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Foreword

ISO (the International Organization for Standardization) is a worldwide federation of national standards
bodies (ISO member bodies). The work of preparing International Standards is normally carried out
through ISO technical committees. Each member body interested in a subject for which a technical
committee has been established has the right to be represented on that committee. International
organizations, governmental and non-governmental, in liaison with ISO, also take part in the work.
ISO collaborates closely with the International Electrotechnical Commission (IEC) on all matters of
electrotechnical standardization.

The procedures used to develop this document and those intended for its further maintenance are
described in the ISO/IEC Directives, Part 1. In particular, the different approval criteria needed for the
different types of ISO documents should be noted. This document was drafted in accordance with the
editorial rules of the ISO/IEC Directives, Part 2 (see www.iso.org/directives).

Attention is drawn to the possibility that some of the elements of this document may be the subject of
patent rights. ISO shall not be held responsible for identifying any or all such patent rights. Details of
any patent rights identified during the development of the document will be in the Introduction and/or
on the ISO list of patent declarations received (see www.iso.org/patents).

Any trade name used in this document is information given for the convenience of users and does not
constitute an endorsement.

For an explanation of the voluntary nature of standards, the meaning of ISO specific terms and
expressions related to conformity assessment, as well as information about ISO's adherence to the
World Trade Organization (WTO) principles in the Technical Barriers to Trade (TBT) see www.iso.org/
iso/foreword.html.

This document was prepared by Technical Committee ISO/TC 299, Robotics.

Any feedback or questions on this document should be directed to the user’s national standards body. A
complete listing of these bodies can be found at www.iso.org/members.html.
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Introduction

This document describes test methods used to verify safety criteria of personal care robots. This
document is intended to facilitate ISO 13482, which summarizes the safety requirements of personal
care robots. This document describes test methods which are guidelines to verify compliance to the
requirements of ISO 13482. Together with the other verification and validation methods described in
[SO 13482, they are selectively applicable according to the robot design and usage.

At the time of publication, the test methods described in this document have not been implemented or
evaluated broadly. Due to a lack of test facilities worldwide able to conduct such tests, it has not been
possible to conduct formal round robin tests. Users of this document are therefore advised to apply the
tests with care.
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TECHNICAL REPORT ISO/TR 23482-1:2020(E)

Robotics — Application of ISO 13482 —

Part 1:
Safety-related test methods

1 Scope

This document describes methods that can be used to test personal care robots in terms of safety
requirements defined in ISO 13482. The target robots of this document are identical to those of
1SO 13482.

The manufacturer determines the required tests and appropriate testing parameters based on a risk
assessment of the robot’s design and usage. This risk assessment can determine that tests and test
parameters other than those contained in this document are acceptable.

Not all test methods are applicable to all robot types. Test methods labelled “universal” are applicable
to all personal care robots. For other tests, the heading states for which robot types the test can be
applied (e.g. “for wearable robot” or “for mobile robot”).

Some test methods can be replaced by using other applicable standards, even if they are not listed in
this document.

2 Normative references

The following documents are referred to in the text in such a way that some or all of their content
constitutes requirements of this document. For dated references, only the edition cited applies. For
undated references, the latest edition of the referenced document (including any amendments) applies.

[SO 13482:2014, Robots and robotic devices — Safety requirements for personal care robots

3 Terms and definitions

For the purposes of this document, the terms and definitions given in ISO 13482:2014 and the
following apply.

[SO and IEC maintain terminological databases for use in standardization at the following addresses:

— ISO Online browsing platform: available at https://www.iso.org/obp

— IEC Electropedia: available at http://www.electropedia.org/

31
autonomy
ability to perform intended tasks based on current state and sensing, without human intervention

[SOURCE: ISO 8373:2012, 2.2]
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3.2

operator

person designated to make parameter and program changes, and to start, monitor, and stop the
intended operation of the personal care robot

[SOURCE: ISO 8373:2012, 2.17, modified — The words “to make parameter and program changes, and”
have been added, and the words “of a robot or robot system” have been replaced with “of the personal
care robot”.]

3.3

electro-sensitive protective equipment

ESPE

assembly of devices and/or components working together for protective tripping or presence-sensing
purposes and comprising at a minimum

— asensing device,
— controlling/monitoring devices,
— output signal switching devices and/or a safety-related data interface

Note 1 to entry: The safety-related control system associated with the ESPE, or the ESPE itself, can further
include a secondary switching device, muting functions, stopping performance monitor, etc.

Note 2 to entry: A safety-related communication interface can be integrated in the same enclosure as the ESPE.

[SOURCE: ISO 13855:2010, 3.1.4, modified — The words “and/or a safety-related data interface” have
been added, and the original Note has been replaced with Notes 1 and 2 to entry.]

