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Foreword

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

The procedures used to develop this document and those intended for i irther ma
descrjbed in the ISO/IEC Directives, Part 1. In particular, the different approval criterian

Any t
const

rights. ISO shall not be held responsible for identifying any or all such patent righ
htent rights identified during the development of the document will be'in the Intrody
e [SO list of patent declarations received (see www.iso.org/patents):

Fade name used in this document is information given for the convenience of users
tute an endorsement.

intenance are

beded for the
nce with the

he subject of
ts. Details of
ction and/or

and does not

For an explanation of the voluntary nature of standards;'the meaning of ISO specific terms and

expre
the V
WWW,

ssions related to conformity assessment, as wellvas information about ISO's 3
Vorld Trade Organization (WTO) principles im~the Technical Barriers to Tradg
iso.org/iso/foreword.html.

This
proce

Any fi
comp

locument was prepared by Technical Comimittee ISO/TC 244, Industrial furnaces a
Ksing equipment.

pedback or questions on this document should be directed to the user’s national stang
ete listing of these bodies can be found at www.iso.org/members.html.

dherence to
(TBT), see

nd associated

lards body. A
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Introduction

This document is a type-C standard as stated in ISO 12100.

This document is of relevance, in particular, for the following stakeholder groups representing the
market players with regard to machinery safety:

— machine

manufacturers (small, medium and large enterprises);

— health and safety bodies (regulators, accident prevention organisations, market surveillance etc.).

Otherscanb

aoffoctad b tbha dazitlb o oo c ofeb o do oo aon

above-menti
— machine
— maching
— service |
— consume

The above-m

process of thiis document.

The maching
are covered

When requij
type-B stand
the other st3
this type-Cs

lovzal of oot ney cofotyy oot ad it b o oo el o o £
L diIfc iU LI)’ CIICICVOI UL lllﬂblllllblj JulbLy UAUCITICVOU VVIUIL LIIU ITICAdITIO UL LIIUC UUCTUIIIvIIv

bned stakeholder groups:

users/employers (small, medium and large enterprises);

users/employees (e.g. trade unions, organizations for people with specidlnéeds);
roviders, e.g. for maintenance (small, medium and large enterprises);

rs (in case of machinery intended for use by consumers).

entioned stakeholder groups have been given the possibility‘to participate at the dr

ry concerned and the extent to which hazards, hazardous situations or hazardous ¢
ire indicated in the Scope of this document.

ements of this type-C standard are different\from those which are stated in type
ards, the requirements of this type-C standatrd take precedence over the requireme
ndards for machines that have been desighed and built according to the requireme
tandard.

oy the

hfting

vents

-A or
nts of
nts of

Vi
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Industrial furnaces and associated processing
equipment — Secondary steelmaking — Machinery and
equipment for treatment of liquid steel

1

Scope

This document:

specifies the general safety requirements for secondary steelmaking machinery‘and equipment

($SME) as defined in 3.1 to treat liquid steel;

deals with all significant hazards, hazardous situations and events pertinent to SSME,
imtended and under conditions foreseen by the manufacturer, but alsgincludes foreses
faults and malfunctions;

%)

becifies the requirements to ensure the safety of persons which are to be met duri
e-assembly, transport, sites assembly, commissioning, operation, maintenance, deco
hd dismantling/ disassembling of the equipment;

L T

ssumes that SSMEs are operated and maintained by @adequately trained and compete

o =z

f the equipment.

This locument applies to SSME involved in the'4¢reatment process of liquid steel unde
atmospheric pressure and covers:

NOTE 1

LfF, ladle furnace,

V|D, vacuum degassing,

VIOD, vacuum oxygen decarbutization,

RH (OB), Ruhrstahl Heraeus (oxygen blowing),

ocess related intécfaces/interactions (e.g. according to design, controls) to:

o

a) process media,
b) primaryand secondary gas cleaning plant,

c] mateérial handling systems,

Wwhen used as
bable misuse,

g the design,
missioning

nt personnel.

anual intervention for setting, adjustment and maintenance is accepted as part of the normal use

I’ vacuum or

d ¢ 4 £ £ £+ 1141 A |
J I AdITSTCT CaTr S TUT STCTTT TaulT, dITta

e) crane and ladle.

Due to the variety of secondary metallurgical processes, there are other variants (e.g. VODC - vacuum

oxygen decarburization converter, CAS, CAS - OB) in addition to the main processes discussed in this document.
Most countries require that applicable safety requirements, specific to this equipment be implemented.

This document does not cover safety requirements for the following equipment:

cranes;
transfer cars, e.g. ladle transfer cars, tank cars, maintenance cars;

fork lift trucks or other transporting equipment;

© IS0 2023 - All rights reserved
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ladles;

equipme

nt for relining and preheating in the relining area;

except for maximum main burner ignition time, see 5.2.26.2);

cleaning

— material

and treatment of dust and fume exhaust systems;

process media (e.g. air separation, boiler house, steam generation system);

handling systems.

burners according to 1ISO 13577-2 (the burner lances for RH vessels are covered by ISO 13577-2

NOTE 2
e.g. by cranes

This documd
its publicatid

Siglnificant hazards and hazardous situations due to transporting/positioning of heavy conipg

(e.g. ladles, vessels, covers) are considered in this document (see 5.2.3).

nt is not applicable to SSMEs and associated equipment manufactured before the d
n.

2 Norm

The followi
constitutes 1
undated refe

ISO 3864-1,
signs and saf

ISO 3864-3,
symbols for u

ISO 4413, Hy
ISO 4414, Png

ISO 4871:19
equipment

ISO 7000, Gr

ISO 7731, Ergonomics — Dangeisignals for public and work areas — Auditory danger signals

[SO 8995-1, 1
ISO 11064-1,
[SO 11202, A

ive references

g documents are referred to in the text in such a way that,seme or all of their cc
equirements of this document. For dated references, only\the edition cited applie
rences, the latest edition of the referenced document (including any amendments) ap

[;raphical symbols — Safety colours and safety signs*<= Part 1: Design principles for
ty markings

[raphical symbols — Safety colours and safety:Signs — Part 3: Design principles for gra
se in safety signs

Hraulic fluid power — General rules and sdfety requirements for systems and their compc
umatic fluid power — General rules:and safety requirements for systems and their compc

D6, Acoustics — Declarationvand verification of noise emission values of machiner,

iphical symbols for use'on equipment — Registered symbols

ighting of wérk places — Part 1: Indoor
Ergonomiic design of control centres — Part 1: Principles for the design of control centr

cotistics — Noise emitted by machinery and equipment — Determination of emission

nents,

ate of

ntent
s. For
plies.

safety

bhical

nents
nents

v and

PS

sound

pressure levg

Is7at a work station and at other specified positions applying approximate environn

nental

corrections

ISO 11428, Ergonomics — Visual danger signals — General requirements, design and testing

[SO 11429, Ergonomics — System of auditory and visual danger and information signals

IS0 12100:2010, Safety of machinery — General principles for design — Risk assessment and risk reduction

ISO 13732-1, Ergonomics of the thermal environment — Methods for the assessment of human responses to
contact with surfaces — Part 1: Hot surfaces

ISO 13849-1, Safety of machinery — Safety-related parts of control systems — Part 1: General principles

for design

[SO 13850:2015, Safety of machinery — Emergency stop function— Principles for design

© IS0 2023 - All rights re
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ISO 13854, Safety of machinery — Minimum gaps to avoid crushing of parts of the human body

[SO 13857, Safety of machinery — Safety distances to prevent hazard zones being reached by upper and

lower

limbs

[SO 14119, Safety of machinery — Interlocking devices associated with guards — Principles for design and
selection

ISO 14120, Safety of machinery — Guards — General requirements for the design and construction of fixed
and movable guards

ISO 14122-1, Safety of machinery — Permanent means of access to machinery — Part 1: Choice of fixed

mean

ISO 14
and W

I1SO 14
and g

[SO 11
[SO1

ISO 2
guide

ISO 8
Basic

EN 81

EN 1(
select]

EN 13
and r¢

[EC6

b and general requirements of access

1122-2, Safety of machinery — Permanent means of access to machinery — Part 2:Work|
alkways

1122-3, Safety of machinery — Permanent means of access to machinery —\Part 3: Stair
Lard-rails

1122-4, Safety of machinery — Permanent means of access to machinery — Part 4: Fixe
069, Graphical symbols — Safety signs — Safety way guidance-systems (SWGS)

D816-1, Mechanical vibration — Measurement and evaluation of machine vibration — P
ines

0079-36, Explosive atmospheres — Part 36: Non-eléétrical equipment for explosive at
method and requirements

1, Safety of machinery — Safety distances ta'prevent danger zones being reached by thg

jon

463-1:2001, Non-electrical equipment for potentially explosive atmospheres — Part 1:
bquirements

D079(all parts), Explosive atmospheres

ing platforms

5, stepladders

1 ladders

nrt 1: General

mospheres —

lower limbs

88, Safety of machinery — Interlocking-devices associated with guards - Principles for design and

Basic method

requirements

" arc furnace

tic electrical

ts for visual,

IEC 60204-1:2016, Safety-of machinery — Electrical equipment of machines — Part 1: General
IEC 60519-4:2021,.Safety in electroheat installations — Part 4: Particular requirements fo
installations

IEC 6{730-2-5,Automatic electrical controls — Part 2-5: Particular requirements for autom
burndr control systems

IEC 6131 n_1, anfaf:y nfmnfhr'nar}l J— Infh'/‘nh'nn’ mnr'lzing and actuation — Part 1: Dpflnn'ramp
acoustic and tactile signals

3 Terms and definitions

For the purposes of this document, the terms and definitions given in ISO 12100:2010 and the following
apply.

ISO and [EC maintain terminology databases for use in standardization at the following addresses:

[SO Online browsing platform: available at https://www.iso.org/obp

IEC Electropedia: available at https://www.electropedia.org/

© IS0 2023 - All rights reserved
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3.1

secondary steelmaking machinery and equipment

SSME

machinery and equipment for treatment of liquid steel under vacuum or atmospheric pressure

3.2

material addition equipment
equipment for storage, conveying and adding material into liquid steel

3.3

blowing equipment
equipment fqrblowing gas and /or powder on top orinto liquid steel

EXAMPLE

3.4

Chemical heating and desulphurization.

burner equipment

burner for af]
EXAMPLE

3.5
positioning
equipment fd

3.6

mospheric operation inside RH vessel

To pre-heat refractory or maintain refractory temperature.

equipment
r positioning of components

stirring equlipment

equipment fd

3.7
vacuum pun
equipment tg

3.8
vacuum ves
equipment tq

39

r homogenisation of liquid steel

np
reduce pressure with respect to atmospheric conditions

kel equipment
enable a treatment of liquid'steel under vacuum conditions

media handling equipment

equipment td

3.10
electrical h¢
electrical eq{

3.11

store, supply and freturn process media

bating equipment
hlipment £oyprovide thermal energy to liquid steel

temperatur

p Measurement and sampling equipment

manual or a
slag

3.12

4 e : - 4 4 N A P 1 £1: I T
LUIITAUC TYUIPIITIIU IO LCHIPTT AlUlc HICAaSUI CIIICIIU dllU LdKIITg SAIIIPITS U YUl St

high-voltage switch gear

furnace brea

ker

device to connect and disconnect the ladle furnace to/from the electrical high voltage supply

3.13

safety layout
graphical description of plant-related equipment regarding safety

2] and

© IS0 2023 - All rights reserved
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3.14

hazard zone

danger zone

any space within and/or around machinery in which a person can be exposed to a hazard

[SOURCE: ISO 12100:2010, 3.11]

3.15

take-over-point
point where the secondary steelmaking machinery and equipment (SSME) (3.1) is connected to incoming/
outgoing material (e.g. liquid steel), process media, electricity (e.g. power supply and communication
like input/output parameters)

Note 1 to entry: For example, ladle take-over-point: point where overhead cranes or other.tiangport systems
deposjt or remove ladles.

