shall comply with
40.1.6 and unless the robotic equipment is marked in accordance with 88.9, shall also be guarded to
reduce the likelihood of contact by persons, regardless of the location of the parts.

Exception: As provided in 40.1.9 and 40.1.10.

40.1.8 With reference to the requirement in 40.1.7, the size, shape, material, and color give a heat sink
or relay frame the appearance of a dead metal part. Other live parts that can be mistaken as being dead
parts are to be judged similarly.

40.1.9 A guard, baffle, or cover that can be removed without a tool is to be removed when determining
whether a parti in) diameter
rod having a i or baffle for

A _bard ed b O Q

nem ermanently attached guar;

a distance of

Exception No

40.1.10 Ap
using a tool is
that servicing

40.1.11 Ifa
which a tool

marking or an operating instruction refers a user to a hole or opening in an enclg

102 mm (4 in) is considered to be accessible for the purpose of protecting persq
2to 11.1.

art on the back side of a component mounting panel or located so.that major dis
necessary to expose it is not considered to be exposed to a service person unl
will be performed while the part is energized after disassembly)

ns. Also see

assembly by
bss it is likely

sure through
o0 contact an

s to be inserted for adjustment or a similar purpese/it shall not be possible 1
uninsulated liye part through the hole or opening with a 1.6 mm\(1/16 in) diameter rod.

40.2 Robot|control

40.2.1 General

40.2.1.1 Co
arm moveme

htrols that can initiate robot metien shall be located or guarded so that unintgntional robot

nt is unlikely.
40.2.2 Emefgency stop
40.2.2.1 An
incorporating

proper space
emergency st

e. For robots
ol panel and
activate the

emergency stop function shall be provided and be readily visible and accessibl
a control panel;’the emergency stop function shall be provided on the contr
shall be provided around the control panel so that the operator can easily|
op function.

40.2.2.2 The.emergency stop button shall be red in color with a yellow background; palm ¢r mushroom
head type, ur gualdcd; and-of-thetatehed typc Ot cqu;valcl t-so-thatitisnot puoo;blc to—restart the robot
until the emergency stop function is manually reset. Restarting of the robot shall only be possible by
operating the start control after the emergency stop function has been reset. When emergency stop
devices are installed on detachable or cableless operator control stations (e.g. pluggable or wireless
portable teaching pendants) refer to the Clause on Emergency Stop Device in ISO 13850.

40.2.2.3 Every robot shall have an emergency stop function using hardware-based components. The
emergency stop shall:

a) Avert arising or reduce existing hazards to persons, damage to machinery or to work in
progress; and

b) Be initiated by a single human action.
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Exception: Emergency stop circuits using electronic based components (Functional Safety) may be used if
their performance has been evaluated to have sufficient safety performance as required by the risk
assessment.

40.2.2.4 Maximum stopping distance and time of the robot operating with highest rated payload at
maximum speed shall be identified in the manufacturer's instructions under normal conditions after the
emergency stop has been actuated.

40.2.2.5 Each operator control station, including pendants, capable of initiating robot motion, shall have

an emergency stop function.

40.2.26 W

shall be pro
emergency §

40.2.27 W
specification
terminals ca
specification

40.2.2.8 THh

40.3 Actuating controls

40.3.1 Actu

40.3.2 Aro

prevent the ifitiation of robot motion from a remote location.

vided, provisions shall be made within the emergency stop circuit to inclu
top devices.

nen the results of the risk assessment requires an emergency output-signal, th
5 (such as voltage, AC, DC, NC, etc.) shall be marked where they.are readily
N be reconfigured, this information is to be provided in the.manual. The fun
(such as B10d, PL, SIL, etc.) of the safety output signals shall be described in th

e emergency stop function is not considered a safeguard.

ating controls shall include an indication of/thié operating status.

bot that can be controlled from a remote location shall have means that, whe

han the rasults of a risk assassment determines-that additional emergency efop Capabmty

de additional

e connection
visible. If the
ctional safety
e manual.

n used, shall

40.4 Robof manual mode
40.4.1 Swiftching from automatic mode shall result in a stop.
40.4.2 Basgd on the results jof a risk assessment, the stop may need to be a protective gtop or a non-

safety related stop.

40.4.3 Whg

maximum speed ‘of the robot in manual mode shall be automatically and reliably rest

mm/second

n in the manual mode, it may be necessary for an operator to approach tk

10\in/second) at the end of arm tooling point (mounting flange surface) or &

e robot. The
ricted to 250
nd-effector, if

provided. Se

e 04. 1.

Exception: Manual high-speed mode (formerly known as T2 or High Speed Attended Program Verification
[APV]) is permitted in accordance with the Standard for Robots and Robotic Devices — Safety
Requirements for Industrial Robots — Part 1: Robots, ISO 10218-1.

40.4.4 When in manual mode, a robotic system shall be designed and constructed so that in the event of
any single reasonably foreseeable malfunction, robot speed shall not exceed the manual mode speed
limits. See Manual Mode Reduced Speed Measurement, Section 64.

40.4.5 The manual mode shall be functionally interlocked so that other modes of operation, such as
automatic operation, cannot be activated.


https://ulnorm.com/api/?name=UL 1740 2023.pdf

62 UL 1740 AUGUST 11, 2023

40.4.6 When in manual mode, the robot controller shall detect a singularity during coordinated motion
initiated from the pendant and shall either:

a) Stop robot motion and alert the teacher prior to motion of any part of the robot that exceeds 250
mm/second (10 in/second); or

b) Further reduce (or correct) the speed of the robot motion during the singularity so that no part of
the robot exceeds a speed of 250 mm/second (10 in/second).

40.4.7 Manual High-Speed (High Speed APV or T2) shall meet the requirements of the Standard for
Robots and Robotic Devices — Safety Requirements for Industrial Robots — Part 1: Robots, ISO 10218-1.

40.5 Pendant

40.5.1 It shall not be possible to place the robot into automatic mode using the pendant-exclusively.
40.5.2 An emergency stop function shall be provided on the pendant as described in 40.2.2.

40.5.3 When in manual mode, each control button on the pendant that.initiates robot motion shall stop
robot motion when the operator releases the control button.

40.5.4 An enabling device shall be provided on the pendant,-During manual motion confrol, including
manual modg, robot motion shall stop when the operator releases or compresses the enabling device from

its normal opg¢rating position.

Exception: Inlaccordance with ISO/TS 15066 for Collaborative Operation where a risk assess
on end use application, determines that an enabling-device is not required.

ment, based

40.5.5 Corded pendants shall be provided with a length of flexible cord that permits teachin
operating spdce.

g outside the

40.5.6 Wireless/cableless pendants shall comply with the requirements found in the Standafd for Robots
and Robotic Devices — Safety Redquirements for Industrial Robots — Part 1: Robots, ISO 10218-1.

