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Foreword

2:2019(E)

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.
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Introduction

The content of this document was already published in EN 81-50:2014. This document contains only
editorial changes and update of references.

The object of this document is to define safety rules related to lifts with a view to safeguarding
persons and objects against the risk of accidents associated with the use, maintenance and emergency
operations of lifts.

Reference is made to the respective introductions of the standards (e.g. ISO 8100-1:2019) calling for the

use Of thlS ocumantwith ragard o narcanc and ahiactc o ha cafoguqardad cccyimintione myincin]ac etc
octH e Wit e SaHra+to-perSoRsSahaoujeettstobe-Sare gudtraea,aSStHpHeRSpHREPpe .
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Lifts for the transport of persons and goods —

Part 2:
Design rules, calculations, examinations and tests of lift
components

1

This
are 1
only]

2

The
cons
undai

ISO 1

ISO
pers

ISO
not1i

IEC
[EC

IEC
insu

Scope

document specifies the design rules, calculations, examinations and tests of lift.compo
referred to by other standards used for the design of passenger lifts, goods.passenger]
lifts, and other similar types of lifting appliances.

Normative references
titutes requirements of this document. For dated references, only the edition cited

1344, Steel wire ropes for lifts — Minimum requirements

8100-1:2019, Safety rules for the construction and installation of lifts — Lifts for the
bns and goods — Passenger and goods passenger lifts

TS 8100-3, Requirements from Other Standards (ASME A17.1/CSA B44 and JIS A 4307-1/ }|
icluded in ISO 8100-1 or ISO 8100-2

b0068-2-6, Environmental testing — Part 2: Tests — Test Fc: Vibration (sinusoidal)
b0068-2-27, Environmental testing — Part 2-27: Tests — Test Ea and guidance: Shock

60112, Method for the\determination of the proof and the comparative tracking ind
ating materials

nents which
lifts, goods

following documents are referred to in the text in such a<way that some or all of their content

hpplies. For

ited references, the latest edition of the referenced document (including any amendments) applies.

Lransport of

IS A 4307-2)

ces of solid

IEC 60664-1, Insulation coordination for equipment within low-voltage systems — Part 1 Principles,
requjirements and-tests

IEC p0947-4<;, Low-voltage switchgear and control gear — Part 4-1: Contactors and moton-starters —
Electromechanical contactors and motor-starters

IEC $0947-5-1, Low-voltage switchgear and control gear — Part 5-1: Control circuit devices and switching
elel’ CIlt.) - El’CLtl UIIlCLI’lUIll’LUl’ LUIllLJ Ul’ Ll’l Lul't dtﬁVl’LCb

EN 10025 (all parts), Hot rolled products of non-alloy structural steels — Technical delivery conditions

EN 12385-5, Steel wire ropes — Safety — Part 5: Stranded ropes for lifts

3 Terms and definitions

For the purposes of this document, the following terms and definitions 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

© IS0 2019 - All rights reserved
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— IEC Electropedia: available at http://www.electropedia.org/

31
approved body

organization or manufacturer, operating an approved full quality assurance system to undertake

testing of safety components (3.2)

3.2
safety component

component provided to fulfil a safety function when in use

3.3

type examination certificate

document igsued by an approved body (3.1) carrying out a type-examination in which it cerfifies

the productl example under consideration complies with the provisions applicable to it

4 List of significant hazards

that

This clause contains all the significant hazards, hazardous situations and events;.as far as they are glealt

with in thisldocument, identified by risk assessment as significant for this type’of machinery, and

require actjon to eliminate or reduce the risk (see Table 1).

Table 1 — List of significant hazards

they

Hazards as listed in

No. ISO 12100:2010, Annex B Relevant clauses
1 |Mechpnical hazards due to:
Accelgration, deceleration (kinetic energy) 523;'5.4;5.5; 5.7;5.8; 5.9
Apprqgach of a moving element to a fixed part 52
Elastic elements 5.10;5.11; 5.12; 5.13
Falling objects 5.3;5.4;5.5;59
Gravity (stored energy) 5.3;54;5.5;59
Heighlt from the ground 5.3;5.4;5.5;5.9
High pressure 513

Movillg elements

5.2;5.3;5.4; 5.5; 5.6; 5.7; 5.8; 5.9; 5.10; 5.11; 5.12}

Rotat|ng elements

5.4;5.11;5.12

Stabillity

5.10;5.11; 5.12; 5.13; 5.14

Strength

Electrical hazards

Arc

5,2;5.4;5.6;5.7; 5.8; 5.15; 5.16

Electrostatic pitenomena

9,4, 2.4, 2.0, 0./, 0.6, 0.13, 3.10

Live parts

Not enough distance to live parts under high voltage

Overload

5,2; L; 5&; L; 543; SHS; u

Parts which have become live under faulty condi-
tions

5,2;5.4;5.6;5.7; 5.8; 5.15; 5.16

Short-circuit

5,2; 5.4; 5.6; 5.7; 5.8; 5.15; 5.16

© ISO 2019 - All rights reserved


http://www.electropedia.org/
https://standardsiso.com/api/?name=3975d8043cb3c8c894b5d21ecdad99b6

ISO 8100-

2:2019(E)

Table 1 (continued)
No Hazards as listed in Relevant clauses
) IS0 12100:2010, Annex B

6 |Hazards generated by radiation
Low frequency electromagnetic radiation 5.6; 5.15; 5.16
Radio frequency electromagnetic radiation 5.6; 5.15; 5.16

9 |Hazards associated with the environment in 5.2;5.3;5.4;5.5;5.6; 5.7; 5.8; 5.9; 5.10; 5.11; 5.12;
which the machine is used 5.13; 5.14; 5.15; 5.16

Design rules, calculations, examinations and tests

5.1 | General provisions for type examinations of safety components

5.1. Object and extent of the tests

The pafety component/device is submitted to a test procedure to verifythat insofar as const
opetfation are concerned, it conforms to the requirements imposed by this document. It shall

ruction and
be checked,

in particular, that the mechanical, electrical and electronic components of the device are properly rated

and [that, in the course of time, the device does not lose its effectiveness, particularly th
or ag
or explosion proof construction), supplementary examinations and/or tests under appropr
shal| be made.

5.1. General provisions

5.1.2.1 For the purposes of this document, it isassumed that the laboratory undertakes bot
and the certification as an approved body. An-approved body may be that of a manufacturer d
apptoved full quality assurance system.d1rcertain cases, the test laboratory and the body a
the issue of type examination certificates may be separate. In these cases, the administrative
can dliffer from those described in thisdocument.

ing. If the safety component is needed to satisfy particular’requirements (waterproof|

rough wear
dust proof
ate criteria

h the testing
perating an
pproved for
procedures

5.1.2.2 The application fortype examination shall be made by the manufacturer of the cofnponent, or

theirf authorized representative, and shall be addressed to an approved test laboratory.

5.1.2.3 The dispatélnof samples for examination shall be made by agreement between th¢
and fhe applicant:

5.1.2.4 Theapplicant may attend the tests.

e laboratory

S requiring
ain tests or

examinations, 1t may, under 1ts respon51b111ty, have these made by other laboratories with the agreement

of the applicant.

5.1.2.6 Unless specified otherwise, the precision of the instruments shall allow measurements to be

made within the following accuracy:

a) 1 % for masses, forces, distances, speeds;
b) +2 % for accelerations, retardations;

c) +5 % for voltages, currents;

d) +5 °C for temperatures;

© IS0 2019 - All rights reserved
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e)

f) +2,5%
g) *1%fo
h) 5% fo
5.2 Type

recording equipment shall be capable of detecting signals, which vary in time of 0,01 s;

for flow rate;
r pressure, P, below 200 kPa;

r pressure, P, above 200 kPa.

examination of landing and car door locking devices

5.2.1 General provisions

5.2.1.1 Fi

These proc
each compg
locking dev

5.2.1.2 D

5.2.1.2.1

This drawij

device, inclfiding:

a) the opg
elemen
b) the ope
c) thecon
d) thetyp
5.2.1.2.2

This drawinpg shall show all parts.important to the operation of the locking device, in particular t

required to
parts, the ty

52.1.3 T
One door-lo

If the test s

ocuments to be submitted

krol and operation of the emergency.unlocking device;

eld of application

edures are applicable to locking devices for landing and car doors. It is under'stood
nent taking part in the locking of doors and in the checking of the lockingforms part o
ce.

Schematic arrangement drawing with description of operation

ng shall clearly show all the details relating to the operation and the safety of the lod

ration of the device in normal service, showing.the effective engagement of the log
Ls and the point at which the electrical safety device operates;

ration of the device for mechanical checkingof the locking position if this device exists

e (A.C. and/or D.C.), rated voltage and rated current.

Assembly drawing with key

conform to the requirements of this document. A key shall indicate the list of the prin
'pe of materials used, and the characteristics of the fixing elements.

pst samples

cking device shall be submitted to the laboratory.

that
f the

king

king

hose
cipal

carried out on a prototype, it shall be repeated later on a production model.

If the test of the locking device is only possible when the device is mounted in the corresponding door,
the device shall be mounted on a complete door in working order. However, the door dimensions may
be reduced by comparison with a production model, on the condition that it does not falsify the test

results.

© ISO 2019 - All rights res
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5.2.2 Examination and tests

5.2.2.1 Examination of operation

This

examination aims to verify that:

2:2019(E)

— the mechanical and electrical components of the locking device are operating correctly with respect
to safety, and in conformity with:

— the requirements of this document;

In p:

a)
b)

5.2.]

5.2.]

The{
elect

The
used

The
lock

Whs
be n
forc

The
by n

5.2.]

The
forw

——thestanrdardcatting for-thistocking device;and

Lhe device is in conformity with the particulars provided in the application.

irticular, it shall be verified that:

Lhere is at least 7 mm engagement of the locking elements before the electric’safety devi

t is not possible to operate the lift from positions normally accessiblejto persons with
pr unlocked, after one single action not forming part of the normal-gperation.

P.2  Mechanical tests

P.2.1 General

e tests have the purpose of verifying the strengtli’of the mechanical locking compone
rical components.

sample of the locking device in its normal ppérating position is controlled by the devic
to operate it.

sample shall be lubricated in accerdance with the requirements of the manufact]
ng device.

n there are several possible ‘means of control and positions of operation, the enduran
ade in the arrangement which is regarded as the most unfavourable from the point of]
s on the components.

humber of completecycles of operation and the travel of the locking components shall b
echanical or ele€étrical counters.

r.2.2 Endurance test

ard\and return movement over the full travel possible in both directions.

Ce operates;

h door open

nts and the

es normally

urer of the

re test shall
view of the

e registered

locking.device shall be submitted to 1 000 000 (1 %) complete cycles; one cycle comprises one

The driving of the device shall be smooth, without shocks, and at a rate of 60 (£10 %) cycles per minute.

During the endurance test, the electrical contact of the lock shall close a resistive circuit under the
rated voltage and at a current value double that of the rated current.

If the locking device is provided with a mechanical checking device for the locking pin or the position of
the locking element, this device shall be submitted to an endurance test of 100 000 (1 %) cycles.

The driving of the device shall be smooth, without shocks, and at a rate of 60 (10 %) cycles per minute.

5.2.2.2.3 Static test

For locking devices intended for hinged doors, a test shall be made consisting of the application over a
total period of 300 s of a static force, increasing progressively to a value of 3 000 N.

© IS0 2019 - All rights reserved
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This force shall be applied in the opening direction of the door and in a position corresponding as far as
possible to that which can be applied when a user attempts to open the door. The force applied shall be
1 000 N in the case of a locking device intended for sliding doors.

5.2.2.2.4 Dynamic test

The locking device, in the locked position, shall be submitted to a shock test in the opening direction of
the door.

The shock shall correspond to the impact of a rigid mass of 4 kg falling in free fall from a height of 0,50 m.

5.2.2.3 Criteria for the mechanical tests

After the endurance test (5.2.2.2.2), the static test (5.2.2.2.3) and the dynamic test (5.2.2:2:4), there
shall not be|any wear, deformation or breakage, which could adversely affect safety.

5.2.2.4 Electrical test

5.2.2.4.1 [Endurance test of contacts

This test is [ncluded in the endurance test laid down in 5.2.2.2.2.
5.2.2.4.2 [Test of ability to break circuit

5.2.2.4.2.1| General

This test shall be carried out after the endurance test. it shall check that the ability to break 4 live
circuit is syfficient. This test shall be made in accordance with the procedure in IEC 60947-4-1| and
IEC 60947-5-1. The values of current and rated voltage serving as a basis for the tests shall be those
indicated by the manufacturer of the device.

If nothing i§ specified, the rated values shallbe'as follows:
a) alternafing current: 230V, 2 A;
b) direct dqurrent: 200V, 2 A.

Unless indipated otherwise, the-capacity to break circuit shall be examined for both A.C. and|D.C.
conditions.

The tests shall be carriéd-out with the locking device in the working position. If several position§ are
possible, the test shall beé made in the most unfavourable position.

The sample|tested-shall be provided with covers and electric wiring as used in normal service.

5.2.2.4.2.2 “AEocking-dewt hatt el teetrte-eirentttid e Heo140 %
----- )\ VP s UCTVILCTS S1idll UPCII dlIlIU CIUSU dIT TITCULUNIU UITCUUIU UITucTI d VUlLClSU U\«lual U 11 0
of the rated voltage 50 times, at normal speed and at intervals of 5 s to 10 s. The contact shall remain
closed for at least 0,5 s.

The circuit shall comprise a choke and a resistance in series. Its power factor shall be 0,7 £ 0,05 and the
test current shall be 11 times the rated current indicated by the manufacturer of the device.

5.2.2.4.2.3 D.C. locking devices shall open and close an electric circuit under a voltage equal to 110 %
of the rated voltage 20 times, at normal speed and at intervals of 5 s to 10 s. The contact shall remain
closed for at least 0,5 s.