3.16
safeguard
guard or protective device

[SOURCE: ISO 12100:2010, 3.26]

3.17
completent personnel
person who can demonstrate a combination of knowledge and skills to effectively, efficiently, and safely
carry|out specified tasks

Note 1 to entry: Competence is usually specified by activity [e.g. design, selection of equipment, installation,
operation, maintenance (3.20), testing, inspection (3.20.19y repair (3.20.3)].

3.18
authgrized personnel
competent personnel (3.17) who has . the” permission to perform a specific task under defined
requifements on a specific equipment

3.19
traingd personnel
person with the knowledge of systems, background, experience and ability to operate and)/or maintain
the equipment in the interided use and proper operation of the machinery/ equipment

Note 1 to entry: Background experiences are intended to be specific for the type of equipment.

3.20
maintenance
activities carried out outside the production process

3.20.
insp etion
basic checks (e.g, visual) of equipment

3.20.2
service
periodic exchange of lances, cleaning (e.g. lance), lubrication, adjustment of limit switches

3.20.3
repair
physical action taken to restore the intended function of faulty equipment

© IS0 2023 - All rights reserved 5
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3.20.4

reconditioning

measure tor

eturn to the nominal condition

Note 1 to entry: Foreseeable measures can be to replace worn parts or parts having expired the foreseen
lifetime (could require dismantling/disassembling). These parts will normally meet manufacturers' original

specification.

3.20.5

functional test

checking the

functionality of the exchanged or repaired parts

Note 1 to entr]

3.21
alloying ma
ferrous and/|

3.22
chimney eff]
suction powg

3.23

control room

main room i
and equipme

Note 1 to enf
process.

3.24

fy: It can be required to carry out adjustment work, €.g. test runs, verilying safety runctions.

terial
br non-ferrous metallic additions

pct
r caused by the thermal updraft of hot gases expanding

h which the control desk and monitoring facilities forta Secondary steelmaking mac
nt (SSME) (3.1) are located

ry: It is a location where operating personnel is required permanently during the prod

local controjl stand

control units

Note 1 to entr

3.25

usually situated adjacent to the equipment

y: Itis alocation where operating personnel is required temporarily during the production pr

portable coptrol box

mobile contr
Note 1 to entr]

3.26

pl units connected tothe control system, wired or wireless

y: For example, toposition equipment more precisely.

ignition soujrce

source of ene

3.27

rgy thatinitiates combustion

manual con

ninery

Liction

ocess.

rol

control device which is manually operated

3.271
hold-to-run

control

control device which initiates and maintains machine functions only as long as the manual control
(3.27) (actuator) is actuated

Note 1 to entry: Release of the button/device stops the function (e.g. movement) immediately.

© IS0 2023 - All rights re
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operating mode
state of the control system allowing to operate the secondary steelmaking machinery and equipment
(SSME) (3.1) under defined conditions

Note 1 to entry: Such conditions (modes) could include production, safe stop, enabling, adjustment, inspection.

Note 2 to entry: The safety level of the operating mode(s) is defined as result of the risk assessment.

3.29
slack

rope and overload protection

device to detect slack rope and overload of winch systems

3.30
mant
natur

and/a

Note
compd

3.31
mate

Ifacturer
al or legal person declared as responsible for compliance with the requireménts
r manufacturing of machinery

| to entry: The process of design and construction of machinery may/involve several
nies, but one is declared as the manufacturer.

rial handling system

equipment for storage, conveying and adding bulk material

4 Sjignificant hazards and risk assessment

All th
docu
actio

In ad
auxili
of the
dealt

5 §

5.1

e significant hazards, hazardous situationsand events, as far as they are dealt
ent, identified by risk assessment as significant for this type of machinery and w
to eliminate or reduce the risk are listed in columns 1 and 2 of Table 1.

lition, the manufacturer shall carryout a plant-related risk assessment, including

machine/equipment. Significanthazards identified in this plant-related risk assess
with in this document shallbe.reduced by applying the principles of ISO 12100.

afety requirements

General

The manufacturerof SSMEs shall take into account that different life cycle phases have to b

with

comnjon for-SSMEs (see Figure 1).

f the design

ndividuals or

with in this
hich require

interfaces to

ary equipment, according to IS@12100:2010, Clause 4 to identify any other signifficant hazard

ment but not

e considered

regard_towsafety and the need for risk reduction. In general, the following life cycle phases are

© IS0 2023 - All rights reserved
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e fgh,i

Key

design, manufacturing and installation by the

¢ On site assembly.

manufacturer

handover
its intend

operation

disassem
disposal §

LN U1

Design, m

o

Transpor

5.2 Gener

5.2.1 Geng

SSME plants
set out in Cl;
information

Special cons
transients ar

In general, 1

plants (i.e. different combinations of equipment, different boundary conditions) could not be cove

all details in
shall be carr

The manufa
process und

putting otit of service

to and putting into service (first use for d
ed purpose) by the operator

Testing and commissioning.

Normal operation (production, intendeduse)

including production changes andcapacity cha
Emergency and fault operation:

bly Maintenance and repair.
nd recycling Troubleshooting.
anufacturing, pre-assembly. Special operation modes (if applicable).

/shipping to the construction site.

Figure 1 — Schematic representation of the life phases of an SSME

al requirements for design and risk assessment

bral

conforming to this document shallkeomply with the safety requirements and/or meg
huse 5 together with those set aut in Annexes A and B for a typical installation, ap
for use as defined in Clause 7

deration shall be given-to-CO emission for vacuum treatment equipment due to pr
d/or equipment failure.

isks and associated“hazards are production- and plant-related. The variety of dif

this document:-To deal with this fact, an individual risk assessment of the SSME in qug
ed out (see\Clause 4) considering the safety requirements of this document.

‘turer>shall include in the information for use all details required for a safe ope
br-normal operating conditions. The manufacturer shall also describe the specific

nger.

sures
d the

ocess

Ferent
red in
bstion

rating
safety

measures in

ase of cpprin] conditions e g maintenance and ndjllcfmpnf work

If in addition to the technical measures further measures for risk reduction by organizational
precautions according to ISO 12100:2010, Clause 5 are necessary, the manufacturer shall include in the
information for use details of these measures and the necessary information considering the residual

risks.

Machinery shall comply with the safety requirements and/or protective/risk measures of this clause. In
addition, the machine shall be designed according to the principles of ISO 12100:2010 for relevant but
significant hazards which are not dealt with by this document.

© IS0 2023 - All rights reserved
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5.2.2 Design requirements

The manufacturer, in consultation with the user, should conduct a design layout review to ensure
proper placement of the SSME. To ensure safe operation the following elements shall be included:

operating procedures;

accessibility;

movement of parts of the equipment and material;

p

osition of emergency systems;

aintenance and cleaning;

prevention of hazardous conditions, caused by, e.g. emissions, heat, liquid steel;

physical and ergonomic requirements;

fire safety and evacuation.

Depending on the design of the SSME, the different operating medes shall be consid
manuffacturer. All these operating modes shall be assessed and considered in the risk
exce

5.2.3

special operation modes if they are not foreseen by the matiufacturer.

Structural assembly

The manufacturer shall undertake and record design caleulations to show that the structu

(e.g. 4
undet

5.2.4

A safée
of ong

Itisr
syste

If app

a

e

)

teel sections, auxiliaries) which forms part of the equipment is adequate to withsf
intended use.

Safety layout

ty layout shall be prepared. The aim of the safety layout is to give information (norms
or more drawings) about the physical position of safety related elements at the SSM

ecommended to involve theuser of the equipment, e.g. regarding escape routes, fire ¢
s, etc.

licable, the following)shall at least be illustrated:

mergency-stop buttons;

Kcaperand access routes (if necessary, e.g. for large plants);

lered by the
assessment,

ral assembly
and the load

lly by means
E.

xtinguishing

Feas where th€ risk of injury due to contact with liquid metal or slag including spraying is given;

a

eas influenced by low oxygen and/or harmful gases (e.g. CO or asphyxiating gases);

visible/audible warning devices;

safety related marking;

safety signs;

fixed guards (e.g. fences);

moveable guards (e.g. safety doors);

light barriers or safety scanners.

© IS0 2023 - All rights reserved
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The safety layout shall be part of the information for use, see 7.4.1.1.

NOTE 1

only basic information for the final safety layout.

NOTE2 As

afety layout can be based on or built upon a digital twin of the system.

A safety layout shall be provided by the manufacturer together with the information for use.

5.2.5 Safety devices and protective measures

If an engineering partner provides just basic engineering or basic data, he/she will be able to provide

5.2.5.1 Safnfy devices

Safety devic¢s and devices with safety function (e.g. limit switches, locking devices) shall be-acce
for maintengdnce. These devices shall be protected against damage and the possibility of defeat

circumventi
and D.2).

All relevant
padlocks (se

g in a foreseeable manner (for further details, see ISO 14119 and ISO 13849-2:201

bnergy isolating devices, either main or local, shall include facilities.to apply one or
e [SO 14118).

5.2.5.2 Gujrds

Guards used
frequency o
with interlog
requirement
to ISO 14120

As an except
guards or gu
the heavy wq

With regard

NOTE IS¢
zones being r¢

to prevent access to danger zones shall be selected:as*appropriate for the degre]
access to be permitted, e.g. an enclosing guard ‘orrdistance guard, fixed or mg
k. This selection shall be made according to ISO_14120. Interlock systems shall me
5 of [SO 14119 and 1SO 13849-1 (see 5.2.13). Thétrequirements of the guards shall coj
ISO 13857 and ISO 13854.

ion to the requirements of ISO 14120, thete is no necessity for attaching (e.g. by s¢
ight.
to the safety distances the minimim height of distance guards shall be atleast 1 400

13857 provides guidelines/forr establishing guard heights and safety distances to prevent |
ached by upper and lowet limbs.

5.2.5.3 Gujrd-rails

Guard-rails 4
obstacle wh
obstruction {

ch only reduces the probability of access (but does not totally prevent it), offeri
o free aceess (see 1SO 12100).

Therefore, gliard:rails are not permitted as the sole measure of safeguarding hazardous areas in c
significant risk9 (e.g. from moving machinery or processed product). Guard-rails may only be us

ssible
ng or
2, D.1

more

e and
vable
et the
nform

rews)

arding (e.g. covers) which could be removed only by auxiliary devices (e.g. cranes) due to

min.

azard

re to be congidered as means to deter or impede access to hazardous areas, i.e. a phlysical

ng an

hse of

d for

cases where the hazards of slips, trips and falls are involved.

Guard-rails can be used as a measure to prevent unintentional access of unauthorised personnel to
zones where residual risks exist after more effective risk reduction measures have been used (e.g.
zones where equipment with potentially dangerous movements can be operated only in manual mode
by means of hold-to-run devices from operating stations with full overview of the driven elements, see
5.2.17). Such zones are described in Table 1.

Guard-rails shall conform to ISO 14122-3.

5.2.5.4 Emergency pit
An emergency pit with the minimum capacity of the entire charge (liquid steel, slag and additions) of
the steel ladle shall be provided. It shall be ensured that this pit is kept clean, dry and free of snow/ice.
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5.2.6 Warning devices and safety labelling

5.2.6.1 Visual, acoustic, and tactile signals

The manufacturer shall consider during the risk assessment where warning signals are necessary.
Acoustic warning signals shall be designed and selected in accordance with ISO 7731.

Visual danger signals shall be designed and selected in accordance with ISO 11428.

The system of acoustic warning signals and visual danger information signals shall be in accordance
with ISO 11429.

Visual, acoustic and tactile signals shall be designed and selected in accordance with IEC-¢1310-1.

The ipformation for use shall contain the information on visual, acoustic and tactile signalg (see 7.2)

5.2.6J2 Safety labelling

Safety labelling shall selected be in accordance with ISO 7010 and“~designed in accqrdance with
ISO 3864-1 to ISO 3864-3.

Grapljical symbols used on the equipment shall be selected in aecerdance with ISO 7000.
Safety way guidance systems (SWGS) shall be selected in accerdance with ISO 16069.

The inpformation for use shall contain information which@afety labelling is used and what their meaning
is (se¢ 7.2).

5.2.7| Personal protective equipment (PPE)

The manufacturer shall give information in the information for use (see Clause 7) on the required type
of perjsonal protective equipment (PPE):.