40.5.7 Single point of control The robot control system shall be designed and constructed
the robot is placed intosmanual mode under local pendant control or other teaching de

so that when
vice control,

initiation of rgbot motien or change of local control selection from any other source is prevenfed. Stopping

(such as an E-stop\or protective stop) of robot motion and any associated workcell haza

rds, shall be

permitted frorh multiple sources.

Exception: Robot controllers implementing remote control in manual mode shall comply with the
requirements for the Standard for Robots and Robotic Devices - Safety Requirements for Industrial Robots
— Part 2: Robot Systems and Integration, ISO 10218-2, Remote access for manual intervention.

©ISO. This material is reproduced from ISO 10218-1:2011 with permission of the American National Standards Institute (ANSI) on
behalf of the International Standardization Organization. All rights reserved.

40.6 Robot system workcell protection
40.6.1

General

40.6.1.1  The robot or robotic system shall be provided with safeguards. The means and degree of
safeguarding, including the reliability of the safeguarding shall correspond directly to the assessed risk,
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consistent with the robot application. Safeguarding may include, but not be limited to protective devices,
barriers, awareness barriers, awareness signals, designated procedures and training.

40.6.1.2 Robots or robotic systems shall be installed and provide workcell protection in accordance with
Standard for Robots and Robotic Devices — Safety Requirements for Industrial Robots — Part 2: Robot

Systems and Integration, ISO 10218-2.

40.7 Safeg

uarding requirements for maintenance — General

40.7.1 Robots or robotic systems shall include safeguards necessary for maintenance and mechanical
servicing in accordance with Robots and Robotic Devices — Safety Requirements for Industrial Robots —
Part 2: RobotSystems-and-ntegration1SO 102182,

40.8 Electrlical servicing

40.8.1 Cles
assembly be
equipment is

40.8.2 Ané
the equipme
respect to gr
person to a

component g

40.8.3 Con
unimpeded g
provided, an

40.8.4 Eleg
overload rel
resettable p
components
requirements

rance, Section 9 and 40.1.6 require that certain electrical components with
so located that adequate space is provided for working onithe compone
energized.

lectrical component that may need to be examined, adjusted, serviced, or ma
ht is energized shall be located and mounted with-r&spect to other compong
bunded metal parts so that it is accessible for electrical servicing without subjeq
isk of electric shock or to a risk of injury to persens by adjacent moving parts
hall not be impeded by other components or by wiring.

pliance with 40.8.2 may be obtained by \mounting control components in an ass

| the cover of the control assembly-enclosure.

trical components to which 40.8.2 and 40.8.3 apply include fuses, adjustable
bys, manual or magneticsmotor controllers, magnetically operated relays,
fessure or temperature~controllers, manual switching devices and clock
in a low-voltage limited-energy circuit of 42.4 V peak (60 V dc) or less shall cg
in 40.8.2 in theif relation to bare live parts in a circuit of greater energy level g

parts capabl¢ of causing injury to persons.

40.8.5 The

a) Co|
provig

following-are not considered to be uninsulated live parts:

Is of controllers, relays and solenoids, and transformer windings, if the coils and
ed.with acceptable insulating overwraps at least 0.8 mm (1/32 in) thick, or the e

in an overall
hts while the

ntained while
ents and with
ting a service
. Access to a

embly so that

ccess to each component is provided-through an access cover or panel in the oliter cabinet, if

or resettable
adjustable or
timers. Such
mply with the
nd to moving

windings are
juivalent;

b) Enclosed motor windings;

c¢) Terminals and splices with acceptable insulation; and

d) Ins
41
411

41.1.1

ulated wire.

Batteries and Battery Circuits

General

A battery, batteries and battery packs, shall comply with the requirements in this section. For

batteries that are used for position memory and other functional parameters, the test in Energy Source

Low Voltage

— Program Memory Loss, Section 51, shall be performed.
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I 41.2 Battery terminals

I 41.2.1 The terminals of a battery shall be protected or located so they cannot be inadvertently short
circuited during installation, replacement, or while in service.

I 41.3 Lithium batteries (rechargeable/secondary)
| 4131 Deletea.

| 4132 Deleted.

41.3.3 A lithfamton and other rechargeabie Mhiam batteries shalt comply With:

a) Thg Standard for Household and Commercial Batteries, UL 2054, for low voltage’and low energy
applicgtions only;

b) The Standard for Secondary Cells and Batteries Containing Alkaline or Other Non-Acid
Electrplytes — Safety Requirements for Portable Sealed Secondary. Cells, and for Bgtteries Made
From TThem, for Use in Portable Applications - Part 2: Lithium Systems; UL 62133-2;

c) Thg Standard for Batteries for Use in Electric Vehicles, UL 2580, for all battery appli¢ations;

d) The Standard for Batteries for Use in Stationary and. Motive Auxiliary Power Applications, UL
1973, ffor all battery applications; or

e) Theg Standard for Batteries for Use in Light Eleetric Vehicle (LEV) Applications, Ul 2271, for all
battery applications.

41.3A Lithium Non-Rechargeable Batteries (primary)

41.3A.1 Non-rechargeable lithium batteries shall comply with:
a) Thg Standard for Lithium Batteries, UL 1642, or

b) Thg Standard for Primhary Batteries — Part 4: Safety of Lithium Batteries, UL 60086-4.

41.3A.2 LitHium non-rechargeable batteries shall be protected against abnormal charging currents by
the use of:

a) Twg blecking components, such as diodes; or

b) Onebiocking componentand one current fimiting component, Such as a resistor or a fuse. The
current limiting component shall limit the abnormal charging current to 1/3 or less of the
manufacturers specified abnormal charging current value.

41.3B Lead acid batteries

41.3B.1 Lead acid batteries shall comply with:
a) The Standard for Standby Batteries, UL 1989, or

b) The Standard for Batteries for Use in Stationary and Motive Auxiliary Power Applications, UL
1973.
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41.4 Non-lithium battery circuits

41.4.1

Deleted

41.5 Fuel cells

41.5.1 Fuel

cells shall comply with the requirements in:

a) Standard for Fuel Cell Power Systems for Installation in Industrial Electric Trucks, UL 2267; or

b) Stationary Fuel Cell Power Systems, ANSI/FC 1; or

c) Po

table Fuel Cell Power Systems, ANSI/FC 1.