4 Test conditions

4.1 General

This clause describes typical operating conditions for indoor use. Where applicable, tests are carried
out under the worst-case operating conditions.

Unless specified differently, the robot is completely assembled, fully charged, and operational based on
the manufacturer’s specification for all tests. All self-diagnostic tests are satisfactorily completed.

4.2 Environmental conditions

The following environmental conditions apply during all tests:
— ambient temperature: 10 °C to 30 °C;

— relative humidity: 0 % to 80 %.

If the environmental conditions specified by the manufacturer are outside the given conditions, this is
declared within the test report.

4.3 Test travel surface

The coefficient of friction for test travel surface is between 0,75 and 1,0 (see ISO 7176-13) unless
specified otherwise by the manufacturer.
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4.4 Safety of persons involved in testing

4.4.1 General

During the preparation and conduction of verification and validation tests, the persons involved in
testing are protected as far as possible from any risk originating from the robot and the test apparatus.
Special attention is paid when tests provoke hazardous situations such as collisions and instability.

Where possible, tests are conducted remotely with no person near the robot. Human presence and
intervention are simulated where applicable by using dummies.

Where a human tester cannot be replaced by a dummy or by an automated device, a risk assessment
is performed to identify the hazards that can occur during the test. Where necessary, test persons are
advised to wear protective equipment to lower risks from collision and falling.

4.4.2 Safety harness

The test operator of a person carrier robot and physical assistant robot is exposed to hazards of falling
down. Therefore, in addition to conventional safety apparatus such as helmets, kneepads and elbow
pads, the test operator is secured by a safety harness suspended from a supporting structure over the
test travel surface if the expected risk is not tolerable (Figure 1).

1

Key
1 safetyjacket

Figure 1 — Example of safety harness

The safety harness has sufficient reliability, equivalent to harnesses used for fall protection. The cable
connected to the supporting structure has sufficient elasticity. Additionally, its length is adjusted to
prevent the test operator from falling to the travel surface. The supporting upper structure can be a
rigid rail or a flexible wire on which a pulley block runs. The pulley block can be powered to follow the
test operator’s movement. (Figure 2)

NOTE ISO 16024 specifies design and performance of personal protective equipment for protection against
falls from a height.
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SR

Key

1 movement device
2 guide rail

3 testtravel surface

Figure 2 — Example of supporting upper structure and pulley block

5 Selection of test sample
The sample item, either a robot system or a robot component, is representative of the target design.
NOTE 1 Ifthe sample item is broken, it is repaired or replaced between test sequences.

NOTE 2  Some functions of the sample can be intentionally disabled or tuned when the test demands irregular
conditions, e.g. an obstacle detection sensor in a mobile-type robot is disconnected in a collision impact test.

6 Test of physical hazard characteristics (universal)
6.1 Voltage at user-accessible parts

6.1.1 Principle

This test measures voltages supplied at user-accessible parts in order to verify designs protecting
against “contact with live parts of the robot” (see ISO 13482:2014, 5.3.1.1).

This test is applicable to all robots that are operated by electrical power.
The test consists of two steps:

a) examining accessible parts, and

b) measuring the supplied voltage in the accessible parts.

The test uses three different apparatuses:

— test fingers,

— aload cell or force limiter attached to the test fingers, and

— avoltmeter.
Documents
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This test is conducted once for a new robot and once for a test sample that has been in operation for
a number of use cycles representative for the lifetime of the robot. The used test sample is carefully
examined for signs of wear, which can have one of the following effects:

— breaking of cables that lead to parts becoming live,
— breaking of guards that lead to more parts becoming accessible.

Where other tests described in this document lead to severe damage of the robot or some of its parts
(e.g. collision tests), it is advisable to repeat this test if new hazards might have formed then.

6.1.2 Apparatus
a) Test finger (test probe code according to IEC 61032)

A jointed type probe (probe code B), an unjointed type probe (probe code 11) and a small-diameter
jointed type probe if the test is necessary with regards to children (probe code 18 or 19).

b) Load cell or customized jig tool

A load cell able to measure compression force or a jig tool, such as a limiter, that can be removed
when applying a specified compression force.

c) Voltmeter

6.1.3 Procedure
a) Survey of accessible parts

The accessible parts of conductive areas are identified with the following procedure. These are
user-accessible parts on the robot. They can be accessible during normal use or during maintenance
and inspection, etc. (The scope of maintenance and inspection work by the user is specified by the
manufacturer in the user manual.)