5.2.8| Loss of energy

In cage of hazardous situatigns-due to loss of energy (hydraulic, pneumatic, electric) allf components
shall go into or stay in a defined safe position and/or safe state.

In cade of resupply of energy after interruption, any uncontrolled restart shall be avoided, sge ISO 14118.

The control systems‘and devices shall meet the requirements of IEC 60204-1:2006, 7.5 and 9.4.3.2 as
well 4s ISO 13849-1:2015, 5.2.8.

In cade of loss of energy special instructions for actions to be taken shall be given in the information for
use.

5.2.9 Operating stations for the SSME

5.2.9.1 General
Provide escape routes according 5.2.4.

The operating stations shall be designed so that frequently used controls are located in an ergonomic
reach, in accordance with ISO 11064-1.

Visual displays shall be so arranged that they are unambiguous and free of reflections.

Good visibility, either direct or indirect, should be provided from the operator’s position to the operating
process.

©1S0 2023 - All rights reserved 11
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Control override from different control stands or devices shall be prevented (according
IEC 60204-1:2016, 9.2.7.4).

5.2.9.2 SSME control room

The SSME control room shall be designed taking into consideration the ergonomic principles of
ISO 11064-1.

If applicable, the SSME control room shall be

— equipped with automatically controlled air condition;

— thermaljinsulated;

— sound-insulated;

— equippegl with heat reflecting windows;

— equippe(l with special coloured glass areas to protect operators' eyes againstradiation light;

— protecteld against external effects by, e.g. slag and steel splashes, where therisk is given.

5.2.9.3 Lo¢al control stand
A local contrpl stand shall be in accordance with IEC 60204-1.

The local conptrol stand (i.e. a temporary work place) shall be protected against radiated heat, external
impact (e.g. Jy slag and steel splashes), dust and noise, if necessary.

5.2.10 Portpable wired/wireless control box

A portable wiireless control box shall be in accordance with IEC 60204-1:2016, 9.2.7.
A portable wlired control box shall be treatedas a local control stand when applying IEC 60204-1.

Where a dir¢ct view by the operator is«equired (e.g. because of moving equipment) and not possible
from a fixed| control stand, a portable control box shall be provided for use from an alternate safe
location. The¢ same result can be achieved by means of a fixed control stand in combination with a
portable enaple control.

Any interrugtion of the conneCtion between the portable control box and the control system shall stop
the movement/function immediately.

5.2.11 Hold-to-runcentrol device and enabling button

5.2.11.1 Holld-to-run control device

A hold-to-run control device shall meet the requirements of IEC 60204-1. The operator using a hold-
to-run control device shall have good visibility over the danger zone (see 5.2.12), e.g. by closed circuit
television.

5.2.11.2 Enabling control device

An enabling button shall meet the requirements of [EC 60204-1. Release of an enabling button shall
bring the movement to standstill. The performance level shall be corresponding to the related function.

12 © IS0 2023 - All rights reserved
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5.2.12 Access to and presence in danger zone

5.2.12.1 Guard-rails shall not be used as the sole measure for guarding hazardous areas except for
slips, trips and falls. They may be used in conjunction with other means to exclude unauthorised
persons from hazardous areas.

Unintentional access to danger zones (see also 5.2.12) shall not be possible; they shall be protected by
physical barriers meeting the requirements of SO 14120.

Some areas of the ground floor cannot be guarded, because authorized personnel needs free access to
perform different operations.

In thi
overv
meas
orgarn

rer zone (e.g.
tional safety
). Additional

s area of access for authorized personnel there should be a full view over the dang
iew of the entire travel way). In case of semi/fully automatic movements,addi
ires shall be applied (e.g. safety light barrier, safety laser scanner, safety bumper
isational measures are required (e.g. operating instructions, warning signs):

521
interl

a)

P.2 In order to allow authorized personnel safe access to and stay i areas protectedd by movable

pcked guards, adequate technical safety measures shall be applied-as follows:

Ccess conditions: all sources of energy causing a danger inside’a danger zone shall be in a safe

bndition (e.g. movements and process media flows are stoppéd);

a

(@]

b) be permitted

7/ at reduced

(@]

bnditions for staying/working: hazardous movements inside a danger zone shall only
ith a hold-to-run control device and by using an énabling button and if necessar
beed;

2

O

bnditions for restart: See 7.4.1.1.

)

5.2.12.3 Access to control desks, SSME cantrol rooms, underground areas, inspection| and service

floor{
5.2.1

5.2.1
and/q

5.2.1
the sy

5.21

shall be in accordance with ISO 13857, ISO 14122-1, ISO 14122-2,1S0O 14122-3 and IS
P.4 Guard-rails shall be in accordance with 5.2.5.3.

P.5 Surfaces for walking-orstanding shall be so designed, that risks of slipping cause
r lubricant are avoided or minimised.

.6 The relevanteategory of safety systems for access to equipment shall be selected|
ecific risk assessment and shall consider the requirements of EN 1088 and ISO 1384

P.7 Accessible rotating/moving parts like drive shafts, couplings, belts and chains

D 14122-4.

H by scale, oil

according to
D-1.

pulleys and

h accordance
shafts are in

kets, i;e: where the safety distances in ISO 13857 cannot be met, shall be guarded i
SO '14120. Rotating shafts should be marked so that it is visually evident when the
n

Sproc
with
motid

5.2.12.8 Safety signs shall be in accordance with 5.2.6.2.

5.2.12.9 Access to control desks, pulpits, underground areas, inspection and service floors shall be in
accordance with EN 811 and ISO 14122-1, ISO 14122-2, ISO 14122-3 and ISO 14122-4. Where required,
they shall be protected against heat radiation and designed to withstand moving material, tools and
jets of high-pressure fluids or gases.

5.2.12.10 The manufacturer shall specify in the information for use the conditions under which
access to the danger zones shall be permitted (7.4.1.1), including details about safe systems of working,
as well as adoption of precautions like PPE, use of handling tools, etc.
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5.2.13 Safety related control system

Safety related controls shall be selected in accordance with the risk assessment and as described in
the ISO 13849 series. A minimum requirement is defined in B.2. For significant hazards requiring a
safety related control system, the quality of such a system is provided as a combination of PLr and
category (see Table 1). In cases where the supporting data for documentary proof of category from the
manufacturer of such a component is not available, the fulfilment of the PLr is sufficient. For electro-
mechanical components, for example, contactor, relay, etc., category 3 is mandatory where PLr = d is

required.

5.2.14 Electrical power supply

The electricd
transformer,
IEC 60204-1,

5.2.15 Elec

The electrica
cables, shall

5.2.16 Flu

Fluid syste
adequately p

Where the ri
for the fluid

installed

easily ad

Z[

interconnecting bus bar systems and cables, shall meet the requirements as.defir

[rical low voltage supply

1 low voltage supply, comprising of low voltage switch gear, contrelsystem and low v
meet the requirements of [IEC 60204-1.

systems carrying or containing fluids

s exposed to process hazards, for example, high. temperatures or impacts, sh
rotected if the damaged fluid systems can cause personal injuries.

5k of fire is given emergency shut-off devices shall be provided. Emergency shut-off d¢
bystem shall be:

in a safe area outside the danger zone,

cessible, and

— the locatjion shall be clearly indicated,

The manufa
solidify and
temperature

Where the r

turer of the SSME using(fluid systems carrying or containing fluids which are liK]
or have high or low viscosity shall provide protection for all fluid components a
influence and fire.

sk of spilling of fluids in case of leakage is given at permanent workplaces, coveri

flanges, fittings and hosesshall be provided.

Fluids which

To avoid the
flanges) sha

has to bé discharged in special sumps shall be specified.

risk\of faulty installation and use, connections to media supplies (e.g. fittings, ¥
1®e ‘clearly identified by design and/or marking. Instructions shall be included

1 power supply, comprising of the high-voltage switch gear, reactor (if applicable), fulrnace

1ed in

bltage

hll be

bvices

ely to
rainst

hgs of

alves,
n the

information

or use (see /.4).

For ladle stirring with gases automatic coupling system should be used as far as technically feasible.

Instructions shall be included in the information for use for regular inspections of tanks, hotwells, pipes,
hoses carrying harmful fluids (e.g. CO, 0,). This includes also inspection of rooms, pits, containers,

vessels, etc.

5.2.16.1 Hy

draulic, pneumatic, gas and lubrication systems

Hydraulic, pneumatic, gas and lubrication systems shall be designed to reduce risks from toxic effects,

fire, explosio

n and noise (e.g. covering and routing of pipes).

The systems shall meet the safety requirements as defined in ISO 4413 or ISO 4414 and considering the
requirements specified in Table 1.

14
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In case of dangerous hydraulic oil leakage an indication to the operator shall be provided
shall be stopped automatically.

and the flow

Cylinders supporting equipment containing liquid steel shall be provided with hose rupture protection
devices at the cylinders and the fluid flow shall be stopped automatically in case of hose rupture.

In case of leakage from hydraulic systems and LF-Transformer, respective pits or collec
provided.

5.2.16.2 Cooling equipment

The desig 3 ate
wateil-cooled panels, lances, etc.).

A A

In thip context, a water leakage into the vacuum vessel/tank may not be necessarilydanger
can bg ruled out definitely that water can get below the liquid steel melt surface.This migh
for small leakages in a greater distance to the liquid steel surface, because thé-water will
long 4s vacuum is maintained.

Becayse it is not possible to define a fixed flow rate of a water leakage.as’“dangerous”, fol
a phygpical calculation, water-cooled equipment in secondary steelmaking is classified in
three|groups.

Elquipment parts (cooling of lances, e.g. for oxygen blowing; cooling of additional pane|
shields) which have a high risk of leakages due to process'conditions and that are quit
liquid steel surface. These parts shall be equipped with a differential flow monitor
ah automatic shut off for the water cooling (switching off lift gas / stirring gas, stop ¢
flow, switching off the blowing process and automatic initiation of treatment abort).
b) Ejquipment parts (cooling of, e.g. tank cover;\ladle cover), which are located in a greate
the liquid steel and have a high cooling«<water consumption, shall be equipped with

tors shall be

1id steel (e.g.

ousin case it
It be the case
evaporate as

example, by
the following

Is, e.g. splash
e close to the
ng including
ooling water

r distance to
h differential

flow monitoring, too. While an autonidtic shut off for the water cooling is recommended for bigger

lgakages, it is subject to an individual safety analysis for smaller leaks.

Elquipment parts (cooling of cameras or sensors; cooling of integrated parts, e.g. slide g
operation doors), which areocated in a greater distance to the liquid steel and have
ater consumption (<5 @m?7/h) do not need to be equipped with a differential floy
including an automaticshut off for the water cooling. But at least flow, temperature
easurements and.faonitoring are mandatory.

5.2.1Y Harmful areas

For al
shall
burng

reas with.the risk of ignition, toxic effects, gas/dust accumulation or asphyxiation, sj
be taken (e.g. ventilation, removal of dust, fixed, mobile gas monitoring devices
r).”Fhe requirements of ISO 14123-1 and ISO 14123-2 shall be considered.

ates, flaps or
h low cooling
/ monitoring
ind pressure

hecific action
br waste gas

Special consideration shall be taken where oxygen is provided for operation {e.g. VOD, RH-processes,
see Annex C).

For areas with the risk of unexpected flame propagation or splashing of molten material, specific
instruction shall be provided.

For areas where the risk of artificial optical radiation (e.g. infrared, laser) exists, specific information
shall be given in the information for use, based on an individual risk assessment according to
[SO 12100:2010.

Specific instruction shall be provided in case of access to lower floor levels, e.g. pit, tank, closed rooms.

Based on the risk assessment and the specific layout of the SSME, fixed and personal detection
equipment shall be used to detect hazards caused, for example, by lack of oxygen, and to warn the
personnel working with the SSME.
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Personnel should wear mobile gas and oxygen level detectors as appropriate.

NOTE

Some areas cannot be covered by fixed detectors.

5.2.18 Exchange of lances

For exchange of lances (e.g. media supplies, clamping, transportation) safe working conditions (e.g.
zone of reach, and, if applicable, PPE) shall be provided and described in the information for use. In case

of automatic

exchange of lances access to danger zones shall be guarded (see 5.2.12).