41.6 Electijochemical capacitors

41.6.1 Eledg
modules in th

42 Access

42 1
not increase

trochemical capacitor cells and modules shall comply with the, fequirements
e Standard for Electrochemical Capacitors, UL 810A.

pries and Attachments

the risk of injury to persons, fire or electrical shoek,

PERFORMANCE

43 Genera

43.1 The performance of a robot and/or’robotic equipment shall be investigated by
representatije sample or samples to the tests described in Sections 44 — 83, as applicable.
shall be givep to the working environment, rated payloads, electrical and mechanical ratings
heat-sink copstruction, solid-state-deviCe ratings, and other construction criteria in selectin
testing that are representative of.alline of similarly constructed equipment.

43.2 Unles

44 Power Input and\Maximum Ampacity Test

441 Powe

F input

for cells and

Opergtion of the robot with an accessory or an attachment recommended by the manuifacturer shall

subjecting a
Consideration
acceleration,
j samples for

5 otherwise noted, tests shall be conducted at rated voltage, current, and frequency.

44.1.1

The power input to the robotic equipment shall not exceed the marked rating by more than 10

percent when it is operated under the conditions of normal use while connected to its rated supply voltage.

44.1.2 The robot is to be operated through the full operating space with its rated payload, and at its
maximum speed and acceleration.

44.2 Maximum ampacity

4421

The robot is to be operated at 125 percent of rated payload, with the conditions in 44.1.2, to

determine ampacity of conductors [see 19.1.1 (d)], or be prevented from operation by overload protection
means (see Overload Test, Section 56).
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45 Temperature Test

45.1 When tested as described in this section, the robotic equipment shall not attain a temperature at
any point sufficiently high to:

a) Constitute a risk of fire;

b) To damage any materials employed in the equipment; or

c) To exceed the temperatures specified in Table 45.1.

Table 45.1

Maximum temperature limits
Materials and gomponents °C (°F)
A INSULATION SYSTEMS
a) Class|A (105) insulation
In anjopen motor or a transformer, windings of relays, solenoids and other coils:
Thermocouple method 105 (221)
Resistance method 115 (239)
In a tptally enclosed motor:
Thermocouple method 110 (212)
Resistance method 120 (248)
b) ClassE (120) insulation system
In anfopen motor or a transformer, windings of relays;.solenoids and other coils:
Thermocouple method 115 (239)
Resistance method 125 (257)
In a tptally enclosed motor:
Thermocouple method 120 (248)
Resistance method 130 (266)
c) Class B (130) insulation systern
In anfopen motor or a transformer, windings of relays, solenoids and other coils:
Thermocoupleymethod 125 (257)
Resistance method 135 (275)
In a tptally enclosed motor:
Thermocouple method 130 (266)
Resistance method 140 (284)
d) Class F (155) insulation system
In an open motor or a transformer, windings of relays, solenoids and other coils:
Thermocouple method 150 (302)
Resistance method 160 (320)
In a totally enclosed motor:
Thermocouple method 155 (311)
Resistance method 165 (329)
e) Class H (180) insulation system

Table 45.1 Continued on Next Page
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Table 45.1 Continued

Materials and components °C (°F)
In an open motor or a transformer, windings of relays, solenoids and other coils:
Thermocouple method 165 (329)
Resistance method 175 (347)
In a totally enclosed motor
Thermocouple method 170 (338)
Resistance method 180 (356)
f) Class N (200) insulation system
In ap open motor or a transformer, windings of relays solenoids and other coils:
Thermocouple method 180 (356)
Resistance method 190 (374)
In aftotally enclosed motor:
Thermocouple method 185 (365)
Resistance method 195 (383)
g) Clasg R (220) insulation system
In ap open motor or a transformer, windings of relays, solenoids and othércoils:
Thermocouple method 195 (383)
Resistance method 205 (401)
In aftotally enclosed motor:
Thermocouple method 200 (392)
Resistance method 210 (410)
B. COMPQNENTS
1. Capatitors:
a) Electrolytic? 65 (149)
b) Other types?® 90 (194)
2. Field4wiring terminal® 75 (167)
3. Solid[contacts, busses, and connecting bars' 90 (194)
4. Fuselclip 90 (194)
5. Printgd-wiring board® - -
6. Powgr-switchirlg $emiconductor (triac, SCR, or the like)® - -
7. Rectifier:
a) Selenjum® 75 (167)
b) Silicon® 100 (212)
9. Sealing compound' - -
10. Epoxy® 90 (194)
12. Rubber- or thermoplastic-insulated wire and flexible cord®¢ 60 (140)
C. ELECTRICAL INSULATION — GENERAL
1. Fiber employed as electrical insulation 90 (194)
2. Phenolic composition employed as electrical insulation or as a part the deterioration
of which could result in a risk of fire or electric shock:
a) Laminated® 125 (257)
b) Molded® 150 (302)

Table 45.1 Continued on Next Page
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Table 45.1 Continued

the temperaturg

® The temperat
installed as in &

¢ For a printed-
ambient of 25°(

4 For a power-s|
temperature re

® These limitati
temperature.

fThe maximum
than the softeni|
Apparatus, AS1

9 Rubber-insulg
insulated flexib
is employed on

" The acceptab
as flammability,

'If contacts of g
where a high an
source in the ag
high temperatu

Exception: Con
Overload and H

I The maximum
exceeding 85°(

Wwitching semiconductor and the like, the maximum acceptable témperature limit on the case is the nj

Materials and components °C (°F)
3. Varnished-cloth insulation 85 (185)
4. Other insulating materials" - -
D. SURFACES
1. A surface upon which a unit may be placed or mounted in service, and surfaces that 90 (194)
may be adjacent to the unit when it is so placed or mounted
2. Any point on or within a terminal box or wiring compartment of permanently 90 (194)
connected equipment in which power-supply conductors are to be connected, including
such conductors themselves, unless the equipment is marked in accordance with 90.2
3. Ahan I[= . Tdurtng normar
operatiof:
Metd]lic surface 60, (140)
Nonetallic surface 85 (185)
@ A capacitor that operates at a temperature limit of more than 65°C (149°F) for an electrolytic type@nd more than 9p°C (194°F)
for other types may be judged on the basis of its marked temperature limit. However, the measured.temperature shgll not exceed

rating of the capacitor based on a 25°C (77°F) ambient temperature.

re on a wiring terminal or lug is measured at the point most likely to be contacted by the insulation o
Ctual service.

viring board, the maximum acceptable temperature limit is the specified limit of the board minus an &
(77°F).

ommended by the semiconductor manufacturer.
ns do not apply to compounds and components that have been investigated and found acceptable f]

sealing-compound temperature, when correctedta a 25°C (77°F) ambient temperature, shall be 15
hg point of the compound as determined in aceordance with the Test for Softening Point by the Ball-
M E28.