The circuit shall comprise a choke and a resistance in series having values such that the current reaches
95 % of the steady-state value of the test current in 300 ms.

6 © IS0 2019 - All rights reserved
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The test current shall be 110 % of the rated current indicated by the manufacturer of the device.

5.2.2.4.2.4 The tests are considered satisfactory if no tracking or arcing is produced and if no

deterioration occurs which can adversely affect safety.

5.2.2.4.3 Test for resistance to leakage currents

This test shall be made in accordance with the procedure in IEC 60112. The electrodes shall be

connected to a source providing an A.C. voltage which is sinusoidal at 175V, 50 Hz.

The clearances in air and creepage distances shall be in accordance with the requirenfents lpid down in

the gtandards calling for the use of this document (e.g. ISO 8100-1:2019, 5.11.2.2.4)-

5.2.2.4.5 Examination of the requirements appropriate to safety contacts.and their
accessibility

This| examination shall be made taking account of the mounting positioh and the layout of
devire, as appropriate.

5.2. Test particular to certain types of locking devices

5.2.3.1 Locking device for horizontally or vertically*sliding doors with several panels

the locking

Accqrding to the requirements laid down in the standards calling for the use of this do¢ument, the

devifes providing direct mechanical linkage between panels (e.g. ISO 8100-1:2019, 5.3.14.1]

or indirect

mechanical linkage (e.g. ISO 8100-1:2019, 5.3.14:2) are considered forming part of the locking device.

Thege devices shall be submitted to the _tests mentioned in 5.2.2. The number of cycles ps
such endurance tests shall be suited to the dimensions of the construction.

5.2.3.2 Flap type locking device for hinged door

r minute in

If this device is provided with-an electric safety device required to check the possible defprmation of
the flap, and if, after the static test envisaged in 5.2.2.2.3, there are any doubts on the str¢ngth of the

devife, the load shall beincreased progressively until the safety device begins to open. No

component

of the locking devicer of the door shall be damaged or permanently deformed by the load applied.

If, after the statie-test, the dimensions and construction leave no doubt as to its strengfth, it is not

necgssary to_proceed to the endurance test on the flap.

5.2.4 Type examination certificate

The certificateshattmdicate the fottowimng:

a) information according to Annex A;

b) type and application of locking device;

c) type (A.C.and/or D.C.) and values of the rated voltage and rated current;

d) in the case of flap type door locking devices: the necessary force to actuate the ele
device for checking the elastic deformation of the flap.

© IS0 2019 - All rights reserved
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5.3 Type examination of safety gear

5.3.1 General provisions

The applicant shall state the range of use provided, i.e.:
— minimum and maximum masses;

— maximum rated speed and maximum tripping speed.

Detailed information shall be provided on the materials used, the type of guide rails and their surface
condition (drawrr, Tmitted; groumd):

The followihg documents shall be attached to the application:

a) detaileql and assembly drawings showing the construction, operation, materials used, dimengions
and tol¢rances of the construction components;

b) inthe cpse of progressive safety gear, also a load diagram relating to elastic parbs.
5.3.2 Instantaneous safety gear

5.3.2.1 Test samples

Two gripping assemblies with wedges or clamps and two lengths of.guide rail shall be submitted t¢p the
laboratory.

The arrangement and the fixing details for the samples*shall be determined by the laboratory in
accordance|with the equipment that it uses.

If the same|gripping assemblies can be used with different types of guide rails, a new test shall n¢t be
required if the thickness of the guide rails, the width of the grip needed for the safety gear, and the
surface stafe (drawn, milled, ground) are the sanie.

5.3.2.2 Test

5.3.2.2.1 ethod of test

The test shpll be made using“@press or similar device, which moves without abrupt speed chgnge.
Measurements shall be madeof:

a) the disfance travelled as a function of the force;

b) the defprmatien.of the safety gear block as a function of the force or as a function of the disthnce
travellqd.

5.3.2.2.2 Testprocedure

The guide rail shall be moved through the safety gear.

Reference marks shall be traced onto the blocks in order to be able to measure their deformation.
The distance travelled shall be recorded as a function of the force.

After the test:

a) the hardness of the block and the gripping element shall be compared with the original values
quoted by the applicant. Other analyses may be carried out in special cases;

b) if there is no fracture, deformations and other changes shall be examined (for example, cracks,
deformations or wear of the gripping elements, appearance of the rubbed surfaces);

8 © IS0 2019 - All rights reserved
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if necessary, photographs shall be taken of the block, the gripping elements and the guide rail for

evidence of deformations or fractures.

5.3.2.2.3 Documents

5.3.2.2.3.1 Two charts shall be drawn up as follows:

a)

the first one shall show the distance travelled as a function of the force;

b) the other shall show the deformation of the block. It shall be done in such a way that it can be

5.3.
dist

The
a)
b)

5.3

5.3.
Ad

govdrnor fixed in the requirements laid down in the standards calling for the use of this do

ISO
The

whele

.2.3 Determination of the permissible mass

elated to the first chart

2.2.3.2 The capacity of the safety gears shall be established by integration of ‘the
dnce-force chart.

hrea of the chart to be taken into consideration shall be:

the total area, if there is no permanent deformation;

f permanent deformation or rupture has occurred, either:

1) the area up to the value at which the elastic limit has been reached; or

D) the area up to the value corresponding to the maximunt force.

2.3.1 Energy absorbed by the safety gear

istance of free fall, calculated with reference to the maximum tripping speed of the

8100-1:2019, 5.6.2.2.1.2), shall be adopted.
distance of free fall in metres, h, shall be taken as Formula (1):
v12
h= +0,1+0,03
2.9,

In is the.standard acceleration of free fall in metres per square second;
1 is-the tripping speed of overspeed governor in metres per second;

DA~ corresponds to the distance travelled during the response time, in metres;

area of the

overspeed
fument (e.g.

e8]

0,03 corresponds to the travel during take-up of clearance between the gripping elements and

the guide rails, in metres.

The total energy the safety gear is capable of absorbing is calculated with Formulae (2) and (3):

2~K=(P+Q)1~gn-h

K

from which: (P + Q)1 =
In -h

where

© IS0 2019 - All rights reserved
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Q

is the energy absorbed by one safety gear block, in joules (calculated in accordance with

the chart);

are the masses of the empty car and components supported by the car, i.e. part of the

travelling cable, compensating ropes/chains (if any), etc., in kilograms;

is the rated load, in kilograms;

(P+ Q)1 isthe permissible mass, in kilograms.

5.3.2.3.2

a)

b)

Permissible mass

If the e
with Fag

(P+Q)]

where
K
2

If the el
mass m

(P+Q)

where

(P+Q)| =

where

astic limit has not been exceeded, the permissible mass in kilograms, (P + Q)1, is ealel

rmula (4):
2K
2-g, h

is calculated by the integration of the area defined in 5.3.2.2.32a);

is taken as the dividing safety coefficient.

astic limit has been exceeded, Formulae (5) and.f6) shall be used and the higher permis
ay be selected.

K4
gn'h

I

is calculated by the integration of the area defined in 5.3.2.2.3.2 b) 1);

is taken as the dividjng safety coefficient.

2-K,
L 3,5.g-

K>
3,5

ated

(4)

sible

(5)

(6)

Tscatcutated by the imtegration of the ared aefimed 1M 5-3-2-2-3-2 D) 27;

is taken as the dividing safety coefficient.

5.3.3 Progressive safety gear

5.3.3.1 Statement and test sample

The applicant shall state for what mass in kilograms, and tripping speed in metres per second, of the
overspeed governor the test will be carried out. If the safety gear needs to be certified for various

10
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masses, the applicant shall specify them and indicate, in addition, whether the adjustment is by stages
or continuous.

The applicant should choose the suspended mass in kilograms by dividing the anticipated braking force
in newtons by 16, to aim at an average retardation of 0,6 gp.

A complete safety gear assembly, as agreed with the laboratory, together with the number of brake
shoes necessary for all the tests, shall be placed at the disposal of the laboratory. The number of sets
of brake shoes necessary for all the tests shall be attached. For the type of guide rail used, the length
specified by the laboratory shall also be supplied.

5.3.3.2 Test
5.3.3.2.1 Method of test

5.3.3.2.1.1 The test shall be carried out in free fall. Direct or indirect measurements shall be made of:
a) fhe total height of the fall;

b) the braking distance on the guide rails;
c) thesliding distance of the overspeed governor rope, or that 6f the device used in its plage;
d) the total travel of the elements forming the spring.

Meapurements a) and b) shall be recorded as a function of-the time.

5.3.3.2.1.2 The following shall be determined:
a) the average braking force;
b) the greatest instantaneous braking fdrce;

c) fhe smallest instantaneous braking force.
5.3.3.2.2 Test procedure

5.3.3.2.2.1 Safety gear certified for a single mass

The [laboratory shall€arry out four tests with the mass (P + Q)1. Between each test, the friction parts
shal] be allowed £o.réturn to their normal temperature.

During the tésts, several identical sets of friction parts may be used.

Howevet, one set of parts shall be capable of:

1 b de el b | - | b a4 L
a) IIITC LTOLS, IT ULIIT I'dlTU aptcu UUCS TTUL TALTCCU T lll/ D,
b) two tests, if the rated speed exceeds 4 m/s.

The height of free fall shall be calculated to correspond to the maximum tripping speed of the overspeed
governor for which the safety gear can be used.

The engagements of the safety gear shall be achieved by a means allowing the tripping speed to be fixed
precisely.

For example, a rope may be used, the slack of which should be carefully calculated, fixed to a sleeve
which can slide with friction over a fixed smooth rope. The friction effort should be the same as the
effort applied to the operating rope by the governor attached to this safety gear.

© IS0 2019 - All rights reserved 11
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Safety gear certified for different masses

Adjustment in stages or continuous adjustment.

Two series of tests shall be carried out for the maximum, and the minimum values applied for.

The applicant shall supply a formula, or a chart, showing the variation of the braking force as a function
of a given parameter.

The laboratory shall verify by suitable means (in the absence of anything better, by a third series of

tests for int
5.3.3.2.3

5.3.3.2.3.1

The braking
taken as eq
be made on

A check sha
in relation ]

NOTE T
tests are car
condition du

It is accept
chance of o

Itis necessd
value until

This is a fi
beginning.

5.3.3.2.3.2
Adjustment

The braking
maximum g

5.3.3.2.4

After the te
a)

ermediary points) the validity of the supplied formula.

Determination of the braking force of the safety gear

Safety gear certified for a single mass

y force that the safety gear is capable of for the given adjustment and the typeof guide r4
1a] to the average of the average braking forces determined during the®ests. Each test
an unused section of guide rail.

1l be made that the average values determined during the testsfie*within a range of +2
o the value of the braking force defined above.

bsts have shown that the coefficient of friction can be considerably reduced if several succe
Fied out on the same area of a machined guide rail. This is attributed to a modification in the su
king successive safety gear operations.

bd that, on an installation, an inadvertent operation of the safety gear would have ¢
fcurring at an unused section of guide rail.

ry to consider that if, by chance, this werenot the case, the braking force would have al

Irther reason for not permitting\any adjustment causing too small a retardation af

Safety gear certified for different masses
in stages or continuous‘adjustment.

y force that the safety gear is capable of, shall be calculated as laid down in 5.3.3.2.3.1 fo
nd minimum-values applied for.

Checking after the tests

5ts7it shall be checked that:

in unused portion of guide rail surfacewas reached. Hence, greater sliding than normal.

1], is
hall

5%

Ksive
rface

very

wer

the

r the

submitted by the applicant;

b)

elemen
0)

in order
12

ts, appearance of the rubbing surfaces) are checked;

to reveal deformations or fractures.

the hardness of the block and the gripping elements are compared with the original values

the deformations and modifications (for example, cracks, deformations or wear of the gripping

if necessary, the safety gear assembly, the gripping elements and the guide rails are photographed
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5.3.3.3 Calculation of the permissible mass

5.3.3.3.1 Safety gear certified for a single mass

The permissible mass shall be calculated using Formula (7):

(P+@), =L (7)
where

s is the braking force in newtons, determined in accordance with 5.3.3.2.3;

o is the masses of the empty car and components supported by the car, i.e. part of the trav-

elling cable, compensating ropes/chains (if any), etc., in kilograms;
) is the rated load, in kilograms;

[P+ Q)1 isthe permissible mass, in kilograms.

calculated permissible mass is larger than the tested mass,the tested mass may pe taken as
issible mass, provided that the average retardation of each{est'did not exceed 1 gy.

.3.2 Safety gear certified for different masses

5.3.3.3.2.1 Adjustment in stages

The permissible mass shall be calculated for each-adjustment as laid down in 5.3.3.3.1.

5.3.3.3.2.2 Continuous adjustment

The [permissible mass shall be calculated as laid down in 5.3.3.3.1 for the maximum anfl minimum
valups applied for, and in accordance.with the formula supplied for the intermediate adjustiments.

5.3.3.4 Possible modification'to the adjustments

If, dyiring the tests, the values found differ by more than 20 % from those expected by the applicant,
tests may be madewith their agreement, after modification of the adjustments, if necessary.

Comments
pplicable/mass

hel applicable mass used for a lift shall not exceed the permissible mass for instantaneous
afety gear.

In the case of progressive safety gear, the mass stated may differ from the applicable mass
stated in 5.3.3.3 by 7,5 %. It is accepted, in these conditions, that the requirements laid down in
the standards calling for the use of this document (e.g. ISO 8100-1:2019, 5.6.2.1) are met on the
installation, notwithstanding the usual tolerances on the thickness of the guide rails, the surface
conditions, etc.

b) To evaluate the validity of welded parts, reference shall be made to standards on this subject.

c) A check shall be made that the possible travel of the gripping elements is sufficient under the most
unfavourable conditions (accumulation of manufacturing tolerances).

d) The friction parts shall be suitably retained so that it can be certain that they will be in place at the
moment of operation.