5.2.19 Surface temperatures, heat radiation

Surfaces wh
positioned o
the contactt

Where a risl
isolating mat

5.2.20 Tem
The risk of

automatic sy

used if an au

5.2.21 Elec

The electrodes shall be clamped mechanically by springforce. Unintentional opening of the elec

clamp shall

rnace
breaker) shall be switched-off and interlocked by*a.key switch. To avoid unintentional openin}, this

used to operate the clamp release and to operate the high-voltage switch gear (furnace

key shall be
breaker). For

5.2.22 Elec

Due to cons
nippling stan
or hydraulic

Suitable devices for transpovtation shall be used.

5.2.23 Grot

To prevent f
connected t

ch are hot in operation and where the risk to be touched is present, shall be des
" provided with, e.g. thermal guards, so that the burn threshold is not exceeded Coricg
me and material as specified in ISO 13732-1.

k of injury by heat radiation is present during operation, protection walls/shieldg
erial shall be provided.

perature measurement and sampling equipment

burns is given during manual temperature measurementiand operation. Therefo

fomatic system cannot be installed because of technicalrestrictions.

frode clamp

gned,
rning

with

e, an

stem should be installed. Manual temperature measurémeént and sampling shall omly be

trode

be avoided. To activate the release of the\clamp, the high-voltage switch gear (f

access to the danger zone see 5.2:12.

[rode exchange

hmption of electrodes thése have to be exchanged periodically. Therefore, an eleg

fools.

Inding of mechanical ladle furnace parts

oténtial differences between mechanical ladle furnace parts, all of these parts sh|

trode

d and storage stand-has to be foreseen. Nippling is allowed manually or by use of pneumatic

all be

each other and grounded according to IEC 60519-4:2021, 7.6

5.2.24 Eme
Emergency s
a)
b)
<)
d)
e)

16

rgency stop

tops shall be:

easily identifiable according to ISO 13850;

located at control desk(s) and other necessary locations identified in the risk assessment;

readily accessible (see ISO 13850) and

provided with means of locking in their pushed position.
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When an emergency stop device has been operated, a restart:

1) shall only be possible from safe positions outside the protected hazardous area and with a clear
view of the danger zone; and

2) shall only be possible after release of the emergency stop button and after confirmation, that the
dangerous situation is clarified.

5.2.25 Fire protection

The necessity for installing a fire protection system at the SSME (e.g. SSME control room, hydraulic/
electric rnnmc) shall be reviewed r‘nncidpring the process conditions (p g lise nflnhrir‘nnfq); the result

shall pbe communicated to the user. For detailed information, see ISO 19353.

Hydraulic systems exposed to liquid steel shall be provided with separate systems)for fire protection
(e.g. qovers, small tanks, fire-resistant fluids) or other means shall be provided to‘educe the risk of fire.

Natiopal regulations and the requirements of insurance companies can apply.
5.2.2¢6 Special requirements for explosion prevention and protection

5.2.26.1 General

Where combustible dusts or flammable gases (heating gas,.CO, H,) necessary for or profuced by the
SSME[may create potentially explosive atmospheres, the fellowing specific requirements shall apply.

Equigment shall be designed and constructed according to good engineering practice and|if the hazard
assespment shows that the explosive atmosphere can occur in normal operation, the equipment shall be
protefted in accordance with the IEC 60079 series‘and ISO 80079-36.

All equipment subject to ignition, and all parts of it shall be subjected to a formal documented hazard
analypis. This analysis that identifies the potential sources of ignition and the measures shall be applied
to pr¢vent ignition as detailed in ISO 80079-36.

Protefctive measures/types of pretection shall be considered and/or applied in the following order:
— epsure that ignition sourices cannot arise;

— epsure that ignitionGeurces cannot become effective;

— p[event explosionatmosphere reaching the ignition source;
event flameépropagation, e.g. flame arrestor in accordance with ISO 16852.

The risk ofignition of potentially explosive atmospheres of gas, vapour, mist and dust shall pe prevented
by sujtable electrical and non-electrical equipment.

Ducts, hoses and pipes used for exhausting flammable dusts, gases, vapours or mist shall be conductive
and electrostatically grounded (resistance < 10® (). Respective reference shall be made in the
instruction handbook.

5.2.26.2 Burners, multifunction lances

For wall temperature in the RH-vessel < 750 °C the main burner is started by a pilot burner equipped
with a dedicated flame safeguard.

Direct ignition of main burner requires a separate safety analysis.

For high-temperature operation (2750 °C) the temperature shall be detected redundantly in the
refractory of the RH-vessel.
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For ignition gas rate and ignition time shall be limited.

The safety-times according to ISO 13577-2 can be increased due to the length of the heating gas line to
the lance tip in order to ensure the ignition and to detect the flame. The flame safeguard shall be type
tested according IEC 60730-2-5.

The maximum gas rate and corresponding safety-time shall be plant-related determined. A safety
calculation shall verify that the maximum allowable energy density (energy per volume) is not exceeded.

The pre-purge time shall be such as to ensure that the concentration of any combustible products in any
part of the combustion chamber is below 25 % of the lower flammability limit (LFL) of the fuel gas.

If a draught[iS established from the RH gas cooler to the snorkels this can be calculated wigh the
combustion ¢hamber/connected spaces defined as the RH-vessel including hot-offtake.

In general, fljve (5) complete volume changes of the combustion chamber/connected spaces will be
sufficient.

When the coinbustion chamber is proved to be at a temperature above 750 °C pre-purge may be onjitted.

5.2.27 Ergdgnomics

Ergonomic dpsign principles shall be considered, see ISO 14738. Particulafattention shall be paid [to the
following:

a) dedicated lifting aids or anchoring points for common lifting\devices shall be provided whenever
frequen{lifting or heavy tooling of machines is required;

b) eyebolts|or similar aids shall be fitted to heavy compenents to lift them; they shall also be fitted
with harjdles, hand-holds or grips with a slip-resistatiit (e.g. knurled) surface;

c¢) work arpas where manual handling of componénts have to be carried out frequently shpll be
designed so that they are free of obstructions and that the operator is not hindered in her/his
movemehts;

d) theideal placement for hand wheels,levers, etc. to minimise physical effort is between 700 mm and
1 600 mm above the worker’s stariding level;

e) for regullar maintenance: spatial arrangement of electric junctions, electrical connections and
devices $hall be in accordance with IEC 60204-1. For fluid connections/junctions (e.g. valvefs) the
location should be at bestbetween 400 mm and 1 800 mm above operators standing level;

f) slip-resi$tant surfages shall be as defined in 5.2.5.1;
g) vibration proteetion shall be as defined in 5.2.28;

h) heat profection shall be as defined in 5.2.16;

i) lighting of the permanent working areas shall be in accordance with ISO 8995-1;
j) access to components requiring a regular maintenance shall be in accordance to 5.2.12.

NOTE There are areas and activities in which the ergonomic principles can be implemented only partially
(e.g. change of ladle roof).

5.2.28 Vibrations

Mechanical vibrations shall be considered at the design stage for permanent working places, e.g. control
rooms.

Harmful hand-arm vibration at SSMEs cannot be expected.

Where the risk of whole-body vibration is given, measures according to ISO 20816-1 shall be taken.
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5.2.29 Noise reduction as a safety requirement

5.2.29.1 General

Noise

emitted by a plant is a significant hazard.

Noise can arise from several sources in a plant. Means shall be applied to reduce the noise levels by
design, by protective measures and by information (protection of operator).

Noise

NOTE

emission measurement requirements shall be in accordance with Annex A.

ISO/TR 11688-1 provides additional examples for noise reduction measures.

5.3
protg

Table
apprd

Table

List of significant hazards, hazardous situations, safety requirements.and/or

pctive /risk reduction measures

|1 is developed to allow the designer and manufacturer of the equiptent to ap
ach for checking the design against the list of significant hazards with respect to SSN

1 is structured as follows.

Colu

Column 2 describes the hazardous situations.

Colu
hazar

Columin 4 makes reference to the relevant clauses-or standards defining the measures. A

show

Whern
hazar

NOTE
noise

Column 5 identifies the verification methods to be used to demonstrate conformity; the 3

V, T, N

n 1 identifies the significant hazards.

n 3 specifies the safety requirements and/or measuires to avoid or minimise the
dous situations; they are shown as combined measures or as options.

h are applicable to each of the measures except where this is otherwise indicated.

implementing safety requirements and/or measures it should be considered t
ds may appear at the same time.

5.3 contains special safety requirements or measures for explosion prevention and prot
reduction.

[ and D are defined as follows:

V:  visual inspection verifies the required features of the components;

a test/check is required to verify that the features provided perform their fun
a‘way that the requirement is met;

M\ ‘measurements are needed to verify that requirements are met to the specified

ply a logical
E.

hazards and

11 references

hat different

ection and for

bbreviations

rtion in such

limits;

D:  drawings and/or calculations verify that the design characteristics of the components

provided meet the requirements.

© IS0 2023 - All rights reserved
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ISO 4529:2023(E)

Table 1 — List of significant hazards

Safety requirements and/

Significant Hazardous situation or protective/risk reduc- Reference Ver_lflca-
hazard . tion
tion measures
5.3.1 General
1 1.1 Contact of liquid steel 1.1.1 Measures to avoid hy- |5.2.25 D,V
Fire with hydraulic fluids. draulic system exposure to
liquid steel.
1.2 High thermal radiation. |1.2.1 Hydraulic system 5.2.19 D, Vi T
exposed to high thermal
radiation shall be protected.
2 2.1 Reaction between water [2.1.1 Operating/mainte- 74.1
Explosion and molten steel or slag. nance instruction: avoid
presence of water in pits
underneath ladle.
3 3.1 Exposure to noise. 3.1.1 Noise reduction at con- |5.2.29 D, T,M
Noise trol room.
Annex A
4 4.1 Exposure to hand-arm  |4.1.1 Vibration reduction at.&|5.2.28 D, T, M
Vibration and whole-body vibration. |control room.
5.3.2 Material addition equipment
1 1.1 Risk of crushing in the
Crushing, drqw- |following areas:
ngin 1.2 Conveyors. 1.2.1 Providenteasures IS0 1819,1S0 7149 |D,V, T
according Citype-standard,
e.g. encl@sing guard, pull
cordemérgency switch.
1.3 Swivelling chutes and/or | 1:3:1"Full overview over the |5.2.9 V,D
travelling conveyor belts. danger zone, e.g. direct or
indirect.
1.3.2 Provide guards. 5.2.5.2 D,V,T
1.3.3 Operating/mainte- 7.4.1 \Y
nance instructions: defini-
tion of hazardous areas, e.g.
caused by swivelling of the
CONveyor.
2 2.1 Eeeding wire into the 2.1.1 Provide guards. 5.2.5.2 D,V
Cutting, severing |ladle: 5.2.24
or ent.anglement, 2.1.2 Provide warning signs. |5.2.6 D,V
stabbing or — coil storage; . .
puncture 2.1.3 Operating/mainte- 5.2.7 \
—  wire feeder: nance instructions: 5211
’ PPE, information aboutre- |
— wire guidance. sidual risk in case of access. [7.4.1
20 © IS0 2023 - All rights reserved
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Table 1 (continued)

ISO 4529:2023(E)

Safety requirements and/

Significant Hazardous situation or protective/risk reduc- Reference Ver_lflca-
hazard . tion
tion measures
3 3.1 Movement of travers-
Drawing in ing or lifting devices (e.g.
chain-driven), such as:
— lance adjusting devices; |3.1.1 Provide fixed guards. |5.2.5.2 V,D
— rooflifting and
traversing devices;
— torch and burner
equipment;
— rotary operating
mechanisms.
3.1.2 For maintenance pur- |5¢2:9.3 V.D,T
poses, provide local control £, 10
device. I
3.1.3 Operating/mainte- 74.1 \
nance instructions: defini-
tion of hazardous areds, e.g.
caused by rotary-operating
mechanism.
4 4.1 Running conveyors. 4.1.1 Material guide plates, |ISO 1819,1S0 7149 (|V,D
Eject]on or drop- and/or enclosures for dis-
ping of parts charging hoppers.
4.1:2 If necessary, protection
against falling material or
parts.
4.2 Beltleaving its intehded |4.2.1 Indication and drive- 5.2.13 V,D,T
path. stop in case of belt going
askew.
5 5.1 Transport-and storage |5.1.1 Earthing of all plant 5.2.23 D, T,M
Electrostatic of fine-grained’and dusty parts where electrostatic
. IEC 60204-1
phen¢mena substanees. charging occurs.
5.1.2 Inert gas for pneumatic D
transportation and storage.
6 651 Heat radiation from 6.1.1 Heat radiation pro- 5.2.19 V,D
Hot work envi«<\[open ladles. tection walls/shields with
ronmgent isolating material.
6.1.2 Operating/mainte- 74.1 \
nance instruction:
PPE.
©1S0 2023 - All rights reserved 21
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ISO 4529:2023(E)