1) Opening covers and doors that can be opened without tools, keys, etc.
2) Visual inspection of the accessible area

3) Identification of accessibility by a jointed test finger. The test finger is applied with a force not
exceeding 1 N to openings of the robot. Through openings, the test finger is applied to any
depth that the test finger will permit and is rotated or angled before, during and after insertion
to any position. If the opening does not allow the entry of the test finger, the force on the test
finger in the straight position is increased to 20 N. If the test finger then enters the opening, the
test is repeated with the test finger in the angled position.

Where necessary, the unjointed test finger is used and a force of 10 N + 1 N or a higher, if specified
by the manufacturer, is applied.

b) Measuring electrical potential

A voltage between an accessible part judged in a) and a reference point is measured under normal
operating condition of the robot with power on (during operation, if necessary). The reference
point of electrical potential is the protective earthing point or an equipotential point if the robot
is equipped with a protective earthing system, or otherwise the functional earthing point or an
equipotential point or the potential point of the power source’s negative terminal. At locations of
electric potential, the standard resistance of 2 k() or, if operation under high humidity is anticipated,
a resistance of 500 (1 is applied between the reference points. The electrical current through this
resistance or the voltage is measured.

If the operational mode influences which robot parts become live, the measurement is performed
for each potentially harmful operational mode.
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c) Reportoftestdata

Results are recorded through with the diagram or photo of the tested area.
6.2 Acoustic noise

6.2.1 Principle

This test measures the maximum sound level of acoustic noise that is transmitted to a human passing
by at a 1 m distance, as well as noise transmitted to a person onboard/user wearing the robot, in order
to verify designs protecting against “hazardous noise” (see ISO 13482:2014, 5.7.1.1).

This test is applicable to all robots generating sound.

The test consists of three steps:

a) programming a travel pattern,

b) measuring pass-by noise, and

c) measuring noise while riding/wearing (if applicable) using sound level meters.

The measurement employs A-weighted sound pressure level. Allowable background noise is not
necessarily eliminated to perform the measurement.

6.2.2 Apparatus
a) Testtravel surface

Test travel surface is composed of measurement section of a 10 m straight-line preceded by an
acceleration section of enough length for accelerating the target robot to its rated speed. The travel
surface is chosen to simulate the worst-case travel environment for the robot. Background noise
on the travel surface is insulated to be at least 10 dB lower than the measured noise level (e.g.,
compliance with Grade 3 of ISO 11202:2010, Annex B). Secondary noise reflected from objects
around the travel surface is sufficiently supressed.

b) Precision noise meter (Class I) (IEC 61672-1) for pass-by noise measurement

The test is carried out by positioning microphones as described in 6.2.3 b). The noise meter has
microphone(s) connected to frequency analysis-capable data logger.

c) Precision noise meter (Class 1) for measuring noise heard by the person on board

The noise meter is portable in order to be carried by the robot during the test. It is equipped with
a windshield and is fixed where the ear of the person on board/user wearing the robot is located
during normal operation.

6.2.3 Procedure
a) Preparation of robot travel pattern
Two robot travel patterns to sample sound level are as follows:
1) tracing straight-line path keeping rated speed during measurement section, and

2) tracing straight-line path, starting with the rated speed at beginning of the measurement
section, then performing the maximum deceleration to stop at the midway point of the
measurement section for 1 s, and finally performing the maximum acceleration to return to the
rated speed until the end of the measurement section.
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The robot is programmed to perform these patterns, when testing a mobile servant robot. If the
robot cannot be programmed, it is prepared to be manually controlled. A test person onboard or
a test person wearing the robot is instructed to manoeuvre the robot to perform these patterns,
when testing a person carrier robot or a physical assistant robot. In the latter case, the rated speed
is considered to be the fastest walking speed specified by the manufacturer.

During the measurement, it is checked whether the specified test speed is achieved.
b) Installation of microphones for the noise meter for pass-by noise measurement

Four microphones for the pass-by noise meter are placed on the centre of the measurement section
of the test travel surface, with two microphones at the height of 0,2 m above the travel surface,
with interval of 1 m. The remaining two microphones are fixed at a height of 1,6 m at an interval of
1 m. All microphones are directed at the right angles to the travel path of the robot, positioned on a
vertical plane 0,5 m away from the closest point of the robot surface.

c) Measurement of pass-by noise

The target robot performs the two travel patterns a) 1) and a) 2) a minimum of four times each.
The sound pressure level with fast A-weighting measured by the four microphones is recorded
during the test. The pass-by noise for each repeated measurement is determined by averaging
the maximum overall values sampled by the two microphones at each height level from the travel
surface. Pass-by noise for each travel pattern is calculated as the average value from all repeated
measurements. The maximum value among the pass-by noise for the two travel patterns and the
two microphone heights is recorded as the test result.

d) Measurement of noise heard by the person on board/user wearing the robot

The target robot performs the two travel patterns a) 1) and a) 2) a minimum of four times each.
The sound pressure level with fast A-weighting is measured by a microphone fixed where the ear
of the person on board/user wearing the robot is located during normal operation for this test.
The noise heard by the person on board/user wearing the robot for each pattern is calculated as
the average of the maximum overall value of recorded sound pressure. The higher noise of the two
travel patterns is recorded as the test result.