ted conductors within a motor having Class A (105) insulation, rubber-insulated motor leads, and a r|
e cord entering a motor may be subjected to a temperature limit of more than 60°C (140°F) if an acc
each individual conductor. This dogsinot apply to thermoplastic-insulated wires or cords.

lity of insulating materials other than those covered in this table is to be determined with respect to p
arc-resistance, and the like,'‘based on the operating temperature.

ny metal and their supporting blades, busses, and connecting bars attain a temperature greater thar
hbient temperature orother external temperature prevails, or where affected by a bimetal heater or g
sembly, the controhshall perform acceptably when subjected to overload and endurance tests condl
es involved.

acts of silverof a silver alloy that do not attain a temperature higher than 100°C (212°F) need not bg
Indurance-Iests conducted at the high temperature.

a conductor
ssumed
aximum case
pr a higher

C (27°F) less
nd Ring

Libber-
bptable braid

roperties, such

90°C (194°F)
ther heat
cted at the

Subjected to

temperatures specified do not apply to equipment intended specifically for use in an ambient tempe
(485°F).

ature

k A nonmetallic handle, lever, button, knob, or the like, that is plated or clad with metal 0.13 mm (0.005 in) thick or less is to be
judged as a nonmetallic part.

452 To determine if the robotic equipment complies with the Temperature Test requirements, it is to be
operated through the full operating space with its rated payload, and at its maximum speed and

acceleration,

continuously at the rated voltage until temperatures reach thermal equilibrium.

45.3 A protective device shall not trip during the Temperature Test.

454 Permanently connected robotic equipment shall be tested with wire attached to each field-wiring
terminal. The wire is to be of the smallest size having an ampacity of at least 125 percent of the test
current for motor loads, continuous duty loads, and combination loads, and at least 100 percent for other
loads. Wire size is to be determined in accordance with the National Electrical Code, NFPA 70. The size is
to be based upon wire that is acceptable for a temperature of 60°C (140°F) for a rating of 100 A or less,
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and upon wire that is acceptable for 75°C (167°F) for a rating greater than 100 A. The type of insulation is
not specified.

455 Permanently connected robotic equipment is to be installed so that it is located as close to the wall
or corner as the construction will permit. Cord-connected equipment is to be placed on a horizontal
supporting surface and spaced 25 mm (1 in) from a vertical wall surface of wood or comparable material,
unless the arrangement of ventilation and similar cooling factors is such that operation against a wall, as
compared with operation in the open, will not increase operating temperatures, or unless the construction
of the equipment is such that a spacing greater than 25.4 mm (1 in) is maintained. Doors and covers that
may be closed during operation of the equipment are to be closed during the test.

456 All val i °F), but a test
may be conducted at any ambient temperature within the range of 10 — 40°C (50 — 104°F )2 KHowever, if the
operation of |an automatic thermal control during the test limits the temperatures under,ohservation, no
temperature shall exceed the specified temperature limit.

45.7 A sho
than that for
having the n
likelihood of

45.8 Robot
more than 2
temperature

higher ambig

45.9 If the
may be cond

45.10 Othe
larger than 0

4511 Whe
practice to &
types, and a
measuremer

4512 The
good laborat

length of rubber- or thermoplastic-insulated flexible cord exposed to a tempsg

hich it is rated, such as at terminals, is acceptable if supplementary heat-resis
cessary dielectric strength is employed on the individual conductors of the cord
jeterioration of the conductor insulation.

¢ equipment intended specifically for use with a preyailing ambient temperaty
5°C (77°F) is to be evaluated at such higher ambient temperature, and
limits specified in Table 45.1 are to be reduced by the amount of the differencg
nt temperature and 25°C.

robotic equipment is obviously not intehded for continuous operation, the Tem
ucted so that the probable intermittent-or short-time operation is considered.

erature higher
ant insulation
to reduce the

re constantly
he allowable
between the

perature Test

I than at coils, temperatures.jare to be measured by thermocouples consisting of wires not

21 mm? (24 AWG). See 45.15.

h thermocouples aretused to determine temperatures in electrical equipment,
mploy thermocouples consisting of iron and constantan wires (Type J), or si

it is common
milar suitable

potentiometer-type instrument. Such equipment is to be used whenever refere¢ temperature

ts by thermocouples are necessary.

hermoceuples and related instruments are to be accurate and calibrated in ac
bry practice. The thermocouple wire is to conform with the requirements for:

tordance with

a) Special folerance thermocouples specified in the Special Tolerances thermocouples as listed in
the Tolerances on Initial Values of EMF versus Temperature tables in the Standard Specification
and Temperature-Electromotive Force (emf) Tables for Standardized Thermocouples, ASTM
E230/E230M;

b) The table of Special Limits as outlined in the Standard Specification and Temperature-
Electromotive Force (EMF) Tables for Standardized Thermocouples, ASTM E230; or

c) The IEC 60584-2, Standard for Thermocouples Part 2: Tolerances, or JIS C 1602, Standard for
Tolerances. Tolerance Class 1, 2 or 3; type and Class tolerance shall be selected according to the
following:

1) The maximum tolerance value does not exceed * 1.5 °C of reading for thermocouples

identified in IEC 60584-2 or JIS C 1602;
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2) Alternately, where higher temperature ranges of the selected thermocouple are
measured, a tolerance value of 0.4 percent of reading may be applied to thermocouple
tolerances as specified in IEC 60584-2 or JIS C 1602.

45.13 Thermal equilibrium is considered attained when a time sufficient for the temperature to reach a
steady-state value, but not exceeding 8 h. It is assumed that a steady state is reached when the variation
does not exceed 1 K per hour. Where appropriate, a robot system continuously operated for a minimum of
4 hours can be considered at thermal equilibrium.

4514 A thermocouple junction and adjacent thermocouple lead wire are to be securely held in good
thermal contact with the surface of the material under test. In most cases, good thermal contact results
from securely taping or cementing the thermocouple in place but, if a metal surface is involved, brazing or

soldering the

45.15 The

temperature measurements by either the thermocouple or resistance method areracceptable

the thermocd
insulation is €

4516 The 1
thermocouple

4517 The
calculated by

in which:
Risth
ris the
t;isth
t,is th

kis 23
other

thermocouple to the metal may be necessary.

breferred method of measuring temperatures on coils is the resistance

uple method is not to be used for a temperature at a point where supplen
mployed.