Table 1 (continued)
Significant . . Safety reql_uren}ents and/ Verifica-
Hazardous situation or protective/risk reduc- Reference .
hazard . tion
tion measures
7 7.1 Reduced oxygen content |7.1.1 Select a firefighting 5.2.25 D
Harmful gases, |inthe air due to accumula- |system without asphyxiant
mists, fumes, tion of gases and dust in the |gas, if possible.
dusts following areas, e.g.
— addition of alloying 7.1.2 Provide sufficient ven- |5.2.12 DM, T
]agents in the open tilation. 5217
adle: —
— points of material
transfer;
— floor hoppers/bins.
7.1.3 Dust extraction points.
7.1.4 Operating/mainte- 4.1 \Y
nance instruction:
PPE (0, min detector).
8 8.1 Thermal reaction as a 8.1.1 Operating/mainte- 4.1 Vv
Exothermic consequence of moisture in |nance instruction: storage
reaction the addition alloying materi- |and supply of dry addition
al, e.g. lime. materials.
8.2 Fire as a consequence 8.2.1 Provide protective
of air in the addition of spe- |atmosphere for storage.
cial alloy!ng material (e.g. 8.2.2 Select afirefighting .2.25
sponge Ti). system corresponding to the
alloyingmaterial.
9 9.1 Faulty installation at 9.1.1'Different sizes and/or |5.2.16 V,D
Failure of fittjngs| machines, equipment and connection types for differ-
plants (e.g. power connec- |ent media.
tions and other mechanical 9.1.2 Clear marking of com- |5.2.6.2 V,D
components). ponents.
9.1.3 Operating/mainte- 74.1 \Y
nance instruction.
10 10.1 Unexpeeted movement |10.1.1 Unintentional move- |ISO 1819,1S0 7149 |T,D
Unexpected of vertical@nd‘inclining con- | ment shall be avoided by a
movements veyors due-to drive failure. |brake system.
5.3.3 VD and VOD
5.3.3.1 Oxygpen blowing equipment
1 1!1 Movement of manipula- |1.1.1 Provide guards with 2.12 V,D
Crushing tor or lance. safety access.
1.1.2 In case of safety access:
— provide safe stop of 5.2.12.6 T,D
movement: PLr =c
. . . . .2.13
in conjunction with
category 1 according to
[SO 13849-1:2015;
— provide manual remote |5.2.10 \Y
control with full view 52121
over the danger zone.
22 © IS0 2023 - All rights reserved
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Table 1 (continued)

ISO 4529:2023(E)

Significant
hazard

Hazardous situation

Safety requirements and/
or protective/risk reduc-
tion measures

Reference

Verifica-
tion

2
Burns, shearing

2.1 Handling the blow-
ing-lance during mainte-
nance.

2.1.1 Provide devices with
safe access and for safe
handling, e.g. storage rack,
lifting device, manual or
automatic clamping device.

V,D, T

2.1.2 Operating/mainte-
nance instructions:

PPE; safe handling; cleaning.

2.2 Touching hot surfaces
during maintenance.

2.2.1 Operating/mainte-
nance instructions:
PPE.

Fire

3.1 Fire caused by leakage
or other failures of oxygen
supply, e.g. at oxygen lances,
valve stations.

3.1.1 Systems and compo-
nents for oxygen supply shall
be tight.

V, T

3.1.2 Special consideration
shall be taken to the flow
speed in relation to the
material of pipes, Hoses and
valves.

T,D

3.1.3 Operating/mainte-
nance instruetions: all parts
shall be kept free from oil
and grease.

© IS0 2023 - All rights reserved
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ISO 4529:2023(E)

Table 1 (continued)

Significant
hazard

Hazardous situation

Safety requirements and/
or protective/risk reduc-
tion measures

Verifica-

Reference .
tion

4

Explosion

4.1 Water or moisture in
the piping system (e.g. as
aresult of water pressure
testing).

4.1.1 Operating/mainte-
nance instructions: piping
system shall be dried by
compressed air or inert gas
(free of oil and water).

74.1.1 Vv

4.2 Ignition caused by

leakage or other failures of

4.2.1 Special consideration
shall be taken to the flow

T,D

oxygen supply, e.g. at valve
stations.

speed in relation to the
material of pipes, hoses and
valves.

4.3 Water leakage of oxygen
lance.

4.3.1 Detection of water
leakage by differential water
flow. Provide safe control
with atleast: PLr=d in
conjunction with category 3
according ISO 13849-1:2015.

I\S]

V1
N

—_
W

V,T,D

[N
o
[\S]

4.3.2 Isolate the water
source. Provide safe controk
PLr = d in conjunction with
category 3 according to

ISO 13849-1:2015.

NN

U
w

V,T,D

—_
o
[\S]

4.3.3 Isolate the oxygen
source. Provide:safe control:
PLr =d in conjunction with
category_ 3 according to

[SO 13849-1:2015.

RN

—
W

V,T,D

—
o
N

4.3.4 Stirring shall be
Stopped. Provide safe con-
trol: PLr = d in conjunction

with category 3 according to
[SO 13849-1:2015.

N

1
N

—_
w

V,T,D

—
o
[\S]

4.3.5 Restart of water cool-
ing shall only be possible in
manual mode after repair.

B
1
—

Ul
N

1

T,D

4.3.6 Operating/mainte-
nance instructions.

—
—
<

4 4 Water leakage due to
1gss of power.

4.4.1 Provide emergency
lifting for oxygen lance.

Ul

8 D, T,M

5.3.3.2 Stirr

ocainmant

24
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ISO 4529:2023(E)

Table 1 (continued)
Significant . . Safety reql_uren}ents and/ Verifica-
Hazardous situation or protective/risk reduc- Reference .
hazard . tion
tion measures
1 1.1 Touching the ladle dur- |1.1.1 Operating/mainte- 74.1.1 \
Burns ing the manual connection/ |nance instruction:
disconnection of the purg- |PPE; communication be-
ing-gas pipes to the ladle. tween crane operator and
person in charge of connect-
ing/disconnecting in case
of manual coupling; filling
mstructions, e.g. freeboard.
1.2 Splashing of liquid steel |1.2.1 Provide safe position, |5.2.19 V,D
due to connection of the e.g. protection shield.
lpljjrlglng-gas pipes to the 1.2.2 Operating/mainte- 74.1.1 \
adle. nance instruction.
1.3 Ladle leakage due to 1.3.1 Provide emergency 52:5.4 V,T,D
porous plug failure. draining channels and emer-
gency pit.
2 2.1 Electromagnetic fields  |2.1.1 Warning signs. 5.2.6.2 V,D
Radidtion dge t'o electromagnetic 2.1.2 Operating/maifite: 7411 v
strring. nance instruction.
5.3.3|3 Vacuum tank equipment
1 1.1 Movements of tank 1.1.1 Guardsfor the moving |5.2.12 V,D
Crushjing equipment. area of thetank equipment
includifig corresponding
devices.
1.1.2 Secure the lifted equip- | 5.2.5.1 T,D
ment in parking position 5213
(e.g. by bolts/ brackets). E—
1.1.3 Safety distances shall |ISO 13857, M, D
be considered to avoid ISO 13854
crushing.
1.1.4 Acoustic and visual 5.2.6 V,T,D
signals before and during
movements.
1.1.5 Operating/mainte- 74.1.1 Vv
nance instruction.
2 2.1 Gap between stationary |2.1.1 Safety distances shall [5.2.12.1 ISO 13857 ||M, D
Sheating and moving platforms. be considered to avoid
shearing.
2.1.2 Interlocked access to 5.2.12.2 V,T,D
dangerzones:
2.1.3 Good visibility shall be |5.2.12.1 Vv
insured during movement.
© IS0 2023 - All rights reserved 25
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ISO 4529:2023(E)

Table 1 (continued)

Significant
hazard

Hazardous situation

Safety requirements and/
or protective/risk reduc-
tion measures

Verifica-

Reference .
tion

3

Drawing in by
vacuum force,
noise

3.1 Imploding inspection
glasses under vacuum con-
ditions.

3.1.1 High-temperature
and vacuum resistant glass
(double glasses with space
between them).

3.1.2 Distance guards in
front of inspection glasses
for safe ohservation

2.12 V,D

3.1.3 Provide sufficient dis-
tance for reflex movement
(e.g. backward) of the opera-
tor in case of an implosion of
the inspection glass.

4 V.B

3.2 Drawing in of clothes or
parts of the body into vacu-
um flooding valves or other
valves in conjunction with

all processes under vacuum.

3.2.1 Vacuum flooding
openings shall be installed
outside the accessible areas
of platforms and galleries,
etc.

5.2.12.1 V,D

3.2.2 Grilles or shrouds in
order to cover the vacuuin
flooding openings.

5.2.12.6 V,D

3.3 Noise propagation dur-
ing flooding.

3.3.1 Operating/mainte-
nance instruction:
PPE.

~

26
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Table 1 (continued)

ISO 4529:2023(E)

Safety requirements and/

Significant Hazardous situation or protective/risk reduc- Reference Ver_lflca-
hazard . tion
tion measures
4 4.1 Water penetration in 4.1.1 Flow, temperature and |5.2.5.1 T,M,D
Water leakage |vacuum tank and/or genera- | pressure measurements and 526
tion of steam. monitoring in supply and —
return lines. 5.2.13
4.1.2 Detection of water 5.2.13 V,T,D
leakage by differential
water flow for consnm- 5.2.16.2
ers > 3 m3/h. Provide safe
control with at least: PLr=c
in conjunction with category
1 according ISO 13849-
1:2015.
4.1.3 Isolate the water 5.2.18 V,T,D
source. Provide safe control:
PLr = c in conjunction with 22.16.2
category 1 according to
ISO 13849-1:2015.
4.1.4 Stirring shall be 5.2.13 V,T,D
stopped. Provide.safe con-
trol: PLr = c incednjunction 2.2.16.2
with category 1'according to
ISO 1384941:2015.
4.1.5 Restart of water cool- |5.2.5.1 T,D
ing shall only be possible in 5213
manual mode after repair. |
5.2.24
4.1.6 Operating/ mainte- 74.1.1 \Y
nance instruction.
4.2 Water leakage of wa- 4.2.1 Detection of water 5.2.13 V,T,D
ter-cooled splash'shield. leakage by differential water
; 5.2.16.2
flow. Provide safe control
with atleast: PLr =d in
conjunction with category 3
according ISO 13849-1:2015.
4.2.2 Isolate the water 5.2.13 V,T,D
source. Provide safe control:
PLr = d in conjunction with 2.2.16.2
category 3 according to
1SO 13849-1:2015.
4.2.3 Stirring shall be 5.2.13 V,T,D
btuppcd. Providesafecor
trol: PLr = d in conjunction 2.2.16.2
with category 3 according to
1SO 13849-1:2015.
4.2.4 Restart of water cool- |5.2.5.1 T,D
ing shall only be possible in
: 5.2.13
manual mode after repair.
5.2.12
5 5.1 Reduced oxygen content |5.1.1 Operating/mainte- 5.2.17 V,T,D
Inhalation of in the air due to accumula- |nance instruction:
: . : 74.1.1
gases tion of gases (e.g. argon) in |Before entering vacuum tank
vacuum tank. for maintenance, O, meas-
urement is required; forced
ventilation is required.
© 180 2023 - All rights reserved 27
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ISO 4529:2023(E)