NOTE The sound pressure level is averaged by the following formula.
1, b
Lm =10 log10 ;210 %0
=1

where

L., isthe average of the sound pressure level (dB);

m

L.

; isthe sound pressure level measured as the i-th data (dB);

n is the number of the data.

6.2.4 Pass/fail criteria

Reference can be made to Clause A.2 to define pass/fail criteria for the test, and the data described in it.
6.3 Surface temperature

6.3.1 Principle

This test measures surface temperatures of the robot in order to verify designs protecting against
“extreme temperature” (see SO 13482:2014,5.7.4.1).

This test is applicable to all robots. Documents
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The test procedure consists of three steps:
a) examining accessible parts,
b) operating the robot at the maximum rated-power, and

c¢) measuring the surface temperatures of the parts using a thermography camera or thermocouple.

6.3.2 Apparatus
a) Test finger (test probe code according to IEC 61032)

A jointed type probe (probe code B), an unjointed type probe (probe code 11) and small-diameter
jointed type if the test is necessary with regards to children (probe code 18 or 19).

b) Temperature measurement device

— Thermography camera is used if the highest or lowest temperature point is not known in
advance or multiple points are measured in a short time.

— Ifthe area to be measured is small, a spot thermometer can be used instead.

A thermocouple can be used if the measurement points are identified in advance. A thinner gauge is
preferred to avoid heat transferring via thermocouple.

6.3.3 Procedure

To determine the maximum temperatures, tests need to be carried out at the highest allowable
environment temperature as specified by the manufacturer. If in addition low temperatures are of
interest, tests need to be repeated at the lowest allowable environmental temperature.

a) Survey of accessible parts

The user-accessible parts of the target robot in normal use and during maintenance, or inspection,
etc., by the user, are identified with the following procedure. (The scope of normal use, maintenance,
inspection, etc., by the user is specified by the manufacturer in the user manual.)

1) Opening covers and doors that can be opened without tools, keys, etc.
2) Visual inspection for the accessible area.
3) Judgement of accessibility by a jointed test finger.

Where necessary, an unjointed test finger is used to apply either the manufacturer specified pressure
orION+1N.

b) Continuous operation of the target robot under load

The test is performed under the worst-case expected ventilation conditions. Detachable covers are
attached to the robot and doors are closed. Where load or passengers on the robot are likely to
interfere with heat dissipation, they are present or otherwise an equivalent condition is achieved.
The worst-case ventilation conditions are chosen for testing hazardous low temperatures.

The following settings and operation are executed, depending on the type of the robot.

1) Mobile servant robot or person carrier robot: Continuous operation with the maximum rated
load, until one of the following conditions is satisfied:

— Reaching the designated time length of continuous operation;
— Reaching equilibrium after a rise or drop in temperature;
— The fully charged battery on the robot is spent. Documents
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2) Physical assistant robot: Movements in normal use by the user specified by the manufacturer
are reproduced without any special attachments and the temperature reaches thermal
equilibrium, or the robot is continuously operated until the fully charged battery on the robot
is spent.

c) Surface temperature measurement

Temperature is measured on the highest/lowest temperature surface point in accessible parts.
Measurement is done while thermal equilibrium condition continues, or otherwise immediately after
the robot ceases moving. Especially for enclosed parts, measuring begins within 1s after opening the
cover, door, etc. Measurement reading is stable for a short time before the temperature significantly
changes. When using a thermography camera, continuous sampling is finished within 5 s.

Temperature is continuously monitored after turning the robot’s power off, if the robot becomes
hotter after stopping its active ventilation.

6.3.4 Pass/fail criteria

The data described in Clause A.3 can be referred to for defining pass/fail criteria for the test.

7 Test of physical hazard characteristics (for mobile robot)
7.1 Injury parameters in collision

7.1.1 Principle

This test measures forces, displacements, velocities and accelerations in human dummies, representing
persons onboard and pedestrians, during a collision of robots in order to validate designs protecting
against the risks caused by “collision with safety-related obstacles” (see ISO 13482:2014, 5.10.8).
Pressure and other related physical quantities can be measured.

NOTE Pain thresholds in ISO/TS 15066:2016, Clause A.3 can be applied.
This test is applicable to all robots that are mobile.

This test consists of three steps:

a) soakand set-up,

b) collision and measurement, and

c) data processing.