© IS0 2019 - All rights reserved 13
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e) In the case of a progressive type safety gear, it shall be checked that the travel of the components
forming the spring is sufficient.

5.3.5 Type examination certificate

The certificate shall indicate the following:

a) theinformation according to Annex A;

b) thetyp

c) thelim

e and application of safety gear;

Imiilis ]
forYen

'S £l g o oonnas H N PNEYN L A1
CSUT UTIC PCTTIIITS STOTCTITAS STSSTT T dJ],

d) the trigping speed of the overspeed governor;

e) thetyp
f) the per

e of guide rail;

missible thickness of the guide rail blade;

g) the migimum width of the gripping areas;

and, for progressive safety gear only:

h) the surface condition of the guide rails (drawn, milled, ground);
i) the stafe of lubrication of the guide rails. If they are lubricated;the category and specification of the
lubricapt.

5.4 Typeexamination of overspeed governors

54.1 Ge-Leral provisions

The applica
a) thetyp

t shall indicate the following to thelaboratory:

e (or the types) of safety gear which will be operated by the governor;

b) the maximum and minimum ratedspeeds of lifts for which the governor may be used;

c) the antficipated value of the tensile force produced in the rope by the overspeed governor y

tripped.

Detailed an

d assembly drawings showing the construction, operation, materials used, dimension§

tolerances ¢f the constrgetion components shall be attached to the application.

5.4.2 Check onthe‘characteristics of the overspeed governor

54.21 T

bSt'samples

Vhen

and

The following shall be submitted to the laboratory:

a) one overspeed governor;

b) one rope of the type used for the overspeed governor, and the normal condition in which it should
be installed. The length to be supplied is fixed by the laboratory;

c) atensioning pulley assembly of the type used for the overspeed governor.

14
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5.4.2.2 Test

5.4.2.2.1 Method of test

The
a)

following shall be checked:

the speed of tripping is within the range stated by the applicant;

2:2019(E)

b) the operation of the electric safety device called for in the standards calling for the use of this
document [e.g. ISO 8100-1:2019, 5.6.2.2.1.6 a)] causing the machine to stop, if this device is mounted

d)

5.4.]

At ¢
sped

The

The
orde

In ad
to si

5.4.]

In t}
gove

NOTE

and !

In th

b) apd c) shall occur*within the limits laid down in the standards calling for the use of thi

[e.g.
The

or afy higlier*value specified by the applicant.

Unld

on the overspeed governor;

the operation of the electric safety device called for in the standards calling for,the|
Hocument e.g. ISO 8100-1:2019, 5.6.2.2.1.6 b)] preventing all movement of the lif
bverspeed governor is tripped;

Lhe tensile force produced in the rope by the overspeed governor when tripped.

p.2.2 Test procedure

ast twenty tests shall be made in the speed range for tripping, cerresponding to the ra
ds of the lift, indicated in 5.4.1 b).

majority of tests should be made at the extreme values of thé range.

ncceleration to reach the tripping speed of the overspeed governor should be as low as
r to eliminate the effects of inertia.

|dition, a minimum of two tests shall be made with an acceleration between 0,9 g, and 1
mulate a free fall situation and prove no deterioration of the governor has been caused.

.2.3 Interpretation of the test results

e course of twenty tests, the tripping speeds shall lie within the limits laid down fo
rnors in the standards calling for the use of this document.

L

If the limits laid down\ave exceeded, an adjustment can be made by the manufacturer of th
P0 new tests carried out.

M

e course of the twerity tests, the operation of the devices for which the test is required

[SO 8100-1:2019, 5.6.2.2.1.6 a) and 5.6.2.2.1.6 b)].

tensile forge in the rope produced by the overspeed governor when tripped shall be at

ss-gtherwise requested by the manufacturer of the device and specified in the test reg

use of this
[ when the

hge of rated

possible, in

gnin order

" overspeed

e component

in5.4.2.2.1
s document

least 300 N

ort, the arc

of er

pagentent stroutd be 180

In the case of a device which operates by gripping the rope, it should be checked that there is no
permanent deformation of the rope.

5.4.3 Type examination certificate

The

certificate shall indicate the following:

a) theinformation according to Annex A;

b) the type and application of overspeed governor;

)

© IS0 2019 - All rights reserved
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d) the diameter of the rope to be used and its construction;
e) inthe case of an overspeed governor with traction pulley, the minimum tensioning force;

f) the tensile force in the rope which can be produced by the overspeed governor when tripped.
5.5 Type examination of buffers

5.5.1 General provisions

The applicant shall state the range of use provided, i.e. maximum impact speed, minimum and maximum
masses. The following shall be attached to the application:

a) detailedl and assembly drawings showing the construction, operation, materials used, dimiengions
and tolperances of the construction components. In the case of hydraulic buffers, the gradugtion
(openirgs for the passage of the liquid), in particular, shall be shown as a functiorfof the stroke of
the buffer;

b) specifigations for the liquid used;

c) information regarding environmental conditions for use (temperature, humidity, pollution, |etc.)
and of liife cycle (aging, rejection criteria).

5.5.2 Samples to be submitted
The following shall be submitted to the laboratory:
a) one buffer;

b) in the cpse of hydraulic buffers, the necessary liquid sent separately.
5.5.3 Test
5.5.3.1 Enhergy dissipation buffers

5.5.3.1.1 [Test procedure

The buffer ghall be tested withthe-aid of weights, corresponding to the minimum and maximum magses,
falling in fr¢e fall to reach the-mraximum speed called for at the moment of impact.

The speed ghall be recorded at least from the moment of impact of the weights. The acceleration and the
retardation|shall be determined as a function of time throughout the movement of the weights.

5.5.3.1.2 [Equipment to be used

5.5.3.1.2.1 Weights falling in free fall

The weights shall correspond, with the tolerances of 5.1.2.6, to the maximum and minimum masses.
They shall be guided vertically with the minimum friction possible.

5.5.3.1.2.2 Recording equipment

The recording equipment shall be able to detect signals with the tolerances of 5.1.2.6. The measuring
chain, including the recording device for the recording of measured values as a function of time, shall
be designed with a system frequency of at least 1 000 Hz.
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5.5.3.1.2.3 Measurement of speed

The speed shall be recorded at least from the moment of impact of the weights on the buffer or
throughout the travel of the weights, with the tolerances of 5.1.2.6.

5.5.3.1.2.4 Measurement of the retardation

If there is a device for measuring retardation (see 5.5.3.1.1), it shall be placed as close as possible to the

axis

5.5.

of the buffer, and shall be capable of measurement with the tolerances of 5.1.2.6.

1.2.5 Measurement oftime

Tim

5.5.

The
The

5.5.]
The

5.5.]
The

manjufacturer.

5.5.

5.5.]

The
imp4{

The
ISO

The
whe

A fin
A se

8.1.3 Ambient temperature
hmbient temperature shall be between +15 °C and +25 °C.

temperature of the liquid shall be measured with the tolerances of 5.1.2.6.

8.1.4 Mounting of the buffer

buffer shall be placed and fixed in the same manner as iprmermal service.

8.1.5 Filling of the buffer

buffer shall be filled up to the mark indicated, following the instructions of the

8.1.6 Checks

8.1.6.1 Checking of retardation

height of free fall of the weights shall be chosen in such a way that the speed at the
ict corresponds to the makimum impact speed stipulated in the application.

retardation shall conform to the requirements of the standard calling for this
8100-1:2019, 5.8.2.223).

creeping at the end of the buffer stroke for calculation of the average retardation shal
Fe the retardation is below 0,5 m/s2.

st testsshall be made with maximum mass, with a check on the retardation.

tonditest shall be made with minimum mass, with a check on the retardation.

e pulses of duration of 0,01 s shall be recorded and measured with the tolerances pf 5.1J2.6

component

moment of

device (e.g.

be ignored

5.5.3.1.6.2 Checking of the return of the buffer to the normal position

After each test, the buffer shall be held in the completely compressed position for 5 min. The buffer
shall then be freed to permit return to its normal extended position.

When the buffer is of a type with spring or gravity return, the position of complete return shall be
reached in a maximum period of 120 s.

Before proceeding to another retardation test, there shall be a delay of 30 min to allow the liquid to

retu

rn to the tank and for air bubbles to escape.

© IS0 2019 - All rights reserved
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5.5.3.1.6.3 Checking of the liquid losses

The level of liquid shall be checked after having made the two retardation tests required in 5.5.3.1.6.1.
After an interval of 30 min, the level of liquid shall again be sufficient to ensure normal operation of
the buffer.

5.5.3.1.6.4 Checking of the condition of the buffer after tests

After the two retardation tests required in 5.5.3.1.6.1, no part of the buffer shall show any permanent
deformation, or be damaged, so that its condition shall guarantee normal operation.

5.5.3.1.7 [Procedure in the case of tests failing the requirements

When the tgst results are not satisfactory with the minimum and maximum masses appeéaring in the
application]the laboratory may, in agreement with the applicant, establish the acceptablé limits.

5.5.3.2 Energy accumulation buffers with non-linear characteristics

5.5.3.2.1 [Test procedure

The buffer ghall be tested with the aid of masses falling in free fall from,a height to reach the maxigum
speed called for at the moment of impact, but not less than 0,8 m/s.

The falling flistance, speed, acceleration and retardation shall be recorded from the moment of release
of the weiglt to complete standstill.

The masseq shall correspond to the maximum and minimam masses called for. They shall be gulided
vertically with a minimum of friction possible, so that atléast 0,9 g, is reached at the moment of impact.

5.5.3.2.2 [Equipment to be used

The equipmlent shall correspond to 5.5.3.1.2.

5.5.3.2.3 [Ambient temperature

The ambient temperature shall be between +15 °C and +25 °C.

5.5.3.2.4 |Mounting of the buffer

The buffer ghall be placed and fixed in the same manner as in normal service.

5.5.3.2.5 |Number of tests

Three tests|shall be made with the maximum mass and the minimum mass called for.

The time delay between two consecutive tests shall be between 5 min and 30 min.

In the three tests with maximum mass, the reference value of the buffer force at a stroke given by the
applicant, equal to 50 % of the real height of the buffer, shall not vary by more than 5 %. In the tests
with minimum mass, this shall be observed in analogy.

Within 30 min before the test, the buffer shall be once loaded, either statically or dynamically, in order
to prevent further settlement and deviations during the test.
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5.5.3.2.6 Checks

5.5.3.2.6.1 Checking of retardation
The retardation “a” (e.g. ISO 8100-1:2019, 5.8.2.1.2.1), shall conform to the following requirements:

a) The retardation will be evaluated taking into account the time between the first two absolute
minima of the retardation (see Figure 1). The retardation shall not exceed the maximum as required
by the standard calling for this device.

b) Peaks of retardation above a value specified by the standard calling for this device shall not exceed
he maximum duration of these peaks as required by the standard calling for this|device [e.g.
S0 8100-1:2019, 5.8.2.1.2.1 b)]

c) [[he maximum peak retardation shall not exceed the maximum as required inthe’standard calling
for this device [e.g. ISO 8100-1, 5.8.2.1.2.1 €)].

d) [Thereturn speed shall not exceed the maximum as required in the standard calling for|this device.

a*tgn t<0,04s
gn

o — p——

to t; t
Key
a fetardation in metres-per’'square second

gn ptandard acceleratjorrof free fall in metres per square second
t  fime in seconds

to moment of hitting the buffer (first absolute minimum)

t1 pecond.abselute minimum

Figure 1 — Retardation graph — Example using ISO 8100-1 requirements

5.5.3.2.6.2 Checking of the condition of the buffer after tests

After the tests with the maximum mass, no parts of the buffer shall show any permanent deformation
or be damaged, so that its condition shall guarantee normal operation.

5.5.3.2.7 Procedure in the case of tests failing the requirements

When the test results are not satisfactory with the minimum and maximum masses appearing in the
application, the laboratory may, in agreement with the applicant, establish the acceptable limits.
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5.5.4 Type examination certificate

The certificate shall indicate the following:

a)
b)
c)
d)
€)
f)
g)
h)
i)

the information according to Annex A;

the type and application of buffer;

the dimensions of the buffer;

the maximum impact speed;

the mafimum mass;

the mirjimum mass;

the kin

1 of fixation;

the sperification of the liquid in the case of hydraulic buffers;

the envlironmental conditions for use according to instructions of the manufacturer (tempera

humidi

Ly, pollution, etc.).

5.6 Typedexamination of safety circuits containing electronic components and/or
programmable electronic systems (PESSRAL)

5.6.1 Gerneral provisions

5.6.1.1 G

For safety d

checks on s

In the follov

eneral

te, by inspectors, are impossible.

manner, thdn the equivalent assembly shall be assumed.

5.6.1.2 Safety circuits containing'electronic components

The applicapnt shall indicate to the laboratory:

a)
b)
c)
d)
€)
f)
g)
h)

identification on the beatd;

environmental working conditions;

list of ¢

bmponents used;

layout (rfthe printed circuit board;

ircuits containing electronic components, laboratory tests are necessary because prag

ving, mention is made to printed-circuit board. If a safety circuit is not assembled in sy

fure,

tical

cha

layout of the hybrids and marks of the tracks used in safety circuits;

functio

n description;

electrical wiring diagram, including input and output definitions of the board;

method of failure analysis employed and documented results.

5.6.1.3 Safety circuits based on programmable electronic systems

In addition to 5.6.1.2, the following documentation shall be provided:

a) documents and descriptions relating to the measures listed in Annex B;
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b) general description of the software used (e.g. programming rules, language, compiler, modules);
c) function description, including software architecture and hardware/software interaction;
d) description of blocks, modules, data, variables and interfaces;

e) software listings.