Table 1 (continued)

Safety requirements and/

Significant Hazardous situation or protective/risk reduc- Reference Ver_lflca-
hazard . tion
tion measures
6 6.1 Access to VD cover. 6.1.1 Operating/mainte- 5.2.7 \Y
Falling from nance instruction: 7411
height PPE (safety harness). e
6.1.2 Provide safe stand, e.g. |5.2.12.5 V,D
steps, walkway if necessary. 5297
5.3.4 RH-OB
5.3.4.1 Blow|ng equipment
1 1.1 Movement of manipula- |1.1.1 Provide guards with 5.2.12 V.D
Crushing tor or lance. safety access.
1.1.2 In case of safety access: |5.2.12.6 T,D
.2.13
— provide safe stop of
movement: PLr=c
in conjunction with
category 1 according to
ISO 13849-1:2015;
— provide manual remoteé |5.2.10 \Y
control with full yiew 52121
over the danger.zone.
2 2.1 Handling the blow- 2.1.1 Provide devices with 5.2.18 V,D, T
Burns, shearing |ing-lance during mainte- safe access andifor safe
nance. handling, e.g{storage rack,
lifting device, manual or
automatie’ clamping device.
2.1.2 Operating/mainte- 74.1.1 \Y
nance instruction:
PPE; safe handling; cleaning.
2.2 Touching hot surface$s 2.2.1 Operating/mainte- 74.1.1 \Y
during maintenance, nance instruction:
PPE.
2.3 Chimney effeetin case |2.3.1 Provide manual oper- |5.2.17 D
of replacementof RH-vessel |ated valve for supply of inert
or RH-vesselyparts during  |gas, e.g. nitrogen.
mainterfanee, e.g. replace- |5 35 Warning signs. 5.2.6.2 V,D
ment-of/Camera, oxygen
lance,burners. 2.3.3 Operating/mainte- 7411 \%
nance instruction:
flooding with inert gas be-
fore replacement of parts.
3 3.1 Fire caused by leakage [3.1.1 Systems and compo- 5.2.17 V, T
Fire or other failures of oxygen |nents for oxygen supply shall
supply, e.g. at oxygen lances, |be tight.
valve stations. 3.1.2 Special consideration |5.2.17 T,D
shall be taken to the flow
speed in relation to the
material of pipes, hoses and
valves.
3.1.3 All parts shall be free |5.2.17 \Y
from oil and grease.
3.1.4 Operating/mainte- 74.1.1 \Y
nance instruction.
28 © IS0 2023 - All rights reserved
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Table 1 (continued)

ISO 4529:2023(E)

Significant
hazard

Hazardous situation

Safety requirements and/
or protective/risk reduc-
tion measures

Reference

Verifica-
tion

4
Explosion

4.1 Grease, oil, water or
moisture in the piping sys-
tem (e.g. as a result of water
pressure testing).

4.1.1 Operating/mainte-
nance instruction:

Piping system shall be dried
by compressed air or inert
gas (free of oil and water).

5.2.17

T,D

4.2 Ignition caused by

leakage or ather failures of

4.2.1 Special consideration
shall be taken to the flow

oxygen supply, e.g. at valve
stations.

speed in relation to the
material of pipes, hoses and
valves.

T,D

4.3 Water leakage of oxygen
lance.

4.3.1 Detection of water
leakage by differential water
flow. Provide safe control
with atleast: PLr=d in
conjunction with category 3
according ISO 13849-1:2015.

Ul
N
=
@
[\S)

V,T,D

4.3.2 Isolate the water
source. Provide safe,control:
PLr = d in conjunction with
category 3 aceording to

ISO 13849-1:2015.

Ul
N
U
w

U1
N
i
o
N

V,T,D

4.3.3 Isolatethe oxygen
source.Provide safe control:
PLr;=d in conjunction with
category 3 according to

[SO 13849-1:2015.

[Oa}
N
AN
o
N

V,T,D

4.3.4 Stop steel circulation
(lift gas). Provide safe con-
trol: PLr = d in conjunction
with category 3 according to
[SO 13849-1:2015.

U1
N
i
o
N

V,T,D

4.3.5 Restart of water cool-
ing shall only be possible in
manual mode after repair.

1
N
12
—

U1 |ut
NCINN
N
NG (%

T,D

4.3.6 Operating/ mainte-
nance instructions.

~
S
—
—

Electrostatic
phen¢mena

5.1 Dusty substances in
blowing equipment.

5.1.1 Earthing of all plant
parts where electrostatic
phenomena occurs.

5.2.23 IEC 60204-1

D, T,M

5.1.2 If applicable, inert gas
for pneumatic transporta-
tion.

5.3.4.2 Burner lances/multifunction lances

© IS0 2023 - All rights reserved
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ISO 4529:2023(E)

Table 1 (continued)

Safety requirements and/

Significant Hazardous situation or protective/risk reduc- Reference Ver_lflca-
hazard . tion
tion measures
1 1.1 Movement of manipula- |1.1.1 Provide guards with 5.2.12 V,D
Crushing tor or lance. safety access.
1.1.2 In case of safety access: |5.2.12.6 T,D
13
— provide safe stop of
movement: PLr=c
; o "
I1r LUllJull\’\-lUll vviIiILIl
category 1 according to
ISO 13849-1:2015;
— provide manual remote |5.2.10 Vv
control with full view 52121
over the danger zone.
2 2.1 Handling the blow- 2.1.1 Provide devices with 5.2.18 V,D, T
Burns, shearing |ing-lance during mainte- safe access and for safe
nance. handling, e.g. storage rack,
lifting device, manual or
automatic clamping device.
2.1.2 Operating/mainte- 74.1.1 \Y
nance instruction:
PPE; safe handling; cléaning.
2.2 Touching hot surfaces 2.2.1 Operating/mainte- 7411 Vv
during maintenance. nance instruction:
PPE.
2.3 Chimney effectin case |2.3.1 Provide manual oper- |5.2.17 D
of replacement of RH-vessel |ated valve for supply of inert
or RH-vessel-parts during  |gas,€:g: nitrogen.
maintenance, e.g. replace- |35 Warning signs. 5.2.6.2 V,D
ment of camera, oxygen - -
lance, burners. 2.3.3 Operating/mainte- 7411 A%
nance instruction:
flooding with inert gas be-
fore replacement of parts.
3 3.1 Fire caused by leakage |3.1.1 Systems and compo- 5.2.17 V, T
Fire or other failutes of oxygen |nents for oxygen supply shall
supply, e.gf.at oxygen lances, |be tight.
valve stagfons. 3.1.2 Special consideration |5.2.17 T,D
shall be taken to the flow
speed in relation to the
material of pipes, hoses and
valves.
3.1.3 All parts shall be free [5.2.17 \Y
from oil and grease.
3.1.4 Operating/mainte- 74.1.1 \Y
nance instruction.
30 © IS0 2023 - All rights reserved
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Table 1 (continued)

ISO 4529:2023(E)

Significant
hazard

Hazardous situation

Safety requirements and/
or protective/risk reduc-
tion measures

Reference

Verifica-
tion

4 Explosion

4.1 Burner start-up.

4.1.1 For ignition gas rate
and ignition time shall be
limited.

5.2.26.2

D, T,M

4.1.2 The maximum gas rate
and corresponding safe-
ty-time shall be plant-related
determined. A safety calcu-

lation shall verify that the
maximum allowable energy
density (energy per volume)
is not exceeded.

D, T,M

4.1.3 The pre-purge time
shall be such as to ensure
that the concentration of
any combustible products in
any part of the combustion
chamber is below 25 %/ of
the lower flammability)limit
(LFL) of the fuel gas:

D, T,M

4.2 Air (oxygen)/ gas ratio
outside safe operating
range.

4.2.1 The correctair (oxy-
gen) / gas ratio‘is controlled
by mechanieal, pneumatic or
electricsyStems.

Provide safe control: PLr=d
in conjunction with category
3-according to ISO 13849-
1:2015.

D, T

4.3 Explosive mixture(of
gases, e.g. heating gas and
air due to leakage.inrvalve
rack.

4.3.1 Outside the equipment
can be classified as no-ex-
plosive-zone if the valve
rack is designed as durably
technically leakproof and
ventilation shall be ensured.

5.2.26.1

V,T,D

5

Inhalption of
gases, mists,
fumes$ and dusts

5.1 CO _gas.

5.1.1 Provide sufficient ven-
tilation.

12
NS
—_
~N

V,T,D

5.1.2 Provide mobile CO gas
detectors and indicators in
danger zones.

o
N
~

V, T

5.1.3 Warning signs in dan-
ger zones.

V,D

5.1.4 Operating/mainte-
nance instruction.

5.3.4.3 RH-vessel and related equipment

1

Crushing

1.1 Movements of vessel
equipment.

© IS0 2023 - All rights reserved

1.1.1 Guards for the moving
area of the vessel including
corresponding devices.

V,D

1.1.2 Secure the lifted equip-
ment in parking position
(e.g. by bolts/ brackets).

T,D

1.1.3 Safety distances shall
be considered to avoid
crushing.

ISO 13857
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Table 1 (continued)

Safety requirements and/

Significant Hazardous situation or protective/risk reduc- Reference Ver_lflca-
hazard . tion
tion measures
1.1.4 Acoustic and visual 5.2.6 V,T,D
signals before and during
movements.
1.1.5 Operating/mainte- 74.1.1 \Y
nance instruction.
1.2 Lifting device for verti- |1.2.1 The platform shallbe |5.2.12.1 V,D, T
tatvessetortadte tiftimg/ guarded:
lowering movements.
2 2.1 Gap between stationary |2.1.1 Safety distances shall [5.2.12.1 M,)D
Shearing and moving platforms. be cor_151dered to avoid 1SO 13857
shearing.
2.1.2 Interlocked access to 5.2.12.2 V,T,D
danger zones or fixed guards
with interlocked access.
2.1.3 Good visibility shall be |5.242.1 \Y
insured during movement.
2.2 Lifting device 2.2.1 Enclosing guards 5.2.12 V,D
around the danger zones:
2.2.2 Acoustic and visual'sig-|5.2.4 T,D
nals before start and’during
moving.
3 3.1 Uncontrolled movement |3.1.1 Slack rope*and overload |5.2.5.1 V, T, M| D
Combinationfof |of vessel or cover with me- |protectionfor winch drives.
hazards char_ncal 0{ hydrauliclifting |3 1 5 ovgpload protection for|5.2.5.1 T,D
equipment. >
hydrawlic drives. 5213
5.2.16.1
3.1.3 Signal and indication. |5.2.6 V,T,D
3.1.4 Automatic stop in case |5.2.5.1 T,D
of overload or slack rope. 5213
3.1.5 Secure the lifted equip- |5.2.5.1 T,D
ment in parking position 5213
(e.g. by bolts, brackets). I
3.2 Ungontrolled steel level [3.2.1 Flooding to atmospher- |5.2.5.4 T,D
during vacuum operation in |ic pressure by a flooding
case of ladle leakage. valve.
3.2.2 Operating/mainte- 74.1.1 \Y
nanceinstruction
3.3 Uncontrolled movement |3.3.1 Automatic flooding to |5.2.5.1 T,D
of ladle. atmospheric pressure by a
: 5.2.5.4
flooding valve.
5.2.13
3.3.2 Operating/mainte- 74.1.1 \Y
nance instruction.
32 © IS0 2023 - All rights reserved
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Table 1 (continued)
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Safety requirements and/