This test uses three apparatuses:

— crush barrier,

— atravel surface, and

— testdummies.

One dummy is hit by the robot and, if applicable, another dummy is mounted on the robot as a passenger.

For the test, the highest expectable hazardous condition for a collision between robot and pedestrian
needs to be specified in a risk assessment.
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7.1.2 Apparatus
a) Crush barrier

The barrier is a wall structured to resist against a collision with the robot, maintaining a vertical
plane against the path of the robot. The collision surface is rigid enough to ignore deformation by
collision and is fixed to the floor rigidly enough that the movement during collision is negligibly small.

b) Travel surface

The path is horizontal and flat, with adequate length and width for the robot to reach its maximum
speed. The coefficient of friction for the part of the robot that contacts to the travel surface at
collision is based on ISO 7176-13.

c) Testdummy of human body

Biomechanical features (dimension, weight, etc.) of the human body are reflected as closely as
possible such that forces, pressures, moments, displacements, speeds, accelerations and other
related physical quantities necessary for estimating the harm can be measured correctly.

NOTE The type of dummy is chosen according to the anticipated size and weight of humans in the
designated use environment. For example, the following test dummy can be used in this test.

— Passenger dummy: Hybrid III test dummy specified in US Code of Federal Regulations, Title 49, Part 572,
Subpart E, which represents the 50th percentile of adult males. Force transducers are added to the arms if
necessary.

— Pedestrian dummy: For an adult, Hybrid III test dummy specified in US Code of Federal Regulations, Title 49,
Part 572, Subpart O, which represents the 5th percentile of adult females. Force transducers are added to the
arms if necessary. For children, Q6 test dummy specified in UN Regulation No. 44 Annex 8.

The test dummy wears shoes and can also wear cotton shirt and trousers. The rigidity of the joints of the test
dummy limbs are adjusted to be able to maintain its own weight when the limbs are positioned horizontally.

The Hybrid III test dummies were developed for high-energy collisions. Testing equipment with the
biomechanical properties described in ISO/TS 15066 can be considered in conjunction with test methods.

7.1.3 Procedure

a) The dummy is soaked in the specified room temperature to stabilize its temperature at which the
biofidelity of the dummy is obtained.

b) The test is conducted under normal robot operation conditions with the power turned on, or the
robot’s normal operation is simulated by external driving forces with the robot’s power turned off.

c) The load on the robot is set at maximum. In case of a person carrier robot, a dummy is loaded
according to the mounting method specified by the manufacturer. For a robot carrying loads, load
as specified by the manufacturer.

d) The robot is accelerated to the specified speed on the acceleration section and it collides with the
dummy simulating a pedestrian. The collision requirements are as follows.

1) Tests are conducted a minimum of four times under each for the following conditions: the
first condition where there is no barrier to constrain the movement of the dummy during and
after the collision, other than the travel surface and the robot; the second condition where
the dummy is contact with a barrier prior to the collision; and the third condition where the
unconstrained dummy is pressed against the barrier during and/or after the collision.

2) The test dummy to simulate the pedestrian is placed upright at the centre of the robot's travel
path and needs to maintain an upright position until immediately before collision with the
robot. Tests are conducted for each direction of the dummy at collision, i.e. collision while
facing the robot, collision to the back of the dummy and collision from the side of the dummy.
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The movement of the dummy after collision is not to be restrained by anything other than the
barrier, the travel surface and the robot.

3) The general travel direction of the robot is the forward direction. For robots able to move in
directions other than forward, however, the test is conducted for such directions, especially
if there is a collision direction in which the expected severity of injury of the pedestrian is
identical to or more than in the forward direction. Special attention is paid to the robot’s
structure and shape, travel speed and person onboard load conditions.

e) If the robot has a person onboard, the test is conducted for collision with barriers. The robot
accelerates to the specified speed on the acceleration section and to collide with the barrier. For
robots able to move in directions other than forward, this test is conducted for such directions, if
there is a collision direction in which the load on the person onboard is identical to or more than
the forward direction. Special attention is paid to the robot’s structure and shape, travel speed and
person onboard load condition.

f) Mechanical parameters on each part of the dummy in collision are measured in accordance with
SAE ]211-1. The physical quantities are measured are as follows:

1) acceleration of the head (longitudinal, lateral and vertical directions);
2) angular velocity of the head (about the centre of gravity);
3) axial force of the neck;
4) bending moment of the neck;
5) displacement of the chest;
6) load on the pelvis;
7) load on the leg; and
8) load on the arm.
g) Itis checked if the specified test speed is achieved.

h) To prevent the effects of the hysteresis of the dummy, time intervals between each test specified by
the dummy manufacturer need to be applied.