5.6.2 Test samples

The following shall be submitted to the laboratory:

a) pne printed circuit board;

b) pne bare printed circuit board (without components).
5.6. Tests
5.6.3.1 Mechanical tests

5.6.3.1.1 General

During the tests, the tested object (printed circuit) shall be keptiunder operation. During apd after the
tests, no unsafe operation and condition shall appear within the safety circuit.

5.6.3.1.2 Vibration
Transmitter elements of safety circuits shall withstand the requirements of:

a) [EC 60068-2-6:2007, Table C.2: 20 sweep-cycles in each axis, at amplitude 0,35 mm/ and in the
frequency range 10 Hz-55 Hz; and

b) [EC60068-2-27:2008, Table 1: the*¢ombination of:

— peak acceleration 294 mys2-or 30 gp;

— corresponding duratien of pulse 11 ms; and

— correspondingvelacity change 2,1 m/s half sine.

NOTE Where sheck/ absorbers for transmitter elements are fitted, they are considered as| part of the
trangmitter elements:

Aftef tests, clearances and creepage distances shall not become smaller than the minimum pccepted.

5.6.3.1:3.° Bumping (IEC 60068-2-27)

5.6.3.1.3.1 General

Bumping tests shall simulate the cases when printed circuits fall, introducing the risk of rupture of
components and unsafe situations.

Tests are divided into partial shockings and continuous shockings.

The tests object shall satisfy the following minimum requirements:

5.6.3.1.3.2 Partial shocking
a) Shocking shapes: half-sinus;

b) Amplitude of acceleration: 15 g;
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c) Duration of shock: 11 ms.

5.6.3.1.3.3

Continuous shocking

a) Amplitude of acceleration: 10 g;

b) Duration of shock: 16 ms;

c¢) 1) Number of shocks: 1 000 * 10;

2) Sho

ck frequency: 2/s.

5.6.3.2 Temperature tests (IEC 60068-2-14)
Operating dmbient limits: 0 °C, +65 °C (the ambient temperature is of the safety device).
Test conditijons:

— the prifgted circuit board shall be in operational position;

— the pri

— the safgty device shall operate during, and after the test. If the printed circuits board incl
comporents other than safety circuits, they also shall operate duaring the test (their failure i
considdred);

— tests sHall be carried out for minimum and maximum temperature (0 °C, +65 °C). Tests shall |
minimym of four hours;

— ifthe pfinted circuit board is designed to operate within wider temperature limits, it shall be tq
for thege values.

5.6.3.3 Fajilure analysis of electric safety circuits

The failure
shall be val

5.6.3.4 Functional and safety test/of PESSRAL

In addition

validated:

a) Softwa
review

b) Softwa
chosen

ted circuit board shall be supplied with rated operational voltage;

dated. (e.g. ISO 8100-1:2019,'5.11.2.3).

to the verificationZof the measures defined in Tables B.1 to B.6, the following sha

Fe design and coding: Inspect all code statements using methods such as formal d¢
b, FAGAN;, test cases etc.;

Fe and hardware inspection: Verify all measures of Tables B.1 and B.2 and the meas|
foy example, from Table B.7 by using fault insertion testing (based on IEC 61508-2

udes
not

hst a

sted

hnalysis document as required by-the relevant standard calling for the use of this docuinent

1 be

sign

ures
and

IEC 615U8-77-

5.6.4 Type examination certificate

The certific

ate shall indicate:

a) theinformation according to Annex A;

b) the type and application of the circuitry;

c) the design for pollution degree according to IEC 60664-1;

d) theope

rating voltages;

e) the distances between the safety circuits and the rest of the control circuits on the board.
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NOTE Other tests like humidity test, climatic shock test, etc., are not subject for tests because of the normal
environmental situation where lifts are operating.

5.7 Type examination of ascending car overspeed protection means
5.7.1 General provisions

5.7.1.1 This specification applies to:

— ascending car overspeed protection means which are not using overspeed governors, or

— programmable electronic systems which are subject to verifications according to 5.4and 5.6.

Test|results of safety gears which have been verified according to 5.3 may be takéen into [account for
verification of permissible application range.

5.7.1.2 The applicant shall state the range of use provided:
a) minimum and maximum masses, or torque;
b) minimum (if applicable) and maximum rated speed;

c) pseininstallations with compensation means.

5.7.1.3 The following documents shall be attached to thé.applications:

a) Metailed and assembly drawings showing the censtruction, operation, materials used, [dimensions
hnd tolerances of the construction components;

b) |fnecessary, also a load diagram relating to'elastic parts;

c) [Metailed information on the materials:used, the type of part on which the ascending caf overspeed
protection means acts, and its surface condition (drawn, milled, ground, etc.).

5.7.2 Statement and test sample

5.7.2.1 The applicant shall state for what mass (in kilograms) and tripping speed (in|meters per
second) the test will belearried out. If the device needs to be certified for various masses, the applicant
shall specify them and-indicate, in addition, whether the adjustment is by stages or continuots.

5.7.2.2 As defined between the applicant and the laboratory, either:
— h complete assembly consisting of both elements, braking device and speed monitoring|device; or

— phly that device which was not subject to verifications according to 5.3, 5.4 and 5.6;

shall be provided by the applicant.

The number of sets of gripping elements necessary for all the tests shall be attached. The type of part
on which the device acts, shall also be supplied with the dimensions agreed with the laboratory.

5.7.3 Test

5.7.3.1 Test method

The test method shall be defined between the applicant and the testlaboratory, depending on the device
and its function to achieve a realistic function of the system. Measurements shall be made of:

a) the acceleration and speed;
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b) the braking distance;

<)

Measureme

the retardation.

nts shall be recorded as a function of the time.

5.7.3.2 Test procedure

5.7.3.2.1

General

At least twenty tests shall be made with the speed monitoring element in the speed range for trip

ing,

correspondjng to the range of rated speeds of the lift indicated in 5.7.1.2.

The acceleq]
eliminate t}

5.7.3.2.2
The laborat
Between ea

During the

e effects of inertia.

Device certified for a single mass
pry shall carry out four tests with the system mass representing an empty car.
ch test, the friction parts shall be allowed to return to their normal temperature.

fests, several identical sets of friction parts may be used.

However, ofe set of parts shall be capable of:

a) three t¢
b) two tes

The test shd

5.7.3.2.3
Adjustment

A series of
value. The §
function of

The laboraf
tests for int

5.7.3.2.4

5.7.3.2.4.1

bsts, if the rated speed does not exceed 4 m/s;
ts, if the rated speed exceeds 4 m/s.

1l be made at the maximum tripping speed\for which the device may be used.

Device certified for different masses

in stages or continuous adjustment.

ipplicant shall supply aformula, or a chart, showing the variation of the braking force
h given parameter.

ory shall verify(by suitable means (in the absence of anything better, by a third seri
ermediary peints) the validity of the supplied formula.

Overspeed monitoring device

Test procedure

ation of the mass to reach the tripping speed should be as low as possible, dnordé

e to

tests shall be carried out for the maximum value applied, and a series for the minignum

as a

bs of

At least twenty tests shall be made in the speed range for tripping without applying the braking device.

The majority of tests shall be made at the extreme values of the range.

5.7.3.2.4.2

Interpretation of the test results

In the course of twenty tests, the tripping speeds shall lie within the limits called for in the standards
calling for the use of this document (e.g. ISO 8100-1:2019, 5.6.6.1).
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5.7.3.3 Checking after the tests
After the test:

a) the hardness of the gripping element shall be compared with the original values quoted by the
applicant;

b) if there is no fracture, deformations and other changes shall be examined (for example, cracks,
deformations or wear of the gripping elements, appearance of the rubbing surfaces);

c) ifnecessary, photographs shall be taken of the gripping elements and the parts on which the device
acts for evidence of deformations or fractures:

d) |tshall be checked that the retardation with the minimum mass has not exceeded 1 gy

5.7.4 Possible modification to the adjustments

If, diring the tests, the values found differ by more than 20 % from those éxpected by thle applicant,
othelr tests may be made with his agreement, after modification of the adjustments if necessary.

5.7.5 Testreport
In oxder to achieve reproducibility, the type examination shall bedecorded in all details, sugh as:
— the method of test defined between applicant and laboratery;

— fhe description of the testing arrangement;

— the location of the device to be tested in the testing arrangement;
— fthe number of tests carried out;

— the record of measured values;

— the report of observations during the test;

— the evaluation of the test results to show compliance with the requirements.

5.7.¢ Type examination certificate

The fertificate shall jndicate:

a) fhe informatipnvaccording to Annex A;

b) the typefand application of overspeed protection means;

c) thedimits of the permissible masses;

1 - - | il 1 - - | -
d) 11T tl 1PpPIIg SPCtU 1 dllgc Ul tllC UVClSptTu lllUllltUl HIg5 UTVILT,

e) the type of parts on which the braking elements act.
5.8 Type examination of unintended car movement protection means

5.8.1 General provisions

The unintended car movement protection means shall be type tested as a complete system.
Alternatively, the subsystems for detection, activation and stopping may be submitted to an individual
type examination. The type examination of subsystems shall define interface conditions and the
relevant parameters of each subsystem if integrated in a complete system.
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The applicant shall state the key parameters for use of the system or subsystem that form part of the
type examination:

distanc

minimum and maximum masses;
minimum and maximum force or torque or fluid pressure, if applicable;
individual response times of detector, control circuit and stopping element(s);

highest speed anticipated before deceleration occurs (see Note 1);

e from the floor at which the detector device will be installed;

limits

test spged(s) (see Note 2);

temperature and humidity of the design and any other relevantinformation agreed bety

the applicant and test laboratory.

NOTE 1

Ak an example and indication, for traction lifts, where the natural acceleration is,1)5 m/s2 and wif

any torque cpntribution from the motor, the maximum speed attainable would be in the;maghitude of 2 m/s|
is based on fhe speed attained at start of deceleration e.g. being the result of a “natural” acceleration of 1,

s2 through t
elements, as

In case of ¢

he response times of the unintended car movement protection device, eontrol circuit and stoy
uming that the movement detector operates when the car reaches thelimit of the unlocking zo

lectric failure, it can be assumed that, for traction lifts due)to internal control means

acceleration which can be achieved is not greater than 2,5 m/s2.

NOTE2 T
moved by the

st speed(s): a speed stated by the manufacturer, used by the test laboratory to establish a disf
e lift (verification distance) so that the unintended meyement system is verified for correct oper

during examfinations and tests before putting into service at site’This can be the inspection speed or any

speed detery]

The distand

hined by the manufacturer and agreed by the labordtory.

e the car is permitted to move during unpintended movement is defined in the requirem

laid down if the standards calling for the use of.this document (e.g. ISO 8100-1:2019, 5.6.7.5).

The followi
a) Detaile

of the c
b) Ifneceg
c) Detaile

conditi
5.8.2 Sta

ng documents shall be attached to the application:

bmponents;
sary, also a load diagram relating to elastic parts;

1 information ofthe materials used, the type of part on which the means acts, and its suf
b1, if relevant,(drawn, milled, ground, etc.).

lement-and test sample

veen

hout
This
5 m/
ping
ne.

the

ance
htion
ther

ents

1 and assembly drawings showing the construction, operation, dimensions and toleralnces

face

5.8.2.1 Tllle applicant shall state for what duty the means is intended.

5.8.2.2 Test samples shall be supplied as agreed between the applicant and the laboratory consisting
of, as appropriate, a complete assembly of unintended car movement detection device, control circuit
(actuator), stopping elements and any monitoring device(s) if applicable.

The number of sets of gripping elements necessary for all the tests shall be attached.

The type of part on which the device acts, shall also be supplied with the dimensions specified by the

laboratory.
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5.8.3 Test

5.8.3.1 Test method

The test method shall be defined between the applicant and the test laboratory, depending on the device
and its function, to achieve a realistic operation of the system.

Measurements shall be made of:

— the stopping distance;

— theaverageretardation;
— the response time of the detection, actuation, stopping element and control circuits,(se¢ Figure 2);
— fhe total distance travelled (sum of acceleration and stopping distances).
The fest shall also include:

— the operation of the unintended car movement detection device; and

— hny automatic monitoring system, if applicable.

L 4 a

Key
v ppeed in meters pérsecond
fime in secondsS

o~

QO

Point at whigh stopping elements start to cause a reduction in speed.
b Responseitime of unintended car movement detection and any control circuits.
c Response time of actuation circuits and stopping elements.

Figure 2 — Response times

5.8.3.2 Test procedure

5.8.3.2.1 General
Twenty tests shall be made on the stopping element with:
— no result outside the specification;

— each result within #20 % of the average value.
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Average val

5.8.3.2.2

The laborat

ue shall be stated on the certificate.

Device certified for a single mass or torque or fluid pressure

ory shall carry out:

direction; and

in the downward direction.

10 tests with the system mass or torque or fluid pressure representing an empty car in the upward

10 tests with the system mass or torque or fluid pressure representing a car carrying the rated load

Between ea|

During the
capable of §

5.8.3.2.3
A series of t4

The applic
or torque o
travelled.

The laborat

5.8.3.2.4

Ten tests sh
operation.

5.8.3.2.5

Ten tests sh
operation.

In addition,
before a cri

58.3.3 C
After the te

a)

the me|
values

ch test, the friction parts shall be allowed to return to their normal temperature.

Lests, several identical sets of friction parts may be used. However, one set of parits sha
tests minimum.

Device certified for different masses or torques_or fluid pressures

psts shall be carried out for the maximum value applied for and a seri€s,for the minimum v|

fluid pressure as a function of a given adjustment. The results is expressed in dist

pry shall verify the validity of the formula or chart.