Significant Hazardous situation or protective/risk reduc- Reference Ver_lflca-
hazard . tion
tion measures
4 4.1 Imploding inspection 4.1.1 High-temperature D
Drawing in by glasses under vacuum con- |and vacuum resistant glass
vacuum force, ditions. (double glasses with space
noise between them).
4.1.2 Distance guards in 5.2.12.1 V,D
front of inspection glasses
for safe ohservation
4.1.3 Provide sufficient dis- 2.4 V,D
tance for reflex movement
(e.g. backward) of the opera-
tor in case of an implosion of
the inspection glass.
4.2 Drawing in of clothes or [4.2.1 Vacuum flooding 52+12.1 V,D
parts of the body into vacu- |openings shall be installed
um flooding valves or other |outside the accessible areas
valves in conjunction with | of platforms and galleriesf
all processes under vacuum. |etc.
4.2.2 Grilles or shrouds in 5.2.12.6 V,D
order to cover théwacuum
flooding openings.
4.3 Noise propagation dur- |4.3.1 Operatiig/mainte- 2.7 Vv
ing flooding. nance instruction:
PPE. 74.1.1
5 5.1 Reduced oxygen content |5.1+1 Forced ventilation and |5.2.17 V,T,D
Asphyxiation in the air as a result of accu- {gas discharge
mulatlor_l of gases (suc_h a5-5.1.2 Acoustic and visual 5.2.5.1 V,T,D
argon, nitrogen, CO,) inpits, signals from stationary and
containers and vesselsahd | 5 dotactors for low 5.2.6.1
n plant areas withan 1nsuf— oxygen content in the air. 5.2.13
ficient level of natural venti-
lation and gas-discharge.
6 Water leakage |6.1 Waterypenetration in 6.1.1 Automatic shut 5.2.16 T,M,D
vacuuntvessel. off water for consum-
ers > 3 m3/h when the limits
of the above-mentioned
measuring values are ex-
ceeded or fall below.
5.3.5|Positioning equipment (general)
©1S0 2023 - All rights reserved 33
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Table 1 (continued)

Significant
hazard

Hazardous situation

Safety requirements and/
or protective/risk reduc-
tion measures

Verifica-

Reference .
tion

1
Combination
of mechanical
hazards

1.1 Incorrect positioning of
the ladle into the station by
crane.

1.1.1 Provide mechanical
guiding for correct position-
ing of the ladle.

V,T,D

1.2 Incorrect positioning of
the ladle by ladle car.

1.2.1 Control of the exact
stop position (e.g. treatment
position) and interlocking
with other components (e g

V,T,D

lifting equipment).

1.3 Vertical ladle lifting/
lowering movements.

1.3.1 Acoustic and visual
signals before and during
movement.

.6.1 D

1.3.2 Operating/mainte-
nance instruction.

1.4 Ladle movement by tur-
ret or car.

1.4.1 Acoustic and visual
signals before and during
movement.

1.5 Transport equipment for
vacuum vessel or vacuum
covers.

1.5.1 Safety distances shall
be considered to avoid
crushing.

EN 294
EN 349
EN 811

1.5.2 Acoustic and‘visual
signals before ahd during
movement.

5.2.6.1

T,D

1.5.3 Secure the lifted equip-
ment jn‘parking position
(e.gcby bolts, brackets).

T,D

1.6 Movement of main
machinery components (e.g.
roof gentry, manipulatorten
lance.

1.6:1 Provide guards with
safety access.

o
n
)

V,D

1.6.2 In case of safety access:

— provide safe stop of
movement: PLr =c
in conjunction with
category 1 according to
ISO 13849-1:2015;

— provide restraining
device; and

— provide manual remote

controlazith full viaws
coR o WAt ew

N

—
[O8}

V,D

over the danger zone.

1.7 Gap between stationary
and moving platforms.

1.7.1 Safety distances shall
be considered to avoid
shearing.

1.7.2 Interlocked access to
danger zones.

o1
o

V,T,D

1.7.3 Fixed guards with
interlocked access.

o1
o

V,T,D

1.7.4 Good visibility shall be
insured during movement.

\O
<
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Table 1 (continued)

ISO 4529:2023(E)

Significant
hazard

Hazardous situation

Safety requirements and/
or protective/risk reduc-
tion measures

Reference

Verifica-
tion

2

Contact with

parts
gized

being ener-

2.1 Contact with none insu-
lated power cables, bus bars
or contact rings.

2.1.1 Guards around the
danger zones.

5.2.5.2

V,D

3

Failure of energy

supply

3.1 Loss of electrical power.

3.1.1 Provide emergency
energy.

U1
N
—
N

Ul
N
_
193]

T,M,D

4
Dowr
move|
plant
nents

ward
Iment of
compo-

4.1 Uncontrolled downward
movement of lances (e.g.
oxygen lances water cooled).

4.1.1 Secure safe distance
between the tip of the lance
and the surface of the liquid
steel (e.g. mechanical stop-

per).

U1
INS]
—_
W

T,M,D

4.1.2 Operating/mainte-
nance instruction: freeboard
for steel level.

5.3.6

Vacuum pu

mp/ventilation equipment (

general)

Gases

1.1 CO gas during decar-
burisation processes and

1.1.1 Installation.offlare
stack.

V,T,D

maintenance.

1.1.2 Installation of waste
gas exhaust pipe at mini-
mum height with respect to
surrgunding buildings.

V,D

1.1.3 Avoid waste gas ex-
haust installation close to air
inlets of, e.g. air condition-
ing equipment, ventilation
equipment, windows or roof
breather pipes, ventilation
for hotwell tanks.

V,D

1.1.4 Warning signs at the
border of danger zones, e.g.
MVP or CCW pump room.

V,D

1.1.5 Acoustic and visual
signals from stationary CO
gas detectors.

V,T,D

1.1.6 Indicators in danger
zones.

V,D

1.1.7 Operating/mainte-

nance instruction: mobile CO
gas detectors.

1.1.8 All equipment with
own ignition sources (e.g.
mechanical vacuum pumps,
watering pumps) shall be
designed in compliance with
EN 13463-1:2001, zone 1
inside (appliance group I12G
with temperature class T1
and explosion group IIC).

© IS0 2023 - All rights reserved
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Table 1 (continued)
Significant . . Safety reql.uren}ents and/ Verifica-
Hazardous situation or protective/risk reduc- Reference .
hazard . tion
tion measures
2 2.1 Reduced oxygen content [2.1.1 Forced ventilation and |5.2.17 V,T,D
Asphyxiation in the air as a result of accu- |gas discharge.
mulatlor} of gases (suqh a}S1 2.1.2 Acoustic and visual 5.2.6.1 V,T,D
argon, nitrogen, CO,) in the signals from stationary and
pump room with an mSUf_ﬁ' mobile detectors for low
cient level of n_atural ventila- oxygen content in the air.
tion and gas discharge.
3 Explosion 3.1 Explosive mixture of 3.1.1 Outside the equipment |5.2.26 V, T/D.
gases, e.g. CO and O, during |can be classified as no-ex-
decarborisation process. plosive-zone if the piping is
designed as durably techni-
cally leakproof and ventila-
tion is ensured.
4 4.1 Touching hot surfaces 4.1.1 Provide contact protec- |5.2.2 V,D
Burns (e.g. steam piping, exhaust |tion.
gas piping). 4.1.2 Operating/mainte- 7.4.040 \Y
nance instruction:
PPE.
5 5.1 Drawing in of clothes or |5.1.1 Grilles, guards or 5.2.12.6 V,D
R parts of the body into vacu- |shrouds in order to cover the
Drawing in by . . :
um flooding valves or other |vacuum flooding opénings
vacuum forcg X X : :
valves in conjunction with  |or other valves.
all processes under vacuum. 5.1.2 Provideneoise insula- 5.2.29.1 V,D
tion.
5.1.3 Va¢uum flooding 5.2.12.1 V,D
openihgs shall be installed
outside the accessible areas
of platforms and galleries,
etc.
6 6.1 Noise propagation duy* [6.1.1 Arrange mechanical 5.2.29.1 V,D
Noise ing pump operation. vacuum pumps and watering
pumps in a separate pump
room.
6.1.2 Operating/mainte- 2.7 \Y
nance instruction:
PPE. 74.1.1
5.3.7 Media handling equipment (general)
1 TA-Failure of cooling water |1.1.1 Provide emergency 5.2.5.1 D, T
Loss of coolifjg~_[system. cooling water for shut down
. 5.2.13
water supply under safe conditions
5.2.16
2 2.1 Spilling over of liquid 2.1.1 Operating/mainte- 74.1.1 \Y
Burns metal due to excessive gas |nance instruction: keep
pressure at the beginning of |distance from equipment
the purging process. and wear PPE.
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Table 1 (continued)
Significant . . Safety reql_uren?ents and/ Verifica-
Hazardous situation or protective/risk reduc- Reference .
hazard . tion
tion measures
3 3.1 Process steps with dust |3.1.1 Install fume extraction |5.2.17 V,T,M,D
Inhalation of generation, e.g. injection of |system.
gases,mists, |wire. 3.1.2 Provide gas tight sys- |5.2.17 T,D
fumes and dusts tems rovide gas tight sys - ’
3.1.3 Provide stationary and |5.2.17 V,T,M,D
mobile CO gas detectors and
Trdicators Tmdanger zomes:
3.1.4 Warning signs in dan- |5.2.6.1 V,D
ger zones. 5217
3.1.5 Operating/mainte- 74.1.1 \Y
nance instruction.
4 4.1 Loss of electrical power. [4.1.1 Provide emergency 5(2'8 T,M,D
Failufe of energy energy. £ 14
supply U
5.2.15
5 5.1 Control fault and/or un- |5.1.1 Provide safe cofittol 5.2.5.1 T,D
Failufe, mal- expected media supply (e.g. |system. 5213
functjon of the |gas, water) into the process E—
contrpl system |cycle.
6 6.1 Faulty installation of 6.1.1 Clearimarking of com- |5.2.16 \Y
Failure of components (e.g. power con- | ponents:
fittings, faulty  |nections media pipes).
installations
5.3.8|LF - Ladle furnace
5.3.8}1 Stirring equipment
1 1.1 Movement of manipula- |1.1.1 Provide guards with 5.2.5.2 V,D
Crushjing tor or lance. safety access.
1.1.2 In case of safety access: V,D
— provide restraining
device;
— provide manual remote [5.2.9 \
control with full view
over the danger zone.
2 2.1 Handling the stirring 2.1.1 Provide devices with 5.2.18 V,D, T
Burn$, shearing |lance during maintenance. |good access and for safe
handling, e.g. storage rack,
lifting device, manual or
automatic clamping device.
2.1.2 Operating/mainte- 74.1 \Y
nance instruction:
Safe handling; cleaning.
2.2 Touching hot surfaces 2.2.1 Operating/mainte- 74.1 \Y
during maintenance. nance instruction:
PPE.
3 3.1 Grease, oil, humidity, 3.1.1 Operating/mainte- 74.1
Explosion water or moisture in the nance instruction: piping
piping system (e.g. as a system shall be dried by
result of water pressure compressed air or inert gas
testing). (free of oil and water).
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Table 1 (continued)

Significant
hazard

Hazardous situation

Safety requirements and/
or protective/risk reduc-
tion measures

Verifica-

Reference .
tion

4

Burns

4.1 Touching the ladle dur-
ing the manual connection/
disconnection of the purg-
ing-gas pipes to the ladle.

4.1.1 Operating/mainte-
nance instruction:

PPE; communication be-
tween crane operator and
person in charge of connect-
ing/disconnecting in case
of manual coupling; filling

74.

1

istructions, e.g. freeboard.

4.2 Splashing of liquid steel
due to connection of the
purging-gas pipes to the
ladle.

4.2.1 Provide safe position,
e.g. protection shield.

4.2.2 Operating/mainte-
nance instruction.

=

4.3 Ladle leakage due to
porous plug failure.

4.3.1 Provide emergency
draining channels and emer-

gency pit.

5

Radiation

5.1 Heat radiation.

5.1.1 Provide protection de-
vices (e.g. protection walls,
shields).

5.2 Electromagnetic fields
due to electromagnetic
stirring.

5.2.1 Warning signs.

5.2.2 Operating/mainte-
nance instruction:

5.3.8.2 LF ropof

1

Water leakag

W

1.1 Water penetration in
ladle and/or generation of
steam.

1.1.1 Flow,temperature and
pressure measurements and
monitoring in the main sup-
ply.and the main return line.

T,M,D

1.1.2 Detection of water
leakage by differential water
flow. Provide safe control
with at least: PLr = c accord-
ing ISO 13849-1:2015.