7.1.4 Pass/fail criteria

The data described in Clause A.4 can be referred to for defining pass/fail criteria for this test.
7.2 Test of force control for intended and unintended contact with a robot

7.2.1 Principle

This test measures the contact force/impulse during intended/unintended physical interaction
between a safety-related obstacle and the robot, which is specified through risk assessment in order
to validate that the amount of force/impulse does not exceed the value appropriately chosen by safety
verification. The safety verification data can be provided either by ISO/TS 15066 or by some numeric
values from other sources including the results of ongoing activity on safety data for human-machine
interactions, if appropriate (see ISO 13482:2014, 4.3 and 5.10.9.1).

This test is applicable for all personal care robots that use force control for risk reduction.
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7.2.2 Apparatus
a) Contact piece

The contact piece that represents a safety-related obstacle and simulates the compliance of
a safety-related obstacle (e.g. in case of human body, a certain spring constant specified in
ISO/TS 15066:2016, Annex A).

b) Force transducer

The transducer to measure the contact force acts on the contact piece. It has a response fast enough
to measure the impulse during the contact.

c) Pressure sensor

A sensor to measure the pressure distribution over the contact area. It is used if the contact
pressure is measured, and it has a response fast enough to measure the impulse during the contact.

7.2.3 Procedure

a) The contact piece is fixed on a stiff wall. The pressure sensor is fixed either on the contact surface
of the test piece or on the robot.

b) The force control of the robot is activated.

c) For the force control of mobile robot travelling, the robot is put along the line toward the contact
piece with enough distance for the robot to accelerate to its maximum speed, as shown in Figure 3
a). In case of the force control for a moving part of the robot, the robot is placed in front of the
contact piece as in Figure 3 b).

d) For the force control of a moving part of the robot, the part is moved against the contact piece, as
shown in Figure 3 b)

e) For the force control for mobile robot travelling, the robot contacts the contact piece. For the force
control of a moving part of the robot, the part to contact the contact piece.

f) The contact force is recorded.

g) The steps c) to f) are repeated a minimum of four times.

1 2 1 2

_

S

a) Test of mobile robot b) Test of moving part

Key
1 contact piece
2  force transducer
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7.2.4 Pass/fail criteria

The data described in Clause A.4 can be referred to for defining pass/fail criteria for this test.

8 Test of physical hazard characteristics (for restraint type physical assistant
robot)
8.1 Principle

This test measures interactive forces, pressures and displacements/velocities, generated at the contact
surfaces between restraint type physical assistant robots and human skin, to ensure that “physical
stress or strain to the user” is minimized during normal operation (see 1SO 13482:2014, 5.9.2.1).

This test is applicable to robots, which have one or more contact surfaces to be attached to the human
body and there is a probability of stress concentration on these skin areas.

The test procedure consists of the following steps:

a) The contact states and pattern of the maximum load are defined on the human body. During this
test the robot is worn and the operator follows predetermined periodical motion patterns.

b) A test piece simulating human hypodermis is prepared. This test piece is placed under the cuffs
of the physical assistant robot such as upper/lower extremities, waist, etc., a porcine skin piece is
fixed, if necessary, between the surfaces of the cuff and the simulating test piece.

c) If necessary, replicate the pattern of the maximum/average load exerted on the simulating test
piece in the same contact states as those defined in step a).

An overview of the above test procedure is illustrated in Figure 4, where test flow is classified into
two cases:

— measuring forces/pressuresifthe stress concentration areas can be identified and can be monitored;

— observing damages on the simulating test piece in b) if the stress concentration cannot be well
monitored.
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Measurement test on artificial hypodermis and
underneath using manipulator

Is force control
using force sensor
information
successfully achieved

A 4
Force control Position control
based on 8.3 a) 2) i) based on 8.3 a) 2) ii)

\ 4 v

Comparison between measured force and

human tolerance value against blister

The force/traction sensing capability can
directly monitor the contact point at
which the damage becomes most
severe?

Measurement test on artificial hypodermis and
underneath using manipulator

v

Is force control
using force sensor
information
successfully achieved?

v

Force control Position control

based on C1.8.3 a) 2) i) based on C1.8.3 a) 2) ii)
See C1.8.3 b)

v

I Comparison between measured traction and corresponding human tolerance value against blister. See Annex A.3.2.1 I

Figure 4 — Test flow

8.2 Apparatus
a) Force sensor

A small enough force sensor, e.g. of the size 10 x 10 mm?2 ~ 20 x 20 mm?, is used for measuring the
contact forces/tractions to observe the maximal traction.
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b) Dummy for artificial skin from hypodermis and beneath

The dummy shape of the body part of interest is designed to reproduce the representative user of
the robot. The dummy is made of rigid materials, such as metal, wood, and plastic. The dummy’s
surface is constructed in such a manner as to be shaped to simulate the surface profile of a human
body part where a cuff of the physical assistant robot is attached. If the cuff is attached to a smooth
human body part, such as thighs, the shape of the dummy can be simplified to fill in the gap between
top and bottom shape of the human body using linear interpolation.