A

g

hermocouple method consists of the determination of temperature by the
s to the hottest accessible parts.

esistance method used in the determination «of the temperature of a wind
the following formula:

R
127(k+t1)_(k+12)

e resistance of the coil at'the end of the test in ohms;
resistance of the coilat the beginning of the test;

e room temperature in °C at the beginning of the test;

e room temperature in °C at the end of the test; and

4.5 foreopper, 225.0 for electrical conductor grade (EC) aluminum; values of thé
bonductors are to be determined.

method, but
, except that
nentary heat

pplication of

ing is to be

b constant for

45.18 As it is generally necessary to de-energize the winding before measuring R, the value of R at
shutdown may be determined by taking several resistance measurements at short intervals, beginning as
quickly as possible after the instant of shutdown. A curve of the resistance values and the time may be
plotted and extrapolated to give the value of R at shutdown. Instruments capable of measuring the winding
resistance while the equipment is energized may be used.

46 Overvoltage and Undervoltage Tests

46.1 The robotic equipment shall operate as intended when tested as described in 46.2 at 85% and
110% of its rated voltage.
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Exception: If limits of operating voltage that may be marked on the unit nameplate in addition to the rated
voltage extend beyond the overvoltage and undervoltage values, the test potential for the overvoltage and
undervoltage test is to be the marked value.

46.2 The robotic equipment is to be connected to a supply source maintained at the overvoltage until
thermal equilibrium is reached. The potential is then to be reduced to the normal test voltage. The potential
is to be maintained at the normal test voltage until the robotic equipment reaches thermal equilibrium. The
potential is then to be reduced to the undervoltage condition and the robot operated as intended under this
test condition until the robotic equipment reaches thermal equilibrium.

47 Leakage Current Test

47.1 The Idakage current of cord-and-plug-connected robotic equipment rated for a norminal 120-, 208-,

or 240 V supply when tested in accordance with 47.3 — 47.8 shall not be more than 3.55mA
3-wire, portable and stationary equipment employing a standard attachment plug rated 20 A,

47.2 Leakage current refers to all currents, including capacitively coupled currents,
conveyed bgtween exposed conductive surfaces of the robotic equipment and ground or @
surfaces of the equipment.

47.3 All exposed conductive surfaces are to be tested for leakage'currents. Leakage currern

surfaces are
simultaneoug
considered t
protection ag
they can be
do not apply
all accessibl
supply cord,
supply cond
conductor, th

47.4
leakage curr
the surface.
surface. The

475 The n

Figure 47.1.
phase to ney

to be measured to the grounded supply conductor individually as well as
ly accessible, and from one surface to another“if simultaneously accessib
b be exposed surfaces unless they are guarded by an enclosure considered 3
ainst the risk of electric shock. Surfaces até considered to be simultaneously
readily contacted by one or both hands 6f.a person at the same time. These n
to terminals operating at voltages that-are not considered to involve a risk of elg
b surfaces are bonded together and-connected to the grounding conductor

the leakage current can be measured between the grounding conductor and

ictor. If exposed dead metal parts of the equipment are connected to the n
is connection is to be open.during the test.

If a conductive surface other-than metal is used for the enclosure or part of the €

bnt is to be measured using a metal foil with an area of 10 by 20 cm (4 by 8 in) i

for grounded,
or less.

that may be
ther exposed

ts from these
collectively if
le. Parts are
cceptable for
accessible if
easurements
ctric shock. If
pf the power-
the grounded
eutral supply

nclosure, the
h contact with

f the surface isless than 10 by 20 cm (4 by 8 in), the metal foil is to be the same size as the

metal foil is.notto remain in place long enough to affect the temperature of the €

quipment.

illustrated in

easurement circuit for leakage current for single phase equipment is to be ag
For, 3*phase equipment, the leakage current shall be the sum of measureme
tral) The measurement instrument is defined in (a) — (c). The meter that is actu

$

ts from each
lly used for a

measurement need only indicate the same numerical value for a particular measurement as would the
defined instrument; it need not have all the attributes of the defined instrument.

a) The meter is to have an input impedance of 1500 ohms resistive shunted by a capacitance of
0.15 microfarad.

b) The meter is to indicate 1.11 times the average of the full-wave rectified composite waveform of
voltage across the resistor or current through the resistor.

c) Over a frequency range of 0 — 100 kHz, the measurement circuitry is to have a frequency
response — ratio of indicated to actual value of current — that is equal to the ratio of the impedance
of a 1500-ohm resistor shunted by a 0.15-microfarad capacitor to 1500 ohms. At an indication of
3.5 mA, the measurement is to have an error of not more than 5 percent at 60 Hz.
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Figure 47.1

Leakage-current measurement circuits

PRODUCT METER

120V

% INSULATING
L TABLE

GROUNDED SUPPLY CONDUCTOR B

Equipment intended for connection to o 120 V poyer supply, as illustrated obove,

=
120v

240V <=—

120v

S % INSULATING
- TABLE

GROUNDED SUPPLY CONDUCTOR B

Hquipment intended for connection to o 3-wire, grounded neutrol power supply, os illusirated above,

120v
40V St ————
MJ
o/ oLd

J

—

INSULATING
—— TABLE

GROUNDED SUPPLY CONDUCTOR B

Hquipment intended for connhection to o 3-wire, grounded neutral power supply, as in the 240 V example illustrated above.

A — Probe_with\ shielded lead,

B - Seporated and used as clip when measuring currents from one port of equipment to another,

LC100K
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47.6 Unless the meter is being used to measure leakage from one part of the equipment to another, the
meter is to be connected between the accessible parts and the grounded supply conductor.

47.7 A sample of the robotic equipment is to be tested for leakage current starting with the as-received
condition — as-received being without prior energization except as may occur as part of the production-line
testing. The grounding conductor, if any, is to be open at the attachment plug. The rated supply voltage is

to be used. The test sequence, with reference to the measuring circuit, Figure 47.1, is to be as follows:

a) With switch S1 open, the equipment is to be connected to the measuring circuit. Leakage current
is to be measured using both positions of switch S2, and with the equipment switching devices in
all their normal operating positions.

b) S
curre

device

c) The

to be
oper

47.8 Norm
47.7, without
Tests may b

48 Robots

48.1
exposure to
it shall be ex|
stated in thq
comply with
water under
manual. At t

1]

t is to be measured using both positions of switch S2, and with the equipm
s in all their normal operating positions.

leakage current is to be monitored until thermal stabilization. Both, pesitions of
used in determining this measurement. Thermal stabilization is considered to b
tion as in the normal temperature test.

ally a sample will be carried through the complete leakage=gcurrent-test program

interruption for other tests. With the concurrence of-those concerned, the Leg
interrupted for the purpose of conducting other nondestructive tests.