Test procedure for unintended movement detection means

all be made to verify the operation of the device. All tests shall be positive to verify cof

Test procedure for self-monitoring

all be made to verify the operation of the device. All tests shall be positive to verify coj

Fical situation occurs,-shall be verified.

necks after the test
St:

chanical characteristics of the stopping element(s) shall be compared with the orig
quoted by the applicant. Other analyses may be carried out in special cases;

11 be

alue.

nt shall supply a formula or a chart, showing the calculated variation of the braking force

ance

rect

rect

the capability of the-self-monitoring to detect loss of redundancy of the stopping element

rinal

b)

deformations or wear of the gripping elements, appearance of the rubbing surfaces);

<)

acts for evidence of deformations or fractures.

5.8.4 Possible modification to the adjustments

it shall be checked that there are no fractures, deformations or any other changes (e.g. cracks,

if necessary, photographs shall be taken of the gripping elements and the parts on which the device

If, during the tests, the values found differ by more than 20 % from those expected by the applicant,
another series of tests may be made with his agreement, after modification of the adjustments, if

necessary.
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5.8.5 Testreport

In order to achieve reproducibility, the type examination shall be recorded in all details, such as:

— the method of test defined between applicant and laboratory;

— the description of the testing arrangement;

— the location of the device to be used when installed in the testing arrangement;

— the number of tests carried out;

5.8.6 Type examination certificate

The
a)
b)
‘)
d)
e)
f)

g)

5.9

In th
mov

5.9.

5.9.
The

he record of all measured values;
Lhe report of observations during the test;

the evaluation of the test results to show compliance with the requirements.

certificate shall indicate:
Lhe information according to Annex A;

the type and application of the unintended car movement-protection system/subsysteny;

the test speed with relevant parameters for finaldiispection use;

Lhe type of parts on which the stopping eleménts act;
Systems;
the interface conditions in case ¢f subsystems.

Type examination of rupture valve /one-way restrictor

ing parts”.
| General provisions

.1 General

ppplicant shall state:

a) therange of:

1) flow;
2) pressure;

3) viscosity;

4) ambient temperature; and

b) the method of mounting;

of the rupture valve to be type examined.

© IS0 2019 - All rights reserved

the limits of the key parameters (as agreed betweencthe laboratory and the manufactuger);

the combination of “detecting” device and “stopping” element of the means in the case jof complete

e following, the term~rupture valve” means “rupture valve/one-way restrictor with |mechanical
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Details and assembly drawings showing the construction, operation, adjustment, materials, dimensions
and tolerances of the rupture valve and the construction components shall be attached to the
application.

5.9.1.2 Samples to be submitted
The following shall be submitted to the laboratory:
a) onerupture valve;

b) alistof liquids which may be used together with the rupture valve, or a sufficient amount of special
liquid tp be used;

c) ifnecegsary, adaptation means to the test facilities of the laboratory.
5.9.1.3 Test

5.9.1.3.1 ([Testinstallation

The ruptur¢ valve, mounted in its intended method, shall be tested in a hydraulic system, where:
a) thereqpired testing pressure is dependent on the mass;

b) the flow is controlled by adjustable valves;

c) the prepsure beforel) and behind the rupture valve can be recorded;

d) means fo change the ambient temperature of the rupture valve and the viscosity of the hydraulic
liquid dre provided.

The system|shall allow recording of the flow over time. To determine the values of flow, the measurement
of another fligure, i.e. the speed of the ram from which the flow can be derived is permitted.

5.9.1.3.2 [Measuring instruments

The measuting instruments shall haveaecuracy according to 5.1.2.6.
5.9.1.4 Testprocedure

5.9.1.4.1 |General
The test sh3ll:
a) simulate a totalpiping failure occurring at a moment when the speed of the car is zero;

b) evaluatecthe resistance of the rupture valve against pressure.

5.9.1.4.2 Simulation of a total piping failure

5.9.1.4.2.1 Simulating a total piping failure, the flow shall be initiated from a static situation by opening
a valve, on condition that the static pressure before the rupture valve decreases to less than 10 %.

The tolerances of the closing valve shall be taken into account within the stated range of:
a) flow;

b) viscosity;

1)  "Before the rupture valve" means between the cylinder and the rupture valve.
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C) pressure;
d) ambient temperature.
This can be achieved by 2 test series with:

— maximum pressure, maximum ambient temperature, minimum adjustable flow and minimum
viscosity;

— minimum pressure, minimum ambient temperature, maximum adjustable flow and maximum
viscosity.

In eqch test series, at least 10 tests shall be carried out to evaluate the tolerances of operption of the
ruptjure valve in these conditions.

5.9.1.4.2.2 During the tests, the relation between:
— flow and time:

— pressure before the rupture valve and time;

— pressure behind the rupture valve and time,
shal] be recorded.

The typical characteristics of these curves are shown in Figure 3.
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Figure 3 — Hydraulic fluid flow through, pressure before and behind the rupture valve

pressure after rupture valve
hydraulic fluid flow

— — — pressure before rupture valve
The rupture valve shall be tripped before the speed is equal to rated speed +0,3 m/s.
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5.9.1.4.3 Resistance against pressure

Showing the resistance of the rupture valve against pressure, it shall be submitted to a pressure test
with 5 times the maximum pressure over 2 min.

5.9.1.5 Interpretation of the tests

5.9.1.5.1 Closing operation

The rupture valve fulfils the requirements of this document if the curves recorded according to 5.9.1.4.2

shov

rthat:

a)

b)

the time, tg, between the rated flow (100 % flow) and the maximum flow~Qma
pxceed 0,16 s;

the time, tg, for the decrease of the flow is as Formula (8):

|Qmax| <t.< |Qmax|

whe

)
d)

5.9.
The

5.9.14.3, it shows no permanentjdamage.

5.9.1.5.3 Readjustment

If the limits of flow-decrease or pressure peaks are exceeded, the manufacturer may

adju
5.9.
The
a)
b)
c)

1.5.2 Pressure resistance

6-4-9,81° 97 6-4-1,96

e

A is the area of jack, where pressure is acting in squatre centimetres;
Qmax is the maximum flow of the hydraulic fluid¢inllitre per minute;

td is the braking time in seconds;

h pressure of more than 3,5 - Ps, where Ps is®he static pressure, shall not last longer th4

the rupture valve shall be tripped beforethe speed is equal to the rated speed + 0,30 m

rupture valve fulfils the requirements of the standard if, after the pressure test a

stment of thé kupture valve. After that, another series of tests shall be carried out.

|.6 Typé examination certificate

., does not

(8)

n 0,04 s;

ccording to

modify the

certificate shall indicate:

the information according to Annex A;

the type and application of the rupture valve;
the range of:

1) flow of the rupture valve;

2) pressure of the rupture valve;

3) viscosity of hydraulic fluids to be used;

4) ambient temperature of the rupture valve.

© IS0 2019 - All rights reserved
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The certificate shall be accompanied with a graph, according to Figure 3, showing the relationship
between the flow of hydraulic fluid and pressure from which Qax and tq can be obtained.

5.10 Guide rails calculation

5.10.1 Range of calculation
Guide rails shall be dimensioned taking into account the following stresses:

— bending stress;

— combined bending;

— bucklinjg stress;

— comprdssion stress/tension stress;

— combined bending and compression/tension stress;
— combinfed buckling and bending;

— flange bending stress.

In addition,|deflections shall be analysed.

NOTE A example for a calculation based on the following method is\given in Annex C.

5.10.2 Bending

5.10.2.1 Cdlculating the bending stresses in the different axis of the guide rail (see Figure 4), it can be
assumed that:

— the guidle rail is a continuous beam with flexible fixing points at distances of the length, [;
— the respiltant of forces causing bending stresses act in the middle between adjacent fixing points;

— bending moments act on the neutral axis of the profile of the guide rail.

34 © IS0 2019 - All rights reserved


https://standardsiso.com/api/?name=3975d8043cb3c8c894b5d21ecdad99b6

Eval

Formulae (9) and (10) shall be used:

IS0 8100-2:2019(E)

width of the connecting part of the foot to the blade
force exerted to the flat of the guide blade

force exerted to the end of the guide blade

heutral axis in the x-x plane

heutral axis in the y-y plane

Figure 4 — Axis of the guide rail

pating the bending stress, oy, from horizontaliforces acting at right angles to the axis o

;= m
oW
3-F, -1
with M,, = b
16
whele

f,  is the horizontal force applied to the guide rail by the guide shoes in the different]
in newtons;

is the'maximum distance between guide brackets in millimetres;

M < _\is the bending moment in newtons millimetres;

m IS tITE DEMdiTg Stress T Mewtons Per SqUare MmitHmetre;

w is the cross-sectional area modulus in cubic millimetres.

the profile,

9

(10)

load cases

5.10.2.2 Bending stresses in different axes shall be combined taking into account the guide rail profile.

If, for Wy and Wy, using the usual values of tables (respectively Wx min and Wy min) does not exceed the
permissible stresses, no further proof is necessary. Otherwise, it shall be analysed at which outer edge
of the guide rail profile the tensile stresses have their maximum.

5.10.2.3 If more than two guide rails are used, an equal distribution of the forces between the guide

rails

may be assumed, provided that their profiles are identical.
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5.10.2.4 If more than one safety gear is used, acting on different guide rails, it may be assumed that the
whole braking force is equally distributed between the safety gears.

5.10.2.5 In the case of vertical multiplex safety gears acting on the same guide rail, it shall be assumed,
that the braking force of a guide rail is acting on one point.

5.10.3 Buckling

Determining the buckling stresses the omega method shall be used with Formula (11):

Vi A2
(Fpth—M

O = y (11)
where
A is the cross-sectional area of a guide rail in square millimetres;
Fy is the vertical force on a guide rail of the car, counterweight or balan€ing weight in newtons;
k3 is the impact factor;
Mayux [is the force in a guide rail due to auxiliary equipment in newtons;
Ok is the buckling stress in newtons per square millimetre;
W is the omega value.
The omega palues can be evaluated by using Formulae (12) and (13):
A=l /1 (12)
k=1 (13)
where
A is the slenderness;
i is the minimum radius-of gyration in millimetres;
[ isthe maximunddistance between guide brackets in millimetres;
Iy is the buckling length in millimetres.
For steel wilth tensile strength, R;; = 370 N/mm?2:
Value of A Value of w
20<1<60 ®=0,00012920-A189 + 1
60<A<85 ®=0,00004627-2214 +1
85<A<115 ®=0,000017 112235+ 1,04
115 <A <250 w =0,000 168 87 - 12,00
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For steel with tensile strength, R, = 520 N/ mm?2:

Value of A Value of w
20<A<50 w=0,00008240-22,06+ 1,021
50<A<70 ® =0,00001895 2241+ 1,05
70 <1 <89 w=0,000024 47 - 12,36 + 1,03
89 <1 <250 w =0,000 253 30 - 22,00

The determination of omega values (wg) of steel with tensile strength, R, between 370 N/ mm2 and
520 N/ mm? shall be carried out by using Formula (14):

Ws520 —W370
op =| ———(R 370) |+ w 14
R {520 370 (m ):| 370 (14)

5.10.4 Combination of bending and compression/tension or buckling stresses

The|combined bending and compression/tension or buckling stresses Shall be evalyated using
Forrhulae (15) to (17):

Bending stresses: 0 =0, =0, +0,, <O pem (15)
F,+k;-M
Bending and compression/tension: 6 =0,, +% <0 perm (16)
Bending and buckling: 6 =04 +0,9-0,, <O p. (17)
whefe
A is the cross-sectional area of-a'guide rail in square millimetres;
o is the vertical force on a guide rail of the car, counterweight or balancing weight Jn newtons;
3 is the impact factaf;

Maux  is the force inrayguide rail due to auxiliary equipment in newtons;

J is the combined stress in newtons per square millimetre;
Dk is theduckling stress in newtons per square millimetre
Om is.the bending stress in newtons per square millimetre;

bperm 1S the permissible stress in newtons per square millimetre, see the standards cglling for

—theuse-ofthis-document{e-g1S0-8100-1:20195-74-53;

Ox is the bending stress in the x-axis in newtons per square millimetre;

oy is the bending stress in the y-axis in newtons per square millimetre.

5.10.5 Flange bending

Flange bending shall be taken into consideration. For T-shaped guide rails, Formulae (18) and (19) shall
be used:

1,85 F
Op :—ZX < Operm forroller guide shoes (18)
c
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_ Fem=b=f)6 for sliding guide sh 19
== < Operm  for sliding guide shoes (19)
c?[1+2:(h - f)]
where

b is half the width of the guide shoe lining in millimetres;

c is the width of the connecting part of the foot to the blade in millimetres;

f is the foot depth of guide rail at its connection with the blade in millimetres;

Fx is the force exerted by a guide shoe to the flange in newtons;

hy is the guide rail height in millimetres;

l is the length of the guide shoe lining in millimetres;

OF is the local flange bending stress in newtons per square millimetre;

Operm |is the permissible stress in newtons per square millimetre.

NOTE Diimensions are shown in Figure 5.

Fx

—

[ Y P —

b  half the pidth of the guide shoelining

¢ width of the connecting part 6fthe foot to the blade
foot depfh of guide rail atitS)connection with the blade

Fyx force ex¢rted by a guide-shoe to the flange

h1 guide rajl height

Figure 5 — Dimensions for flange bending calculation

5.10.6 Deflections

The deflections shall be calculated by using Formulae (20) and (21):

F,-I3
§,=07—2— (20)
48-E-1,
Fo-I?
8, =1,0—*—— (21)
48-E -1,

where
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Operm is the maximum permissible deflection in millimetres;

Ox is the deflection in the X-axis in millimetres;

Oy is the deflection in the Y-axis in millimetres;

Ostrx  is the deflection of the building structure in the x-axis in millimetres;

Ostr-y  is the deflection of the building structure in the y-axis in millimetres;

E is the modulus of elasticity in newtons per square millimetre;

Fy is the supporting force in the X-axis in newtons;

Fy is the supporting force in the Y-axis in newtons;

[« is the second moment of area in the X-axis in fourth power millimettes;
[y is the second moment of area in the Y-axis in fourth power millifnetres;

is the maximum distance between guide brackets in millimetres.
5.11 Evaluation of traction

5.11.1 General

Traction shall be ensured at all times taking into accouft:
— hormal travel;

— |oading the car at floor level; and

— retardation due to an emergency stop:

If the lift machine torque is sufficiently high to raise the car, considerations shall be given fo allow slip
to ogcur if the car or the counterweight is stalled in the well for any reason.