A piece of artificial material whose mechanical characteristics are simulated to those of human
skin from hypodermis and beneath (artificial hypodermis and beneath, hereafter) is mounted on
top of the dummy surface. The mechanical characteristics are evaluated to verify the following
shear storage and shear loss moduli, G’ (f) and G" (f), with their acceptable variations, as shown
in Figures 5 and 6. The moduli are functions of frequency, which range from 0,1 Hz to 10 Hz. The
dummy for artificial hypodermis and beneath, which has such characteristics, can be obtained by
using polyurethane gel material, acrylic adhesive tape, and wound dressing. Annex B illustrates an
example of constructing a multi-layered artificial hypodermis and beneath.

NOTE The shear storage and shear loss moduli in viscoelastic materials measure the stored energy
representing the elastic part, and the energy dissipated as heat representing the viscous part, respectively.

YA
2
1
—
—
0 >
0,1 1 10 X

Key
X  frequency (Hz)
Y G (loss modulus) [MPa]

Figure 5 — Storage and loss modulus, G'(f)

YA
1
0,5
—
I
I
0 -
0,1 1 10 X

Key
X  frequency (Hz)
Y G" (loss modulus) [MPa]

Figure 6 — Storage and loss modulus, G"(f)
In addition, by attaching a surrogate skin piece on the surface of the artificial hypodermis, this test

method (see Annex E) can be used as a verification test for blister generation due to skin stress.

The dummy is fixed on a base so as not to move when force is applied from the nlp@Q@CdmMents
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c) Cuffwith force/pressure sensing capability

A cuff with force sensing capability, which is shaped to simulate the original cuff is constructed. At
least, shear forces/pressures of the contact surface are measured. It is advisable to also measure
normal forces/tractions, which are associated with ulcer. A cuff equipped with several force
sensors distributed inside of the cuff is used.

d) Manipulator with cuff movement capability

A manipulator, which can regenerate the single/multi-axis motion of the cuff, grasps the cuff with
force sensing capability described in a) (see Figure 7). It moves it repeatedly relative to the skin
following the previously determined displacement data. The degrees of freedom of the manipulator
can be less than six, providing the motion necessary can be regenerated.

The multi-axis force sensor is mounted between the mechanical interface of the robot and the cuff.

Key
1 force sensors [if not embedded in the cuff 4  surrogate skin piece inserted if necessary
(see 8.3 b)] 5 dummy covered with artificial hypodermis and
cuff equipped with force sensors underneath
Base 6  manipulator with cuff movement capability

Figure 7 — Manipulator grasping the cuff covering upper/lower limb

e) Design of motion pattern of cuff

The motion pattern is designed a priori for the intended use (e.g. standing and sitting, walking or
lifting an object). A typical interactive force pattern can be obtained as described in 8.3 a) through
monitoring the force pattern by applying a cuff described in 8.2 c) to a test user.

8.3 Procedure
a) Acquisition of force pattern between human body part and cuff

The force pattern is acquired for later use as reference input data through the process described
in 8.3 b) 2). The procedure of acquiring the pattern obtained at the contact surface between the
human body part and the cuff is described as follows. Documents
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1) Wearing robot

A user wears a robot, whose cuff is changed to the instrumented cuff described in 8.2 c). The
test will be conducted on the assumption that the user possesses the average physical size of
a typical user based upon e.g. ISO 7250-1, or specified by the manufacturer. If the limitations
are imposed on the physical size of the user of the target robot, modifications can be made with
consultations with the manufacturer over the conditions.

2) Monitoring motion pattern on robot cuff

The robot is worn by a user, who moves with the robot in a typical use pattern. While the user
moves, either forces/tractions or the relative motion of the instrumented cuff with respect
to the human skin are recorded. In this case, a human monitoring device. such as a motion
capture system is used to record the relative motion. Either the maximum value or the average
is selected to monitor, which is specified by the manufacturer.

b) Tests

Either one of the two test cases are selected for safety validation of the robot cuff. This is shown in
the test flow of Figure 4. This is not necessary, if the force/traction sensing capability can directly
monitor at the contact point, at which the damage becomes severe, as shown in Figure 4. The
following test sequences only deal with the measurement of shear force/traction on the artificial
hypodermis and beneath, described in 8.3 b) 2). The test with surrogate skin is described in
Annex E.