Intended for Use in Water Environments

Cord-and-plug connected equipment that is intended for use in an environment tha

water, shall comply with its rated water-exposure (Type or IP). If there is no Typ
posed to 7 hours of water under the most severe intended mode of operation 3

manufacturer's user manual.«l) either case, the robot or robot system shag
the requirements for Leakagé-Current Test, Section 47. , following exposure
he most severe intended'mode of operating conditions, as stated in the manufi
ne conclusion of the leakage current measurement, a visual inspection is to be

water entry may involve a risk of fire, ‘electric shock, or injury to persons.

48.2 Permd
exposure to

shall be exp
manufacture
involve a risk

nently connected equipment that is intended for use in an environment
vater shall eoemply with its rated water exposure (Type or IP). If there is no Type
psed to a minimum of 7 hours of water under intended operating conditions as

the leakage
ent switching

switch S2 are
e obtained by

5 described in
kage Current

[ involves the
e or IP rating,
nd conditions
Il additionally
to 7 hours of
acturer's user
e performed if

that involves
or IP rating, it
stated in the

's user:manual. At the conclusion, a visual inspection is to be performed if water entry may

of fire; electric shock, or injury to persons.

49 Outdoo

49.1

r-Use Tests

A robot or robotic system intended to be used outdoors shall be evaluated to determine the effects

of anticipated environmental conditions to which they will be exposed. These include, but are not limited
to: Ultraviolet Exposure and Rain Tests described in the Standard for Enclosures for Electrical Equipment,
Environmental Consideration, UL 50E. A robot or robotic system intended to be used outdoors shall be
provided with either a Type rating in accordance with UL 50E, or an IP rating in accordance with the
Standard for Degrees of Protection Provided by Enclosures (IP Code), IEC 60529. The Type or IP rating
specified by the manufacturer shall comply with the specific requirements for that Type rating or IP rating
as specified in the respective standards.
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50 Maximum Low Voltage Measurement

50.1 The maximum voltage on electrolytic capacitors in a hazardous energy circuit, having a diameter
greater than 10 mm (0.39 in), shall be measured during operation within the marked rating under all of the
following conditions of operation, as applicable:

a) Any combination of fuses can be removed;

b) An automatic voltage-regulating device, assembly, or circuit is to be rendered inoperative.
Exception: This requirement does not apply when the device, assembly, or circuit, upon
investigation, is found to guard against any unacceptable increases in voltage. The investigation is
to take-nto-considerationany-tikety-matfunctionor-breakdown-neithertheregutatingdevice or the

equipt ly connected
in the

Y

nent, and the possibility of the device being disconnected if it is not permanen
circuit.
c)Ac

bnnector or comparable part that is likely to be disconnected duringrequipment operation or

user sgrvicing is to be both connected and disconnected;
d) Thg equipment is to be connected to its rated supply voltage;
e) If ajcomplex voltage is present, the peak value of the voltage is’to be measured.
| 51 Energy Bource Low Voltage — Program Memory Loss
51.1 Battery or super-capacitor (Ultra-cap) overcharge
| 51.1.1 Delefed.
| 51.1.2 Delefed.
| 51.1.3 Deleled.
51.2 Battery or super-capacitor.discharge
| 5121 Delefed.
51.3 Battery / battery‘pack drop
| 5131 Delefed:

51.4 Energy storage test results

51.4.1

Deleted.

51.5 Energy Source low voltage — program memory loss

51.5.1

To determine that no hazard exists should the memory backup energy source deplete to an

unfunctional level and not be replaced or recharged, primary power is to be shut down for a minimum of 30
minutes, and the control system is allowed to lose all memory previously retained by the energy storage
backup. This may cause the robot to be unaware of its position and job function. Then the system is to be
reenergized with primary power and not result in risk of injury to persons when normal functions are
attempted without energy memory backup. As an option, the battery or electrochemical capacitor circuit
terminals may be discharged.
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52 Pendant Tests: Drop, Handle and Mounting Means

52.1

52.1.1

General

A pendant is to be dropped three times from a height of 915 mm (3 ft) onto a concrete floor in the

position most likely to produce adverse results without producing any of the unacceptable conditions

described in

52.1.2.

52.1.2 The Pendant Drop Test results shall be considered unacceptable if one or more of the following

occurs:

a) Ac
the Fi

b) An

c) Ha

Loss of eme
electrical dar

cess to shock hazard voltage and current, exceeding 42.4 V peak (60 V dc) and

.5 mA, using

nger Probe described in Figure 11.1.
y breakage of parts that could cause lacerating injuries.

vardous or unintended motion of the robot.

rgency stop function, enabling device, or other safety function;.either through 1
hage shall not result in a hazard.

52.2 Pendant: Handle and mounting means

52.2.1 The
width at the
mounting su
subjected to
the approxin

pendant handle and wrist strap, if provided, are‘te' be loaded uniformly over a 8

Ifaces, are to be mounted in accordan¢e with manufacturer's instructions. E
p force equal to three times the pendantiweight but not less than 89 N (20 Ibf) ag
ate center of gravity. The force is to.be increased gradually to reach the require

10 seconds and is to be maintained at that value*for 1 minute. There shall not be unacceptal

the securing

means, handle, strap, or enclosure to which these are attached.

52.3 Pendant: Enabling device

52.3.1 Hun
During manu
Oor compress
compressed
device is ret
the enabling
shall be requ

an reaction to an-emergency condition can be to release or compress the en
al motion control including manual mode, robot motion shall stop when the ope
es the enabling device from its center operating position. If the enabli
causingcessation of robot motion, the robot system shall not restart when
irned to the center position, without being fully released. The robot shall only
device-is fully released, then recompressed to the center position. An additional
iredt6 resume motion. If the robot is integrated into a workcell, and additional

nechanical or

3.2 mm (3 in)

center, without clamping. The controller panel mounting means, on the contfoller or other

rach is to be
plied through
d value in 5 —
le damage of

hbling device.
rator releases
ng device is
the enabling
resume when
human action
equipment is

under the r

t Aot el 4l iotad b o hall ol N teallad o ;
ot penaant—Ctontrorthe—assottatetrnazaras—sSnan—arSo—oe—Ccontronea—=as described above.

Hazards associated with equipment in the workcell, to be controlled by the robot pendant, shall be
determined by the risk assessment. See Enabling Device Verification, Section 61.

53

53.1

Interconnecting Cords and Cables Test

To determine compliance with 19.2.5, electrical connectors that are likely to be disconnected and

are not provided with a means to prevent unintended separation are to be evaluated to determine if
contact with exposed accessible terminals could result in a hazard.