V, T

1.1.3 Isolate the water
source. Provide safe con-
trol: PLr = c according to
ISO 13849-1:2015.

V, T

1.1.4 Stirring shall be
stopped. Provide safe con-
trol: PLr = c according to
[SO 13849-1:2015.

V, T

1.1.5 Restart of water cool-
ing shall only be possible in
manual mode after repair.

1.1.6 Automatic shut-off LF
circuit breaker. Provide safe
control: PLr = d according to
ISO 13849-1:2015.

V,T

1.1.7 Operating/mainte-
nance instruction.

2

Downfall

2.1 Access onto the LF roof.

2.1.1 Operating/mainte-
nance instruction:
PPE (safety harness).

38
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Table 1 (continued)
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Safety requirements and/

Significant Hazardous situation or protective/risk reduc- Reference Ver_lflca-
hazard . tion
tion measures
3 3.1 Contact between roof 3.1.1 Avoid uncontrolled 5.2.13 T,D
Combination of |and electrodes during movement of equipment (se-
hazards movement, ejection of hot  |quential process steps and
material. electrical interlocks).
3.1.2 Roof and electrodes 5.2.13 T,D
shall be lifted prior roof
swivelling
3.1.3 Operation and main- V,T,D
tenance positions shall be
monitored.
3.1.4 Operating/mainte- 74.1 \Y
nance instruction: clamp
electrodes with correct
length.
3.2 Drop of electrode, acci- |3.2.1 Provide spring-loaded
dental release of electrode. |clamping device.
3.2.2No release comfmand
during normal operation
condition (e.g, key'switch).
4 4.1 Electric shock, caused by [4.1.1 Provideyguards with 5.2.5.2
Partsfunder approaching live parts, e.g. |safety ac¢éss.
voltage electrode arms, electrodes |4 1 5 swith-off LF circuit 5213
during inspection/mainte- |y, oafer Provide safe con-
nance on electrode platform. trol* PLr = d according to
[SO 13849-1:2015.
4.2 Potential difference.on" [4.2.1 Connection to earth.
furnace, e.g. short circuit'to
earth.
5 5.1 High radiatienlight, in- |5.1.1 Special coloured glass [5.2.9 V,D
Visible, infrared |fluencing operator’s eyes. shall be provided at pulpit
and ulltraviolet and control stand.
light
6 6.1 Exposure to fume, gas 6.1.1 Provide fume extrac- 5.2.7 V,T,D
Inhalption of and dus.t tion system.
harmfful gases,
fumefand dust
7 7.1 Changing of graphite 7.1.1 Operating/mainte- 7.4.1 \
Crushing electrodes. nance instruction:
clear communication (visi-
bie/audible) betweencramne
operator and personnel;
ensure proper electrode
assembly.
8 8.1 Failure of power supply [8.1.1 Ladle cover and elec- 5.2.12 D, T
Failure of power |(hydraulic, pneumatic, elec- |trodes shall go into stable
; ; o . 5.2.13
supply tric) causing uncontrolled |position without supply of
movement of the equipment. |external energy.
5.3.9 Temperature measuring and sampling equipment (general)
1 1.1 Access to danger zones. |1.1.1 An automatic system  |5.2.20 V, T
Electric shock should be installed.
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Table 1 (continued)

Safety requirements and/

Significant Hazardous situation or protective/risk reduc- Reference Ver_lflca-
hazard . tion
tion measures
2 2.1 Access to danger zones |2.1.1 Fixed guards with 5.2.5.2 V,T,D
Crushing during automatic movement |interlocked access. 5203
of lances. =
5.2.13

3 3.1 Unintended opening 3.1.1 Vacuum slide gate, 5.2.12 V,T,D
Drawing in, of the vacuum slide gate lance drive and door shall

. . . . 5.2.13
crushlng dnrmg mannal rpplnr‘pmr—\nf he interlocked dnrmg sleeve

of sleeves for measurement/
sampling.

replacement.

6 Verification of safety requirements and protective/risk reduction-measures

6.1 Geneifal

The verific

ion procedure(s) shall be described in a verification plaf)*(it should be obsgerved

that verificdtion includes validation). To fulfil the above-mentionedi¢equirements, the technical
documentatipn shall contain all the necessary information. The elements and descriptions relevant to
the verification shall be identifiable in the documents.

In addition tp the scope and outcome of the checks, it shall be decumented which technical docuinents
(name, versi¢n) were used and who carried out these checks'and when. For software or parameters, the
version used|during the checks shall be documented (e.g. using checksums).

Conducting

relevant starjdards, e.g. ISO 12100, ISO 13849-1, [SO\13849-2.

verification and validation, the manufacturer shall comply with the requirements of

NOTE An| adequate time frame for conducting.the on-site verification is normally agreed in the contract
between the manufacturer, the client and other relevant parties.

6.2 Required verification D

During the

design phase, the (technical documentation (e.g. risk assessment, circuit diagram,

calculations,|safety layout) shall'be cross-checked. The required verification D is given in Tablg 1. It
shall be veriflied that:

a) therisk assessmenteovers all parts and functions of the line and all interfaces to linked/integrated
machinef or equipment;

b) the meagures fequired by the risk assessment have been considered;

c) the selected—Tomporments are suitable for the expected comditions {ambient comnditions, [P-
classification etc.) and the required functionality and purpose;

d) the selected components have been incorporated into the design according to the supplier's
specification (mounting, preliminary fuse, system pressure etc.);

e) the safety functions fulfil the requirements from the risk assessment (required SIL or PL, including
mathematical proof).

6.3 Required verification VM and T

All the equipment and safety functions of an SSME which serve the purpose of reducing hazards
(according to the risk assessment), shall be checked and documented prior putting into service (i.e. no
further changes are made). The required verification V, M, T is given in Table 1.

40
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If parts of the SSME are already pre-finished and inspected (e.g. sections of the line, components, control
cabinets, software components), only the integration of these parts into the line has to be checked.

If a partial disassembly is necessary for checks, for example, to gain access, it shall not affect the
function being checked. Safety devices put out of operation for checks shall be restored after the check
is completed.

The following shall be checked at the place of erection based on the technical documentation:

a) at the place of erection: correspondence between the specific ambient conditions regarding the
equipment and the presumptions listed in the technical documentation;

b) cpmpleteness, correct assembly and arrangement (€.g. salety distances) of all protectiye equipment
(¢.g. covers, fences, access doors, safety bolts, sensors, actuators, operating elements, warning
slgns);

c) cprrect wiring and piping (e.g. max. cable length, cable type, burst protedtion, tubg¢ type) of all
elements involved in safety functions;

d) in case of safety-related application software (SRASW): correct integration (inputs, outputs, block
calls, working cycle etc.) of all software blocks involved in safety functions;

e) in case of parameters: correct setting of parameter values invelved in safety functiong;

f) check of safety functions (including all interfaces to linked/integrated machines or equipment):

Safety functions in strip processing lines are realized in general by using standardized
safety relays) or program blocks/[e.g. function blocks for safety programmable logic cont
Due t

7

1) do all safety functions fulfil their designated task (e.g. safe stop, safely limited spg

2) do all initiating elements (access detections, e-stop buttons, enabling switches, et
foreseen?

3) do fault detection and fault reaction work as foreseen?

does the interaction between safé,and non-safe function work as foreseen (ramp g
in enabling mode, etc.)?

b this fact, the amount of-checks for similar safety functions can be reduced:

iff already tested modules/program blocks or combinations of those are used. A tes
a|l theoretically-possible combinations of input signals (e.g. black box test) is not r
Lfficient to eheck the reactions upon all input conditions that are intended to initig
hfety function;

[2%)

iff for checks on fault detection and fault reaction a reference module/program blocl

=

ed)?

") operate as

own, restart

modules (e.g.
rols (PLC's)].

[ performing
bquired. It is
te or reset a

k is available
ram block is

Ilat already has been tested, no further tests are required if such a module/prog
implemented without changes. Such modules/program blocks have only to be checke

d for correct

incorporation (e.g. parameter setting, connection of module/program blocks).

Information for use

7.1 General requirements

IEC/IEEE 82079-1 defines the general principles and requirements for the preparation of information
for use. The operation handbook shall be designed according to ISO 20607 and ISO 12100.

The manufacturer shall provide all relevant information in all single phases of the development and
operation, e.g. for installation and commissioning made by the user/operator. A set of the information
for use shall be provided to the user/operator of the SSME latest at the time of hand-over.

© IS0 2023 - All rights reserved
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In case of missing legal requirements, the date of hand over the full set of information for use should be
defined in the contract.

7.2 Warning devices and safety labelling

Warning devices and safety labelling shall meet the requirements of 5.2.6.

7.3 Marking and labelling

According to ISO 12100:2010, 6.4.4, the following information shall be attached clearly and durably to
the SSME (e.g. in the pulpit, at the main operation panel):

— name aJd address of manufacturer and where applicable the name and address of its authqrized
represer|tative;

— designatjion of series or type, if any;

— mandatqry markingb;

— serial number/machine number, if any;

— year in which the manufacturing process was completed.

The electrical equipment shall be marked with durable plates containing data in accordance with
IEC 60204-1)|if necessary, including casing protection grade.

The hydraulic and/or pneumatic equipment shall be marked with legible durable plates containing data
in accordance with ISO 4413 and ISO 4414.

7.4 Accompanying documents
7.4.1 Instructions

7.4.1.1 Geperal information

The manufadturer shall prepare an operation handbook to ensure the safe and intended use of the §SME.
Necessary information for safe uge of the equipment shall include elements identified through the risk
assessment donducted in accordance with Clause 4. Individual technical and functional concepts pf the
SSME shall a]so be included.

NOTE ISQ 20607 praovides further information on the preparation, structure, and content of operation
handbooks.

The manufadturefishall provide at least the following information together with the SSME:

— manufadturer, type of machinery, vear of manufacturing, serial number (if any);

— intended use;
— identification of foreseeable misuse, including unauthorised reconstruction and modification;
— operation, including at least:

— starting procedure (incl. preconditions after inspection or service), operating modes and
stopping (e.g. quick stop, emergency stop);

— operation modes;

1) For machines and their related products intended to be put on the market in EEA, CE marking is as defined in
the European applicable directive(s), e.g. machinery, low voltage, explosive atmosphere, gas appliances.
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— putting the equipment out of operation and/or service;

— safety relevant and operational details of any interfaces with additional /optional machinery;
— settings and adjustment;
— information/reference about operational changing parts and tools;

— fault detection and troubleshooting, including information about fault/warning messages, failure
codes, irregularities, and abnormal operation;

— maintenance and repair, including at least:

preconditions for inspection and service (e.g. depressurizing/emptying instructienps, switching
off electrical circuits), the required tasks and relevant residual risks;

settings and adjustment;

preventive measures (e.g. replacement of wear parts, lubrication);

electrical isolation and grounding required (e.g. in classified aréas);

—n

mstructions for transport, handling and storage operations (e.g.-transportation weight, transport
g, ring bolt, centre of gravity), where equipment or machine-parts are regularly being transported
(¢.g. work rolls);

—

[

nstruction for transportation and assembly of the equipment, including if relevant:

- instructions for safe lifting (e.g. mass, transpdrt rig, ring bolt, centre of gravity);

- transport safety devices and removal of these before commissioning;

- instructions for correct (dis)connection of take-over-points;

— ipformation about expected emissiens, for example, noise, vibration, radiation, hazgqrdous dusts,
apd where necessary, information.about additional required measures, e.g.

- designation of hazardou$:areas;

—+ measures to be condueted by the personnel for work in hazardous areas;

—u

Tformation about fume and dust emission provided for connection to extraction syst¢m;

ant layout/installation conditions (e.g. foundation plan, requirements of the building);

|
-

bferenceo ‘installation/assembly of the machinery or single parts of the maching particularly
here fiachine position or adjacent elements of the building require safeguards or risk reduction;

=

hfetylayout plan (see 5.2.4);

|
%]

— energy supplies (electric, hydraulic, pneumatic);
— instructions for correct connection of take-over-points;
— filling amounts;

— specification of fluids and information on handling (e.g. transport, storage, disposal) of hazardous
substances (e.g. radioactive materials, acids, oils);

— unauthorised reconstruction and modification;
— safety devices, warning devices and labelling;

— instruction on safety and warning devices (e.g. maintenance, repair);
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