The [ following dimensioning)procedure applies for the evaluation of traction in the|traditional
appljcations, which include)steel wire ropes and steel/cast iron sheaves.

NOTE The resultstape, as shown by experience, safe due to built-in safety margins. Therefore, the following
elements do not need tb be taken into consideration in detail: rope construction, type and amount off lubrication,

matgrial of sheayesiand ropes and manufacturing tolerances.

5.11.2 Traction calculation

5.11.21 General

For car loading and emergency braking conditions, Formula (22) shall be applied. For car/counterweight
stalled conditions (car/counterweight resting on the buffers and the machine rotating in the “down/
up” direction) where protection against raising of the car or counterweight is provided by limiting of
traction, Formula (23) shall be applied.

T
L el (22)
T
T e (23)
T

where
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a

f
T1, T2

is the angle of wrap of the ropes on the traction sheave;
is the friction factor;

are the forces in the portion of the ropes situated at either side of the traction sheave.

5.11.2.2 Evaluation of 71 and Ty

5.11.2.2.1

The staticr
well with 1

Where han
weight of sy

5.11.2.2.2

The dynam
the well ang

Each movin

Car loading condition

5 % of the rated load.
lling devices which are not included in the rated load are used to load/unload.'the caf
ch devices shall be added to the rated load for the purpose of this calculation.

Emergency braking condition

cratio, T1 / T, shall be evaluated for the worst case depending onthie position of the c
| the load conditions (empty, or with rated load).

reeving ratjo of the installation.

Inno case s

0,5 m/s

the min
which t

5.11.2.2.3

The staticr
5.11.2.3 Ej
5.11.2.3.1

5.11.2.3.1.]

hall the rate of retardation to consider be less than:
2 in normal cases;

imum retardation to slow down the car and@ounterweight to a value not exceeding tha
he buffers are designed, in the case of reduced buffer stroke,.

Car/counterweight stalled condition

htio, T1 / T2, shall be evaluated. for the empty car at the highest and lowest position.
aluation of the friction factor
Grooving considerations

| Semi-circularand semi-circular undercut grooves (see Figure 6)

g element shall be considered with its proper rate of retardation, taking into account

the

ar in

the

t for
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Key

1
o
=
=

whe

P

The

The
shoy

indercut angle

broove angle
Figure 6 — Semi-circular groove, undercut

hula (24) shall be used:

4 cosZ—sinﬁ
2 2

‘m—B—y-sinfB+siny

= u
e

B is the value of the undercut angle;

) is the value of the groove anglé;

1 is the friction coefficient;

[ is the friction facter.

maximum value of\the undercut angle, 3, shall not exceed 105° (1,83 rad).

value of the groove angle, ¥, shall be given by the manufacturer according to the groovi
1d never betess than 25° (0,44 rad).

5.11.2.3.1:2' V-grooves (see Figure 7)

Wh

re=the grogve has not been submitted to-an additional hnrdnning Process, inorder

(24)

hg design. It

o limit the

deterioration of traction due to wear, an undercut is necessary.

© IS0 2019 - All rights reserved

41


https://standardsiso.com/api/?name=3975d8043cb3c8c894b5d21ecdad99b6

ISO 8100-2:2019(E)

Key
B undercuft angle
y  groove gngle

Figure 7 — V-groove

Formulae (25) to (27) apply:

— in the cpse of car loading and emergency braking:

41 1- sing
f=u.- _ for non-hardened grooves (25)
f—p—sinp
1
f=u.4+—— forhardened grooves (26)
sinZ
2
— in the cpse of counterweightstalled conditions:
f=u .—1— for hatdened and non-hardened grooves (27)
sinZ
2
where
ﬁ iS t 1T VG}UC Uf thC L{lldCl Lut qug}c,

y  is the value of the groove angle;
u  is the friction coefficient;
f isthe friction factor.

The maximum value of the undercut angle, 8, shall not exceed 105° (1,83 rad). Angle y shall never be
less than 35° for lifts.
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0,1

0,09 —~—]

0,08 —~

0,07 —

0,06 —
0,05

0,04

0,03
0,02

0,01
0

Key
u  friction coefficient
v ppeed in meters per second

Figure 8 — Minimum friction coefficient

The following values apply:
— u=0,1for loading conditions;
— K =0,2 for counterweight stalled conditions;

— Formula (28) for emergency braking conditions:

_ 01 (28)
1+
10
whefe
1 is the frictien’coefficient;
p  is the rope speed at rated speed of the car.
5.11.3 Formulae for a general case (see Figure 9)
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Mpcar

mpp

Mpcwt

44

mPcar mPcwt
v v
VAN 7N : VAN
b Msg 5 Msg 5 b
v v Vv \ 2 vwVW v V
i’ O Wt
a N
'y O
N N
N 1
[9\]
N \ cwt
T s\&
2
NS
MComp/Z
i@L.__y:o:H/z \ 4

<______

MComp

travel height in metres McRr
reduced mass (related to the car) of pulleysMcomp
on car side in kilograms Mcwt

reduced mass (related to the car/counter- Msr
weight) of deflection pulleys on car and/or Mpay

counterweight side in kilograms P
reduced mass (related to the 1%
counterweight)

actual mass of compensation ropes/chains in
kilograms

mass of tension device including mass of pulleys in
kg

mass of counterweight including mass of pulleys
in kg

actual mass of suspension ropes in kilograms
actual mass of travelling cable in kilograms
masses of the empty car in kilograms

rotation speed of the pulley (rope speed) in m/s
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of pulleys on counterweight side Y level 0,5 H — y = 0 in metres;

in kilograms T1, T>

reduced mass (related to car/
counterweight)

mpTD

of one pulley on tensioning device

Figure 9 — General case

Formulae (29) to(32) apply.

force exerted on rope in newtons

1,2,3,4 speed factor of pulleys (example: 2 =2 - v¢yy)

a) For machinery located above:
P+Q+M +M M z hprp -m
', :( Q CRcar Trav).(gn ia)+ Comp g+ Mpear | 9 £a- re+2 1 [cherD -MpyD
r 2-r 3 2-r
1l
r-1 i (29)
+ (mDP 'a)l + |:2i:1 (mPcar "' Pear a):| — FRcar
T * F
r r r
My + Mg M¢ r? 42 ippp-m
rz _ ( wt cwt ) .(gn $a)_|_ omp -9, +MSRcwt . Ya- T PTD PTD .a
r 2-r 3 2-r
1l
r-1 i (30)
_|:mDP .aj|” _ l:zizl (mPCWt .IPCWt a):| L FRCWL’
¥ ¥ *
r r r
b) For machinery located below:
(P+Q+MCRcar+MTrav) MComp r2+2
rlz r '(gnia)+ 'gn+MSR1car'(_gnia)+MSRZCar gnia' 3
- m
. I - m -1 -a
4| IpTp MprpC ) (mpp -a) + [Zl:l( Pear " Pear )} - FRear
2-r r r r
31)
(Mf|arf +M‘rv‘nu) — Mf'nm‘n — r2+2
Iy = - (9n +a)+T'gn+MSR1car'(_gnia)"'MSRanrLgn“‘a' 3
11
r-1 i (32)
. I (m - -a
_[IPTD "Mprp J_ (mpp-a)” _ [2121( Pear “Pear )} + FRewe
¥ a ¥ F x
2-r r r r
where
45

© IS0 2019 - All rights reserved


https://standardsiso.com/api/?name=3975d8043cb3c8c894b5d21ecdad99b6

ISO 8100-2:2019(E)

a is the braking retardation (positive value) of the car in metres per square second;

FRcar is the frictional force in the well (efficiency of bearings car side and friction on guide
rails, etc.) in newtons;

FRewt  is the frictional force in the well (efficiency of bearings counterweight side and friction
on guide rails, etc.) in newtons;

In is the standard acceleration of free fall in metres per square second;

H is the travel height in metres;

ipcar is the number of pulleys on car side with same rotation speed vpyjjey (without deflecti'on
pulleys);

IPcwt is the number of pulleys on counterweight side with same rotation speed pygifey (withiout
deflection pulleys);

ipTD is the number of pulleys for tensioning device;

mpp is the reduced mass (related to the car/counterweight) of deflection pulleys on car and/or
counterweight side /pp - (Vpulley/V)2/R? in kilograms;

mpcar | is the reduced mass (related to the car) of pulleys on cay side Jpcar (vpuney/v)z/R2 in
kilograms;

mpewt | is the reduced mass (related to the counterweiglhit) of pulleys on counterweight side
Jpewt * (Vpulley/v)?/R? in kilograms;

mptp | isthereduced mass (related to car/countefiveight) of one pulley on tensioning device
JpTp/R? in kilograms;

Mcomp | is the mass of tension device including mass of pulleys in kilograms;

Mcr is the actual mass of compensation ropes/chains [(0,5 -H * y) - n. - rope weight per unig
length], in kilograms;

McRcar| is the mass Mcr on the dar side;
McRrewt| is the mass Mcr-0mthe counterweight side;
Mewt is the mass-of counterweight including mass of pulleys in kilograms;

Msgr is the actual mass of suspension ropes [(0,5 -H % y) - ng - rope weight per unit length], in
kilograms;

MsRcar | Gsythe mass Msg on car side.

NOTE1 Formulae (29) to (32) can be also used for the empty car by deleting Q. In this case, T1 becomes T3, and
T2 becomes T1.

In the above formulae, the symbols + and + shall be used in such a way that:

— the upper operation is applicable in case the car with its rated load is retarding in the downward
direction, and

— the lower operation in case the empty car is retarding in the upward direction.
For cases with car loading and stalled condition, a = 0.
For the car loading case, Q shall be replaced by 1,25 @ plus the weight of handling devices where used in

case of goods passenger lifts.
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The friction forces, FRqar and FRqwt, should be deleted in all conditions if a minimum friction force
cannot be ensured.

NOTE 2  For calculation example, see Annex D.
Conditions:
I is for any deflection pulley on car side;
Il isfor any deflection pulley on counterweight side;
Il ris-enlyforreeving>+
In the case of machine below, the rope leading from the machine to the pulley(s) incthe h
Msp{cqar and the rope leading from the pulley(s) in the headroom to the car is Msr2car [Msr2
at upmost landing);

Msrewt 1S the mass Msg on counterweight side.
In the case of machine below, the rope leading from the machine to_the¢pulley(s) in the h
Msgr{cwt and rope leading from pulley(s) in the headroom to the counterweight is Msr2cwt
if copnterweight at upmost landing);

MTray  is the actual mass of travelling cable [(0,25H £ 045y) - n; - travelling cable weigh

length], in kilograms;

c is the number of compensating ropes/chains;

s is the number of suspension ropes;

Nt is the number of travelling cables;

p is the masses of the empty(car in kilograms;

) is the rated load in kilograms;

', Tp  isthe force exerted on rope in newtons;

f is the reevingfactor;

bpulley 1S therofation speed of the pulley (rope speed) in metres per second;

¥y istonr the level 0,5 - H— y = 0, in metres;

- is the static force;

L~ is the dynamic force;

¢ per unit

5.12 Evaluation of safety factor on suspension ropes for electric lifts

5.12.1 General

eadroom is
Lar = 0 if car

eadroom is
MsRr2cwt = 0

With reference to the requirements laid down in the standards calling for the use of this document
(e.g. ISO 8100-1, 5.5.2.2), this clause describes the method of evaluation of the safety factor “S¢” for the
suspension ropes. This evaluation method shall only be used for:

Steel or cast iron traction sheaves;

Steel wire ropes according to EN 12385-5 or ISO 4344.
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NOTE This method is based on sufficient life time of the ropes assuming a regular maintenance and
inspection.

5.12.2 Equivalent number, Neqyiy, of pulleys

5.12.2.1 General

The number of bends and the degree of severity of each bend cause deterioration of the rope. This is
influenced by the type of grooves (U- or V-groove) and whether the bend is reversed or not.

The degree of severity of each bend can be equated to a number of simple bends.

A simple bgnd is defined by the rope travelling over a semi-circular groove, where the radius of the
groove is n¢t more than 0,53 of the nominal rope diameter.

The numbefr of simple bends corresponds to an equivalent number of pulleys, Nequi»Which cap be
derived frop Formula (33):

Nequiv = Nequiv(t) + Nequiv(p) (33)
where

Nequiv(d) is the equivalent number of traction sheaves;

Nequiv(j) is the equivalent number of deflection pulleys.

5.12.2.2 Eyaluation of Nequiv(t)

Values of Ndquiv(t) can be taken from Table 2.

Table 2 — Evaluation of equivalent number of traction sheaves Nequiv(t)

V-angle (y) 35° 36° 38° 40° 42° 45° 50°
V-grooves

Nequiv(y) 1855 16 12 10 8 6,5 5
U-Undercuf U-angle () 75° 80° 85° 90° 95° 100° 10p°
grooves Nequiv(y) 2,5 3,0 3,8 50 6,7 10,0 152

For U-grooyes without undercut, Nequiv(t) = 1-

Values for angles not in thetable may be determined by linear interpolation.

5.12.2.3 Eyaluationof Nequiv(p)

Abend is only con51dered to be areverse bend 1fthe dlstance from the rope contacts on two consec itive
pulleys, wh e S ope-di and
the bending planes are rotated through more than 120° [see Formulae (34] and f35)].