53.2 When disconnected, all exposed terminals of external interconnecting cables shall be evaluated to
determine that:

a)Ari

isk of electric shock does not exist per 2.34; and
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b) Live parts are not accessible to contact as determined by use of the Articulated Probe shown in

Figure 11.1.
54 Abnormal Operation Test
541 General
54.1.1 While operating at stabilized temperatures as in the Temperature Test, and when the abnormal
conditions described in 54.2 — 54.6 are imposed and maintained until ultimate results are obtained, there
shall be no:

a) Emission of flame or molten metal;

b) Opéning of a printed wiring board conductor or an individual wire;

c) Ris
conclu

d) Ris

Temperature-
the requirem
devices is an

54.2 Lossd
5421 Thre
shall be no ris
glow or flam

Section 55.

54.2.2 The

temperature test, until ultimate results.

54.2.3 The
disconnected

54.2.4 The

of electric shock as determined by a Dielectric Voltage-Withstand Test, Secti
sion of each Abnormal Test or at the conclusion of a series of Abnormal Tests; 0

of personal injury.

or current-sensitive devices or systems that cause termination of the test shal
acceptable result.

f primary power single phase test

b phase robotic equipment is to be operated with one phase disconnected at thg
k of fire, electric shock, or personal.injury during this test. Risk of fire can be det
b of a single layer of a flame indicator as described in the Component Breg

est is to be conducted by disconnecting one phase with the equipment opera

robotic equipment’ shall be restarted and operated normally after reconne

phase.

robotic @€quipment shall have a phase disconnected while de-energized and s

phases conn
each phase,

1

cted=Fhe test is concluded after ultimate results are achieved. This test is to be
ne\at’a time.

pn 66, at the
I

comply with

bnts for such devices. Opening or shorting of one~0t more output-power s¢miconductor

input. There
ermined by a
kdown Test,

ing as in the

ction of the

tarted with 2
repeated for

54.3 Locked ventilation motor test

54.3.1

motors locked until temperatures stabilize.

54.4 Blocked mechanical filter test

54.4.1

Robotic equipment having forced ventilation is to be operated with the rotor of a blower motor or

Enclosed robotic equipment having filtered ventilation openings is to be operated with the

openings blocked to represent clogged filters. The test is to be conducted initially with the ventilation
openings blocked approximately 50 percent, which is intended to represent the most severe blockage; the
test is then to be repeated under full-blocked condition. The test may also be conducted with only 100
percent blockage without conducting the test at 50 percent blockage.
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54.5 Locked drive motor test

54.5.1

awareness signal is generated or ultimate results are obtained.

54.6 Locked brake test

54.6.1

or until ultimate results are obtained.

55 Component Breakdown Test

Each drive motor shall be operated in a locked-rotor condition until a stop is initiated and an

If a motor brake is provided, each drive motor shall be operated with its brake applied for 4 hours

551 Asar
indicator as f]

55.2 The f

equipment o
or other solid

55.3 Cheeqd
(2.54 mm), a

55.4 Medic

osult of the tests in this section, there shall be no ignition or glow of a single la
bllows: cheesecloth, or medical gauze, or wrapping tissue, or surgical cotton.

ame indicator shall be dry, and loosely-placed over all openings of vent
totally around open equipment when power circuit components,"such as capa
-state components are short- or open-circuited, one at a time.

ecloth is to be a bleached cotton cloth, having a thread‘eount of 32 by 28 th
hd a weight of approximately 14 — 15 square yards perpound (35 — 38 g/m?).

bl gauze is to be U.S. Pharmaceutical Type Il gatize, which is a bleached cotton

er of a flame

lated robotic
titors, diodes,

eads per (in)

cloth, having

a nominal thfead count of 32 by 28 threads per (in) (2.54. mm), and a weight between 32.9 and 41.9 g/m?
(13.0 to 16.5|yards per pound).
55.5 Wrapping tissue is to be soft and strong, lightweight wrapping paper of a weight gendrally between
12 g/m? and B0 g/m?, primarily intended for protéctive packaging of delicate articles and for gift wrapping.
55.6 Surgiqgal cotton is to be absorbent 400 percent cotton.
55.7 With reference to 55.1, thedest is not required:
a) If ¢ircuit analysis jindicates that no other component or portion of the circuit wil| be seriously
overlgaded as a result-of the assumed open- or short-circuiting of another component
b) Fof components in Class 2 circuits, or other circuits that need not be investigated ih accordance
with this standard.

c)On

pewer semiconductor devices, if equivalent testing is accomplished during othe

[ tests.

d) On devices that have been subjected to the component evaluation specified in Functional Safety

Analy

sis, Section 83.

e) If the circuit components are contained in a complete enclosure without ventilating openings.

56 Overload Test

56.1

The robot shall operate without a risk of fire, electric shock or injury to persons when the robot is

loaded to 125 percent of its rated payload and operated through the operating space, and at its maximum
speed and acceleration for 7 hours, or until thermal equilibrium is reached, or be prevented from operation
by overload protection means at any time during this period. See 56.3 for explanation of thermal
equilibrium.
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56.2 For a robot that is obviously not intended for continuous operation, the probable intermittent or
short-time operation of the robot is to be taken into consideration when conducting the temperature test.

56.3 Thermal equilibrium is considered attained when three successive temperature measurements are
made with 15-minute intervals indicate no change between any two readings of more than +1°C, relative to
the ambient. Where appropriate, robotic equipment continuously operated for a minimum of 4 hours can

be considered at thermal equilibrium.

57 Endurance Test

57.1

there are spe
environment
limiting devic
into mechani
performed co

58 End of

58.1 At the
motion unde
evidence of Ia

59 Power ]

59.1 During
introduce a ri
the results of]
loss of a payl
in each mode
30 minutes, p|

60 Emerge
Verification

60.1 While
maximum sp4
shall be reco

ial enwronmental condltlons for the mtended use, test condltlons shall addres
| conditions. At the conclusion of a minimum of 100,000 cycles, a function
bs shall be performed. The functional test can be conducted by movement of t
al and electromechanical limiting devices, and the like, if provided. This
currently with the Flexing Test, Section 70.

ravel Hardstop Test

conclusion of the Endurance Test the mechanical stops shall be capable of sf
rated load, maximum speed conditions and at/miaximum extension. There
ss of mechanical integrity or safety function.

oss and Power Restoration Test

a loss of power (due to power lingsinterruption or power shutdown) the ro
bk of injury to persons that can be caused by dropping a payload, or unintended
a risk assessment determine that a release of a payload does not result in a
pad may be permitted.To determine this, power is to be removed while the robo
(such as auto, manual [teach], and the like) and carrying rated payload. After &
pwer is then to be restored to determine the effect.

hcy Stop Operation Test and Maximum Stopping Time and Distance or Ang
the robet\is operated through the full operating space, with its rated payloa

bed, the-emergency stop function is to be actuated. The time and distance or
ded\for the first three axes with greatest displacement (a robot may include le

The robot shall be operated through a minimum of 100 OOO cycles The robot is to be operated
through the fgd

celeration. If
s the special
check of the
he robot arm
test may be

opping robot
shall be no

pot shall not
movement. If
hazard, then
L is operating

minimum of

d, and at its
hngle to stop
5s than three

axes). Consi

eration should be given to special environmental conditions for the intended

se. Stopping

time and distance or angle of the robot with its highest rated payload under the stated conditions shall not
exceed the specifications in the manufacturer's documentation.