1) Preparations

The dummy of the body part covered with a covering of artificial hypodermis and beneath is
rigidly fixed by a base. The dummy is tested as it is.

Replication of the attachment areas: The robot cuffs with the force/traction sensing capability
are mounted on the mechanical interface of the manipulator and attached on the surface of the
artificial hypodermis and beneath.

2) Measurement

The cuff rubs against the covering artificial hypodermis and beneath until the variance of
the maximum/average value becomes small enough to show a statistically stable contact
motion state.

c) Datalogging
Data are processed and logged in the following procedure.

Log data of the interactive force pattern, as described either in 8.3 b) 2) or possibly in 8.3 a) 2)
under the designated motion defined in 8.2 €), for later comparison with safety verification data.
The example of the blister-tolerant characteristics is shown in Figure A.1.

8.4 Pass/fail criteria

The data described in A.4.3.1 can be referred to for defining pass/fail criteria for this test.
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9 Test of endurance characteristics (universal)

9.1 Endurance to environmental temperature/humidity fluctuations and vibration
combined with these fluctuations

9.1.1 General

This test inspects visible damage (e.g. erosion or corrosion) and functional damage (e.g. abnormalities of
the control system) of a robot after exposure to environmental conditions in order to verify “durability
throughout its design life” (see ISO 13482:2014, 5.11.1).

This test is applicable to all robots, but the vibration test can only be carefully applied to physical
assistant robots, because they are affected by the biomechanics of their users, which are difficult to
measure.

This test consists of two steps:
a) exposing the robot to a simulated environment, and
b) reporting damages and loss of functions.

Environmental conditions that can be tested include temperature, relative humidity, vibration and any
combination of them. Tests can be done with single elements or combined elements. A robot that passes
a combination test is treated as having passed each elemental test separately.

9.1.2 Temperature/humidity test

9.1.2.1 Testata certain low/high temperature

The test aims at testing the robots’ ability of operation and storage in low/high temperature. The two
types of test methods applied are a sudden change of temperature method and a gradual change of
temperature method. The details are stated in IEC 60068-2-2.

Test conditions:

— Temperature

— Time of exposure

— Temperature change rate

— Test tolerance

The parameters of test conditions are chosen from IEC 60068-2-2.

Test apparatus complies with [EC 60068-2-2.

9.1.2.2 Test during changing temperature

The test aims at testing the robot’s ability of operation and storage in an environment, where the
temperature is changing all the time.

There are two types of test methods:
— Temperature changes quickly within a certain period of time

The details of test procedures, conditions and notes are stated in [IEC 60068-2-14:2009 (method Na).
— Temperature changes with a pre-defined rate

The details of test procedures, conditions and notes are stated in [EC 60068-2-14:2009 ﬁﬁ&&ﬁments
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9.1.2.3 Testin a high humidity environment with high temperature

The test aims at testing the robot’s ability of operation, storage and transportation during relatively
high humidity with constant temperature.

Test procedures, conditions, apparatus and notes are stated in [EC 60068-2-3.

9.1.2.4 Testunder the environment with noticeable water

The test aims at testing the robot’s ability of operation, storage and transportation during noticeable
water (falling drops, impacting water and immersion)

— Test during falling water drops

This test is applicable to the robots exposed to precipitation during use. The test procedures,
conditions, apparatus and notes are stated in [IEC 60068-2-18:2017 (Test Ra).

— Test for water impact

The details of test procedures, conditions, apparatus and notes are stated in [EC 60068-2-18:2017
(Test Rb).

— Test for immersion

The robot is immersed wholly or partly. The details of test procedures, conditions, apparatus and
notes are stated in IEC 60068-2-18:2017 (Test Rc).

9.1.3 Sealing test

Test procedures, conditions and notes are stated in I[EC 60068-2-17:1994 (test Qd).

9.1.4 Robustness test
— Bump and shock

The test applies under conditions when the robot suffers from repetitive or non-repetitive shocks.
The test procedures, conditions, apparatus and notes are stated in [EC 60068-2-27.

— Rough handling shocks

The test aims at assessing the robot’s resistance against collision caused by improper handling and
operation. The test methods can be divided into toppling and falling. The details of test procedures,
conditions, apparatus and notes are stated in IEC 60068-2-31.

9.1.5 Pressure test

9.1.5.1 Test for low pressure with normal temperature

This test aims at testing the robot’s ability of operation and storage in low pressure and normal
temperature.

Test procedures, conditions, apparatus and notes are stated in [IEC 60068-2-13.

9.1.5.2 Test for low pressure with low temperature

The test aims at testing the robot’s ability of operation and storage in low pressure and gradually-
changing low temperature.

Test procedures, conditions, apparatus and notes are stated in IEC 60068-2-40.
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