Nequivip) =Kp '(Nps +4'Npr) (34)
where

Nps is the number of pulleys with simple bends;
Npy is the number of pulleys with reversed bends;

Kp, is the factor of ratio between sheave and pulley diameters.
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with K, = (35)

-t
Dp
where

D¢ isthe diameter of the traction sheave;

Dy is the average diameter of all pulleys, traction sheave excluded.

NOTE Examples for evaluation of equivalent number of pulleys are given in Annex E.

5.12.3 Safety factor

For 4 given design of rope drive, the minimum value of safety factor can be selected friom Figufe 10 taking
into faccount the correct ratio of D¢/d; and the calculated Neqyiyv for the worst-casg section of fopes.

PR B WAV A N SR S
f 32 N N \\L - equiv
/ 3 ) ~0--—140
\\ 3(\ N\ NERNAN ]
30 [ x\ oomoN
28 AR
N '\’\ N A N
26 Y <. NS
F N N NN <
24 L RN N >
\, N LN
s S . -
22 W T N N
S LSRN
18 I ™ N
16 N N
N \'\\' 4
b
14 |—0< ~_
12 o 3
10 ~o<
8

34 36 38 40 42. 44 46 48 50 52 54 56 58 60 62 64 66 68 70 72 74 76

Figure 10 — Evaluation of minimum safety factor

The curves.of the Figure 10 are based on Formula (36):

695,85.107-N
log

(Dt J8,567
d
2,6834 r

Dt -2,894
log| 77,09 —
dr

S ;=10 : (36)

equiv

where
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D¢ is the diameter of traction sheave;
dy is the diameter of the ropes;
Nequiv is the equivalent number of pulleys;

S¢ is the safety factor.

5.13 Calculations of rams, cylinders, rigid pipes and fittings

5.13.1 Calpulatiomagainmstover pressure

5.13.1.1 Calculation of wall thickness of rams, cylinders, rigid pipes and fittings (see Eigure 11)

Key
ewall wall thi¢kness of the cylinder/ram/rigid pipe in mm
D; inside djameter of the cylinder/ram/rigid pipe in mm

Figure 11 — Wall'thickness calculation

Calculate wpll thickness, eya1, with Formula (37):

2,3:1,7-p D;

ewall =1 Rooz 2 +eo (37)
where
Dj i$ the insidejdiameter of the cylinder in mm;
eo= 1,0 mm™or wall and base of cylinders and rigid pipes between the cylinder and the ruptuire
valve, if any;

eo= 0,5 mm for rams and other rigid pipes;

p is the full load pressure in megapascals;

Rpo,2 is the proof stress (non-proportional elongation) in newtons per square millimetre;
2,3 isthe factor for friction losses (1,15) and pressure peaks (2);

1,7  isthe safety factor referred to the proof stress.
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5.13.1.2 Calculation of the base thickness of cylinders (examples)

5.13.1.2.1 General

The examples shown do not exclude other possible constructions.

5.13.1.2.2 Flat bases with relieving groove (see Figure 12)

D i €wall

§

YOS
Key
e1 thickness of the flat base in mm u1 thicknessof the base at the bottom of the relieving
hq height outer base wall in mm groové)ivmm
Dy inside diameter of the cylinder in mm r1  radius of the relieving groove in mm
ewall| wall thickness of the cylinder in mm s1 ~thickness of the base wall in mm

Figure 12 — Flat basés with relieving groove

Condlitions for the stress relief of the welding-seam, see Formulae (38) to (43):

1 20,2-e (38)
qnd r; =5 mm (39)
1 <1,5-s 40
1 1
Lll Zul +r1 (4'1)
2,3-1,7-
P, =0,4-D; M+e0 (42)
\ Rpop2
D . .
u; 21,3 _l_rl .M+eo (43)
2 Rpo 2
where

D; istheinside diameter of the cylinder in mm;
eo is 1,0 mm for wall and base of cylinders;
e1 is the thickness of the flat base in mm;

h1 is the height of the base wall in mm;
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ri
s1
u1
2,3

1,7

is the full load pressure in megapascals;

is the inside radius of the base in mm;

is the thickness of the base wall in mm;

is the thickness of the base at the bottom of the relieving groove in mm;
is the factor for friction losses (1,15) and pressure peaks (2);

is the safety factor referred to the proof stress.

5.13.1.2.3 [Cambered based (see Figure 13)

| D

%N
Key
D outer fliameter of the cylinder in mm hy height of the base wall in mm
ey thicknless of the cambered base in mm ro inside radius of the base in mm
ewall wall thickness of the cylinder in mm R>\ ‘radius of the camber in mm

Figure 13 <'Cambered based

Conditions,|see Formulae (43) to (46):

hy, 23,0-e,
r, 20,15-D
R, =0,8-D

2,3-1,7'p~D
ez > ! ! £ P '—+€0

Riop 2
where

D is the outer diameter of the cylinder in mm;
eo is 1,0 mm for wall and base of cylinders;
ey isthe thickness of the cambered base in mm,;
hy  is the height of the base wall in mm;
p is the full load pressure in megapascals;

52
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(44)

(45)

(46)
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ro  istheinside radius of the base in mm;

Ry isthe inside radius of the cambered base in mm;

Rpo.2is the proof stress (non-proportional elongation) in newtons per square millimetre;

2

,3 is the factor for friction losses (1,15) and pressure peaks (2);

1,7 isthe safety factor referred to the proof stress.

5.13.

1.2.4 Flat bases with welded flange (see Figure 14)

Key

E3

Ewall

Condlitions, see Formulae (47) to (50):

q

whe

| D | 1< Cwall

% -

E3

\§
inside diameter of the cylinder in mm r3 insid€radius of the base in mm
thickness of the flat base in mm u3 height base wall in mm

wall thickness of the cylinder in mm

Figure 14 — Flat bases with welded flange

13 263 +r3

S Cwall

-3

nd r3 28 mm

Rpo 2

e

u3 isthe height base wall in mm;

e3 is the thickness of the flat base in mm;

r3 isthe inside radius of the base in mm;
ewallis the wall thickness of the cylinder in mm;
D; istheinside diameter of the cylinder in mm;
p  isthe full load pressure in megapascals;

Rpy.2is the proof stress (non-proportional elongation) in newtons per square millimetre;
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eo is 1,0 mm for wall and base of cylinders;
2,3 isthe factor for friction losses (1,15) and pressure peaks (2);

1,7 is the safety factor referred to the proof stress.
5.13.2 Calculations of the jacks against buckling

5.13.2.1 General

The bucklipg—eatetntation—shatbemade—on—thepart—withteastbueklingresistance aecording to
Formulae ($1) to (57) as applicable.

5.13.2.2 Single acting jacks (see Figure 15)

Key
d diameter of ram
[ length of ram subject to buckling

Figure 15 — Single acting jacks

% E-J,

For 1,2 100: F < 5
2-1

(51)
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2
For Ap < 100: F, s%" R, —(Rp —210)'[173‘0 j (52)
F,=1,4-g, -[cm ~(P+Q)+0,64~Pr + Prh] (valid for rams extending in upward direction) (53)
where

Ap is the cross-sectional area of the material of the ram to be calculated in square millimetres
(n=1,2,3);

Cm is the reeving ratio;

- is the modulus of elasticity in newtons per square millimetre (for steel; £=2,1 x 105 N/mm?2);

Fs is the actual buckling force applied in newtons;

In is the standard acceleration of free fall in metres per square $€écond;

n is the radius of gyration of the ram to be calculated in millimetres (n = 1, 2, 3));

In is the second moment of area of the ram to be calculated in fourth power millimetres
(n=1,2,3);
is the maximum length of rams subject to.buckling in millimetres;

o is the sum of the mass of the empty carand the mass of the portion of the trave¢lling cables
suspended from the car in kilograms;

P is the mass of the ram to be caleulated in kilograms;

Prh is the mass of the ram head-equipment, if any in kilograms;

) is the rated load (mass)/displayed in the car in kilograms;

Rim is the tensile strength of material in newtons per square millimetre;

] is the coefficient of slenderness of the ram to be calculated;

A = ;

1,4 isthe’over pressure factor;

D is the safety factor against buckling.
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5.13.2.3 Telescopic jacks without external guidance, calculation of ram (see Figure 16)

h

[
>2d,

FJ 47K

—

Key
dy, dz, d3 digmeter of telescopic ram sections
| lerjgth of unsupported section

13, I, 13 length of telescopic ram sections subjectto buckling

Figure 16 — Telescopic jacks without external guidance
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I=hh+1x+13,

V=\/£;]3 22>)1
P

h=h=1I3

For 5 >100
n?E]
(assumption for simplified calculation: /3 =5 ] L
212
p ions:
for  sections: For 2, <100
#1=1,25-v-0,2 for 0,22 <v<0,65 )
for B sections: F SA_" R,, —(R,, ~210)- A
o2 ™M 100
f1=15-v-0,2 for 0,22 <v < 0,65
@#=0,65-v+0,35 for0,65<v<1
F.=1,4-g, ~[cm (P+Q)+0,64-P, +P, +Prt] (valid for rams extending in upward direftion) (54)
whefe
A is the cross-sectional area of the material of the ram to be calculated in square millimetres
n=1,2,3);
Cm is the reeving ratio;
m is the outside diameter of the:Biggest ram of a telescopic jack in millimetres;
i is the inner diameter of the-biggest ram of a telescopic jack in millimetres;
F is the modulus of elasticity in newtons per square millimetre (for steel: E = 2,1 x 105 N/mm?2);
Fs is the actual buckling force applied in newtons;
In is the stapdard acceleration of free fall in metres per square second;
e is therequivalent radius of gyration of a telescopic jack in millimetres;
n is\the radius of gyration of the ram to be calculated in millimetres (n =1, 2, 3);
In is the second moment of area of the ram to be calculated in fourth power millimetres
n=1,2,3);
1 is the maximum length of rams subject to buckling in millimetres;
P is the sum of the mass of the empty car and the mass of the portion of the travelling cables
suspended from the car in kilograms;
Py is the mass of the ram to be calculated in kilograms;
Py is the mass of the ram head equipment, if any in kilograms;
Pr¢ is the mass of the rams acting on the ram to be calculated (in the case of telescopic jacks)
in kilograms;
Q is the rated load (mass) displayed in the car in kilograms;
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is the tensile strength of material in newtons per square millimetre;
is the proof stress (non-proportional elongation) in newtons per square millimetre;

is the equivalent coefficient of slenderness of a telescopic jack;

is the coefficient of slenderness of the ram to be calculated;

are the factors used to represent approximate values given by experimentally determlined
diagrams;

is the over pressure factor;

is the safety factor against buckling.

blescopic jacks with external guidance (see Figure 17)
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h

C
L1

C1

|

|

| BN
< \f//7

| d,

|

|

N
AN

|

|

|

Key
dy, d}, d3z diameter of teleseppic ram sections
11,12, 13 length of telescopic ram sections subject to buckling

Figure 17 — Telescopic jacks with external guidance

2
.E-
¥, > 100: £ <® EIn (55)
212
For A, <100: F <A—” R, —(R,, —210)- A 2 (56)
" ST M U 100

F,=1,4-g, -[cm -(P+Q)+0,64-P, +P,, +Prt] (valid for rams extending in upward direction) (57)

where
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Cm
D

Dmi

is the cross-sectional area of the material of the ram to be calculated in square millimetres

n=1,2,3);
is the reeving ratio;
is the outside diameter of the biggest ram of a telescopic jack in millimetres;

is the inner diameter of the biggest ram of a telescopic jack in millimetres;

is the modulus of elasticity in newtons per square millimetre (for steel: E= 2,1 x 105 N/mm?2);

Fg
In
In

Jn

In

5.14 Pend

iSThe actual buckliing force appiied in NEWTONS;
is the standard acceleration of free fall in metres per square second;
is the radius of gyration of the ram to be calculated in millimetres (n = 1, 2,,3);

is the second moment of area of the ram to be calculated in fourth, power millime
n=1,2,3);

is the length of ram subject to buckling in millimetres (n =1, 2,3);

is the sum of the mass of the empty car and the mass of thé¢portion of the travelling cz
suspended from the car in kilograms;

is the mass of the ram to be calculated in kilograms;
is the mass of the ram head equipment, if anyit-kilograms;

is the mass of the rams acting on the ram@o be calculated (in the case of telescopic jz
in kilograms;

is the rated load (mass) displayedin the car in kilograms;
is the tensile strength of material in newtons per square millimetre;
is the proof stress (non<proportional elongation) in newtons per square millimetre;

is the coefficient of'slénderness of the ram to be calculated;

is the ovet/pressure factor;

is the.safety factor against buckling.

ulum shock tests

tres

\bles

cks)

5.14.1 General

Pendulum shock tests shall be carried out according to the following prescriptions.

NOTE Pendulum shock test can be specified for a “family” of doors based, for example, on type and minimum/
maximum dimensions.

60
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5.14.2 Testrig

5.14.2.1 Hard pendulum shock device

The hard pendulum shock device shall be a body according to Figure 18. This body consists of a
shock ring made of steel S 235 JR, according to EN 10025 and a case made of steel E 295, according to
EN 10025. The overall mass of this body will be brought up to 10 kg + 0,01 kg by filling with lead balls of
a diameter of 3,5 mm * 0,5 mm.

5.14.2.2 Soft pendulum shock device

The poft pendulum shock device shall be a small shot bag according to Figure 19 made ofdegther, which
is filled with lead balls of a diameter of 3,5 mm * 0,5 mm up to an overall mass of 45 kg+'0,5 kg.

5.14.2.3 Suspension of the pendulum shock device

The pendulum shock device shall be suspended by a wire rope of approximately 3 mm diamleter in such
a wdy that the horizontal distance between the outer edge of the free franging shock deyice and the
pangl to be tested does not exceed 15 mm * 10 mm.

The pendulum length (lower end of the hook to reference point of thelShock device) shall be afleast 1,5 m.