60.2 For installed systems, when safety rated speed limits per Robots and Robotic Devices — Safety
Requirements for Industrial Robots — Part 1: Robots, ISO 10218-1, are used to reduce the maximum
speed, the test may be performed using the configured speed limit, which may be less than the maximum
speed capability of the robot. The maximum payload that the system will experience shall be used.

61 Enabling Device Verification

61.1 The robot shall be operated through the full operating space, with its rated payload, during manual
mode, and the enabling device shall be actuated by:

a) Release of the enabling device;
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b) Co

mpression of the enabling device beyond the center position.

Releasing the enabling device or compressing it beyond the center position shall stop hazards,
including robot motion.

After returning the enabling device to the center position, an additional human action shall be
required to initiate a hazardous operation, including resuming motion.

Furthermore, if the enabling device is compressed beyond the center position, the robot control
system shall not enable hazardous operations when the enabling device is returned to the center
position without being fully released. Hazardous operations shall only be enabled when the

enabl

ing device is fully released, then recompressed to the center position.

62 Emerancy Movement of Robot Without Drive Power Test (See 35.4)

62.1 Each
drive power.

63 Grippen (End-Effector) Test

63.1 If pro
shall be subj
The robot is
maximum s
release of th
This test may

64 Manual

64.1

a) Wh
tool c

b) W

axes)
the sq

64.2 Asing

a) Th

In manual mode reduced speed, the speed of any part of the robot shall be limited:

bxis of a robot shall be tested to determine if it is capable of emergency’move

ided or recommended (specific accessory), the gripper-assembly, or similar
bcted to a minimum of 10,000 cycles of grasping andreleasing (with jaws to be

eed and acceleration. The gripper shall performhits intended function without

e gripper payload which may become a projectile and introduce a risk of injur
be performed concurrently during any portion of the Flexing Test, Section 70.

Mode Reduced Speed Measurement

en operating with the arm'fully extended — each axis moved, one at a time — the
enter point (TCP) shall .not'exceed 250 mm/second (10 in/second); and

any combination of axis motion, the maximum speed of each joint shall be re
eed of any part of the robot shall not exceed 250 mm/second (10 in/second).

ularity*condition shall be checked to confirm at least one of the following:

b 'maximum speed of any part of the robot does not exceed 250 mm/second (10

tment without

end-effector,
fully opened).

operated through the full operating space at 125 percent of its rated payload, and at its

unintentional
y to persons.

speed of the

hen operating withycoordinated motion (simultaneous motion of any combination of robot

Huced so that

n/second);

b) The robot control stops robot motion and provides a warning prior to the robot passing through
or correcting for a singularity during motion initiated from the pendant;

c) The robot control generates an audible or visible warning signal and continues to pass through
the singularity with the speed of any part of the robot limited to a maximum speed of 250

mm/second (10 in/second).
65 Voltage Surge Test
65.1 Line supplied robotic equipment shall be subjected to the test specified in 65.2 — 65.4. There shall

be no risk of fire, electric shock, or personal injury following operation in the Automatic, and Manual modes
and with the power off, to determine the effects of the transient voltage on robotic equipment operation.
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65.2 Robotic equipment is to be subjected to a combination wave applied as in 65.4, three times in the
positive (+) direction and three times in the negative (-) direction, at phase angles of 90 and 270 (-90)
degrees as shown in Table 65.1.

Table 65.1
Voltage surge test conditions

Applied voltage

Rise time / Fall time

Available current

Rise time / Fall time

Cord Connected Equipment 4 kV 1.2 us /50 ps 2 kA 8.0 us/ 20 ps
As an alternative for Cord 6 kV 1.2 us /50 us 500 A 8.0 us/ 20 us
Connected Equipment
Permanently Cpnnected 6 kV 1.2 us /50 ps 3 kA 8.0 us /20 ps
Equipment

65.3 The maximum peak let-through voltage shall not exceed 300 percent of the peak working voltage

for that circuit

Exception: Vi
known and ¢
suitable surg
(MLV) of the
whichever is
Surge Protec
be equal or g

or 300 V, whichever is greater.

pltages do not need to be measured for Robotic equipmenht’where transient
bntrolled by a Surge Protective Device (SPD), installed atthe input side of the
e handling capability and VPR (Voltage Protection-Rating) or Measured Lim
SPD < 300 percent of the instantaneous peak working voltage for that circuit,
preater. The Surge Protective Device (SPD) shallbe a Type 1, 2, 3, 1CA, 2CA
five Device (SPD) is a Type 4CA or Type 5, the .Nominal Current Discharge Ra
reater to the Available Current in Table 65.1.6hvoltages do need to be measured

65.4 The equipment is to be connected to the source of supply operating at rated volt

impulse gene
be applied frq
ground, if ap
each lineton

66 Dielectr|
66.1

66.1.1 The
potential of 1
values based

General

rator connected across the equipment. For equipment operating at 3-phase, th
m phase to phase in all combinations, and from each phase to neutral and e
blicable. For single-phase equipment, the surge is to be applied from line to li
butral and each line to ground.

c Voltage-Withstand Test

bquipment‘shall withstand for one minute without breakdown the application of &
D00 \L-plus twice maximum rated voltage (a DC voltage can be used, for one
onJable 84.1):

voltages are
Circuit, with a
iting Voltage
or 300 Volts,
br 3CA. If the
ting (In) shall

age with the
e surge is to
ach phase to
ne, and from

n alternating
minute, with

a) Between line-voltage live parts and grounded or exposed metal parts of the enclosure with the
contacts open and closed;

b) Between line-voltage live parts of opposite polarity with the contacts closed;

c) Between live parts of line- and low-voltage circuits, line-voltage and isolated- limited-energy
secondary circuits, and different line-voltage circuits; and

d) Between live parts of different secondary circuits.

66.1.2 Robotic equipment employing an low-voltage limited-energy circuit shall withstand for one minute
without breakdown the application of an alternating potential of 500 V applied (a DC voltage can be used,
for one minute, with values based on Table 84.1:
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