5.14.2.4 Pulling and triggering device

The puspended pendulum shock device shall be swung away from the panel by a pulling ang triggering
devire and thus lifted to the falling height required in.5714.3.2 and 5.14.3.3. The triggering device shall
not give an additional impulse to the pendulum shockdevice in the moment of releasing.

The [suspension wire rope shall be hooked to_shock device without any torque to prevent|spinning of
devige after triggering.

The [suspension wire rope shall have neo angle in swung position before triggering; consisftent results
shoyld be realized by a triangle hooKing keeping the shocking device’s centre of gravity in ljne with the
hoisting wire at triggering position.

5.14.2.5 Test samples

5.14.2.5.1 The test samples shall be complete and shall have the intended size and fixations according
to the specific application. The test samples shall be fixed to the test frame in such a way that at the
fixatjon points, ng)deformations under test conditions are possible (stiff fixation).

5.14.2.5.2 The samples shall be submitted to the tests in the intended manufacturing finisi (machined
edgds, holes; etc.).

5.14.3 Tests

5.14.3.1 The tests shall be carried out at a temperature of 23 °C £ 5 °C. The panels shall be stored directly
before the tests for at least 4 hours at that temperature.

5.14.3.2 The hard pendulum shock test shall be carried out with the device according to 5.14.2.1 with a
falling height and test arrangement according to Figure 18 and Figure 20.

5.14.3.3 The soft pendulum shock test shall be carried out with the device according to 5.14.2.2 with a
falling height and test arrangement according to Figure 19 and Figure 20.
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5.14.3.4 The pendulum shock device shall be brought to the required falling height according to the

standard calling for this test (e.g. ISO 8100-1:2019, 5.3.5.3.2) and released.

If it is not possible to hit the specified striking point of the relevant part of the test sample (e.g. the
panel width is smaller than 240 mm), the pendulum shock device shall hit as close as possible to the
striking point (see the requirements laid down in the standards calling for the use of this document
(e.g.1SO 8100-1:2019).

5.14.3.5 Only one test for each striking point is required with each of the devices called for in 5.14.2.1
and 5.14.2.2.

When both
sample and

5.14.3.6 L

the hard pendulum test shall be performed first.

from the car side.

5.14.4 Inte¢rpretation of the results

Checks sha]]
a) loss of integrity;
b) permarnent deformation;

c) cracks pr chips.

5.14.5 Testreport

The test rej]
a) namea
b) date of
c) dimens

d) fixation

e) fallingl
f) numbe
g) testreg

ort shall contain at least the following information:
hd address of the organization havingmade the tests;
the tests;
ions and construction of the'panel;

of the panel;
height of the tests;
" of tests carried out;

ults;

h) signatTe of the person responsible for these tests.

hard and soft pendulum shock tests shall be made, they shall be made on the same|test

nding doors shall be tested from the landing side. Car doors and car walls shall be tgsted

be carried out after the test according to the standard calling fér this test for the following:
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/
\ _
- .
1
2
0
3
8 240

Key

1 shocking ring

2 reference point for measuring the falling height
3  triggering device attachment

Figure 18 — Hard pendulum shock device
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m
2
[¥a}
(¥a)
4
975 T~ 5
®2L0 +10
Key
1 screwedrod
2 referenge‘point for measuring the falling height in the plane of the maximum diameter
3 leather bag
4 steel disk
5 triggering device attachment

Figure 19 — Soft pendulum shock device
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Dimensions in millimetres

/7
2 1
§__’/—/ 2
S %// 3
15410
5 BN
\

7

frame
Hoor or car wallelement to be tested
bhock devicé

height\of striking point: value for the height of striking points is given in relevant clauses
rriangle hooking configuration as considered in 5.14.2.4

1
2
3
4 floor leyélwith respect to the door or car wall-structure element to be tested
5
6
H

falling height

Figure 20 — Test rig falling height

5.15 Electronic components — Failure exclusion

Failure exclusion shall only be considered provided that components are applied within their worst-
case limits of characteristics, value, temperature, humidity, voltage and vibrations.

Table 3 describes the conditions under which certain faults can be excluded.
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5.16 Design rules for programmable electronic systems (PESSRAL)

Programmable electronic systems shall comply with the minimum requirements of the safety functions
common to all SIL's listed in Tables B.1, B.2 and B.3. In addition, specific measures required for SIL's 1, 2

and 3 are listed respectively in Tables B.4, B.5 and B.6.

See also the requirements in the standard calling for the use of this document.

NOTE The IEC 61508-7:2010 clauses listed in Tables B.1 to B.6 refer to the relevant requirements in

IEC 61508-2

and IEC 61508-3.

6 Use of

ISO/TS 810
combinatio

ISO/TS 8100-3

n with this document.

D-3:2019, Clause 4, includes requirements that shall be followed when applicableé for uge in
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Annex A
(normative)

Model form of type examination certificate

examination certificate shall contain the following information.

Nam

MODEL TYPE-EXAMINATION CERTIFICATE

Ype and make Or trade NAIME .......ccvvveiieieiiee e se e ey e e sr e s neesnr e e neesreas

hme and address Of MANUIACEUTET ....oooie i s e e e e e e e s eessresrreresesesseaas

pte of submission for type-examination ............oom @i
ertificate issued on the basis of the following requirement ..........ccoeeiinirieccininenenn
R W E=LoXo) = 1o O T
hte and number of 1aboratory rePoOLt ... ..o e
Ate Of tyPe-eXamiNation ...t e e e e n s

he following documents, bearing the type-examination number shown above, are ann
FICALE ettt e s

e dnd position of person signing the certificate ..o

(Signature]
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Annex B
(normative)

Programmable electronic systems in safety related applications
for lifts (PESSRAL)

B.1 Comhnon measures

Taple B.1 — Common measures to avoid and detect failures — Hardware design

Reference tp

No. Object Measure TEC 61508-7:2D10
1 Procé¢ssing unit Use of watch dog. A9
2 Component selection Use of components only within their specifications
3 I/0 units and interfaces |Defined safe state in the event of power failure.or reset

incl. (Communication
links
4 Powef supply Defined safe shut-off state in case of over-voltage or A.8.2
under-voltage
5 Variaple memory ranges |Use of only solid state memorjes:
6 Variaple memory ranges |Read/write test of variabledata memory during boot
procedure
7 Variable memory ranges |Remote access only toyinformative data (e.g. statistics)
8 Invarfiant memory ranges|No possibility to change the program code, either auto-

matically by the.system or remote intervention

9 Invarjiant memory ranges | Test of program code memory and fixed data memory A4.2
during bget procedure with a method at least equiva-
lent t6 stm check

Tgble B.2 — Common‘measures to avoid and detect failures — Software design

Reference to

No. Object Measure IEC 61508-7:2010

1 Strudture Program structure (i.e. modularity, data handling, B.3.4/C.2.1
interface definition) according to the state of the art C.29/C.2.7
(see IEC 61508-3).

2 Boot procedure During boot procedures a safe state of the lift shall be
maintained

3 Interrupts Limited use of interrupts: Use of nested interrupts C.2.6.5
only if all possible sequences of interrupts are pre-
dictable.

4 Interrupts No triggering of watchdog by interrupt procedure A9.4
except in combination with other program sequence
conditions.

5 Power down No power down procedures, such as saving of data,
for safety related functions.

6 Memory management |Stack manager in the hardware and/or software with C.2.6.4/
appropriate reaction procedure. C.5.4
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Table B.2 (continued)

. Reference to
No. Object Measure IEC 61508-7:2010
7 Program Iteration loops shorter than system reaction time,
e.g. by limiting number of loops or checking execu-
tion time.
8 Program Array pointer offset checks, if not included in the C.2.6.6
used programming language.
9 Program Defined handling of exceptions (e.g. divisions by zero,
overflow, variable range checking etc.) which forces
the system into a defined safe state.
10 | |Program No recursive programming, except in well tried C.206.7
standard libraries, in approved operating systems, or
in high-level language compilers. For these excep-
tions separate stacks for separate tasks shall be pro-
vided and controlled by a memory management units.
11 | |Program Documentation of programming library interfaees
and operating systems at least as complete asthe
user program itself.
12 | |Program Plausibility checks on data relevant to safety functions C.2.5/C.3.1
e.g. input patterns, input ranges, andinternal data.
13 | |Program If any operational mode can be in¥gked for testing or IEC 61508-1:2010,
validation purposes normal operation of the lift shall 7.7..1
not be possible until this mode has been terminated.
14 | |Communication Reach a safe state with duéconsideration to the A7/A9
system (external system reaction time in\a bus communication system
and internal) with safety functiongin case of loss of communica-
tion or a fault in a-bus participant.
15 | |Bus system No reconfiguration of the CPU-bus system, except C.3]13
during the beot procedure.
NOTE Periodical refresh of the CPU-bus system is
not considered as being reconfiguration.
16 | |I/0 handling Neteconfiguration of [/0 lines, except during the C.3[13
beot procedures.
NOTE Periodical refresh of the I/0 configuration
registers is not considered as being reconfiguration.
Table B.3 — Common measures for the design and implementation process
No Measure Reference to
IEC 61308-7:2010
1 Assessment of the functional, environmental and interface aspects of the application A.l4/B.1
2 RUL{uiI CIIICIIU prLiIiLdLiUIl iutludiug LllC :afct_y I cquil CIIICTIILS 121
3 Reviews of all specifications B.2.6
4 Design documentation as required in 5.6.1 and in addition: C.59
— function description including system architecture and hardware/software
interaction;
— software documentation including function and program flow description
5 Design review reports B.3.7/B.3.8,C.5.16
6 Check of reliability using a method such as failure mode and effect analysis (FMEA) B.6.6
7 Manufacturer's test specification, manufacturer's test reports and field test reports B.6.1
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Table B.3 (continued)

No. Measure Reference to
IEC 61508-7:2010
8 Instruction documents incl. limits for intended use B.4.1
9 Repeat and update of above mentioned measures if the product is modified C.5.23
10 |Implementation of version control of hardware and software and its compatibility. C.5.24

B.2 Specific measures

Table B.4 — Specific measures according to SIL 1

Components and Requirements Measures see No. Reference t¢
functiops 1 inB.7 | IEC61508-7:2010
Structure The structure shall be such that [One channel structure M1.1 A.3.1
any single random failure is with self-test, or
detected and the system shall
go into a safe state. two channels or more
with comparison. M. 1:3 A2.5
Processing yinits |Failures in processing units, Failure correcting M2.1 A.3.4
which can lead to incorrect hardware, or
results, shall be detected.
If such a failure can lead to a self-test by software, M 2.2 A.3.1
X . or comparator for M 2.4 A.1.3
dangerous situation the system
. two-channel stiuc-
shall go into a safe state.
ture, or
reciprocal compari- M 2.5

son by'software for A.3.5

2%channel structure.

Invariant Incorrect information mod- The following meas-
memory ification, i.e. all odd bit-or ures refer only to a
ranges 2-bit failures and some 3-bit one-channel struc-

and multi-bit failures shall be  |ture:
detected at the latest before the
next travel of the lift) one-bit redundancy M 3.5 A5.5
(parity bit), or

block safety with one- M 3.1 A4.3
word redundancy.
Variable Globalfailures during address- |The following meas-
memory ing, writing, storing and read- |ures refer only to a
ranges ing as well as all odd bit and one-channel struc-
2-bit failures and some 3-bit ture:
failures and multi-bit failures
shall be detected at the latest vord-saving with M 3.2 A.5.0
before the next travel of the lift. |multi-bit redundancy,
or
check via test pattern M 4.1 A.5.2

against static or dy-
namic faults.

NOTE As aconsequence of the detection of a failure, a safe state of the lift shall be maintained.
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Table B.4 (continued)
Components and Requirements Measures see No. Reference to
functions E inB.7 | IEC 61508-7:2010
I/0 units and Static failures and cross talk on |Code safety, or M 5.4 A.6.2
interfaces incl. /0 lines as well as random and
communication |systematic failures in the data |test pattern. M5.5 A6.1
links flow shall be detected at the
latest before the next travel of
the lift.
Clock Failures in clock generation for |Watchdog with sepa- M 6.1 A9.4
Processing umnits 11Ke [Tequency |Tate tile Dase, or
modification or break down
shall be detected at the latest  |reciprocal monitoring. M6.2
before the next travel of the lift.
Program Wrong program sequence and |Combination of timing M71 A9.4
sequence inappropriate execution time  |and logical monitoring
of the safety related functions |of program sequence
shall be detected at the latest
before the next travel of the lift.
NOTE As a consequence of the detection of a failure, a safe state of the lift shall bémaintained.
Table B.5 — Specific measures aceording to SIL 2
Components Requirements Measures see No. Reference to
and functions in B.7 IEC 61508-
7:2010
Structure The structure shall be such One channel with self-test and M1.2 A.3.3
that any single random failure |mofitoring, or
is detected with due consid-
eration to the system reaction\{two channels or more with M1.3 A.2.5
time and that the system goes |comparison.
into a safe state.
Progessing Failures in processing thits, |Failure correcting hardware, M2.1 A3.4
unitp which can lead to.incorrect and
results, shall bé detected with
due consideration to the sys- |software self-test supported M 2.3 A.3.3
tem reaction time. by hardware for one-channel
If such'a failure can lead to a structure, or
dapgerous situation the sys- comparator for 2-channel M 2.4 A.1.3
tem'shall go into a safe state.
structure, or
reciprocal comparison by soft- M 2.5 A.3.5
ware for 2-channel structure.
Invgriant Incorrect information modifi- |The following measures refer
mentory catiom, Te-attodd bitor2=bit—onty toaome-chanmet struc-
ranges failures and some 3-bit and ture:
multi-bit failures shall be de-
tected with due consideration |Block safety with one-word M3.1 A.4.3
to the system reaction time. |redundancy, or
word saving with multi-bit M 3.2 A5.6
redundancy.
NOTE As a consequence of the detection of a failure, a safe state of the lift shall be maintained.
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